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Abstract

Honeybee colony collapse disorder (CCD) is characterized by the mass loss of honeybee workers. Only the queen, her brood, a
small number of newly emerged workers and the food stores are left behind in the hive, with only a few dead bees in the affected
hive or apiary. This syndrome impacts seriously not only on the apiary industry, but also on crop production and on native plants
that rely on honeybees for pollination. The suspects for causing CCD are pests (varroa mites) and pathogens (especially
undiscovered/new diseases: IAPV and Nosema ceranae); pesticides (neonicotinoids: imidacloprid; systemic insecticides in the
plants’ nectar and pollen) and chemical toxins in the environment (pollutants); nutrition; queen source (the occurrence of a
genetic bottle neck in breeder queens); genetically modified crops; radiation from mobile phones; and the management style of
the beekeeper. Many scientists believe that CCD is caused by a combination of several of the above factors, and the cause of CCD
has not yet been determined and remains under investigation. Recently a common pathogen, Israeli Acute Paralysis Virus (IAPV),
from CCD honeybees was discussed in the literature, although a synergistic effect with other factors can not be excluded as a
potential cause of CCD. In theory, the infection of midgut cells with viral pathogens or microsporidia leads to malnutrition of the
honeybee, and the parasitism of the varroa mites weakens or suppresses the immunity system of the honeybee, and this could be
the reason why CCD honeybees lose their navigation ability. So far, this subject is the main research focus in CCD studies. This
report reviewed the important research works to date on CCD-associated viruses and microsporidia.
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(Monocistronidae) F1 # JH & + %}
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2005)° H Al CF SUEZE R | RNA R 5EE



#*— ARECTEEFZEERS

Table 1. The honeybee viruses which genome sequences have been completed

Name Host Family name ORF & Length GenBank NO. & Paper
genome Location
Sacbrood virus Apis mellifera Monocistroviridae  Single; 8,832bp  AF092924 Ghosh et al., 1999
(SBV) (larvae) Iflavirus (+) ssRNA United Kingdom,
UK

Kakugo virus ~ Apis mellifera Monocistroviridae  Single; 10,152bp  AB070959 Fujiyuki et al., 2004
(KV) L. Italian race) (+) ssRNA Chiba, Japan

and Hornets, V. and Tamagawa

mandarinia University

Japonica
deformed wing Apis mellifera Monocistroviridae  Single; 10,140 bp  AJ489744 Lanzi et al., 2006
virus (DWV) (+) ssRNA Ttaly
Varroa Varroa Monocistroviridae  Single; 10,112bp  AY251269 Ongus et al., 2004
destructor destructor (+) ssRNA Netherlands:
virus (VDV-1)  mites Wageningen
Acute bee Apis mellifera  Dicistroviridae Double; 9,491bp  AF150629 Govan et al., 2000
paralysis virus (+) ssRNA TACR-Rothamste
(ABPV) d, UK
Kashmir bee  Apis mellifera  Dicistroviridae Double; 9,524 bp AY275710 USA:  Miranda et al., 2004
virus (KBV) (+) ssRNA Pennsylvania
Black queen  Apis mellifera  Dicistroviridae Double; 8550 bp  AF183905 South Leat et al., 2000
cell virus (+) ssRNA African
(BQCV)
Israel acute Apis mellifera  Dicistroviridae Double; 9,487 EF219380 Maori et al., 2007
paralysis virus (+) ssRNA Israel
(IAPV)
Chronic bee Apis mellifera unclassified viruses RNA; linear 3,674 bp & EU122229 & Olivier et al., 2008
paralysis virus 2,305bp  EU122230
(CBPV)RNA 1 France
& RNA 2
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5t 2 KL RIAH R R - S A5 R BT 75 /S U
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IHE BRI LR - NG i o sz B
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F o AR PRI @27 W] AR LI 2 AR 5T A8
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FHR AT ERASE » FHE L P RS E MR AHRH

ERERIAAIE 123



T~ SIS E > E R A TP T
BRI 7 o

GEEEREECHHERNVESL (F
400 F) » (HEEER N RNA R ERHeE Rl
FERUPHEEERITIY) L > RRES » FEREERE
NI AR 2 B8R E - BiEEE
/[N RNA fi 2 it 5eied > 27l S8 -
FE/ RNA WS RRSEaEENSE
A o SRR M IR UK CCD 2 J@ 3R
TR - {5t A 2 IR T 2 B AH B A o i
IR IR 7 e Sh o (EL R IR A R
H o BIEIEIT S TR RS R o DR i S
e B H M E RV RNA W& JREH:
R A A1 I ER > 88 CCD 2 mlREE:
IRART] A o

HEi# 28 CCD BRE Ui I A
TR A SRR - = i S B 2 &
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ATENAIILRAIFTE (Steinhaus, 1947) - SBV
IR ERN TR AN EMEEZ 20 mHig o B
28~30 nm W7 - HERMHEH —HHIE
& % RNA (positive ssRNA) (Lee and
Furgala, 1965; Ghosh et al., 1999)°SBV &
B R KA R E RS &
RNA X K # & A 8,832 fi # f| &
(nucleotides, nt) » AP ZLEE/ N RNA
WE (£ 7,500 nt) & > HEaa AR
—AEAE I (RREEKEHES 175 F| 8,752 nt) o i
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KEEAE 5 i > i HEREE M B RS A
3’ U (Ghosh et al., 1999)  {HIEE:KFIFHEL
FE S B RN a m R 2 B — CAIRY
By RNA 575 » R BLELE A7k A Ve
7 (IFV #ll PnV) » BEBHIREEY] - B AR
Bt = R &N RNA 55 5 AT —{H
1E (Wu et al., 2002) ° FRFFEH R &Y
TYEER RS S E IR B AR 7 A
ZBERE AT BB o Bk 2 2 B AT 7 SRR
RS ETEIL A A S & T > ARl ) g
IR i B dh i i 2 e B » 3G TR |
F# LI RT-PCR 715 508 2K H A (5] 3l 2[5
(BRI - TERFIE MR > Rl s £ 8 FIEE »
JEfr#d > FIREIE) RYE R Bl L a2 38 B ]
W 7 e — R KT < BRI - s BRRE » ARG JERE
BN 2 PR S R R i » o SRR AR IR B
REQFENEMEEE R - KEMAFE Ik
Bl R > milBua B —REEA(E » il
FEW (A, mellifera) BENERBUREFHRAE
YU (Grabensteiner et al., 2001) > & 24
BeplEohabi P E B S = AR (HE AT R E
1R AR e A K ST -

TR AR N T &R > A A
TE > BCEAIR EE AR N A SR M B 2 A A
IRBES] o 8 R R 2 Wi > IRIEEE AL » o
HE o W HE T Byt B2 vR AR B A R R &AL
1 BRICTH ST E I — BRI/ R
(White, 1917) » (&1 /5 7] RIREEIAHEA » filn]
REE T 2 4R A TEM IR SRR - RS &
it 2L CER - SRR R RIS AR
JEBE (Dall, 1987)  MESRRIE /T & gl » (H
A S BHEEREIR » BRI E © R 2 M
TERIERE AN 2 RE R RS SY » T2 T AR
(hypopharyngeal gland) UL i # 2 B
JIA] IR i o

SBV {fEBI# % » BCAEMEAR ~ /A



FIlRE ~ FHEE ~ DB ~ BBl ~ AE ~ R ARG ~ 1R
B~ TG ~ 58 A R R B S A R 15
i o AT DLE AT 2 SR B RS R 7
Mg Id o HRERIRRERS 1971 4 R L#
A g i BBl dhf % 0 BIZGE & 2 g &
o SRS FEMEARAK » ALERL 30~90% i
FHER o GG/ 5B W e  (HAE
A AL A B 2 Y R B R T S A R (An
and Ho, 1997) o 2SR &3 J55:8 5 AN &
RUBL IR - 2 BRI e R R T -
BELEH LT AR B R - g th T
LT INER BRI 2 B2l 1~2 FLAY
B > H S RERIORHR JE LIRS PR ATEL - BfEIR
TRAE IR » (BT Ay mT Y - Al
R IEEEACK - 5 1EIRE LI » {2 1k1E B
LAE > DU BT H L SR eeTn E) » I H R
BEARY W OEGIL) F o PR IE TR
IS B BN (BZ B /8 B At
L ZV)E HIEE ) » DRI AR ) T 2 R A
HLHRARREAR > Sl - YR RS E AR
&y (secondary infection) FMEUZHRES]T
K< o (B DB EE - AR BRI
RS > Mg N — 2= AR FRRAT © 1£
I 5 0 2 B & E SR R RO E 2 R IR AN L
RN EREE (Bailey, 1975; Bailey and
Woods, 1977)  i& th AT REZ N BN REAE I% 1
TRATIAR RSB » ST S7 RIS SRR o
(2) Kakugo virus (KV)

KV 77 it H 68 ¥ 5T K & i 2 300 L%
(aggressive worker) Z KN » B EA{EH A
BERR AT A REMSHIE] B 10,152 nt IEERK
RNA - B:[KHEFIAIF SBV ~ PnV # IFV »
WHEE DA N B - SRR B SBY B » (H
WAH 37% LUT o WHAR LU RNA 7
TE RSB M T 8 25 7% — S8 RERE/
RNA J#%# (Fujiyuki et al., 2004, 2005) © Jit

R VDV-1 f1 DWV BI#EIRE% » LI
HERMHEMBEEH (polyprotein) 15 HHIUE
SR 95% F1 98% 5 LIEETE (RARp) i
S BIAE 15% Ml 6% [ - KV %5k
B> BRI TR KV HYEG, >
& RV ZAH#& 0 f/m A AR RS - KV
JRANE] DWV ] #E e B i (d 1% - (H/RmlE
{EHH% (Fujiyuki et al., 2006) °
(3) EMwE (DWV)

DWV Z i K RNA &1 10,140
nt > A[EEEH—{F 328-kDa ZH&EH »H 5
S 1,144 nt ZIFEGEEE (UTR) > 3 GiHl
H 817 nt UTR itk Il & BRI U o K]
Hep| Bl X IFV tH[FA (Lanzi et al.,
2006) - DWV £l KV I VDV-1 Z KT
FUFEILEEAR 5 - (ELCER A T (e R R
W% > R ITANE] > ARG TR SEER AR H
HIF] DWV - DWV £ KV 2 RdRp F9H
6% A5 > EEEE R EE 25l > e
R LS BEER 1T » hEF —E ARt
B 7EENE DWV o RHARIEZ KV 1Y
AJREVE (Fujiyuki et al., 2006) © i 2 Bl 2
W 2 IR ~ HESR ~ Wfs ~ FOAA{ LR TR IE
CAHR » RS I (5 - T2 A(E 1980
FERAE H A B > H AT 2 LA R
(7 DWV s AlH{ATE DMV {£ CCD
Wz g G R e LIkg Y (Johnson et al.,
2009) °

(4) WEREEHA-1 (VDV-1)

H 27 nm K/ ERUE ARG SEPEY] > B
KHEE 10,112 nt FEBRES LG (poly
(A) tail) » B2 DWV fl KV Z RNA HE[K#H
H 84% fHLL > AIEEEE I —H 2,803 AL
ZHEA > 7SI DWV fil KV &
95% FHAUL » {H b = F8 55 3 2 0 I P A 2 FF
7] » BB R > A HE— D
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H o MR B R L TR A il R
i (Ongus et al., 2004) °

(Z) BEIES iR

B JIE S BF 22 98 7 DL I il 92 9 7
(CrPV) ffsizCAE - H Al C A DU i B I S
TIRFME R - HEL CrPV B [KIAH 4 4% 4
1BL > QISR —FRr o KRR R 5 B IR =
MERELHK 30 nm ~ 20 HAEHESE - ALk
(CsCl) ZIFJIHE 1.834~1.37 Z[H]> PiF#2 8
(sedimentation coefficients) /£ 153~167S
ZH s WEALFE pH 8.0 185E - BKIHHE
B FEE M RNA (positive single strand RNA,
ssRNA) & 9~10 kb o H 3 U2 ARG
(polyadenylation) » 5 U B —/| Nk & lE & H
(VPg) o Bl FE B 75 ARl 1@ J: KA N B
A ERA R (EEEE SR - ORFs) » 1
SRR EERNAE 3 i RS 1 8
At 5 Ui

OE Fr 2 W HENA S R A LA - S
BN (ABPV, Govan et al., 2000) ; wft
K& B HAE (KBV, de Miranda et al.,
2004) ; #EELE FHE BQCV, Leat et al.,
2000) ; L33t B IE 2R % (JAPV,
Maori et al., 2007) °

(1) ZMHEEEHEHE (ABPV)

BRI 1963 HF (£ 5[5 i) HiE I RERE R Y
EYCEIEWEED > MR Bailey et al. (1963)
i g B L IR A A A Rl 7 - (H
Lk 66 75 2 At A" 8 <€ T iy 2 0 26 — {18 o 5 | L R
WEREAE AR TR/ N RNA R 7 > LIS 2
[ifi 5 9% 7% (chronic bee-paralysis virus °
CBPV) [&#7)  ABPV 2R EAMEE » 1IE—+[H
WS ~ MEZEEE > AR EASR 30 nm >
BRI E 9,470 nt SORARIES
RNA [a single-stranded RNA genome with

pe
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a poly(A) tail] (Govan et al., 2000) ° & il
R I 975 7 B 2 06 T P 9 B OE T AH B ik
(Bailey et al., 1963; Bailey, 1965; Anderson
and Gibbs, 1988) * {H ABPV R{E5[#EH AT
HEEIEISETC (Ball, 1985) LI TH:AE (7
5 17 2 2 g R R 2~4
KA 7 Al R PR i W) RRE AR (S RE TR
) FtR 1 RWIET » SLTRITERS A EEE
AN KPR o B e 18 M 2 e s 7 2
NER AR R RRNAIET » o E 2
B> Rl Rl B i By 32 RGN B SR T AT,
Het W E WA BT HEER ™
Jjacobsoni) BEATTRESS o MBI fER 27T
{EREEE (bumble bees) I - EME—RE(EH
SRR T S LR B R 7 -

H Ail & 5 A 58 B S M B8 B (B 5K A
% A BURHIRE ~ ik ~ SR PG & ~ EURI -
B ~ ARG ~ T8~ FIFPEBIA RS - &
A e R ALY 5 TR R > (LR A ) £ 5 I
AR > RIEAEE & 2 S PR
SR 2B 7 B ZE I E o RiEE TR
AR - TS R K R 28
Al Sl s R A T A 4 = A RE & SR BRI
£ ARG EPIEOCBR o MRS R IR
(9 > (H—58 R HISE 2R v HAGET © AR KA
BRHZHRIEF 2B WHEET ST
ABPV R ar B R G FUZ ISR
Tt (Bailey, 1965) » AH[R] Ml » f£ 5[ - I -
TR (R0 St [t g s A2 T 22 0 7 75 TR A Y B e .2
JEARIN A BHEA (Bailey and Woods, 1977;
Ball and Bailey, 1991) - —fi&{E& Z KRR 0]
Tt SRR AN > g5 BN T - H
AR R IR S A A HY - ATRE SRR - 9k
FERLF-HIhENS > A5 T - BIE TR
Tt (35°C) # » HIN RIS - KSR 30
7L FA MG T B IR Y 7 A B e B R A



IR FHBRTE © 5675 AT IR RO R 3T 20 RH A8
B QUAGRHE ~ BEGER SR A A AR E A
WG (ESE AN S [RERARE 5 > W SR
AR HH e A I REAZE » A 5 [ 2 B SR 1k Je
PMEEBLT o fEEHRF R > ZVEREGR
ALEE DL T @S AEHE (1) BRI T B o3 i
VIERE + (2) 5 ERIA LR  (3) JHEK N2
[EERI SRS o (HRT — HREN SR EEEI
AR B - B S B 0 R R B ) AR A
1o R PR 7 1] CE I P 0 R P9 (0
(Allen et al., 1986) » BRI Fe AR A Y I
WIS o E IR B AR masE - e
R CE=FRGTONE URE S HEN A 2SSk |
e RIS E SR A AT 1R - R
W ATTELhE AR A (Ball, 1985) © KILLF A
LR R T o RS R
1 - k& PRI RS e TR - R THD SR
W PRI 2 IR
(2) WHAMERRS (KBV)

KBV EX{EH /74 (Asian honey bee,
A. cerana) fFEI > PR RIR H Rn PN
(Bailey and Woods, 1977) - KBV Z X:[XIfH
B 9,524 nt> HAMEH M LIERER FLES 58
IR B > (EREL R 2 g » KBV Bl
ABPV G%J 70% WHH{LIE (Miranda et al.,
2004) ° fI|H RdRp (RNA-dependent RNA
polymerase) NHHE 1 (coat protein) 2%
I itk (% > 22 KBV B —#F > H
TR B RN KBV E B &SR
KBV ° fiEZm 4] » S HAEARR =N S > KBV
TR ABPV [MEER CrPV B HARR W i
RSB E (Miranda et al., 2004) © 2K
E RN B S 2 Se oK i B R S A A
5% =5 > By (R B R R L AR R
PEIER SR R C WE o Hth A 50%
FHACLEE » T804 BB 1 i HIIva A B Sk i

SR (RSIV) MIBERa P il (HiPV)
[FIRE > LeAS RAEMAZEE I (Helicase) 7
S5 EIFEREE - BES8 KBV £ ABPV [
REY) > (HAE A — 7 » ABPV i BELE g
AR - (B KBV HIE » —F{E VP4 &EH
IS S EANR] o MEERANA] » KBV A2
FR R 2 K Bl fff (Evan and Hung,
2000) ° #EHE— 25 FA A HARE A 1 L%t 2 6
R IR 0 MM > SEBLIRAFAERS IR ~ B
J& ~ PHHELE ~ JRIH ~ R OURE ~ 22V RIS S
(Anderson and Gibbs, 1988; Anderson,
1990; Allen and Ball, 1995; Hung et al.,
1995) ° fEAH VU < ARl BLRIN B (Vespula
germanica) 32 IUHREEHIEY
(3) HiFELEWE (BQCV)

BQCV X Bailey % A 1963
H £ & WL TR A > BEm S (Bailey
and Woods, 1977) > 88121 T 558 A B
B4 - MR EAHE (BQCV) By fl K
FEWE (KBV) » % 2P IR F %
B W S MR T 2 B, - PR - fifi5d
Z 0 HRFEEAY 30 nm ESAV]N » HALKIFHAY
SERFYICHT - & FRIRESH 8,550 nt »
B KBMGEER » 5 Wil 4,968 11| i
3 Uil 2,662 HLF M HRiERE — 208 #%
F MY B AIHl& (intergenic region)’ 5 Uit
UTR 5 657 & 3 wmHlH 155 #%F
W o MHIFIMHE - 5 Il IR SE e R B 3
UnfERE NSRS H (Leat et al., 2000) ©

HIEREATHE BQCV) H RSt
B RS J a0 AT SR HASE - FERL
—{ER AR IR S a1 B2 R 284 - /£5 £
B3RS (Laidlaw, 1979) > BLZEIR )&
TRIREEFHEL - BQCV TERIE AT IEEE#E N A 5
135E - BQCV PIRHIE I )8 C 2 5%
TR I > IR e PAY 2 4 e U B S M R 1
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(Nosema apis) HEZEYIBAR - RS HiH
A Ya Ll T a0 CANNTIN CER ¢ e
Errailar AL el g ORIl g ol
BERRGELVER - SR E S e s - R A=
HEATMHIE 2 - BQCV 1 ABfASHE n] M3 5H
B AR - (B FIRFE A N. apis HI{E
+ > HIIEr g o IR SRAE B < ISR /R 2
JEREE - IR R 2 S R T
I E (Bailey et al., 1983) °

{EPEHE Y (Spain) Z Toledo % 80
PR RFE A > JETTREARA T ~ IEERIRK ~ R
5K I ~ FIAE FR R e Z IR IE RS © N. apis
iHeEs BQCV KEEAEHR > 15— kR
PRILR (P HI B IE K RILT) ARG N.
apis 1 BQCV FYEYHR o (H N. apis 17
EPIE S EF T4 » B LM TR » D EERIK
TSR o 5 RIS DY J&] 1f 486 94 e KR/ IETTHY N
ceranae ZEHRILR » AIGEZ N. apis I
BQCV W& 2t /IVERIARE (Higes et al.,
2007) -

(4) LAY SRR (IAPV)

IAPV ft 2004 > LIS & KA
s BERRERY 27 nm EKV )N HELRIFHIY
STREFHIC AR & A IS 9,487 nt
BT RFBGEHEE - 5 Jiz 5,700 £%T] &
(1,900 aa) B 3 W2z 2,724 K[ (908
aa) HYHFEARA — 184 4T M B K b
(intergenic region) ° FH[FIHN » 5 UmiEEE HJE
SR 3 imiEE SR - R
RdRp MEHEME 1.2 BIRAR 1T - IAPV 8
KBV [&/f » 3£> ABPV » BiE® BQCV »
{HLL PCR FIPLIMIE & LAE 73 i (Maori et
al., 2007) °

T8 TAPV R 2 B HOMERE] » SZ Mg
TRICALES} o DI EIERER ~ A LB 15
A TIAPV F BRI » TS ESEN R B H

pe
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UMk - Sl H R R A R R T3 RNA
[defective-interfering (DI)-like RNA] 7%
1E o FEEE] ~ A ~ WIMFILLE Y2
IAPV Pk BU&RAGR MY » 2 =FEANF A8
o Hp R TR AR o R E AN
gk A o thFF R R B [E W TR
(Palacios et al., 2008) ° IAPV £ #i A 3
B e R eP B i A 8% R R ORT A
(Cos-Foster et al., 2007) » =& F1E 2002
EEREBEMNE ANEREE IAPV 1R
(Chen and Siede, 2007) ° 2006 {4325
4: CCD - # {1l H CCD HEEA —IL[FE
ffE RS APV » Ma8f5 IAPV B CCD
GIREATFHBEE (Cox-Foster et al., 2007) °

(=) 1BMmEE RS (CBPV)

Bailey % AJ® 1963 4 H st rh e
Ko CBPV #i{kry CBPV i E A%
KRR » 2 B EEETEALF » 30~65 nm
%) 20 nm & (Bailey et al., 1968) » {HJiiF
BAN S TEARABHN > HEIE ~ WighiE - 9 )
AR » KrfE0 640 nm (Ball and Bailey,
1991) - PRIRIERIER GO - T0% FIoTEEH
CBPV &% 9 RN EEEA A CBPV
WAL o JRfp R BN & H L EH RNA
FE: —F+% RNAs RNA 1 fil 2 &% &
4,200 f1 2,800 nt) > MHEAE RNA 3a -~ 3b
fl 3¢ HEREH 1,100 nt (Overton et al.,
1982) - FHIILHEE#EZHE (Chronic bee
paralysis satellite virus, CBPSV) &% —1f
Ao Bk &k A R W& (Fauquet et al.,
2005) - CBPV /st AfE - Heie &
# RNA #€FF5ERL : RNA 1 (3,674 nt) fll
RNA 2 (2,305 nt) » —#Z ¥ IEEHK RNA »
H i Wi (cap) A B % T IR

(polyadenylation) (Olivier et al., 2008) °



T CBPV #=IE 2B HARAERINEE - 20
AN TEH BHE) - pRid i ) RN (R A B
M b R TEAT - A S {lA S 586 T S 1 S/ M
» 52 [F] R ER AR Y B8 > TR e K
WIETC » #F 2 $85 0 W8 48 A 7% i e e A < It
CBPV fe LUHESE IR & /G (H ] g eSS
ol 5%k E 2 BE#EL (Blanchard et al.,
2007) - &R e H Al C IRt 5t
CBPV YL ffGER 1 » (18 1 it L
HRR R » AP BUR A H SEAR - FREERERL AT L
FARE ~ T WA R SE A SR IR B S B » I
Rl LM EE (Giauffret et al.,
1970) o BOhP ELAR AN TS » A0 e {56 25 0% B
FEIEIRA > B R Femmess R > e T
MK T35 CBPV (K2 HERF & T REH
MR AR B IR BERR T 73 W) » 48 DUEFE - 2%
RENIEMEITHERY CBPV > (i » L
BRI LR R B s U -

() ¥

WERER B K E 2 BRI R > TE ST
FEEIR A SCE fa R R R R A A - > 2007
i85 IAPV £&rlRestiA (Cox-Foster DL
et al., 2007) > 1 2009 FHIFZE DWV Fl
IAPV - DWV &5 7 (E LB > MG
e CCD MRt 2l A Mt s (29~
64%) - IAPV Bl KBV ZHEREERE (555 7
~14%) FHEHR CCD ¥EE (97 21~25%
Bl 21~44%) ZHIHE AR HAEBK » B0
SBV HIZIEEIRGE » KL R IAPV
KBV Ei CCD HEf > {HEL T rhi5HHus g%
HRFHIZAE 2 IAPV 1 DWV (Johnson
etal.,2009)° HE L~ 2007 F£A4H IAPV
TAAEEBIERE R » TREIERA P02 JE KRR T
JEHT » EBERE IAPV ARIIHIE - 214 ~
it 2006 -2 i 5L KR R i e Sl ep > 383

IAPV R EAFAER EEIERT - IAPV {1 EE i
FEEE 2N BHEH] IAPV W ARIESE
o N R A KR E TAPV U AR
R A © IAPV AfR21% » iR K
I EVITERS » 1l IAPV SR 4% -
SRR H CCD Hff#4  HRNZE LMW
N RER A I I R > R R E &
RN % T > TSR B8 PR L sl
SE - FAILLESIIA AR CCD HF84: » =2
R H R (AR R R GRERR) NER
IAPV WYEERIF B, » IR TIAPV fREMET
## RNA (a viral defective-interfering-like
RNA, DI-like RNA) MEHIME (Maori et al.,
2007)  HUBHRIL = (2006~2009) ¥}
BT 2R A - S S AR
EHEWRE 5 IAPV~BQCV~DWV KBV
ke KV SR aEka e - B e 17 A 5 7
QSR (Fl—EEigte it —ELL EryE)
REEEERE T O AR AN RS R -

MR S B BRSSP - EIR
NEAEE > B ERAT 2N o IBUA H AR
R R (LR THAAE])  HFEA
ST T OISR © (1) B ERM LR 7
% TIEHRESALY » DHEBEHRENER
Y5 (2) B HLI KB R 2 B 8h i &
% (3) BEMMNRZS : (4) BREBRITE
FE IR AR SRR o AMATRE B R E
R R 2% (special viral pathogen free
honeybee, SPF honeybee) | A1l E 1T
Ry U DURC S 106 e W6 7 ooty WO i 7 A T 5
BRI Lk

T EERMMAR (XA 8% - nosema
disease)

BB T /W  (nosema disease,

nosemosis) 7 £ fEORL - Edps BT A6 7
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a0 AR EE 70 8 ERv > B R ENR
[ BE R AR A (B R T o BB TR T - 2%
SR (nosema disease) e HEHH R
BIERR > WINEBERN S AT Al
B TP R (R ) S SO f R R e AE A
SR (H AR B R 1R B e e o
& (Fries et al., 1984) ° kL FRTEMR IR
MR B g o fEE R ERT - B HEREE
BRI E B ST (Fries and
Ekbom 1984) » [IHiE & PR T AN s -
IR R AR o WA — MR E e T A
ZEWEWAL T (N. apis) METERZHTT
WKL T (N. ceranae) /&Yy » HIZE{EM /T
W TRHE R B AR T DIOR 1 Bl - BER(EE
B == BRET T o7 W TR Rk B 2 A L
Ji¥ERES] (Fries, 1997)

BTG TR BPEIT 1972
FEARBIEER BTN M. 2 %4 (Kao and Yen,
1972) > HHFAORL AN EL > 5 8 S 7m 2
T BN AT L o B TR0 AN s B o
HIRRE » SRT 4 15 75 R AE AR RE S 21 ¥
i > HEARELHAAY N, apis Firad RS
fOFRHEDT  BEIF SR B R BB R A Z
i H% > LIRS B 1 BRI Y T SRR R 2
FURRATIR > G R -k B e 8 O 5 T 2
BB ABHEFEENHE (An and Ho,
1980) o ARMHEAIETHARIMEFEH » A5 E
ShEAE IR R BRI IR R R (RS - R
JF#EAE 16S rDNA Jyol| L% 5Bl 5 —id
IR TR 2RI #S N. ceranae ¥
FHAE > [FIRELL TEM AT TS 2 8152 »
28 H G It s 7 7 I R R A BT I
K T171F (Huang et al., 2007) » I—#F
MFE7 2005 FHAHEFRIHEELEE (Society
of Invertebrate Pathology, SIP) i X &Ei&H
#%3% (Huang et al., 2005) » & RE15 |5 21
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G 0 LS T R 2 M O RO RE R - BT
TR B AT 7 e (ks 1 B
U7 TR F B - H B 2R R (L U
RB ) BT W RE h 8% 3 (Fries et al.,
1996) - Bt IRAT H Bn = E B EE B BT I TORL
T RBRGLY J7HEIRE S (BAE 2005 4 Z Al
AL BRI - o TR B e E I
% GRS E B U7 W% B IR GOk 7 RIS BT %
TR > TAEPE 7 L BN ik i
TEREDERE NIV A5 o BRINAITSE
BLEJRAE 2006 F 35 5 T B ok T 17 AE 7
BN PG T iR (HE M /£ 2005 F3K
IAE SIP grigrh » CaE BRI Py 7 i R
YRR » 2 B BT TIORL 1) » M PR BT
oMbl AL A R Y LB (Higes et al.,
2006) » [ EZhH 9% 22 BT HEHI BT S 00RL 7]
R BT A P R A s g i R E R T R > H
AITHTSE S BIE] 2003 FHEIFTERERRA i
H 38 B 7 W kL 1 2 BT B 5%
(Huang et al., 2007b; Klee et al., 2007) >
JTERIRLFREETR D E > SEIRER TR BT
1 %330 (Fries, et al., 1996) {HE 4 k5
B E IS R T > (BRI 2 K > iR
i 252 MORRRRTIER AR A > (015 BT Ik - (F
AR BRI T - EARSIAIA S LR IR
2 > (EEB 57 i I s 2 A B U i+ Z 6
R o BESRARAER TR 1P IR A R BEARR B -
(SRS 7SS SRREE SL < 7 S AR R as BTN
SRR QI T > T o T IRIRYEE
et I S B U - fEHRIR
LRI B N 2 B B R T IR TR
fif o FOR T B R I B R
PN B e e A i 9 Bl e ) R e T0% 2 Hin 1L
BEIGR » HE R ENE R E B2 o BT IR
TR 5 | 21 JE T ] BE RS 28 58 B — LA
WA > TSR T8 » 25 )15



TRATE H A B AR — B ik e
Pk mes - HIERE5 1L > BT -
VU oF B3 G B IR BT IR TR 1 Jk g
T A5 REZE IR s - REARIEANHAEE
[EREEIR = iR N AR = PN R
(Higes et al., 2006) ° 33 —ff MEfE R 5% 2 1A
(asymptomatic incubation period) 172
PR B R IR AT BRI R (Higes et al.,
2008) ° BT WAL 1 TR YL VY B S R E AT 9 Bk
VYA - 1. MEARE] (asymptomatic phase * 5
~9 A KR 65% Y8z RY KIS 40%
NN G (K7 10° 87 (n = 30); IL
HUXHH (replacement phase * 10~2 H)* /&
WENL 65% JMEEREGE - (K 40% WE)
W 2 > SE IS T 10° (n = 30) 5 TIL
185 A (false recovery phase * 3~8 H)°
K12 65% HLEEsz &Yy » RS 40% WEhE
2B fFRE 10° (n = 30) » SEIERF 5 IV.
95 1% Rt (depopulation » 9~12 H) » &5
% 66% IENEZIES, - MEEFER 40% N
W2 Yy » fEFER 10° (n = 30) © M EHIEE
% (cold season collapse): & A FEIE R 5 8¢
R 50% > il KT 107 (n = 30) » W FREY
IR A% 0E (warm season collapse) : A5t
RIS 50% » #2 74 8 x 10° (n = 30)
W FoRIEY: (Higes et al., 2008) o BEF-HEHET
b fhf T ot Ehig rh i > H RS HT
N. ceranae EYM/KIEHZME - HLLHlH
DWV /3Ly » (Hf Mgzl » 2R
W AE RIS (80%) A DWV i
i o #238/F CCD #53Eny IAPV Hilkg HiZsR
& BRGNS 2 CCD & » MR MBAGR -
i 5 AR e o T AR SRR AEAE > B2k
M fumagillin FIGHARLT > FrE REIEAYIERE
BEEIEE#EE > RikEEist CCD &
Ko7 fORL - & e it 51 EE (Higes et al.,

2009) °

EREZGYRFREESR T AHREC
AHEFT A IR MBI IE - BREEL S E 70t
) e i E TR - PR RATIL
SERERAS - BARERE ~ AL BRE - B
£~ ALHE ~ SRR - FE ARSI
WAL 1 > SR ST B R 17 (£ - H
RIS BR5 R HORL 1 P 5 B & 3 R B3
SRR TEEMEE - (HEEHG T 5 Bk 12
FRLLE - — i 5 FRdm pi e SE RS HAEAR -
R A 5 RERRRE - i ik 7+
FUBRARAL » MECEIERAIIRA B #E > (HAE
FEEGE B 122 I AT A v 55 B PR v B 2% B R
F o BEE R AR - TG R I B
1% - (] IR IR SR H L - il S bads
3 2 AT R IR E B R BT A LB RL - B
ERE SRR PR Y= R R A BN ISP
AF I > PBEEK » ST - BOREER R
Ak - 3% B £ e EE R < AR - AU
SEC{E RS IEATRA T - o R B €A - SR &2
BRI 2 - BT 2 P B e Rl T kb g
WOt > ARIR H WD E AL - BIGECERRRL 7
TATHIE T - S i PREE 2 T b FEE RE I
KL LEBIH =~ PRk » {HS-Bhie i LLAs n]
A~/ I - A fohs 1 e LIS i
ot - —fiRim S > BRAN.Z RN A
T ERULEZ LT - TR E R S
Gt B - 58 R IR 1 (EUA T R IEEIRF RESE
B~ SRS LN 2 — -

R =
{ORL IR BRI B (S > — 2 (A
ik FHE 2 B RE T 2R R BRI © FoRH)

[l 2 » Rl U T ke » Hoiths & A
R ELE - B SEILREEREH -
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iff 2% IR 0 2 B AN A I o [ e B
fumagillin XERVEEY AT (IG5 > 281
TESEY) R & I - AR TR E T EAGERL
P3G H A o AITEA-ZR5E IR Y & HE R AE SR 4
BENMER - S HIRARERTIERER R -
BRI ~ TR 1 A SRR T B R ORI
IR o B R R PR SR B - B
B DIRHERRGSE - DUE AThFeEiEeG - i
EHTELE —ERIRRRL o

w

S (2009 F) AWMiRE CCD HHRARY
HEGH R — TP A R R R T %
ki (N. ceranae) 725|% CCD HYERK » A
FE R & SJE HOfh o R e (Higes et al.,
2009) ; A& R EEEFIGER R > M
T # G G ce 25/ RNA & (TAPV #I
DWV) & F K> HoR RLER R EE K Gz tHRBRIY 2
KT AIIRR (Johnson et al., 2009)- 3
aifef - B REER SIS RI B2 TCCD JE R4
FrEL 2K CCD %Wz Fhlg sz Bkt 1o Hhlls
ZEBYEETE CCD ®ig 2 B HHIE &
WSz EIRH G - G R R BB B A R 2%
R BHE%% ~ RGET )22 ~ wiiRe )1 TR > &
BEAGEMH o FFE EBEE AR CCD #
W 2 IS HBAR B R R > thRR T
CCD #W& Z Ty bl i I » B ORI SR
FREERHBANI R R R AR T - thATTREREE D
FUEREY © #8152 ~ CCD &4 » Hilf
fRE B EA RRUHEBE - (HE AL ARER
e B HERR HoAth 177 IR -2 8 > T H B A i
B2 BRI ESE - CCD EliEESH
FRUELE - 7R AR R RMHE - &
IR CCD e » (RS A
L > L AT RE RS I R IR BRI R /5 5 B RS fe

pe
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HIEREHE) CEEEM SN F Rl
SRR 2 o SEAR AN AT ~ SR R T
ZK.LT) o WL - BRI P A R A2 2 B
117 BLRREANE AN E L - AL - Bz E
BRI - FER D& [HO RS &
FERBRENREEL J RHRA[R] ey AR ZE R -
s A ORI » PRE L I E BT - 254K
RIFFIFFERCER A B IR I A 2 3k 9% - th
BN ~ bR ATER -

B S e R T BRI R R R A
K& ERER B GEEYINT ERIE R 2 &R
Bl o UL G AR R e AR
Bl 73 o G B v S K ER AR K i
B UL DB TR KRG E- RIS 1 KT
TR (2008/11/1~2011/10/31) » 1
PSP B Rk 22 B L P PHAC W AR T 52 »
SRS e B BRMIF A » ANREBE SERIFHIL
(S 2 b R i 0 B e BREE B AR I T i A i
(B 31 o

5| ATk
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ABSTRACT

Honeybee colony collapse disorder (CCD) is characterized by the mass loss
of honeybee workers. Only the queen, her brood, a small number of newly
emerged workers and the food stores are left behind in the hive, with only a few
dead bees in the affected hive or apiary. This syndrome impacts seriously not
only on the apiary industry, but also on crop production and on native plants
that rely on honeybees for pollination. The suspects for causing CCD are pests
(varroa mites) and pathogens (especially undiscovered/new diseases: IAPV and
Nosema ceranae); pesticides (neonicotinoids: imidacloprid; systemic insecticides
in the plants’ nectar and pollen) and chemical toxins in the environment
(pollutants); nutrition; queen source (the occurrence of a genetic bottle neck in
breeder queens); genetically modified crops; radiation from mobile phones; and
the management style of the beekeeper. Many scientists believe that CCD is
caused by a combination of several of the above factors, and the cause of CCD
has not yet been determined and remains under investigation. Recently a
common pathogen, Israeli Acute Paralysis Virus (IAPV), from CCD honeybees
was discussed in the literature, although a synergistic effect with other factors
can not be excluded as a potential cause of CCD. In theory, the infection of
midgut cells with viral pathogens or microsporidia leads to malnutrition of the
honeybee, and the parasitism of the varroa mites weakens or suppresses the
immunity system of the honeybee, and this could be the reason why CCD
honeybees lose their navigation ability. So far, this subject is the main research
focus in CCD studies. This report reviewed the important research works to
date on CCD-associated viruses and microsporidia.
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