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Migratory and local bees in Massachusetts were analyzed for seven viruses. Three were detected: black queen
cell virus (BQCYV), deformed wing virus (DWYV), and sacbrood virus (SBV). DWV was most common, followed
closely by BQCV and then by SBV. BQCV and SBV were present at significantly higher rates in the migratory
bees assayed, bringing into question the impact that these bees have on the health of local bee populations.

The European honeybee, Apis mellifera, is found throughout
the world and, as the principal pollinator of commercially
important food crops, plays an important role in the global
economy (10, 14). In Massachusetts, honeybees pollinate a
variety of economically significant crops, including apples,
blueberries, and cranberries. As in other states, the demand for
honeybee pollinators is met both by bees from local apiaries
and by bees provided by commercial, migratory beekeepers,
who transport bees across the country to meet pollination
demands. This demand for bees during specific time windows,
while crops are in bloom, often results in large numbers of
hives arriving from different regions of the country to a small
geographical location. For example, every year, an estimated
60% of all the commercial bee colonies in the United States
are concentrated in a 500-mile stretch of California’s Central
Valley for use in the pollination of almond trees (27). Move-
ment of bees in migratory hives to different areas of the coun-
try and the fact that hives from multiple locations may be
placed at close proximity to one another put these bees at a
higher risk of encountering pathogens than bees in local api-
aries, which are maintained at a single locale, or moved only
short distances.

In order to examine this possibility more closely, we assayed
for the presence and prevalence of seven viruses in apparently
healthy bees from local apiaries in Massachusetts and in bees
brought into the state by migratory beekeepers. Honeybees are
susceptible to a variety of pathogens, including Nosema spp.,
several species of fungi, bacteria, and as many as 18 different
viruses (2, 3). The recent decline in managed European hon-
eybee populations around the world, termed colony collapse
disorder (CCD), has sparked interest in identifying factors
affecting bee colony health (13). Although several pathogens
have been found in bee colonies suffering from CCD, two of
them are viruses: Israel acute paralysis virus (IAPV) and Kash-
mir bee virus (KBV). First reported in 2004 (20), IAPV has
been identified as a significant indicator of this disease in
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honeybees (13) and appears to be an important, newly emerg-
ing pathogen (22).

Using reverse transcription-PCR (RT-PCR) on individual
bees collected from migratory and locally managed beehives,
we detected the presence of black queen cell virus (BQCV),
deformed wing virus (DWYV), and sacbrood virus (SBV) and
determined the prevalence of these viruses in each hive. Mi-
gratory bees from three different populations were collected
from their holding yard in Wareham, MA, in June 2008 (blue
population, green population, and pink population), after hav-
ing been used to pollinate cranberries in Massachusetts, blue-
berries in Maine, and almonds in California. Bees from a local,
stationary hive at the UMass Cranberry Station in East Ware-
ham, MA, were collected in July 2008 (State Bog I) and in
October 2008 (State Bog II). Local bees were also collected
from East Sandwich, MA, in June 2008 (E. Sandwich), and
bees from an unmanaged hive in Plymouth, MA, were col-
lected in October 2008 (Plymouth). TriReagent (MRC Gene,
Inc.) was used to isolate total RNA from the collected bee
samples, according to manufacturer’s protocols. RT-PCR was
performed with RT-PCR master mix (2X; USB Corporation)
and previously reported primer sets specific to seven of the
most prevalent bee viruses (Table 1). The primer set pairs
DWYV and BQCYV, from Chen et al. (9) and Benjeddou et al.
(4), and SBV and KBV, from Chen et al. (9) and Stoltz et al.
(28), were initially used as a four-target multiplex reaction,
according to Chen et al. (9). Amplification of each of the four
targets was not detected until the appropriate pair of each
primer set was used in the same reaction. All samples in this
study were analyzed in this manner in order to reduce the
number of reactions necessary to detect these viruses. Primer
sets for acute bee paralysis virus (ABPV) (18), IAPV (Y. P.
Chen, personal communication), chronic bee paralysis virus
(CBPV) (25), and KBV did not amplify any nucleic acids from
the samples in this study. Positive controls from previously
identified infected honeybee samples were included for all
viruses except ABPV and CBPV. Reaction products were run
on agarose gels to confirm base pair size, and the amplicons
were sequenced using the ABI Prism Big Dye Terminator cycle
sequencing ready reaction kit, version 1.1, on an ABI Prism
3130xl genetic analyzer (Perkin-Elmer Applied Biosystems).
Sequence identity analysis was performed using the BLAST
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TABLE 1. Primers used in this study

Primer Position in the genome (nt)” ::;g?g;g Reference or source
Acute bee paralysis virus 34-240 (5" UTR) 207 18
ABPV-1 (5'-AGCCACTATGTGCTATCGTAT-3")
ABPV-2 (5'-ATGGTGACCTCTGTGTCATTA-3")
BQCV 7850-8550 (Structural polyprotein) 700 4

BQCV-mvi-F (5'-TGGTCAGCTCCCACTACCTTAAAC-3")
BQCV-mvi-R (5'-GCAACAAGAAGAAACGTAAACCAC-3')

Chronic bee paralysis virus

2580-3034 (Nonstructural polyprotein 455 25

CBPV-F (5'-AGTTGTCATGGTTAACAGGATACGAG-3') RdRp)
CBPV-R (§'-TCTAATCTTAGCACGAAAGCCGAG-3')

DWV 1171-1365 (Structural polyprotein) 194 9
DWV-mvi-F (5'-CTTACTCTGCCGTCGCCCA-3")

DWV-mvi-R (5'-CCGTTAGGAACTCATTATCGCG-3")

IAPV 23-609 (5" UTR) 587 Y. P. Chen, personal
IAPV-j-F (5'-GCGGAGAATATAAGGCTCAG- 3') communication
IAPV-j-R (5'-CTTGCAAGATAAGAAAGGGGG-3')

KBV 5405-5820 (Nonstructural polyprotein 415 28
KBV-mvi-F (5'-GATGAACGTCGACCTATTGA-3") RdRp)

KBV-mvi-R (§'-TGTGGGTTGGCTATGAGTCA-3")
SBV 4957-5781 (Nonstructural polyprotein) 824 9

SBV-mvi-F (5'-GCTGAGGTAGGATCTTTGCGT-3")
SBV-mvi-R (5'-TCATCATCTTCACCATCCGA-3")

“ UTR, untranslated region.

server (NCBI). Comparison between published viral sequences
in GenBank and individual PCR products resulted in sequence
identities of 99% for BQCV, 98% for DWYV, and 94% for SBV.

Because evidence of a virus detected in bees was recorded as
presence or absence, the mathematical model for the distribu-
tion of specific viruses is binomial and multinomial when more
than one virus coinfecting the host bee is considered. There-
fore, nominal logistic regression was used to assess differences
in the infection levels of individual viruses between local and
migratory colonies (1). Ordinal logistic regression was used to
test differences in multiple virus infections (1). Bees were
coded as no viral infection, infection by a single virus, or
infection by two or even three viruses. A second-tier analysis
was then conducted with nominal or logistic regression to as-
sess differences in infection between colonies within local or
migratory treatments because of the nested experimental de-
sign (bees within populations of colonies and populations of
colonies within migratory treatment versus those within local
treatment) (12). Pairwise comparisons were conducted to de-
termine the specific number and pattern of differences be-
tween the various populations in each of the two migratory
treatment groups (12). The results of this analysis for honey-
bees from local and migratory populations infected with each
of the viruses individually and in combination are presented in
Table 2 and discussed below.

BQCV, DWV, and SBV were the only viruses detected in
this survey and were each present in both local and migratory
bee populations in Massachusetts. Of the over 300 bees exam-
ined in this study, only five were found not to be infected with
at least one of these viruses. The two most common viruses
found in both migratory and local bees were BOCV and DWV.

DWYV was identified in 98% of the bees from local hives and in
72% of bees in migratory hives, and BQCV was identified in
60% and 92%, respectively. All three migratory hives assayed
shared this trend of having a high rate of infection with DWV
and an even higher rate of infection with BQCV. The local
hives examined followed the trend of having high rates of
infection with both DWV and BQCV. However, with the ex-
ception of bees from E. Sandwich, MA, in which the infection
rate for both BQCV and DWYV was over 95%, the infection
rate of DWYV in local bees was always higher than that of
BQCYV. The differences in prevalence of these two viruses
between local and migratory bees may be related to the dif-
ferent methods used for pathogen or parasite control, includ-
ing methods used to control the parasitic mite Varroa destructor
Anderson & Trueman, which is known to be an important
vector of DWV in honeybee colonies (7, 10, 30). The extreme
prevalence of DWV is not unexpected, as it is probably the
most widespread of the honeybee viruses (6, 10). Furthermore,
a survey of queens in the United States showed BQCV and
DWYV to be the most prevalent viruses in these bees (10).
Although the symptomatic wing deformities and abdominal
shortening associated with DWV pathology are quite visibly
noticeable when present (16), none were observed in the bees
in this study. This is not surprising, as only a few bees in a
colony show wing deformities, even in those hives that are
severely infested with V. destructor (30).

Migratory bees collected for this study showed a much
higher prevalence of SBV (16%) than did local bees (<1%).
Only one SBV-infected bee was found in all four local hives
that were examined. The infrequent occurrence of SBV in
local bees and the presence of this virus in almost one-fifth of
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TABLE 2. Percentage of virus-positive honeybees from migratory and local beehives collected from Massachusetts”

% Honeybees positive for:

Single infection

Dual infection

Population n Triple infection
BQCV BQCV DwWV (BQCV DWV SBV)
BQCV DwvV SBV DWV SBV SBV
Migratory hive populations
Blue 48 93.8 66.7 14.6 77.1 6.3 0 8.3
Green 48 95.8 77.1 229 54.2 4.2 0 18.8
Pink 48 85.4 70.8 10.4 50.0 2.1 0 8.3
Avg 144 91.7 71.5 15.9 60.4 4.2 0 11.8
Local hive populations
E. Sandwich 20 95.0 100 0 95.0 0 0 0
State Bog I 48 68.7 93.8 0 68.8 0 0 0
State Bog II 48 77.0 100 0 77.1 0 0 0
Plymouth 48 20.8 100 2.1 20.8 0 2.1 0
Avg 164 60.3 98.2 0.6 61 0 0.6 0

¢ Values in boldface type are the averages. n indicates the number of honeybees in the sample.

the migratory bees suggest that migratory bees could poten-
tially act as carriers of this virus and serve to introduce SBV
into local bee populations in Massachusetts.

Bees infected with multiple viruses were common in both
local and migratory populations, with more than 60% of all the
bees examined being infected with more than one virus. The
most common pair of viruses constituting a dual infection was
BQCV and DWYV, and these were the two most common
viruses found in bees overall. It is interesting that all of the
bees from one local hive, E. Sandwich, that were infected with
DWYV were also infected with BQCV. For all the other hives,
the percentage of bees infected with both of these viruses
(BQCV and DWV) was never greater than 77% and was as low
as 21%. While instances of multiple virus infections have been
reported many times, there is still much to ascertain about
their significance in hive health. The details of the immuno-
logical effects in bees simultaneously infected with more than
one virus are unknown. It is also unknown if bees experiencing
multiple virus infections could facilitate an environment favor-
able for recombination between viruses, possibly resulting in a
new virus (9).

It is noteworthy that more variation in virus prevalence was
present between the local bee populations. The migratory bees
were more consistently infected and had a significantly higher
prevalence of triple infections. This may be due to the differ-
ences in both exposure to pathogens that migratory and local
bees experience and overall fitness of the hives as related to
stress.

Although BQCYV was found to be more prevalent in migra-
tory bee populations, it was also common in the local popula-
tions, suggesting that migratory bees are no more likely to
spread BQCV than are the local populations themselves. How-
ever, the increased prevalence of SBV in migratory bees sug-
gests that these hives may be a source of this virus, potentially
posing a threat to the health of local populations.

As the practice of commercial, migratory beekeeping re-
mains a necessity for viable crop production in much of the
world, the potential impacts of this practice on pathogen trans-
mission and bee colony health will need to be identified. The
viral status of local, stationary, domesticated A. mellifera pop-

ulations around the world, as described in several reports, can
be useful in determining the impact of migratory beekeeping
(5,11, 15, 19, 21, 24, 25, 29, 30). Due to differences in methods
of sampling and viruses examined, it is difficult to make com-
parisons between reports on the prevalence of viruses in bee
populations around the world; however, some general trends
are apparent. The first is that DWYV, the most prevalent virus
found in bees in Massachusetts, is reported in nearly every
survey of bee viruses (10, 19, 21, 26, 29, 30). The ubiquitous
nature of DWYV in honeybee populations around the world
may be a result of its association with other invertebrate hosts,
such as bumble bees, Bombus spp. (17), and Varroa (6, 11).
BQCV, which was the second most prevalent virus found in
our study, has been reported in Spain, France, Hungary, Aus-
tria, and Brazil and in Denmark at a very low rate (5, 15, 19, 21,
29, 30) but was not found in surveys of honeybees from Thai-
land (24). SBV, which was found to be prevalent in migratory
bees but not in local Massachusetts bees, was also prevalent in
bees from Denmark, France, and Austria (5, 21, 29) and absent
or present at a very low rate in bees from Thailand, Hungary,
and Brazil (15, 26, 29). Two other viruses that were not de-
tected in Massachusetts bees, ABPV and CBPV, have been
found in fairly high levels in bees from other countries, with
ABPV being found in bees from Denmark, France, Hungary,
Austria, Brazil, and Thailand (5, 15, 21, 26, 29, 30) and CBPV
in bees surveyed in France, Denmark, and Austria (5, 21, 30).
The lack of ABPV-positive samples in this study agrees with
another survey of bees done in the United States, as it was not
found in any tissues of the queen bees analyzed (11).

The reasons for differences in prevalence of bee viruses
worldwide are not fully known and may be related to bee
management and propagation practices or possibly the pres-
ence of alternative hosts or vectors for these viruses (8, 7, 17,
29, 30). Also, some variation in prevalence is undoubtedly due
to different methods of honeybee sampling and the analysis of
results. It is important for the future of local and migratory
honeybee colony health to continue to monitor and control
these viruses and the diseases they cause as well as to identify
newly emerging viruses, like IAPV, so that future problems
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with honeybees, like CCD, can be avoided or limited in their
spread within bee populations.

10.
11.

12.

13.

14.

REFERENCES

. Aitkin, M., B. Francis, J. Hinde, and R. Darnell. 2008. Statistical modeling

in R. Oxford University Press, Oxford, United Kingdom.

. Allen, M., and B. Ball. 1996. The incidence and world distribution of hon-

eybee viruses. Bee World 77:141-162.

. Anderson, D. L. 1995. Viruses of Apis cerena and Apis mellifera, p. 161-170.

In The Asiatic hive bee: apiculture, biology, and role in sustainable devel-
opment in tropical and subtropical Asia. Enviroquest, Ltd., Cambridge,
Ontario, Canada.

. Benjeddou, M., N. Leat, M. Allsopp, and S. Davison. 2001. Detection of

acute bee paralysis virus and black queen cell virus from honeybees by
reverse transcriptase PCR. Appl. Environ. Microbiol. 67:2384-2387.

. Berényi, O., T. Bakonyi, I. Derakhshifar, H. Koglberger, and N. Nowotny.

2006. Occurrence of six honeybee viruses in diseased Austrian apiaries. Appl.
Environ. Microbiol. 72:2414-2420.

. Berényi, O., T. Bakonyi, I. Derakhshifar, H. Koglberger, G. Topolska, W.

Ritter, H. Pechhacker, and N. Nowotny. 2007. Phylogenetic analysis of de-
formed wing virus genotypes from diverse geographic origins indicates recent
global distribution of the virus. Appl. Environ. Microbiol. 73:3605-3611.

. Bowen-Walker, P. L., S. J. Martin, and A. Gunn. 1999. The transmission of

deformed wing virus between honeybees (Apis mellifera L.) by the ectopara-
sitic mite Varroa jacobsoni Oud. J. Invertebr. Pathol. 73:101-106.

. Celle, O., P. Blanchard, V. Olivier, F. Schurr, N. Cougoule, J. Faucon, and

M. Ribiere. 2008. Detection of chronic bee paralysis virus (CBPV) genome
and its replicative RNA form in various hosts and possible ways of spread.
Virus Res. 133:280-284.

. Chen, Y., Y. Zhao, J. Hammond, H. Hsu, J. Evans, and M. F. Feldlaufer.

2004. Multiple virus infections in the honeybee and genome divergence of
honeybee viruses. J. Invertebr. Pathol. 87:84-93.

Chen, Y. P., and R. Siede. 2007. Honeybee viruses. Adv. Virus Res. 70:33-80.
Chen, Y. P., J. S. Pettis, A. Collins, and M. F. Feldlaufer. 2006. Prevalence
and transmission of honeybee viruses. Appl. Environ. Microbiol. 72:606-611.
Collett, D. 1991. Modeling binary data. Chapman and Hall, London, United
Kingdom.

Cox-Foster, D. L., S. Conlan, E. C. Holmes, G. Palacios, J. D. Evans, N. A.
Moran, P. L. Quan, T. Briese, M. Hornig, D. M. Geiser, V. Martinson, D.
vanEngelsdorp, A. L. Kalkstein, A. Drysdale, J. Hui, J. Zhai, L. Cui, S. K.
Hutchison, J. F. Simons, M. Egholm, J. S. Pettis, and W. L. Lipkin. 2007. A
metagenomic survey of microbes in honeybee colony collapse disorder. Sci-
ence 318:283-287.

Delaplane, K. S., and D. F. Mayer. 2000. Crop pollination by bees. CABI
Publishing, Wallingford, United Kingdom.

. Forgach, P., T. Bakonyi, Z. Tapaszti, N. Nowotny, and M. Rusvai. 2008.

Prevalence of pathogenic bee viruses in Hungarian apiaries: situation before
joining the European Union. J. Invertebr. Pathol. 98:235-238.

16.

17.

19.

20.

21.

22.
23.
24.

25.

26.

27.

28.

29.

30.

VIRUSES IN HONEYBEES IN MASSACHUSETTS 7865

Genersch, E. 2005. Development of a rapid and sensitive RT-PCR method
for the detection of deformed wing virus, a pathogen of the honeybee (Apis
mellifera). Vet. J. 169:121-123.

Genersch, E., C. Yue, L. Fries, and J. R. de Miranda. 2006. Detection of
deformed wing virus, a honeybee viral pathogen, in bumble bees (Bombus
terrestris and Bombus pascuorum) with wing deformities. J. Invertebr. Pathol.
91:61-63.

. Grabensteiner, E., T. Bakonyi, W. Ritter, H. Pechhacker, and N. Nowotny.

2007. Development of a multiplex RT-PCR for the simultaneous detection
of three viruses of the honeybee (Apis mellifera L.): acute bee paralysis virus,
black queen cell virus and sacbrood virus. J. Invertebr. Pathol. 94:222-225.
Kukielka, D., A. M. Perez, M. Higes, M. D. C. Bulboa, and J. M. Sanchez-
Vizcaino. 2008. Analytical sensitivity and specificity of a RT-PCR for the
diagnosis and characterization of the spatial distribution of three Apis mel-
lifera viral diseases in Spain. Apid 39:607.

Maori, E., S. Lavi, R. Mozes-Koch, Y. Gantman, Y. Peretz, O. Edelbaum, E.
Tanne, and L. Sela. 2007. Isolation and characterization of Israeli acute
paralysis virus, a dicistrovirus affecting honeybees in Israel: evidence for
diversity due to intra- and inter-species recombination. J. Gen. Virol. 88:
3428-3438.

Nielsen, S. L., M. Nicolaisen, and P. Kryger. 2008. Incidence of acute bee
paralysis virus, black queen cell virus, chronic bee paralysis virus, deformed
wing virus, Kashmir bee virus and sacbrood virus in honeybees (Apis mel-
lifera) in Denmark. Apid 39:310.

Oldroyd, B. P. 2007. What'’s killing American honeybees? PLoS Biol. 5:¢168.
Reference deleted.

Palacios, G., J. Hui, P. L. Quan, A. Kalkstein, K. S. Honkavuori, A. V.
Bussetti, S. Conlan, J. Evans, Y. P. Chen, D. vanEngelsdorp, H. Efrat, J.
Pettis, D. Cox-Foster, E. C. Holmes, T. Briese, and W. L. Lipkin. 2008.
Genetic analysis of Israel acute paralysis virus: distinct clusters are circulat-
ing in the United States. J. Virol. 82:6209-6217.

Ribiere, M., C. Triboulot, L. Mathieu, C. Auriéres, J. P. Faucon, and M.
Pépin. 2002. Molecular diagnosis of chronic bee paralysis virus infection.
Apid 33:339-351.

Sanpa, S., and P. Chantawannakul. 2009. Survey of six bee viruses using
RT-PCR in northern Thailand. J. Invertebr. Pathol. 100:116-119.

Surcica, A. December 2008. Migratory beekeeping—second thoughts.
Penn State HortReport: pollinator series. Pennsylvania State University,
Chambersburg, PA.

Stoltz, D., X. R. Shen, C. Boggis, and G. Sisson. 1995. Molecular diagnosis
of Kashmir bee virus infection. J. Apic. Res. 34:153-160.

Teixeira, E. W., Y. Chen, D. Message, J. Pettis, and J. D. Evans. 2008. Virus
infections in Brazilian honeybees. J. Invertebr. Pathol. 99:117-119.
Tentcheva, D., L. Gauthier, N. Zappulla, B. Dainat, F. Cousserans, M. E.
Colin, and M. Bergoin. 2004. Prevalence and seasonal variations of six bee
viruses in Apis mellifera L. and Varroa destructor mite populations in France.
Appl. Environ. Microbiol. 70:7185-7191.



