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Table 1. Sample sites of Apis mellifera and their healthy status, management mode checks

AR R Bt RE% RS meR .
A W E— 5 45 : L i
o £ A =8 AR B A Tkt Wil R A
N1 EET AR 2017 1 5 24.69130 120.94820 - - 1 2 1
N2 EEL NES 2017 3 3 2449864 120.87312 UN UN UN UN 1
N3 EEE SAGBH 2017 3 10 24.48880 120.78407 - + 1 2 1
N4 HE AT AE® 2017 5 18 25.02256 121.19128 - - 1 2 1
N5 A% B BivesE 2017 9 30 24.78346 121.17874 + - 2 3 1
N6 =k A0 2017 12 24 24.63068 121.71658 + - 1 1 1
N7 bk [E 77 BB 2017 12 12 25.03684 121.26975 + - 1 3 2
N8 EEE T 2018 1 22 24.54692 120.77099 UN UN UN UN 1
N9 EE S A 2018 1 24 24.54670 120.78976 + - 1 3 1
NI0 %32 SAEM 2018 1 24 2458596 120.88627 - - 1 4 1
NIl AH%H £i#E 2018 2 9 2510503 121.65900 - - 1 3 1
N2 &2 NS 2018 2 12 24.46568 120.86070 UN UN UN UN 1
N13 EEL SA4BAE 2018 2 12 2447460 120.79597 UN UN UN UN 1
N4 @2 SA4BAE 2018 2 12 2445158 120.78444 UN UN UN UN 1
NI5 %32 NES 2018 3 3 2448192 120.79587 UN UN UN UN 1
N6 % 28 #RER 2018 3 3 2449652 120.87600 UN UN UN UN 1
N17 % 3% JAE4E 2018 3 7 2440411 120.74640 UN UN UN UN 1
N18 W R 34248 2018 3 7 24.40343 120.70901 UN UN UN UN 1
N19 @2 64245 2018 3 7 2441178 120.69013 UN UN UN UN 1
N20  #dbW F2B 2018 4 4 2502058 121.71693 UN UN UN UN 1
N21 EEE FRER 2018 3 17 2446634 120.90540 UN UN UN UN 1
N22  #dw #:%E 2018 4 4 2502655 121.82544 UN UN UN UN 1
N23 EET e 2018 3 22 UN UN UN UN UN UN 2
N24 %R SEAM 2018 3 17 24.29201 120.89099 UN UN UN UN 1
N25 EEE BB 2018 3 17 2448769 120.89968 UN UN UN UN 1
C26 il WEE 2017 1 5 2424880 120.64360 + - 2 2 1
Cc27 H 3% % ZE# 2017 3 1 23.84189 120.69319 + - 1 2 1
C28 E XFE 2017 3 10 24.12360 120.73448 - + 2 3 1
C29 E¥W F¥EE® 2017 3 22 2401517 120.71687 + + 1 2 2
C30  &¥w® AFE 2017 5 18 24.11758 120.75923 + + 2 3 1
C31 # % WE4 2017 6 13 23.95603 120.97735 - - 2 3 1
C32 Atk |P4a 2017 6 13 23.84404 120.55801 - + 2 2 1
C33 2P BEEEB 2017 7 4 2433798 120.69929 - + 1 2 1
C34 ERET WE4E 2017 8 29 23.98225 120.99800 - + 3 3 1
35 # 3% 5 WE4 2017 9 1 23.94497 120.95720 - + 2 3 1
36 H 3% WE4 2017 9 1 23.94354 120.93179 - + 1 2 1
37 EIEREY A 2017 9 2 23.93265 120.78168 - - 1 2 1
38 LERE TS Ba48 2017 9 2 2397775 120.77429 - + 2 2 1
39 % Ba4E 2017 9 2 23.99894 120.80518 - - 1 2 1
C40 = P AT A& 2017 10 6 2421729 120.79191 + + 3 2 1
C41 # 3% % A 2017 11 9 23.96030 120.76997 + - 2 2 3
C42 4% 5% ZRE% 2017 11 28 23.85178 120.69436 + - 1 2 2
C43 2 PR FHE 2017 11 28 24.01447 120.70401 + - 1 3 1
C44 A MAEE 2018 1 23 24.15574 120.86132 UN UN UN UN 1
C45 Btk Fo A 2018 1 25 24.09329 120.49304 + - 1 2 2
C46 4% 5 L 2018 3 6 23.94028 120.65624 + + 2 3 2
S47 AR RagE® 2017 3 7 23.52294 120.43795 + - 1 3 1
S48 ZHH & 2017 3 23 23.39383  120.44401 + + 2 2 1
S49 A x A 2017 4 19 23.93348 120.72317 - - 1 2 5
S50 EEY FFH 2017 5 9 2351430 120.15820 - + 1 2 1
S51 ZHm WmEE 2017 5 9 23.17580 120.50240 - + 2 2 1
S52 EN-XD £ E 2017 5 9 2322820 120.47160 - + 2 2 1
S53 ZHH #E 2017 6 27 23.32325 120.40509 + 2 2 1
S54 EE g RBM 2017 9 18 23.51430 120.15820 - + 1 2 12
S55 Xk HEE 2018 1 12 2330093 120.29593 - + 1 2 1
S56 Xkl ¥%® 2018 1 12 23.18031 120.48452 - + 1 3 1
S57 Y il WEE 2018 3 30 22.84475 120.35554 + - 1 2 2

*Regional symbols: N: Northern region, Form Miaoli to Yilan County; C: Central region:
Changhua, Nantou County and Taichung City,; S: Southern region: Chiayi County and Tainan,
Kaohsiung City.

® Apiaries conditional checks: " + J : Infected colony: Larvae, pupa or worker with dead,
worker shaken or deformed wings; " - 1 : Healthy colony; Un: Unknown.

*Summer beebread feeding: " + 4 : feeding; " - 4 : None feeding; Un: Unknown.
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Table 2. Primers used in this study. F: forward, R: reverse.

3l

91 (5°-37)

%% UK

. TGGTCAGCTCCCACTACCTTAAAC .

Black Queen Cell Virus Benjeddou et al. (2001)

GCAACAAGAAGAAACGTAAACCAC
. ) GGATGTTATCTCTTGCGTGGA )

Deformed Wing Virus Lanzi et al. (2006)

CGATAATAATTTCGAACGCTGA
. GGACTGAACCAAATCCGATGTCATCACG o
Kakugo Virus Fujiyuki et al. (2009)

TCTCAAGTTCGGGACGCATTC

GCTGAGGTAGGATCTTTGCGT

Apis mellifera Sacbrood Virus

TCATCATCTTCACCATCCGA

Chen et al. (2004)

TCGTTTCTAATGCGTTTCACACTG

Apis ceranae Sacbrood Virus

CCTCGCATATACACCAAAACCTCT

Maet al. (2011)

TCCTCAAGCTTGGAAAAGAG

B-actin

w ||| || e || |

GGTGGACAAAGAAGCAAGAA

Chen et al. (2006)

K= ZFVT R LR

ARPY T HERRA 5 St M AR PE JTIEARAS )
Table 3. Bee viruses detection rate of A. mellifera in Taiwan.(T: Total sample, N: Northern
region, C: Central region, S: Southern region)

(T : 2AERPHJTUEARA s N - JLER PG T8k A s C 2

BQCV DWV KV AcSBV AmSBV
T 51.9% 23.5% 23.4% 32.1% 6.2%
N 44.4% 40.7% 29.6% 25.9% 0.0%
C 55.6% 25.9% 37.0% 48.2% 7.4%
S 55.6% 3.7% 3.7% 22.2% 11.1%
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ﬁﬂ%Eﬁﬂ%EﬁEﬁiﬂﬁﬂ%ﬁZﬁ% i R LR o (A IE ) W5 T B B
5% ¥ 2=6.79, P<0.01 ° (B)% & W% ¥ Bl 1F 0% BF 2 0% & 1o °
FEDWVELK VN 7 fa tH 28 o (D)5 1§ 7 Bl 1F 5 18
BQCVEISB VYR & fa 28 o
Fig. 1. Detection rate of bee virus in healthy and infected colonies of Apis mellifera.
(A)Perventage of multi viruses infection rate in healthy and infected colonies.
*¥=6.79, P < 0.01. (B)Detection rate in healthy and infected colonies.
(C)Detection rate of DWV and KV in healthy and infected colonies. (D)Detection
rate of BQCV and SBV in healthy and infected colonies.
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Fig. 2. Comparison of beekeeping managements in healthy and infected colonies. (A)mite
control frequency annually (y° = 3.1, P>0.05). (B)queen renew frequency annually
(x*=1.99,P>0.05). (C)beebread feeing in summer season (*5 > = 8.29, P<0.01).
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A regional survey and analysis of latent infection
of western honeybee viruses (Apis mellifera)

in Taiwan

Pan-Hen Chen* and Pei-Shou Hsu

Miaoli District Agricultural Research and Extension Station, Council of
Agriculture, Executive Yuan, Taiwan, R. O. C.

ABSTRACT

The purpose of this study was to investigate the distribution of Western honeybee viruses
(Apis mellifera) in Taiwan. A total of 81 honeybee samples were collected from Taiwan
Northern, Central and Southern regions, performed symptom observations and viral molecular
identifications. There were five viruses found in detection rate: black queen cell virus
(BQCYV) 53.2%, deformed wing virus (DWV) 24.1%, Kakugo virus (KV) 20.2%, Apis cerana
sacbrood virus (AcSBV) 32.1% and Apis mellifera sacbrood virus (AmSBV) 6.3%. The
detection rate of BQCV was common distributed in Taiwan southern, central and northern
region ranged from 48~ 55.6%. AmSBV was found 11.1% in the Central and Southern
regions. The detection rate of DWV and KV were found in 44% and 32% in Northern region.
The detection rate of AcSBV in the Central region was 50% highest than Northern and
Southern region. Analysis of the virus detection rate and the healthy status of honeybee
colonies, the detection rates of DWV and KV in infected bee colonies were 44% and 48%
compared to 2.6% and 10.5% for healthy colonies. Further analysis of co-infection rates in
DWYV and KV for infected and healthy bee colonies were 30.8% and 2.7%, respectively. It
was indicated that DWV and KV co-infection threaten the health colonies. In addition, the
proportions of feeding in summer season were found 67.6% and 30.8% in infected and healthy
colonies, indicated that enhancing nutrition supplement reduced the infection rates.

Keywords: honeybee virus, black queen cell virus (BQCV), deformed wing virus (DWV),
kakugo virus (KV), A4pis cerana sacbrood virus (AcSBV), Apis mellifera
sacbrood virus (AmSBYV)
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