Indian Entomologist
Vol 6, Issue 2

MINI REVIEW

Viruses Infecting Honey Bees: Emerging enigmatic threats

Ramesh K. B.**, Kumarnag K. M.%, Gangaraj R.}, Gupta J. P.! & Vikas Singh'

ICAR-Indian Institute of Vegetable Research, Regional Research Station, Sargatia, Kushinagar 274 406, Uttar Pradesh, India
2ICAR-Indian Agricultural Research Institute, New Delhi- 110012, India

*rameshjayaveera@gmail.com

Abstract

Honey bees play an important role in pollinating crops and promoting biodiversity. Globally, where
apiculture provides thousands of livelihoods and different ecosystems, viral infections are posing
a significant threat to bee health. This article insight the viruses that infect honey bee species, their
transmission patterns and the effects on colony strength, production and survival. Major honeybee
pollinators viz., Apis cerana indica and Apis mellifera, are the two most commonly managed species
received special attention. Over 20 viruses have been identified in honey bees worldwide, with several
being closely associated with colony losses, reduced productivity, and compromised immunity. In recent
years, reports of viral infections have increased in Indian apiculture, which is centred on A. cerana
indica, A. mellifera, and A. dorsata. Though Varroa infestation was previously absent in native bees, its
proliferation through A. mellifera colonies poses a significant alarm.

Introduction

Honey production and pollination services
haveincreaseddramaticallyasaresultofbeekeeping
with A. mellifera. However, this development has
raised challenges, particularly the introduction
and spread of viral diseases, which are frequently
vectored by the Varroa mites. India is home to a
varied range of honey bee species, including the
native A. cerana indica, wild species such as A.
dorsata and A. florea, and the introduced European
honeybee, A. mellifera. Presently, honeybees are
facing severe threat from various bee pathogens
globally (Fig. 1). Viral diseases that were previously
considered latent or subclinical are now posing a

severe threat to bee colonies across the country.

Honey bees can get infected with various
viruses. Sacbrood virus was the first bee-infecting
virus identified in the scientific literature in

1913, and approximately more than twenty
different viruses were later described based on
bee symptoms. With new molecular biology
technologies, DNA can currently be utilised to
identify viruses infecting bees, even when there
are no symptoms. A recent screening of honey
bees gathered in Pennsylvania revealed that they
were infected with multiple viruses, including
Deformed wing virus (DWV), Black queen cell
virus (BQCV), Sacbrood virus (SBV), two Paralysis
viruses and others (Grozinger et al., 2023). More
than 20 viruses have been reported to infect honey
bees worldwide, generally from Dicistroviridae
and Iflaviridae families, such as ABPV (Acute Bee
Paralysis Virus), BQCV (Black Queen Cell Virus),
KBV (Kashmir Bee Virus), SBV (Sacbrood Virus),
CBPV (Chronic Bee Paralysis Virus), SBPV (Slow
Bee Paralysis Virus), IAPV (Israeli acute paralysis

virus), and DWV (Deformed Wing Virus) are



Figure 1. Major bee-pathogens infecting Apis mellifera (Lannutti et al., 2022)

prominent (Fig.2) and cause infections harmful to
honey bee colonies (Ullah et al., 2021).

Honey bees are primarily infected with RNA
viruses. These viruses are often composed of small
icosahedral particles (17, 30, or 35 nm) with a
positive-sense, single-stranded RNA genome. After
attaching and penetrating their host cells, these
viruses typically multiply by injecting RNA straight
into the cytoplasm. The host machinery will then
transcribe and generate new viral proteins, which
will be assembled into a viral particle, released
from the infected cell, and starts infecting new
cells. Recently, RNA viruses with a negative-sense,
single-stranded genome, which are normally more

difficult to propagate in vivo, have been discovered
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in Apis mellifera (Levin et al.,, 2019). In addition,
a few viruses with DNA genomes have been
found in honey bees. The replication mechanism
of DNA viruses differs from that of RNA viruses.
After getting into their host cells, DNA viruses are
transported to the nucleus for transcription and

translation (Beaurepaire et al., 2020).

RNA viruses impact honey bee health and
contribute to elevated colony loss rates worldwide.
Deformed wing virus (DWV) and the closely related
Varroa destructor virus-1 (VDV1), are the most
widespread honey bee viruses. VDV1 is known to
cause high rates of overwintering colony losses in
Europe, however, it was unknown in the United

States (U.S.). Using next generation sequencing,
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Figure 2. Highlights on honeybee viruses and their management

Ryabov et al. (2017) identified VDV1 in honey bee
pupae in the U.S. They tested 603 apiaries in the
U.S. in 2016 and found that VDV1 was present in
66.0% of them, making it the second most prevalent
virus after DWV, which was present in 89.4% of
the colonies. VDV1 had the highest load in infected
bees compared to other tested viruses, with DWV

second.

Diversity of Honey Bee Viruses

Honey bee viruses are primarily positive-

sense, single-stranded RNA viruses, mostly

classified under the families Dicistroviridae,

Iflaviridae, and Nodaviridae. Key viruses include:

+ Deformed Wing Virus (DWV)
* Family: Iflaviridae
= Symptoms: Deformed wings,
shortened abdomen, impaired flight
= Transmission: Vertical, horizontal,
and vectored by Varroa destructor
* [Impact: Major contributor to winter

losses and colony collapse
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Acute Bee Paralysis Virus (ABPV)
= Family: Dicistroviridae
= Symptoms: Sudden death of adult
bees, trembling, hairless thorax
= Often fatal when linked with Varroa
infestation
[sraeli Acute Paralysis Virus (IAPV)
= Associated with CCD in the U.S.
= Symptoms: Paralysis, disorientation,
rapid collapse
Chronic Bee Paralysis Virus (CBPV)
= Symptoms: Chronic paralysis,
trembling, hairless appearance
= Typically spreads in crowded
colonies
Kashmir Bee Virus (KBV), Black Queen Cell
Virus (BQCV), Sacbrood Virus (SBV)
= BQCV and SBV mainly affect larvae
= BQCV linked with Nosema infections
=SBV causes larval death with sac-
like appearance

Lake Sinai Viruses (LSVs)
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* Newly discovered group

= Prevalent worldwide but often
asymptomatic

= Potentially significant under stress

conditions

Deformed Wing Virus

When a colony is heavily infected with
Deformed wing virus (DWV), it shows the classic
diagnostic symptom of bees with deformed wings.
When this symptom is seen, the colony often also
shows many other symptoms that make up Parasitic
Mite Syndrome (PMS). PMS includes a spotty brood
pattern, larvae sunken in cells, cappings removed
from some cells containing pupae that have been
chewed, and a dwindling adult population. An
alcohol wash for Varroa mites may or may not show
that there is a large mite population, depending on
the stage of the infection. Varroa mites have been
shown to transmit DWV from one bee to another
and to cause the virus to reach damaging levels.
So, even if the mite population is not high when
deformed wings and PMS symptoms are seen, both

mites and DWV were probably involved.

Sacbrood Virus

Sacbrood (SBV) is characterized by the
uncapping of brood in the stretched larva stage. If
you remove the capping and the larva, it appears
to be inside of a sack. Sacbrood virus is caused by a
virus from the Iflavirus family. The virus primarily
affects worker larvae, although it can also infect
adult honeybees. Sacbrood virus results in an
uneven brood pattern, with discoloured, sunken, or
punctured cappings distributed throughout. Larvae
are thought to become infected after consuming
brood food contaminated with Sacbrood virus.
The virus then grows among the infected larvae,
causing them to sit in the cell with their heads
up and eventually die shortly after capping. The
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larvae’s skin progressively changes to a fluid-filled
sac. Sacbrood virus can survive in dead larvae,

honey, or pollen for up to four weeks.

Kashmir bee virus

The Kashmir bee virus (KBV) is a potentially
fatal honey bee virus that has lately gained
recognition as one of numerous viruses linked to
colony collapse caused by varroa mite infestation.
KBV, like most honey bee viruses, is considered
to remain as an undetectable infection within the
bee community until stress or an alternate vector
(such as varroa) causes it to spread and become
fatal. The geographic and host origins of KBV are
unknown. It was found in 1974 as a contaminant
in preparations of Apis iridescent virus from the
Asian hive bee (Apis cerana), which grew rapidly
when injected or given to adult Apis mellifera bees.
Although it was suspected that KBV originated
in A. cerana and SE Asia, the discovery of KBV or
its serological relatives in natural populations
of A. mellifera from all over the world, as well as
A. cerana from India, bumble bees (Bombus spp.)
from New Zealand, and European wasps (Vespula
germanica) from Australia, has made this difficult

to prove.

Acute Bee Paralysis Virus

The three viruses viz., Acute Bee Paralysis
Virus (ABPV), Kashmir Bee Virus (KBV), and Israeli
Acute Paralysis Virus (IAPV) are very similar and,
despite significant genetic changes, are regarded
a complex. They are all connected with varroa
infestation, as is the Black Queen Cell Virus, a
member of the Dicistroviridae family. Because of
this, controlling varroa is the most effective strategy
to minimise these infections. ABPV was discovered
in 1963. At first glance, ABPV is easily mistaken for
Chronic Bee Paralysis Virus (CBPV) type 1. Bees
that have died or are dying can be spotted at the
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hive entrance. It is most commonly spotted in the
apiary during the summer and autumn. The two
primary differences are that it starts extremely
suddenly. Indeed, it could be part of colony collapse
disorder (CCD).
unlike CBPV, ABPV is transmitted by the varroa

mite. The only way to know for sure is to perform

The second distinction is that,

polymerase chain reaction (PCR) on DNA of a dead
bee’s body. The virus is usually found in colonies as
a hidden low titre infection. When it develops into
a clinical illness, it spreads horizontally in crowded
hives via the cytoplasm of damaged cuticle hair. It

spreads vertically by feeding larvae.

Lake Sinai virus

Lake Sinai virus (LSV1) and LSV2 were
discovered in honey bee samples obtained from a
migratory commercial beekeeping operation with
sites near Lake Sinai, South Dakota. These viruses
were the most abundant pathogens detected
in a 10-month honey bee pathogen monitoring
study carried out in the U.S. in 2008-2009. In that
sample cohort, LSV2 was the most abundant virus
with peak levels in April and January, whereas
LSV1 infections peaked in July (Runckel et al,
2011). While the pathogenicity of LSVs is not well
understood, LSV1 and LSV2 loads were higher in
Colony Collapse Disorder (CCD) affected colonies,
as compared to unaffected colonies (Cornman et
al., 2012). Since the discovery of LSV1 and LSV2,
the LSV group has been expanded to include LSV3
(Cornman et al., 2012), LSV-Navarra (Granberg et
al., 2013), LSV4, LSV5 and several LSVs discovered
in Belgium (Ravoet et al., 2015). LSVs have been
detected in the U.S., Spain, Belgium and Turkey etc.

Slow bee paralysis virus

Slow bee paralysis virus (SBPV) causes
paralysis of the front two pairs of legs of adult bees

a few days before death following an inoculation
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(Bailey and Woods, 1974). The virus is linked
and transmitted by Varroa destructor (Bailey and
Ball, 1991). Despite its relationship, SBPV is rarely
found in bee colonies. SBPV can also be found in
larvae and pupae, however it induces no symptoms

(De Miranda et al., 2013).

Cloudy Wing Virus
Cloudy Wing Virus (CWV) symptoms consist

of opaque wings of severely infected adult bees, with
lower titers resulting in asymptomatic infected bees
(Bailey and Ball, 1991). It cannot be propagated in
larvae or pupae. It has an unpredictable incidence,
no regular associations with other pathogens or
pests. Like chronic bee paralysis satellite virus, it
has a small particle and very small genome, but
they are serologically unrelated and their single
capsid proteins are of different size (De Miranda et
al.,, 2013).

Recently Identified Bee Viruses by
Metagenomics

The development and optimization of high-
throughput sequencing technologies enables the
sequencing of the genetic material of a host’s entire
viral community, even without prior knowledge of
viral genome sequences. This approach is referred
to as viral metagenomics analysis. Metagenomics
improves viral diversity characterization and
accelerates the detection of new viruses that
impact honeybees and other pollinators (Galbraith
et al, 2018). By this approach, more than 30
additional, previously unrecognized, viruses
could be identified. Although they were classified
as honeybee viruses, many of them infect a wide
variety ofinsecthosts. Thisis particularly important
under the perspective of the pollinator network,
since the presence of multi-host pathogens favours

interspecies virus transmission.
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Recent investigations have identified other
honeybee-infecting positive-sense ssRNA viruses,
such as the bee macula-like virus (BeeMLV), A
mellifera flavivirus (AFV) and A. mellifera nora
virus 1 (ANV).

sequencing has led to the discovery of the first

Furthermore, high-throughput

negative-sense sSRNA viruses in the Rhabdoviridae
family: A. mellifera rhabdovirus-1 (ARV-1) and A.
mellifera rhabdovirus-2 (ARV-2) (McMenamin and
Flenniken, 2018).

Novel metagenomics pipeline for the rapid
and inexpensive screening of bee viruses that
included purification of encapsulated RNA/DNA
viruses, sequence-independent amplification, high-
throughput sequencing, integrated assembly of
contigs, and filtering, to identify contigs specifically
corresponding to viral sequences. Besides common
bee viruses, new viral agents could be identified,
including: (i) seco-like virus sharing sequence
homology with Secoviridae, (order Picornavirales);
(ii) a novel (+) ssRNA virus within the family
Nodaviridae, (iii) a tymo-like virus, (iv) A. mellifera
Rhabdovirus 1 (ARV-1) (family Rhabdoviridae), (v)
a partiti-like virus (family Partitiviridae), and (vi) a
circo-like virus (family Circoviridae) (Galbraith et
al.,, 2018).

Viromes from the Western honeybee
subspecies A. m. ligustica, A. m. syriaca, A. m.
intermissa, and A. cerana and their respective
V. destructor mites, were analyzed by RNA
metagenomics to compare the composition of their
viral populations. In this study, two novel viruses:
Varroa orthomyxovirus-1 (VOV-1) in A. mellifera
and V. destructor, and a Hubei like-virga virus-14
homolog in V. destructor were reported, as well
as some recently described viruses: ARV-1, BRV-
1, VDV-2, and VDV-3 (Levin et al., 2019). It can be
expected that novel viruses will be identified in the
honeybee by applying metagenomics approaches
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in the near future.

Routes of Transmission

Viruses can be readily transmitted within
and between honey bee colonies, and can also be
transmitted among other bee and insect species
in the area. Transmission can occur from drone to
queenduringmating, from queento egg, fromnurses
to larvae during feeding, and between workers
during trophallaxis, or through the environment,
particularly when bees feed on contaminated food,
such as contaminated honey stores in the colony or

contaminated flowers in the field.

DWYV infections are closely associated with
Varroa destructor mite parasitization. DWV is
transmitted by varroa mites, and this transmission
generates very high prevalence (many workers in
the colony are infected), high virulence (individual
workers have high levels of the virus), and high
pathogenicity (severe symptoms in infected
workers). It is thought that varroa mites impair
the immune function of honey bees by removing
haemolymph, and mite transmission may also
select for more virulent strains of DWV. Intriguingly,
the number of offspring a varroa mite female can
produce is higher on pupae infected with DWV.
DWYV reduces wound healing in honey bees, and
this may allow for their offspring to obtain more
food from the infected pupae through the slit the

mother mite cuts into the cuticle.

Knowledge of the spreading mechanism
of honey bee pathogens within the hive is crucial
to understanding bee disease dynamics. The
aim of Ribiere et al, (2007) was to assess the
presence of infectious chronic bee paralysis virus
(CBPV) in bee excreta and evaluate its possible
role as an indirect route of infection. Samples of
paralyzed bees were (i) produced by experimental
inoculation with purified virus and (ii) collected
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from hives exhibiting chronic paralysis. CBPV
in bee heads or faeces (crude or absorbed onto
paper) was detected by reverse transcription-PCR.
CBPV infectivity was assessed by intrathoracic
inoculation of bees with virus extracted from faeces
and by placement of naive bees in cages previously
CBPV

RNA was systematically detected in the faeces of

occupied by contaminated individuals.
naturally and experimentally infected bees and on
the paper sheets that had been used to cover the
floors of units containing bees artificially infected
with CBPV or the floor of one naturally infected
colony. Both intrathoracic inoculation of bees with
virus extracted from faeces and placement of bees
in contaminated cages provoked overt disease
in naive bees, thereby proving that the excreted
virus was infectious and that this indirect route
of infection could lead to overt chronic paralysis.
This is the first experimental confirmation that
infectious CBPV particles excreted in the faeces of
infected bees can infect naive bees and provoke
overt disease by mere confinement of naive bees in

a soiled environment (Ribiere et al., 2007).

Diagnosing and Managing Viral Infections

The potential methods for identifying
viral infections are limited. As previously stated,
several viruses exhibit distinct symptoms that can
be utilised to diagnose their existence. Molecular
techniques, such as polymerase chain reaction
(PCR) are required for identifying infections in
colonies that do not exhibit symptoms, confirming
the existence of a specific virus, and assessing virus
prevalence or levels. This service is not accessible

to the general public and local beekeepers.

Options for dealing with viral infections are
also limited since there is no specific treatment for
viral infections in honey bees. However, beekeepers

can take steps to minimize viral transmission

91

and reduce exposure to other stressors, such as
parasites, pesticides, and nutritional deficiencies.
Stress can reduce the bees’ ability to manage
viral infections. Pesticide exposure can reduce
immune responses. For example, exposure to
neonicotinoids, organosilicons, and KATP channel
agonists can all result in increased viral titers.
Additionally, treatment with a chemical miticide to
control varroa mite populations, such as amitraz,
can cause bees to be less tolerant of virus infections.
However, providing bees with high-quality diets
with pollen from diverse plant species can help

bees have lower viral levels.

IPM for Bee-virus control

Beekeepers are encouraged to follow
the Integrated Pest Management Approaches to
Control viruses of bees and heir vectors. Grozinger
and co-workes from Penn state university
provided one IPM pyramid for virus control (Fig.
3). Integrated Virus Management by controlling
Varroa using bio pesticides (thymol, oxalic acid)
and drone brood removal, regular hive monitoring
and hygienic practices and re-queening with
resistant or tolerant queens can effectively manage
viruses. Novel control strategies like, breeding for
genetic resistance, RNAi and biocontrol research
should focus on prevention and management of

bee viruses and their vectors.

1. Cultural Approaches

Use Varroa mite-resistant honeybee stocks. These
include Russian, Varroa-sensitive, and ankle-biter/
leg-chewer stocks. Russian and Varroa sensitive
hygiene stocks have been demonstrated to be

effective in suppressing virus populations.

Reduce Between-Colony Transmission
Viral infections tend to be higher in areas

with a higher density of honey bee colonies.
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Figure 3. The IPM pyramid for virus control (Image: Nick Sloff; Grozinger et al., 2023)

Beekeepers can reduce transmission between
colonies by limiting the number of colonies in
an apiary, orienting the colonies to reduce drift
of infected bees. Colonies can be spaced farther
apart by facing different directions or different
markings, not moving frames from a colony that is
exhibiting symptoms of virus infection to another
colony, cleaning hives tools or other equipment
with alcohol after inspecting a colony showing
symptoms of viral infection, providing bees with

high-quality diets etc.

Reduce Pesticide Exposure

Beekeepers needs to enquire regularly from
the neighbouring farmers about when a pesticide
spray is scheduled in their farm. It should also be
noted that exposure to acaracides used to control
Varroa mites (such as amitraz) may exacerbate

viral infections.

2. Mechanical Methods

Remove old combs

To remove viruses and other hive pollutants
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that accumulate as wax comb ages, replace old
combs on a regular basis. It is recommended
to change approximately %5 of the frames in
each colony annually. The old combs should be

destroyed.

Encourage Propolis Deposition

Hive equipment can be designed with a
rough interior surface to encourage bees to cover
it with propolis. This can be accomplished by
creating equipment with rough wood on one side
or by scratching the interior hardwood surface.
Furthermore, the use of cotton duck cloth as an
interior cover encourages bees to collect and
deposit propolis. Propolis has been demonstrated
to boost immune gene expression in honey bees

and reduce viral levels.

3. Chemical approaches

There

chemical treatments to treat viral infections in

are no commercially available

honeybee colonies. Several investigations have

shown naturally produced (soft) compounds that
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may lower viral loads, although they are not yet
commercially available. Treatment with 0.16 ppm
thymol reduced DWV levels in emerging bees
when they were fed and returned to their colonies.
However, the effect of thymol was not consistent
with other therapeutic techniques, necessitating
more investigation. Applying a propolis solution to
the interior of honey bee hives and feeding extracts
of two fungus species (Ganoderma resinaceum and
Fomes fomentarius) can lower levels of DWV and

Lake Sinai virus.

Conclusions and Future Directions

Most virus infections in honey bee colonies
are not problematic if the honey bee colony is
healthy and does not experience chronic stress.
However, high levels of varroa mites can lead to hive
levels of DWV, which can lead to severe symptoms
and colony death. In an IPM approach, beekeepers
should rely heavily on cultural and mechanical
practices to reduce the transmission of viruses and
levels of viruses in colonies, as well as for managing
varroa mite populations. Understanding the biology
of bee-virus interactions and considering all the
available options for managing viral infections
will help in improving well-being of honey bee
colony. Viruses have emerged as significant hidden
killers of honey bee colonies, frequently operating
in tandem with mites, pesticides, and nutritional
stress. A thorough understanding of their ecology,
pathophysiology and transmission dynamics is
critical for safeguarding apiculture. Integrated
pest and disease management, supported by
molecular diagnostics and worldwide surveillance,
is essential. Future study should concentrate on
virus-host coevolution, resistance breeding, and
environmentally friendly control strategies such as
RNAi.
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