First molecular detection of co-infection of honey bee viruses in
asymptomatic Bombus atratus in South America
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Abstract

Pollination is critical for food production and has the particularity of linking natural ecosystems with agricultural pro-
duction systems. Recently, losses of bumblebee species have been reported worldwide. In this study, samples from a
commercial exploitation of bumblebees of Argentina with a recent history of deaths were studied using a multiplex
PCR for the detection of the honey bee viruses most frequently detected in South America. All samples analysed were
positive for co-infections with Deformed wing virus, Black queen cell virus and Sacbrood virus. This is the first report
of infection of Bombus atratus with honey bee viruses. A better understanding of viral infections in bumblebees and of
the epidemiology of viruses could be of great importance as bumblebees can serve as possible viral reservoirs, resulting
in pathogen spillover towards honey bees and native bumblebees.
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Primeira deteccio molecular de co-infec¢ao de virus de abelhas em Bombus atratus
assintomatica na América do Sul

Resumo

A polinizagdo € essencial para a producdo de alimentos e tem como particularidade a conexdo entre os ecossistemas
naturais com sistemas de produgdo agricola. Recentemente, as perdas de espécies de bumblebee em todo o mundo tém
sido relatadas. Neste trabalho, amostras de uma exploragdo comercial de bumblebee da Argentina, com recente histdria
de mortes foram estudadas utilizando uma Multiplex PCR para a detec¢@o de virus de abelha mais frequentemente
detectados na América do Sul. Todas as amostras analisadas foram positivas para as co-infec¢des com Deformed wing
virus, Black queen cell viruses e Sacbrood virus. Este trabalho descreve o primeiro relato de infeccdo de Bombus
atratus com virus de abelhas. Uma melhor compreensio das infecgdes virais em bumblebee e da epidemiologia dos
virus poderia ser de grande importancia, uma vez que tais abelhas podem servir como reservatorio viral, com possivel
repercussao tanto na produtividade de abelhas meliferas como afetando-as diretamente.

Palavras-chave: Argentina, bumblebee, PCR multiplex.

widespread distribution. However, Bombus atratus is the
most abundant, probably because it is tolerant to different
climates and altitudes (Plischuk et al., 2009). In recent
years, bumblebees have been increasingly used in agri-
culture as pollinators because they can pollinate plant
species that other pollinators cannot, by using a tech-
nique known as buzz pollination. For example, bumble-
bee colonies are often placed in tomato production green-
houses, because the frequency of buzzing exhibited by a
bumblebee releases tomato pollen effectively. As a con-
sequence, bumblebees are transported worldwide result-

1. Introduction

Pollination is due mainly to the action of different
insects, such as the bumblebee and the honey bee. This
process is critical for food production and has the particu-
larity of linking natural ecosystems with agricultural pro-
duction systems (Klein et al., 2007). Any of the members
of the 240 species of the bee genus Bombus is considered
a bumblebee (Abrahamovich and Diaz, 2001). Bumble-
bees are social insects characterised by black and yellow
body hairs often in bands, although some species, such as
Bombus atratus, are entirely black. In Argentina, only

eight species have been described and Bombus atratus,
Bombus morio and Bombus bellicosus display the most
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ing in pathogen spillover from bumblebees that escape
from the greenhouse facilities (Colla et al., 2006). Differ-

797


felipe.esteves
Texto digitado
DOI: 10.1590/S1519-698420130004000016


Reynaldi, FJ. et al.

ent bee pathogens have been detected in bumblebees.
These include the honey bee parasite Nosema ceranae
(Plischuk et al., 2009) and some viruses like Acute bee
paralysis virus (ABPV) (Bailey and Gibbs, 1964), Kash-
mir bee virus (KBV) (Ward et al., 2007) and Deformed
wing virus (DWV), reported in Bombus terrestris and
Bombus pascuorum in Germany in 2006 (Genersch et al.,
20006). In recent years, losses of bumblebee species have
been reported worldwide (Williams and Osborne, 2009)
and, in this sense, Plischuk et al. (2009) described the
presence of Nosema ceranae in bumblebees in Argentina.

Recently, we were alerted by a bumblebee producer
that several colonies in Buenos Aires Province (Argen-
tina) were dying. The bumblebee sample belonged to a
commercial endeavour dedicated to producing colonies
for pollination. These colonies were developed in an iso-
lated place in an attempt to avoid contact with chemicals.
A first study indicated that all samples of these bumble-
bees were negative for Varroa destructor mites and
Nosema ceranae. Therefore, the aim of this study was to
investigate whether honey bee viruses could be affecting
those bumblebee colonies.

2. Materials and Methods

Twenty samples (consisting of 40 adult worker bum-
blebees each) from a total of 210 colonies of bumblebees
used as pollinators in greenhouse tomato production in
Buenos Aires Province were used in this study. Samples
were taken directly from colonies affected with mortality
but without specific symptoms. Ten samples were col-
lected in April 2011 and another ten in June 2011 in order
to be screened for the detection of the honey bee viruses
most frequently detected in South America. All samples
were stored at -70 °C until they were processed. Fifteen
bumblebees randomly selected from each sample were

crushed in stomacher bags with 2 mL of phosphate-
buffered saline. After homogenisation, the samples were
centrifuged for 15 min at 1500xg and total RNA was ex-
tracted using 500 pL of Trizol reagent and mixed with
500 pL of the supernatant previously obtained. The mix-
ture was extracted with 220 pL of chloroform. After
centrifugation at 12000xg for 10 min, the RNA contained
in the aqueous solution was precipitated by adding an
equal volume of isopropanol. The precipitated RNA was
collected by centrifugation at 12000xg for 10 min,
washed with 70% ethanol and dissolved in 50 pL of
RNase-free water. Then, 5 pL (approximately 3 ug) of
total RNA extracted was used for synthesis of comple-
mentary DNA (cDNA). This reaction was carried out us-
ing the enzyme of the Moloney Murine Leukemia Virus
(Promega Madison, Wisconsin. USA) under conditions
specified by the supplier and using 40 ng of a mixture of
random primers. A multiplex polymerase chain reaction
(mPCR) developed was carried out for the detection of
each virus. For amplification of Israeli acute paralysis
virus (IAPV), a previously published primer pair
(Reynaldi et al., 2011) was used and for the other six vi-
ruses, specific primer pairs were designed (Table 1). The
mPCR reaction was performed in a final volume of
25 uL. Then, 5 uL of cDNA was added to a reaction mix-
ture containing 2.5 uL of 10X buffer (75 mM Tris-
HCI pH 8.8, 20 mM (NH4),SOs, 0.01% Tween 20),
0.75 pL of 10 mM dNTp mixture, 1.5 pL of MgCl,,
0.5 uM of each primer, 13.75 pL of RNase-free water
and 0.5 pL (2.5 U) of Taq DNA polymerase. Two nega-
tive mPCR controls were used: 1) sample prepared by ex-
cluding the cDNA from the reaction and 2) negative
samples from honey bees previously analysed in this lab-
oratory. Positive controls were taken from honey bee
positive samples detected in previous studies except for

Table 1 - Primers used for the detection of honey bee viruses in Bombus atratus. AIKV: universal primer to amplify ABPV
(Acute bee paralysis virus), IAPV (Israeli acute paralysis virus) and KBV (Kasmir bee virus). CBPV: Chronic bee paralysis
virus, BQCV: Black queen cell virus, DWV: Deformed wing virus, SBV: Sacbrood bee virus.

Sequence Orientation Target Amplicon length (bp)
AIKVf GGTGCCCTATTTAGGGTGAGGA Sense ABPV - IAPV - KBV
ABPVr ACTACAGAAGGCAATGTCCAAGA Antisense ABPV 460
IAPVr GGGAGTATTGCTTTCTTGTTGTG Antisense IAPV 158
KBVr TGCACGGGAAGTATAAATAATTCT Antisense KBV 641
DWVf TGGTCAATTACAAGCTACTTGG Sense DWV 269
DWVr TAGTTGGACCAGTAGCACTCAT Antisense
SBVf CGTAATTGCGGAGTGGAAAGATT Sense SBV 342
SBVr AGATTCCTTCGAGGGTACCTCATC Antisense
CBPVf AACCTGCCTCAACACAGGCAAC Sense CBPV 774
CBPVr ACATCTCTTCTTCGGTGTCAGCC Antisense
BQCVf CTTTATCGAGGAGGAGTTCGAGT Sense BQCV 536
BQCVr GCAATAGATAAAGTGAGCCCTCC Antisense
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KBYV that has still not been found in Argentina. These
PCR products were opportunely sequenced and align-
ment was performed with sequences available in
GenBank. The PCR was carried out using a thermal pro-
tocol consisting of one denaturalisation cycle of 5 min at
95 °C, followed by 40 amplification cycles [30 s at 95 °C,
30sat53 °C, extension of 60 s at 72 °C] and a final exten-
sion of 5 min at 72 °C. The amplification products were
analysed by agarose gel electrophoresis and ethidium
bromide staining. The molecular sizes of the fragments
were compared with those of a molecular weight marker
of 100-1500 bp (Fermentas, Tecnolab, Bs As, Argen-
tina). The mPCR products were purified using a gel ex-
traction kit (Wizard® SV Gel & PCR Clean Up, Promega
Madison, Wisconsin,USA) and sequenced (Biotechnol-
ogy Resource Center, University of Cornell, Ithaca,
USA). The sequences were analysed using Basic Local
Alignment Search Tool (BLAST) software.

3. Results and Discussion

All the samples of bumblebee analysed were positive
for co-infections with DWV, BQCV and SBV (Figure 1),
which visually run the same as our the positive controls
(Figure 2). Co-infections of these three viruses have al-
ready been detected in forager honey bees (16,9%) and
only 1.5% in pollen samples (Singh et al., 2010). Our
samples tested negative for ABPV and KBV viruses,
commonly associated with varroa infestation in honey
bees (de Miranda et al., 2004), and for CBPV and IAPV.
BLAST results confirmed the identity of the mPCR-
amplified sequences. Specifically, DWV showed 99% of

BQCV (536 bp)

SBV (342 bp)

DWW (268 bp)

Figure 1 - Agarose gel electrophoresis of mPCR products of
bumblebee samples. Lane M: molecular weight marker
(100-1500 bp). Lane 1: negative control, Lane 2: positive
amplification for Deformed Wing Virus (DWYV), Sacbrood
Bee Virus (SBV) and Black Queen Cell Virus (BQCV).
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Figure 2 - Agarose gel electrophoresis of mPCR for positive
controls of each virus. From left to right: 158 bp (IAPV),
269 bp (DWV), 342 bp (SBV), 460 bp (ABPV), 536 bp
(BQCV), 774 bp (CBPV). M: molecular weight marker
(100-1500 bp).

homology with the DQ224309 sequence, BQCV 98% of
homology with the GU108221 sequence and SBV 99%
of homology with the AY 152712 sequence. Genersch et
al. (2006) found DWYV infection in other bumblebees
correlated with wing deformities, suggesting a broader
host specificity of this virus and a switch to a new host
species. In this way, they explained the perfect correla-
tion between DWYV infection and wing deformities. In
contrast, our most relevant finding was the detection of
DWYV, without signs of wing deformities. All these bee
viruses have been widely detected in Buenos Aires prov-
ince (Reynaldi et al., 2010 and unpublished data). Fur-
thermore, in other South American countries, some hon-
eybee viruses have been detected, such as BQCV, DWV
and ABPV in Brazil (Teixeira et al., 2008) and DWV,
SBV, BQCV, ABPV and CBPV in Uruguay (Antlinez et
al., 2006). This suggests that DWV could have switched
from honey bees to bumblebees in Argentina some time
ago. In this way, Li et al. (2011) suggest that the high mu-
tation rate of the RNA virus in conjunction with the geo-
graphic proximity between the bumblebees and honey
bees and the high contact rate of foragers at food sources
(pollen) would provide high adaptability for host shift of
DWV in nature. Even more, we detected BQCV and SBV
in the samples studied. SBV affects the brood of honey
bees, and it occurs mostly as a mild infection, which kills
only a few larvae, but it can be more severe. Few hives
die out as a direct result of it, but many are weakened to
an extent where they succumb to other threats. This situa-
tion couldoccur with similar effects on the colonies of
bumblebees, causing their death. In this way, other au-
thors suggest the importance of flowers in the transmition
of several pathogens, such as Crithidia bombi and
Nosema bombi (Colla et al., 2006) and honey bee viruses
(Singh et al., 2010).

In summary, the findings described here demonstrate
the first report of infection of Bombus atratus with DWV,
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SBV and BQCV in commercial bumblebee colonies of
Argentina. These results indicate that the knowledge of
viral infections in bumblebees is of great importance be-
cause they can serve as possible viral reservoirs, resulting
in pathogen spillover towards honey bees and native
bumblebees. A better understanding of the epidemiology
of viruses is vital to know the dynamics of virus out-
breaks and may shed light on the current crisis of the
worlds pollinators.
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