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Bees are fundamental in several aspects, especially in relation to plant biodiversity and
pollination. Recently, immense losses are being faced in the number of Brazilian colonies,
mainly in southern states of the country, which has a strong beekeeping activity. There are
indications that, among the reasons for the losses, pathogens that affect the health of bees may
be involved. Among them, the microsporidium Nosema and the black queen cell virus (BQCV)
stand out for their prevalence. In this study, 92 colonies of 17 apiaries from southern Brazil were
evaluated for infection by Nosema ceranae, Nosema apis and BQCV. Nucleic acid extractions and
cDNA synthesis were performed from adult bee samples, followed by Reverse Transcription
Polymerase Chain Reaction (RT-PCR) and multiplex PCR. Eight BQCV positive samples were
subjected to sequencing. The results showed that N. ceranae and BQCV are circulating in the
Southern region of the country, which may be the reason for the loss of colonies. N. apis was
not found. N. ceranae was found in 57.6% (53/92) of the colonies and BQCV in 32.6% (30/92).
Co-infection was found in 25% (23/92) of the colonies studied, a factor that is suggested to
be reducing the hosts’ longevity due to the synergistic action of the pathogens. The samples
submitted to sequencing indicated similarity of 96.8 to 100% between them, in addition to
strong similarity with sequences from Asia, United States, Germany and Peru. This study reports
the circulation of N. ceranae and BQCV in apiaries in southern Brazil, in addition to being the
first phylogenetic analysis of the Brazilian BQCV sequence.

INDEX TERMS: Black queen cell virus, Nosema ceranae, coinfection, Africanized honey bees, Brazil,
Apis mellifera, BQCV, RT-PCR, phylogeny.

RESUMO.- [Coinfecgdo por virus da realeira negra (BQCV) e
Nosema ceranae em abelhas africanizadas no sul do Brasil.]
As abelhas mostram-se fundamentais em diversos aspectos,
especialmente com relacgdo a biodiversidade de plantas e
poliniza¢ao. Recentemente, estdo sendo enfrentadas imensas
perdas no nimero de coldnias brasileiras, principalmente
nos estados do sul do pais, com forte atividade apicola. Ha
indicativos de que, dentre as razdes para as perdas, possam
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estar envolvidos patégenos que afetam a saide das abelhas.
Dentre eles, o microsporidio Nosema e o virus da realeira
negra (BQCV) destacam-se pela prevaléncia. Neste estudo,
foram avaliadas 92 colonias, de 17 apiarios do sul do Brasil, a
respeito da infeccdo por Nosema ceranae, Nosema apis e BQCV.
Foram realizadas extragdes de acidos nucleicos e sintese de
cDNA a partir de amostras de abelhas adultas, seguidos de
Reacdo em Cadeia da Polimerase-Transcriptase Reversa (RT-
PCR). Oito amostras positivas para BQCV foram submetidas
a sequenciamento. Os resultados mostraram que N. ceranae
e BQCV estao circulando na regido sul do pais, podendo ser a
razdo para as perdas de colonias. N. apis ndo foi encontrado.
N. ceranae foi encontrado em 57.6% (53/92) das colonias e
BQCV em 32.6% (30/92). Foi encontrada coinfec¢do por ambos
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em 25% (23/92) das colonias estudadas, fator que sugere a
diminuicdo da longevidade do hospedeiro por a¢ao sinérgica
dos patdgenos. As amostras submetidas ao sequenciamento
indicaram similaridade de 96.8 a 100% entre elas, além de
forte similaridade com sequéncias da Asia, Estados Unidos,
Alemanha e Peru. Este estudo relata a circulagao de N. ceranae
e BQCV nos apiarios do sul do Brasil, além de ser a primeira
analise filogenética da sequéncia do BQCV brasileiro.

TERMOS DE INDEXAGAO: Coinfecgio, virus da realeira negra,
Nosema ceranae, abelhas africanizadas, Brasil, Apis mellifera, BQCV,
RT-PCR, filogenia.

INTRODUCTION

The honey bee plays a vital role in world agriculture by
providing pollination services to numerous wild flowering
plants, there by supporting biodiversity (Allsopp etal. 2008,
Smith et al. 2013). In Brazil, almost 40 thousand tons of
honey are produced annually from 2.5 to 3 million hives
spread throughout the national territory (Wolff et al 2018).
In recent years, extensive colony losses and declining bee
populations have been observed in Brazil, especially in the
southern region. In three months, more than 500 million bees
were found dead by beekeepers in only four Brazilian states,
with Rio Grande do Sul responsible for 400 million deaths
and Santa Catarina for 50 million deaths (Wolff et al 2018).

While the exact cause of colony losses remains unidentified,
a growing number of evidences in various countries indicates
that pathogens are associated in population declines of honey
bees (Higes et al. 2008, Carreck et al. 2010). Environmental
changes due to new agricultural practices and globalization
may facilitate the spread of pathogens. Among the multiple
pathogens infecting honey bees (Chagas et al. 2019), the
microsporidia Nosema ceranae is one of the most prevalent
parasite of these insects. Besides this, honey bees are also
infected by several RNA viruses, and one of the most prevalent
is the black queen cell virus (BQCV) (Yang et al. 2013, Porrini
etal. 2016).

The microsporidian Nosema infects insects such as honey
bees, bumble bees and silkworms. In honey bees has been
considered one of the most serious pathogens (Higes et al.
2008). Two species can affect honey bees: N. ceranae, originally
from Asia, and Nosema apis, which infects the Western
honey bee (Fries et al. 1996). N. ceranae has been infecting
Africanized A. mellifera bees in Brazil for at least the past 34
years (Teixeira et al. 2013). The Nosemosis caused by these
parasites has spread worldwide and is currently responsible
for considerable economic losses in apiculture (Fries 2010).
The microsporidian invades the mid gut epithelial cells of
the honey bees, can affect the productivity and survival of
colonies (Kang et al. 1976).

The BQCV is a non-enveloped virus with a linear single
positive-strand RNA genome of 9.5 kb, belonging to the genus
Triatovirus, family Dicistroviridae and to the order Picornavirales,
the same order of the human hepatitis A virus (Leat etal. 2000,
Spurny et al. 2017). BQCV was originally isolated in samples
of decomposed queens with black spots, giving it the name of
“black queen”. At the initial stage of infection, larvae have a
yellow appearance and a hard and rough tegument, which are
clinical signs of the virus. BQCV cause mortality in queen bee
pupae (Leatetal. 2000). Although only the larvae are visibly

affected by this disease, adults can also be infected, but in
an asymptomatic form (De Miranda et al. 2013, Muz & Muz
2017). The transmission of BQCV occurs mainly through the
fecal-oral route. It has been reported the active replication of
virus in drones and the transmission through semen (Alger
etal. 2019, Prodélalova et al. 2019). BQCV has already been
detected in flowers collected from the apiaries (Alger et al.
2019), and in samples of honey (Mili¢evi¢ et al. 2018).

The BQCV and N. ceranae have been shown to interact
synergistically in honey bee workers, with coinfection
significantly decreasing host survival (Bacandritsos et al.
2010, Dainatetal. 2012, Doublet et al. 2016). In addition, an
interaction was observed between N. ceranae and triaclopride,
an insecticide, increasing individual bee mortality. Common
microbial pathogens appear to be major threats to honey
bees, while sublethal doses of pesticide may enhance their
deleterious effects on honey bee larvae and adults (Doublet
etal. 2015).

In this study, we report detection of BQCV and N. ceranae
and coinfection by two agents in apiaries from southern
Brazil. We also performed the first phylogenetic analysis with
Brazilian sequences of BQCV.

MATERIALS AND METHODS

Sample collection. Adult bees (=30) were collected from 17
apiaries (92 colonies) of Apis mellifera (Africanized honey bee), located
in nine municipalities of southern Brazil: Piratini/RS (31°26'49.3”S
53°05’52.7"W) - three apiaries, Arroio do Padre/RS (31°26'31.7"S
52°25’22.2"W) - four apiaries, Sdo Carlos/SC (27°05’00.9”S
53°00°20.5"W) - one apiary, Saudades/SC (26°55’30.7”S 53°00°17.4"W)
- two apiaries, Formosa do Sul/SC (26°38’49.1”S 52°47°36.2"W) - one
apiary, Maravilha/SC (26°45’47.6”S 53°10°31.9”W) - one apiary, Sdo
Miguel do Oeste/SC (26°44°01.4”S 53°31'12.0”W) - two apiaries,
Capao do Ledo/RS (31°45°21.8”S 52°29’22.3"W) - one apiary, and
Pelotas/RS (31°37'14.8”S 52°18’14.8”"W) - two apiaries. Samples
were collected from April to October 2019. All samples were kept
refrigerated during transport and immediately frozen at -70°C.

Nucleic acid extraction and cDNA. The total RNA was extracted
from six abdomen (pool) of adult bees by colony using the TRIzol®
Reagent (Life Technologies, Carlsbad, CA). After RNA extraction,
complementary DNA (cDNA) was synthesized using iScript™ cDNA
Synthesis Kit (Bio-Rad). For DNA extraction the kit DNA Mini Spin
(Kasvi) was used, by collecting from 100 to 200ul of liquid of twenty
abdomen (pool) of adult bees by colony. This liquid was obtained
by macerating 20 adult bees.

PCR and RT-PCR. The cDNA was submitted to Reverse
Transcriptase Polymerase Chain Reaction (RT-PCR) assay for
capsid protein gene of BQCV (Tsevegmid et al. 2016) and the DNA
was submitted to multiplex PCR assay for small subunit ribosomal
RNA gene of Nosema ceranae and Nosema apis (Martin-Hernandez
et al. 2007). All samples were tested with the endogenous control
(glyceraldehyde 3-phosphate dehydrogenase - GAPDH) (Scharlaken
et al. 2008) to verify the efficiency of the whole process. Primers
used for amplification are described in Table 1 and PCR conditions
were according to the reference. The PCR’s was performed in a
25uL volume, using 100-200ng of template, 1x GoTag® Colorless
Master Mix (Promega) and 0.4puM of each primer. PCR products
were resolved in a 1.5% agarose gel stained and visualized under UV
light after electrophoresis (80V, 40min). Bees’s pools were used as
control and gBlock® Gene Fragment (Integrated DNA Technologies)
was used as control of BQCV.
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Table 1. Primers used for detection of endogenous control (GAPDH), black queen cell virus (BQCV), and Nosema ceranae and
Nosema apis in multiplex PCR

Primer Sequence® (5’-3") PCR product size (pb) Specificity
GAPDH_F GATGCACCCATGTTTGTTTG
203 GAPDH
GAPDH_R TTTGCAGAAGGTGCATCAAC
BQCV_11 AGTGGCGGAGATGTATGC
294 BQCV
BQCV_12 GGAGGTGAAGTGGCTATATC
218MITOC-FOR CGGCGACGATGTGATATGAAAATATTAA
218-219b N. ceranae
218MITOC-REV CCCGGTCATTCTCAAACAAAAAACCG
321APIS-FOR GGGGGCATGTCTTTGACGTACTATGTA 321 N, api
. apis
321APIS-REV GGGGGGCGTTTAAAATGTGAAACAACTATG P

2 CG tails added to primers are underlined, ® there is a 1-bp difference in the N. ceranae amplicon size depending on the sequences for N. ceranae available

in GenBank (http://www.ncbinlm.nih.gov) (Martin-Hernandez et al. 2007).

Sequencing analysis. One positive sample of N. ceranae was
sequenced in duplicate using BigDye Terminator Cycle Sequencing
kit (Thermo Fischer) to confirm sequences identity. Results were
analyzed by the Staden program (Staden 1996) to obtain a consensus
sequence from each duplicate. The alignment of sequences with those
from GenBank was performed using the BioEdit version 7.0.5.3.
(Hall 1999), positive samples were also sequenced. Eight samples
of BQCV were sequenced in duplicate, analyzed in software’s and
used for phylogeny. Phylogenetic analysis was conducted by the
Molecular Evolutionary Genetics Analysis (MEGA) 6.0 (Tamura et
al. 2013). The evolutionary distances were inferred by using the
Maximum Likelihood method based on the Kimura 2-parameter
model (Kimura et al. 1980).

RESULTS

Ninety-two Africanized honey bee colonies were analyzed,
covering to 17 apiaries in the southern region of Brazil.
Nosema ceranae was detected in 57.6% (53/92) and BQCV
was detected in 32.6% (30/92) of colonies, and Nosema apis
was not detected in these samples. BQCV and N. ceranae
coinfection was observed in 25% (23/92) of colonies from
this study.

Nucleotide sequences from eight positive samples of BQCV
(8/30) were analyzed and the sequences have been deposited
in GenBank. The identity obtained among all samples analyzed
was 96.8 to 100%. In the phylogenetic analysis of partial capsid
protein gene (Fig.1), the sequences of this study (BR-BQCV)
showed greater similarity with Asian sequences (China, Japan,
South Korea, Thailand and Mongolia) and sequences from the
United States (USA), Germany and Peru. The sequence from
Brazil D6 (EU292211), collected in 2007 in the Southeast
region, was grouped in a different cluster when compared
with the samples from this study. There was only one BQCV
sequence from Brazil corresponding to the capsid protein
gene deposited in GenBank and, for this reason, only this
sequence was used for comparison (Teixeira et al. 2008).

DISCUSSION

We report the first survey of the occurrence of Nosema ceranae
and BQCV in Africanized honey bees from southern Brazil.
Our findings indicate that these two agents, that have been
implicated in population declines of these insects in several
countries, are widespread in populations of Africanized honey
bees in southern Brazil (Ryba etal. 2012, Mendoza etal. 2013).
However, the occurrence and infection profiles of N. ceranae
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and BQCV differs significantly across different counties in
southern Brazil. We emphasize that, in this research, the Varroa
destructor mite, which has been related to the occurrence of
both BQCV and Nosema spp., was not counted.

In this study, N. ceranae was detected in 57% (53/92) of the
Africanized honey bee colonies from southern Brazil. Nosema
apis was not detected in the samples. The microsporidian
Nosema has been considered one of the most serious pathogens
of honey bees (Higes et al. 2008), once invades the mid gut
epithelial cells of the honey bees, can affect the productivity
and survival of colonies (Kang et al. 1976). N. ceranae, which
has been infecting Africanized A. mellifera bees in Brazil for
atleast the past 34 years (Teixeira et al. 2013), is considered
more common and virulent than N. apis (Huang et al. 2008,
Chaimanee et al. 2011), corroborating our results.

BQCV was detected in 32.6% (30/92) of the Africanized honey
bee colonies. Studies in other countries have demonstrated the
high occurrence of BQCV in adult bees, 29.3% in Croatia (Gajger
etal. 2014), 65% in Australia (Roberts etal. 2017) and 25.6%
in Iran (Moharrami & Modirrousta 2018). In Southeast Brazil,
in 2007, BQCV was detected in 37% of honey bees collected
in 10 apiaries (Teixeira et al. 2008). Our results corroborate
the high rates found in these places. However, differing from
data commonly observed in the literature, such Shumkova et
al. (2018), that detected only one case of BQCV in Bulgaria.
In Argentina, only 8% of the tested samples were positive
for the virus (Molineri et al. 2017). These data demonstrate
that despite the high occurrence of BQCV, the presence of
this virus may be lower in some regions, which reinforces
the importance of specific studies in different regions of the
world, especially in Brazil, where information regarding viral
infections of honey bees are scarce (Teixeira et al. 2008).

Previous studies have reported the association between the
BQCV with microsporidia Nosema spp., suggesting that these
pathogens can act synergistically, with coinfection significantly
decreasing host survival (Bacandritsos et al. 2010, Dainat et
al. 2012, Doublet et al. 2015, 2016). BQCV and N. ceranae
coinfection was observed in 25% (23/92) of Africanized
honey bee colonies from southern Brazil. N. ceranae is able
to cause depression of the immune system which could favor
the infection by viruses (Antdinez etal. 2006). Studies describe
changes in the intestinal microbiota in bees infected with N.
ceranae, with quantities being lower of Bifidobacterium and
Pasteurellaceae. This result can indicate that Nosema infection
could resultin the reduction of these microbiota components
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Fig.1. Phylogenetic analysis of partial capsid gene region of BQCV nucleotide sequences isolated from southern Rio Grande do Sul, Brazil.
The tree was built using the Maximum Likelihood method based on the Kimura 2-parameter model and 1000 replicates bootstrap value
(only node value above 50% are shown). The identified viruses are indicated by diamonds.

or conversely the microbiota composition could determine
the susceptibility to infection (Li et al. 2012).

In this study, eight samples of BQCV were analyzed and
deposited in GenBank (Fig.1). The sequences MN308455
(Piratini) and MN308454 (Cangucu) showed 100% nucleotide
identity, suggesting that the same virus could be circulating
in both municipalities. However, the identity obtained among
all samples analyzed was 96.8 to 100%, also demonstrating
that there are differences between viruses detected in
different municipalities and within the same municipality.
In the phylogenetic analysis of partial capsid protein gene
(Fig.1), the sequences of this study (BR-BQCV) showed greater
similarity with Asian sequences and sequences from the
United States (USA), Germany and Peru. The sequences from
Belgium, Kyrgyzstan and Georgia are grouped into a distinct
cluster, suggesting that geographic origins of sequences can
be decisive for their genetic divergence (Roberts etal. 2017,
Mili¢evi¢ et al. 2018, Prodélalova et al. 2019). The sequence

from Brazil D6 (EU292211), collected in 2007 in the Southeast
region, was grouped in a different cluster when compared
with the samples from this study. BQCV transmission can
occur from the queen bee to its progeny (Chen et al. 2006)
and, the purchase of queen bees from other places may favor
the genetic diversity found in studies around Brazil.

CONCLUSIONS

The microsporidian parasite Nosema ceranae and BQCV
were detected separately and in coinfections in Africanized
honey bees from southern Brazil.

Although more studies are needed to determine the
distribution and prevalence of Nosema and BQCV in southern
Brazil, our results demonstrate that both agents are circulating
in Africanized bees and may be related to the population
decline of bees in the region. Also, our results include what
seems to be the first phylogenetic analysis with Brazilian
sequences of BQCV.
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