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The honey bee (Apis mellifera L.) is considered an
important pollinator for many agricultural crops and
other non-domesticated plant species worldwide (Potts
et al. 2010). Similar to other agricultural-based coun-
tries, beekeeping is an important activity in Chile, not
only because it provides pollination services for fruit
and seed production, but also because it exports honey
bee products to other countries. Although there is not
enough published information about the mortality of
colonies in Chile, beekeepers have undergone an in-
creasing loss of colonies in recent years. Possible causes
for these losses are still unclear, but these mortalities
coincide with recent honey bee colony losses around the
world (Neumann and Carreck 2010).

Several pathogens, including honey bee viruses,
have been involved in honey bee colony collapse dis-
order (Cox-Foster et al. 2007). Currently, about 24
viruses have been identified in honey bees worldwide.
Although some of these viruses produce recognizable
symptoms at sufficiently elevated titers, generally, they
naturally persist in honey bee populations at low levels
(de Miranda et al. 2013). Several viruses are closely

enough related to be regarded as members of a single
species complex; these complexes are acute bee paralysis
virus (ABPV), Kashmir bee virus (KBV), and Israeli acute
paralysis virus (IAPV), all of which are non-enveloped and
positive-stranded RNA viruses that belong to the
Dicistroviridae family (King et al. 2011). KBV is a poten-
tially lethal virus within honey bee hives. It is thought to
persist as an unapparent infection within the bee commu-
nity, producing vague, non-descript symptoms, until stress
or Varroa destructor Anderson and Trueman infestation
causes it to become epidemic and fatal (de Miranda et al.
2013). KBV has been detected in several countries around
the world (Ellis and Munn 2005). However, no previous
studies have reported KBV presence in South American
countries (Maggi et al. 2016).

A group of 50 worker bees were collected between
the spring of 2014 and the fall of 2015 from 467 bee
hives located in the Metropolitan (RM, 33° 26′ S–70°
39′ W), O’Higgins (VI, 34° 10′ S–70° 43′ W), Maule
(VII, 35° 25′ S–71° 39′ W), Bio-Bío (VIII, 36° 46′ S–
73° 03′ W), and Araucanía (IX, 38° 44′ S–72° 35′ W)
regions of Chile. Ten honey bees were crushed and
homogenized according to Arismendi et al. (2016) and
supernatant was used for RNA isolation, according to
Rodríguez et al. (2014). The first-strand cDNA synthe-
sis was performed using the M-MLV reverse transcrip-
tase enzyme (Invitrogen, Life Technologies, Carlsbad,
CA) according to the manufacturer’s recommendations.

Conventional PCRs were run using universal primers
for the ABPV-KBV-IAPV complex; these consisted of
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AIKVf 5′-GGTGCCCTATTTAGGGTGAGGA-3′
(Reynaldi et al . 2013) and AKIr 5 ′-AAAC
TGAATAATACTGTGCGTA-3′ (Francis and Kryger
2012), which amplified a fraction of the intergenic and
structural polyprotein regions of the viruses. The amplified
DNA fragments (320 pb) were purified and directly se-
quenced in both directions (Macrogen, Seoul, South Ko-
rea). Analyses of the similarities among sequences were
carried out with the Basic Local Alignment Search Tool
(BLAST, NCBI) and then compared online for homolo-
gies (T-coffee) with other sequences in the European Bio-
informatics Institute database (EBI, Cambridge, UK). To
determine the phylogenetic relationships with other honey
bee viruses, a phylogenetic tree was constructed with
Seaview 4.0 using the neighbor-joining method with
1000 bootstraps for ABPV, IAPV, and KBV reported in
different countries (Figure 1). Solenopsis invicta virus 1
was used as the root of the tree in the phylogenetic
analysis.

In order to detect the prevalence of KBV in Chilean
honey bee apiaries, a specific real-time PCR (Stratagene
Mx3000P, Agilent Technologies, CA) was conducted.
The PCR reactions were carried out in 15 μL containing
1X of KAPA SYBR FAST Universal 2X qPCR Master
Mix (Kapa Biosystems, Wilmington, MA, USA) and
530 nM of each primer (KBV-F and KBV-R, Supple-
mentary Material). Primers β-actin-F and β-actin-R,
which amplify the honey bee’s actin gene, were used
as an internal control (Supplementary Material).

The combination of the primers AIKVf (Reynaldi
et al. 2013) and AKIr (Francis and Kryger 2012) was
able to amplify around 320 pb (data not shown). The
sequenced fragments were identified as KBV and the
multiple sequence alignment with other KBV se-
quences, as well as with ABPV and IAPV sequences
deposited in GenBank, allowed us to detect a gap in
KBV and in ABPV of three and six nucleotides com-
pared with IAPV, respectively (Figure 1a). KBV and

Fig. 1. a Sequence alignments of KBV, IAPV, and ABPV. The black square shows the nucleotide position with
respect to the IAPV genome (EF219380). b Phylogenetic tree constructed by the neighbor-joining method using a
fraction of the intergenic and structural polyprotein regions of KBV from Chile. KBV, IAPV, and ABPV sequences
published in the GenBank were also included in the analysis. Solenopsis invicta virus 1 was used as out-group and
numbers from each branch indicate bootstrap values (> 50% support values are shown with 1000 replicates).
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ABPV sequences showed a consistent gap from nucle-
otide 6624 to 6626 and 6624 to 6629 when these
sequences were aligned with the IAPV genome
(EF219380), respectively (Figure 1a). This combination
of primers allows by one single PCR reaction and
confirms by sequencing to detect and identify the
KBV infection for the first time in Chilean apiaries.
The aforementioned primers amplified a short but in-
formative part of the genome of the ABPV-IAPV-KBV
complex, allowing us to discriminate KBV from ABPV
and IAPV. In some cases, it is difficult to discriminate
one virus from another because they are so closely
related (de Miranda et al. 2010). The phylogenetic tree
constructed with sequences obtained with the AIKVf/
AKIr primers showed that Chilean KBV shares the
same clade with a high bootstrap value (100%) more
related with KBV reported in New Zealand than that
detected in USA and Korea (Figure 1b).

Real-time PCR using specific primers (KBV-F and
KBV-R, Supplementary Material) allowed us to detect
KBV from honey bee samples in Chilean apiaries.
Honey bees collected from hives in the Maule region
were the most infected (32.1%), followed by O’Higgins
(15.4%), the Metropolitana (12.5%), Bio-Bio (9.2%),
and Araucanía regions (5.4%). These data demonstrate
that KBV is widely dispersed in Chile and the distribu-
tion of this virus throughout the country could be asso-
ciated with transhumance, or the buying and selling of
queens and honey bee nucleuses throughout all regions
of the country. Furthermore, V. destructor , which is
widely distributed throughout Chile, acts as a vector of
KBV and other viruses in honey bee colonies (de
Miranda et al. 2013). There exists the possibility that
the management of V. destructor affects KBV preva-
lence in some regions. However, the control of this
parasite in these apicultural regions is well known and
standardized; therefore, we have no evidence that man-
agement of V. destructor may influence in KBV prev-
alence and distribution in Chile. New researches are
required.

This is the first report of honey bees infected with
KBV in Chile. The origin of this pathogen in the country
is still unclear. KBV could have been introduced into
Chile by the importation of queen bees from Europe. The
dominant honey bee subspecies in Chile are Apis
mellifera ligustica Spinola and Apis m. carnica Pollman
which have been imported from Italy andAustria, respec-
tively (Fuller and García 2006). There is evidence that
KBV has been detected in these countries as well, espe-
cially in Italy (Cersini et al. 2013). However, we have no
evidence that queens originating from these countries
have KBVor other honey bee viruses previously reported
in Chile (Rodríguez et al., 2014).

This is also considered the first report of KBV in
South America. Previous studies in South America have
not yet reported the presence of this important pathogen
(Maggi et al. 2016). In neighboring countries, KBV-
related viruses, such as IAPV, which was highly preva-
lent (Reynaldi et al. 2011), have also been reported.
However, primers used in that study for viral detection
in honey bee samples are not only able to detect IAPV,
but also can amplify KBVand thus could overestimate
the prevalence of IAPV.

Honey bees infected with KBV have no reported
visible symptoms and experimental evidence in long-
term studies has shown that KBV can be extremely
lethal to honey bee larvae and adults (de Miranda
et al. 2013). Thus, the presence of viruses and other
pathogens could explain the winter bee mortality in
Chile; therefore, it is important to study the epidemiol-
ogy and the impact that viral diseases could have in
Chilean apiaries in order to understand the best way to
manage and control them.
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Note scientifique sur la première détection du virus du
Cachemire chez Apis mellifera (Hymenoptera: Apidae)
en Amérique du Sud

Eine wissenschaftliche Notiz zum ersten Nachweis des
Kaschmir-Bienen-Virus bei Apis mellifera (Hymenop-
tera: Apidae) in Südamerika
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