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FIG 1 Maximum likelihood consensus tree of SBV isolates. A 386-bp region of the RNA-dependent RNA polymerase gene was used. The tree was constructed
with a Tamura 3-parameter distance model. The statistical significance of a particular tree topology is evaluated by bootstrap resampling of the sequences 1,000
times, and bootstrap values of �50% are omitted. Numbers on the nodes indicate clade credibility values. New isolates of A. mellifera (circles) and A. cerana
(triangles) described in this study are indicated. Strains are annotated with respect to country of isolation, virus host, and GenBank accession number. Am, A.
mellifera; Ac, A. cerana.
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in the phylogenetic tree. These results supported the hypothesis
that cross-species infection of AcSBV may occur, but with low
occurrence rates.

Our inoculation experiments with AcSBV under laboratory
and field conditions confirmed the hypothesis. Unlike previous
studies in which only death and pupation of larvae were observed
(31–33), we employed another diagnostic method by examining
the presence of AcSBV negative-strand RNA. This method al-
lowed us to detect the replication of virus even when the pathoge-
nicity was very low.

Although the A. mellifera larvae infected with AcSBV under
either laboratory or field conditions had no obvious signs of the
disease, as demonstrated in previously reported experiments (31–
33), AcSBV negative-strand RNA could be detected in A. mellifera
larvae (Fig. 4B and D), which suggests that the genome of AcSBV

is able to replicate in A. mellifera larvae. However, additional stud-
ies must be performed to determine whether a large dose induces
clinical disease.

In agreement with previous results (8–10), SBV affects adult
bees without obvious signs of the disease, although the virus titers
increased significantly. The titers of AcSBV in A. mellifera and A.
cerana adult workers inoculated under laboratory conditions had
similar growth trends, increasing significantly in the first 6 days
after inoculation and reaching a plateau (Fig. 3A and B). Although
the increases in AcSBV titers in A. mellifera were less than those in
A. cerana during the first 6 days after inoculation, the increases in
AcSBV titers in A. mellifera within 10 days were more substantial.
We suspect that, when infecting A. mellifera, AcSBV may take time
to adjust to the new host during the initial infection phase and
then replicates efficiently by an unknown mechanism. This result

FIG 2 Larval mortality rates at 24 h after inoculation (A) and survival rates of adult workers (B) of A. cerana (Ac) and A. mellifera (Am) inoculated with AcSBV
under laboratory conditions. In panel A, the boxes represent first quartiles and third quartiles, the horizontal lines indicate the median, and the whiskers represent
the minimum and maximum for all observed values. Mortality rates of larvae and survival rates of adult workers were calculated from 20 larvae and 50 adult
workers per treatment group, respectively. Am/PBS, A. mellifera larvae fed PBS; Am/AcSBV, A. mellifera larvae infected with AcSBV; Ac/PBS, A. cerana larvae fed
PBS; Ac/AcSBV, A. cerana larvae infected with AcSBV. The data are averages from three replicates. *, P � 0.05.

FIG 3 Relative quantification of AcSBV in A. mellifera (A) and A. cerana (B) adult workers inoculated under laboratory conditions. Twelve bees were collected
on days 0, 2, 6, and 10 and used for quantification. D, day. **, P � 0.01; ***, P � 0.001.
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indicates that AcSBV successfully replicated in A. mellifera adult
workers. In addition, the AcSBV negative-strand RNA could be
detected in A. mellifera adult workers inoculated in the laboratory
(Fig. 4A) and under field conditions (Fig. 4C). As with the larvae,
compared with the samples prepared under laboratory condi-
tions, the nucleic acid bands (Fig. 4C and D) of samples inoculated
under field conditions were much weaker. This may be due to the
different amounts of virus inoculated into the bees and/or differ-
ent levels of resistance of the bees to the virus under different
conditions. Nevertheless, these results suggest that AcSBV is able
to replicate in A. mellifera adult worker bees.

Therefore, by quantifying the titers of AcSBV in A. mellifera
adult worker bees and detecting AcSBV negative-strand RNA in
adult worker bees and larvae in artificial inoculation experiments,
we concluded that AcSBV is able to infect A. mellifera, which is
different from previous reports. This is of significance not only for
the study of the pathogenicity of SBV but also for the protection of
A. mellifera and A. cerana. In agreement with a previous investi-
gation performed in China by Ai et al. (35), the infection rate of A.
cerana colonies was much higher than that of A. mellifera colonies.
With the finding that AcSBV can infect A. mellifera colonies, as
shown in this study, A. cerana colonies serve as a large reservoir of
SBV infection for A. mellifera colonies. Although the AcSBV in-
fection rate in A. mellifera colonies was very low and symptoms
were not seen, this effect should not be neglected and efforts
should still be made to monitor the dynamic changes of AcSBV in
A. mellifera colonies. Due to beekeeping practices, the numbers of
A. mellifera colonies are much larger than those of A. cerana col-
onies in most beekeeping areas in Asia. Therefore, although the
AcSBV infection rate in A. mellifera colonies is very low (0.63% in
this study), the fact that A. mellifera colonies serve as a reservoir
for SBV infection for A. cerana colonies should not be neglected,
especially when the two honeybee species are located in close
proximity.

Although quantification at the nucleic acid level with the qRT-
PCR approach is one of the most common methods used for the
quantification of virus, it should be noted that the stringency of
this technique may be doubted, since nucleic acids are not neces-
sarily part of an infectious particle (50). Our data on SBV detec-
tion in field colonies, virus RNA genome quantification, and
negative-strand RNA detection have strongly supported our
conclusion, while it remains unclear whether new proteins were

produced and new virus particles were assembled. It would be
worthwhile to quantify virus proteins or particles to determine
whether new proteins are produced or new particles are assem-
bled. In addition, because A. mellifera colonies very commonly are
infected by a variety of bee viruses and rarely are infected by only
SBV, purified AmSBV was not obtained for cross-species inocula-
tion in our study. The ability of AmSBV to infect A. cerana should
be studied in the future whenever possible.
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