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ABSTRACT. Sacbrood disease, an affliction of honey bees (Apis
mellifera) characterized by brood that fails to pupate and subsequently
dies, is an important threat to honey bee health. The disease is caused
by the sacbrood virus (SBV), a positive-, single-stranded RNA virus in
the order Picornavirales. Because of the economic importance of honey
bees for both pollination and honey production, it is vital to understand
and monitor the spread of viruses such as SBV. This virus has been
found in many places across the globe, including recently in some
South American countries, and it is likely that it will continue to spread.
We performed a preliminary study to search for SBV in two apiaries of
Africanized honey bees in the State of Sdo Paulo, Brazil, using RT-PCR
and Sanger sequencing and found the first evidence of SBV in honey
bee colonies in Brazil. The virus was detected in larvae, foraging and
nurse bees from two colonies, one of which had symptoms of sacbrood
disease, at the beginning of the winter season in June 2011. No SBV
was found in samples from nine other nearby colonies.
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INTRODUCTION

The honey bee, Apis mellifera, is extremely important to agriculture worldwide, not
only for its honey production but also for its vital role as a pollinator. In Brazil, honey bee
health is declining (Teixeira et al., 2008), and although this decline is mild compared to the
recent die-off’s reported in Europe and North America (van Engelsdorp et al., 2009), it is still
of great concern considering the economic importance of honey bees for Brazilian agriculture.
Honey bee health is impacted by numerous factors, including parasites, pathogens, pesticides,
and nutrition. Viral pathogens are of particular interest because they often cause disease and
have been associated with recent honey bee problems reported in the United States (Cox-
Foster et al., 2007). Understanding and monitoring the global prevalence and spread of these
viruses will be vital to predicting and controlling them and may give insights into why South
American bees seem to be healthier than those in North America and Europe.

At least 22 different viruses are known to infect the honey bee, with the best studied
and most prevalent being positive-sense single-stranded RNA viruses in the order Picorna-
virales (Chen and Siede, 2007; Runckel et al., 2011). While many of these viruses can cause
disease, they frequently exist in the colony as latent infections that can multiply rapidly under
stress conditions. This often occurs when the colony is compromised by outside stressors such
as infestation with the mite, Varroa destructor, which can also spread the virus (Genersch
and Aubert, 2010) and impair host immune function (Yang and Cox-Foster, 2005). Because
the effects of viral infection are not always observable, there is an additional challenge to the
diagnosis and monitoring of RNA viral infections in honey bees; molecular or immunoassay
techniques are required to confirm the presence of a virus as opposed to symptoms, which are
often not apparent. Reverse transcription PCR (RT-PCR) has become the method of choice to
detect RNA viruses in honey bees, because it is both highly accurate and relatively inexpen-
sive (Benjeddou et al., 2001; Grabensteiner et al., 2001; Genersch, 2005; Shen et al., 2005;
Chen and Siede, 2007).

Sacbrood virus (SBV) is an important pathogen of honey bees because it is the etio-
logical agent of sacbrood disease in 4. mellifera (Bailey et al., 1964). Sacbrood disease is an
important malady of honey bees and is characterized by larvae that fail to pupate and turn pale
yellow and eventually dark brown before they die. The virus was first isolated and character-
ized by Bailey et al. (1964), although the disease itself was first described by White in 1913
and attributed to a viral infection in 1917 also by White. Since the disease was first character-
ized, it has been found throughout Europe, Africa, Asia, North America, and recently South
America, where it has been found in both Uruguay (Antunez et al., 2006) and Argentina (Rey-
naldi et al., 2010). SBV had previously been detected in larvae collected by one of the authors
(DDJ) in Buenos Aires Province, Argentina, in the mid 1990s (Message et al., 1996) from one
of numerous colonies with symptoms.

We performed a preliminary study of managed honey bee colonies and report the
detection, using RT-PCR and Sanger sequencing, of SBV in managed colonies in the State
of Sdo Paulo, Brazil. While a number of other Picornavirales had been found in colonies in
Brazil, including deformed wing virus (DWV), acute bee paralysis virus (ABPV), and black
queen cell virus (BQCV) (Teixeira et al., 2008), this represents the first detection of SBV in
Brazilian 4. mellifera colonies. The virus is very common in many other parts of the world,
suggesting that it will likely continue to spread across South America. Beekeepers in Brazil
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and neighboring regions should take steps to learn about the disease and prepare for its ar-
rival, and practices and policies should be considered in order to slow down and monitor the
spread of SBV.

MATERIAL AND METHODS
Collection of bees

All bees were collected from apiaries of Africanized honey bees maintained on the
University of Sdo Paulo campus in Ribeirdo Preto, Brazil. Foraging workers were sampled by
collecting bees entering the hive, while nurse bees were sampled by collecting bees directly
from the brood combs. Brood was sampled by careful removal with tweezers. Samples were
stored at -80°C until being processed.

RNA extraction

RNA was homogenized in 500 pL. TRIzol reagent (Invitrogen) per adult bee or bee
larva and extracted according to manufacturer instructions. Honey bee RNA was extracted
from a pool of 10 bees homogenized together, from individual bees, or from individual bee
larvae. The RNA pellet was precipitated with isopropyl alcohol overnight at -20°C. The pellet
was then washed with 75% ethanol, resuspended in 20 pL nuclease-free water, and stored at
-80°C for further analysis. The concentration of RNA in each sample was measured using a
spectrophotometer (NanoDrop ND-1000).

Reverse transcriptase PCR

First-strand reverse transcriptase cDNA synthesis was performed on extracted RNA
samples using 5 pg total RNA and superscript II (Invitrogen), according to manufacturer in-
structions. The RNA template was primed using an oligonucleotide-deoxythymidine (oligo-
dT) primer.

Virus-specific PCR

Honey bee cDNA was amplified with SBV primers (SBV-F 5'-CACTCAACTTACAC
AAAAAC-3'; SBV-R 5-CATTAACTACTCTCACTTTC-3") specific to a 210-bp section in
the capsid region of SBYV, as described by Shen et al. (2005). Samples were amplified with
Tag DNA polymerase (Promega), with each primer at a concentration of 0.4 uM. Reactions
were carried out with a thermal protocol consisting of an initial incubation at 94°C for 8 min,
followed by 35 cycles of 94°C for 55 s, 51.5°C for 55 s, 72°C for 85 s, with a final incubation
at 72°C for 10 min.

Gel electrophoresis

DNA samples were visualized on a 1.5% agarose gel and compared to a standard 100-
bp molecular weight DNA ladder.
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Sequencing

PCR products were precipitated with isopropyl alcohol and resuspended in 10 pL
nuclease-free water. Samples were prepared for sequencing using the BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems) and a GeneAmp PCR System 9600 (Applied
Biosystems), in accordance with manufacturer instructions. Samples were then sequenced us-
ing an ABI Prism 310 Genetic Analyzer (Applied Biosystems).

RESULTS AND DISCUSSION

An initial survey of bees from 10 colonies in an apiary on the University of Sdo Paulo
campus in Ribeirdo Preto was done by pooling 10 forager bees from each colony and testing
them for SBV using the RT-PCR assay described above. Of the 10 colonies surveyed, one had
a positive band of approximately 210 bp, suggesting the presence of SBV in this colony. This
colony was retested for SBV using the RT-PCR assay on eight individual forager bees; three
of the eight bees were positive for SBV. While the initial colony with SBV was observed to
be healthy, an additional colony was tested in a nearby apiary on the campus that was exhibit-
ing symptoms suggestive of SBV. From this colony, eight larvae and eight nurse bees were
tested for SBV using the RT-PCR assay described above. Among these larvae, one of eight
tested positive for SBV. Among the nurse bees, four of eight tested positive for SBV. The PCR
product of each reaction was sequenced and aligned to the SBV complete genome (GenBank
accession No. AF092924.1) (Ghosh et al., 1999).

This represents the first detection of SBV in Brazil. A previous investigation of nu-
merous samples of larvae with sacbrood-like symptoms collected from various parts of Brazil
found no evidence of this virus, based on viral particle morphology and serological methods
(Message et al., 1996). The symptoms were in fact caused by toxic pollen (de Carvalho and
Message, 2004) and the syndrome named “Brazilian sacbrood-like disease”. It is not surpris-
ing that SBV has now been found in Brazil, considering its worldwide incidence and recent
findings in neighboring countries (Antunez et al., 2006). With global trade and travel occur-
ring at unprecedented rates, the global spread of viruses and other pathogens can occur faster
than ever before. It is thus extremely important to monitor the global spread of pathogens,
including those that infect honey bees. For SBV in particular, further and more extensive studies
will be vital to understanding how the virus spreads, as well as the prevalence and impact of the
virus in southeast Brazil and throughout the entire country.
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