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Abstract

160 Hessian bee colonies of 49 apiaries were tested for acute bee paralysis virus (ABPV), sacbrood virus (SBV) and black queen cell virus (BQCV). Worker bees of at least 3 colonies per yard were collected in winter 2001/02, May 2002 and September 2002. Pooled RNA-extracts of 10 bees of each colony sample were tested following published one step RT-PCR detection protocols. ABPV was found in 34%, SBV in 33% and BQCV in 46% of all winter samples. Incidence rates per beeyard of 0.58 (ABPV), 0.49 (SBV) and 0.6 (BQCV) were calculated. The SBV and BQCV detection sites of the winter samples displayed a random spatial pattern as shown by a nearest neighbour analysis (Rn=0.85 and 0.90). A tendency towards clustering was observed in the case of ABPV (Rn= 0.67). The observed frequencies of virus infected samples per apiary differed significantly from the expected random distribution (p).
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Introduction

In the 1960ies viral agents of bee diseases were isolated and characterized (see Gochnauer 1990). Under the first described virus were Acute Paralysis Virus (APV). Later in 1964 Bailey et al. identified Sacbrood Virus (SBV) (Bailey 1975) and BQCV was detected in 1977 (Bailey and Woods 1977). At present at least 14 other bee virus are described. In the last two decades viral diseases of the honey bee attracted increasingly the attention due to the harm they can cause in association with parasites and other stress factors. Incidence studies were conducted and data about the world distribution of the viral pathogens are available (reviewed by Allen and Ball 1996). 

However detailed epidemiological studies on a regional scale are scarce. Spatial features and the dynamics of the viral diseases remain to be clarified. This study gains to contribute some essential epidemiological aspects for SBV, APV and BQCV as describing incidences and the spatial pattern of virus occurrences in Hessian bee colonies (Germany). 

Materials and Methods

SAMPLES
In winter 2001 / 02 dead bees of Hessian bee colonies were collected. The colonies were selected from a database of beekeepers cooperating with the Bee Institute Kirchhain (Germany). Selection criterion was representativeness of Hessian apiaries and a random distribution of the observation points in space. In all, samples from 160 bee colonies from 57 bee yards owned by 49 beekeepers were gathered. Collecting and posting the dead winter bees was done by the beekeepers following the instructions of the Bee Institute. The beekeepers were advised to select colonies randomly, not prefering such colonies exhibiting symptoms of diseases or high mortality. The dead bees were stored at –20°C until examination. 

VIRUS DETECTION
Viral RNA was extracted from 10 dead bees per sample. Specific oligonucleotides were used for RT-PCR (table1). The RNA extractions and the amplification reactions were performed essentially as described by Grabensteiner et al (2001). 

Table 1: specific oligonucleotides 

name

5’- sequence-3’




reference

ABPV 1
CAT ATT GGC GAG CCA CTA TG

(Bakonyi et al. 2002)

ABPV 2 
CCA CTT CCA CAC AAC TAT CG

(Bakonyi et al. 2002)

BQCV1
TGG TCA GCT CCC ACT ACC TTA AAC
(Benjeddou et al. 2001)

BQCV2
GCA ACA AGA AGA AAC GTA AAC CAC
(Benjeddou et al. 2001)

SB1 f

ACC AAC CGA TTC CTC AGT AG

(Grabensteiner et al. 2001)

SB2 r

CCT TGG AAC TCT GCT GTG TA

(Grabensteiner et al. 2001)

STATISTICAL ANALYSIS
Incidences per beeyards and per beecolonies were calculated. The spatial pattern of the virus occurrence was analysed using a simple nearest neighbour analysis. 

A probability of virus detection per apiary was calculated on the basis of the overall detected frequency of virus. Supposing a binomial distribution type of the virus incidence the observed frequency per apiary was compared to the expected frequency (Chi-square approximation). 

Results

All three viruses were found in dead winter bees of Hessian bee colonies. The three viruses are detectable in 50 to 60 % of all tested beeyards (table 2). The incidence rates per colony were lower: 34 % of all examined colonies were infested with APV, 33 % with SBV and 46 % with BQCV. In this study some colonies contained none of the three virus. Others exhibited a single and others a multiple virus burden. None of the three viruses was found in 48 colonies. 53 colonies were infested with exactly one of the three viruses and 50 colonies with two viruses. A multiple virus infestation with all three viruses was detected in 9 colonies. The spatial distribution of BQCV and SBV was random as indicated by the Rn value near 1 (table 2). The APV detection sites tended towards clustering as shown by the lower Rn value. The sample locations themselves did not cluster. The respective Rn value is 0.88 calculated for all 57 beeyards. 

Table 2: Incidences, distribution and spatial pattern of the APV, SBV and BQCV burden in the Hessian beekeeping industry





APV

SBV

BQCV

Rates of incidences

N – Beeyards


57

57

57

Bee-Yard-Incidence BYI
0.58

0.50

0.59

N – Becolonies

160

160

160
Bee-Colony-Incidence BCI
0.34

0.33

0.46

Spatial pattern – nearest neighbour analysis

N – Viruspositive Beeyards
33

27

34

Rn*



0.668

0.849

0.891

Virus distribution per beekeeper - Chi²-approximation

N – Beekeeper


49

49

49

P Chi²obs>Chi²exp.1%^

< 0.001
< 0.001
< 0.001
*: Meaning of the Rn value: Rn = 0: clustered, =1: random, = 2.15: regular

For each of the three virus the observed frequencies per apiary were compared to the expected frequencies. The Chi-square approximation showed a significant difference (p<0.001). 

Discussion

The common occurrence of APV, SBV and BQCV in German bee colonies is well known (Ball and Allen 1988) and had been confirmed by this study. Each of the three virus was found in –roughly -two third of all examined beeyards and one third of all investigated beecolonies. The APV-beeyard infestation level was comparable to the data of Hungary (Bakonyi et al. 2002). Our findings contrast with the reports from nordic countries (Varis et al. 1992, Nordström et al. 1999) where APV and BQCV occurred rarely, but quantitative estimations of the infestation level are hard to compare. Differences in the sample sizes, in the number of observation points and in the virus detection method might result in divergent virus incidences. 

The ongoing investigation covers the German federal state Hesse. In that province of 21000 km² area, approximately 7200 beekeepers manage 55000 colonies amongst them the 160 field samples of this study were collected. The data might well describe the virus situation in the Hessian region. The sample locations were randomly organized in space. Representative beeyards with for the region usual Carnolian bees and current management practices were surveyed. However a bias is probable as the beekeepers were selected out of a group of beekeepers connected to the Bee Institute. They are supposed to be better trained than the average of the Hessian beekeepers. 

Our study revealed a more or less random spatial structure for APV, SBV and BQCV-infection places. Domesticated bee colonies are a widespread virusreservoir. Possible sources of viral infections are present in many places. Thus one might hypothesize that the likelihood to acquire viral infections is equal for each individual colony. But the distribution of virus positive samples per beekeeper differed significantly from the expected random distribution type. Management effects or site effects may be claimed to be crucial for the outcome of the virus – bee interaction. 

Further research is required to determine the risk factors for virus infection. 
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Fig 1: locations of the 57 sampled beeyards in the province of Hesse (Germany)


