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Abstract

Bees play an important role as pollinators of angiosperms in most terrestrial ecosystems and they
are exposed to numerous threats. In many regions in the world, bee abundance and species
richness are in decline due to the combined effects of habitat loss, pesticide use, and parasites
and disease. Worldwide, diseases caused by RNA viruses are among the greatest threats to the
health of the European honey bee (Apis mellifera) predominantly when the parasitic Varroa mite
(Varroa destructor) functions as a vector and incubator of these viruses. While research on RNA
viruses in bees has been intensifying around the world, in Australia, information about RNA
viruses is limited to managed hives of A. mellifera, but no information is available for
unmanaged, wild colonies of A. mellifera, introduced bumble bees (Bombus terrestris) or
solitary bees.

While knowledge of the distribution of RNA viruses is important in the context of managing
and understanding bee declines, it is also important to have baseline data of prevalence and
distributions of RNA viruses prior to an incursion of the Varroa mite. The mite is known to
influence the infectivity and virulence of different viruses, but so far, baseline data that allow
proper monitoring of this process have been scant. Hence, a survey of the RNA viruses carried
by Australian bees is timely and necessary.

For many decades, A. mellifera has been perceived as the original and only host of a range of
RNA viruses. However, recently “honey bee” RNA viruses have been detected in different
species of non-Apis bees. This raises questions regarding the original hosts and the direction of
transmission of these RNA viruses. Our study confirms the association of some RNA viruses
with native bees and show that the probability of South Australian native bees carrying Black
queen cell virus (BQCV) and Sacbrood virus (SBV) is higher in non-arid areas with abundant
managed and feral A. mellifera. Furthermore, the results indicate that BQCV and SBV were

introduced into Australia with A. mellifera.



Since the introduction of B. terrestris onto the Australian island of Tasmania in 1992 from
New Zealand, no research has been undertaken to determine whether these bees had brought new
viruses to the island. Australia is free of a number of RNA viruses including the epidemic
Deformed wing virus (DWYV), which is present in New Zealand. Using RT-PCR, we found that
Kashmir bee virus (KBV) and SBV are present and shared between Tasmanian B. terrestris and
A. mellifera, while BQCV was detected only in A. mellifera. Because we did not find DWV in
either A. mellifera or B. terrestris, we conclude that introduction of the latter species did not
coincide with introduction of this virus. While this is the first report of KBV in Tasmania, we
believe it may have been previously detected but misclassified.

Recent studies have reported RNA interference (RNA1) as an immune response of A.
mellifera to different RNA viruses. The RNAi pathway is activated by presence of double-
stranded RNA and degrades the viral genome in 21-22 nucleotides-long small interfering RNAs
(siRNAs). siRNAs matching different RNA viruses have been reported in A. mellifera, but
generation of a complete viral genome using assembly of siRNAs has not been achieved. Our
results show that A. mellifera larvae activate the RNA interference (RNA1) immune response in
the presence of SBV. We generate three complete SBV genomes from three individual larvae
from different hives in a single apiary, and demonstrated the presence of different SBV
quasispecies within the country.

In summary, this study provides new insights into the epidemiology and ecology of bee RNA
viruses. This information is important for understanding the impact of RNA viruses in bee health

and for elaboration of mitigation or control strategies.
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