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Chronic bee paralysis which was called Paralysis is a rather unusual disease caused by a rather unusual
virus. In this review, we explore current knowledge of the disease and its etiological agent. Paralysis is the
only common viral disease of adult bees whose symptoms include both behavioural and physiological
modifications: trembling and hair loss. The disease often affects the strong colonies of an apiary and
thousands of dead individuals are then observed in front of the hives. Two sets of symptoms have tradi-
tionally been described in the existing literature, but nowadays we can define a general syndrome.

The morphology of the Chronic bee paralysis virus (CBPV) particles and the multipartite organisation of
the RNA genome are exceptional, as most honey bee viruses are picorna-like viruses belonging to the Ifla-
virus and Cripavirus genera with symmetric particles and monopartite positive, single-strand RNA gen-
omes. CBPV is currently classified as an RNA virus but is not included in any family or genus. Although
it shares several characteristics with viruses in the Nodaviridae and Tombusviridae families, it differs from
previously known viruses according to the various demarcation criteria defined by the International
Committee on Taxonomy of Viruses (ICTV). Thus, it should be considered as the type species of a new
group of positive-strand RNA viruses.

The recent sequencing of the complete CBPV genome has opened the way for phylogenetic studies and
development of new molecular tools able to detect variable isolates and to quantify genomic loads. This
article considers the results of such recent detection tests but also previous studies including: (i) the dis-
tribution of CBPV infection within the bees and the hive, (ii) the way the virus spreads and its persistence
in the colony environment, and (iii) geographical and seasonal distribution and impact of CBPV infections.

� 2009 Elsevier Inc. All rights reserved.
1. Introduction

The honey bee, Apis mellifera L., is a well-known honey producer
and plays a major role in agriculture by assisting in the pollination
of a wide variety of crops (Morse and Calderone, 2000). Honey bees
are vulnerable to numerous pathogens including viruses, bacteria,
fungi and parasites. Viral infections are the least understood of the
honey bee diseases, due to the lack of information on: (i) the mech-
anisms underlying virus dissemination and potential disease out-
breaks, and (ii) on the impacts of such outbreaks.

Chronic bee paralysis, formally called Paralysis, is an infectious
and contagious disease affecting adult honey bees (Ball and Bailey,
1997). It has been given a variety of names, such as ‘‘hairless black
syndrome” and ‘‘little blacks,” and is rare among the common viral
diseases of adult bees in having definitive signs and symptoms.
Although the symptoms of Paralysis were probably recognised
more than two thousand years ago by Aristotle, who described
ll rights reserved.
hairless black bees that he called ‘‘thieves”, the causative agent
was not confirmed until 1963 when Bailey and colleagues isolated
and characterised Chronic bee paralysis virus (CBPV). Together
with the Acute bee paralysis virus (ABPV), these two viruses were
the first two honey bee viruses to be isolated. No links were estab-
lished between CBPV dissemination or Paralysis outbreaks and the
important mite parasite Varroa destructor, which is associated with
numerous other honey bee viruses (Ribière et al., 2008).

With the exception of the large Filamentous virus (FV) which
has a DNA genome, all of the viruses isolated as affecting the genus
Apis are single-strand RNA viruses. Among these eighteen RNA
viruses, all are isometric in shape with the exception of CBPV. It
has distinctive physico-chemical properties, particle symmetry
and size, and even distinctive genome composition and organisa-
tion. In this article, we give a brief overview of current knowledge
of Paralysis disease and of its etiological agent while describing the
recent advances in genome sequencing and molecular detection
tests. These tests now allow researchers to quantify viral loads
and to improve diagnosis of the disease. We also discuss dissemi-
nation of the virus within the bees and within the hive taking both
recent and historical studies into account. We compare the
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possible ways in which the virus spreads and its persistence in the
colony environment. Finally, we discuss geographical and seasonal
distribution and the impact of CBPV infections. This review will
cover both the historical development as well as the recent ad-
vances in research on this unusual honey bee virus and its
pathology.
Fig. 1. Paralysis. (A) Flight board of a colony affected by Paralysis, with a hairless
bee, which appears dark and shiny (indicated by the white arrow) corresponding to
the typically described Type 2 syndrome known as ‘‘hairless black syndrome”. (B)
Masses of dead bees in front of a hive during a Paralysis outbreak.
2. Chronic bee paralysis disease: Paralysis

Paralysis is the only common viral disease of adult bees whose
symptoms include both visible behaviour modifications and phys-
iological modifications. Paralysis symptoms including trembling
and clusters of flightless bees crawling at the hive entrance were
described long ago (Ball and Bailey, 1997).

Two distinct sets of symptoms (syndromes) have traditionally
been described in the literature (Bailey and Ball, 1991; Ball and
Bailey, 1997). The Type 1 syndrome was described as seemingly
the most common in Britain, including an abnormal trembling mo-
tion of the wings and bodies of affected bees (Paralysis). These bees
are unable to fly and often crawl on the ground and up plant stems,
sometimes in masses of thousands of individuals. Frequently they
huddle together on top of the cluster in the hive. The affected bees
often have bloated abdomens and partially-spread dislocated
wings. The bloated abdomen is caused by distension of the honey
sac with fluid which accelerates the onset of so-called ‘‘dysentery”.
Sick individuals die within a few days following the onset of symp-
toms. Severely affected colonies suddenly collapse, particularly at
the height of the summer, typically leaving the queen with a few
workers on neglected combs. All of these symptoms are identical
to those attributed to the ‘‘Isle of Wight disease” in Britain at the
beginning of the century.

The Type 2 syndrome has been given a variety of names: ‘‘black
robbers” and ‘‘little blacks” in Britain; Schwarzsucht, mal noir, mala-
die noire or mal nero in continental Europe and ‘‘hairless black syn-
drome” in the United States (Rinderer and Rothenbuhler, 1976). At
first the affected bees can fly, but they become almost hairless,
appearing dark or almost black, which makes them seem smaller
than healthy bees, with a relatively broader abdomen (Fig. 1A).
They are shiny, appearing greasy in bright light, and they suffer
nibbling attacks by healthy bees of their colony, which makes them
seem like robber bees. In a few days they become flightless, trem-
bling, and soon die.

During a study on the occurrence of CBPV in bees outside
Britain, it was clearly demonstrated that all samples of bees
suffering from Type 2 syndrome contained as much CBPV as bees
suffering from Paralysis (Type 1 syndrome) diagnosed in Britain
(Rinderer and Green, 1976). In addition, CBPV and the virus
causing ‘‘hairless black” syndrome have been demonstrated to be
serologically indistinguishable (Rinderer and Green, 1976). This
supported the assertion that CBPV is the etiological agent of the
two syndromes first described for this disease. Moreover, Ball
and Bailey (1997) indicated that symptoms from both syndromes
can occur in the same colony.

At the current time researchers have observed a general syn-
drome with clusters of trembling, flightless, crawling bees with
some individual black, hairless bees standing at the hive entrance,
sometimes rejected by bees of their colony.

As observed by Maori and colleagues for the Israeli acute paral-
ysis virus (IAPV) syndrome (Maori et al., 2007b), one phenomenon
associated with CBPV syndrome is that only some hives in an api-
ary are affected, even though they are all exposed to the same envi-
ronmental conditions and forage in the same fields. Moreover, for
Paralysis the affected colonies are often the strong ones of the api-
ary and masses of dead individuals have been observed in front of
the hives (Fig. 1B).
However, these symptoms (trembling and crawling bees) could
also be confused with other diseases and/or attributed to chemical
intoxication. They are probably sources of confusion and error in
visual clinical diagnosis based on symptoms used for the manage-
ment of colony losses and weakening. In fact, one of these symp-
toms, crawling bees, is also attributed to infection with Nosema
apis, Malpighamoeba mellificae or Acarapis woodi (Ball and Bailey,
1997). Bailey (1967) demonstrated that 70% of crawling bees at
the hive entrance that were not infected with these common mac-
roscopic parasites had chronic paralysis. We can note here that
CBPV is the primary honey bee virus inducing paralytic symptoms
in natural conditions. For ABPV, Kashmir bee virus (KBV) and Slow
bee paralysis virus (SBPV), trembling symptoms were described
only after experimental infections (Bailey et al., 1963; Ribière
et al., 2008). However, Maori and colleagues recently observed se-
vere bee mortality in Israel linked to the IAPV with bees exhibiting
symptoms reminiscent of those inflicted by ABPV (Maori et al.,
2007a,b). We can note also that the description of the terminal
phase of the Type 1 syndrome: ‘‘leading to a sudden collapse of
the affected colonies, leaving the queen with a few workers on ne-
glected combs” is reminiscent of Colony Collapse Disorder (Pettis
et al., 2007).

Given the diversity of root causes, a visual clinical diagnosis
on the basis of symptoms alone is not sufficient; positive iden-
tification of the virus and the disease are necessary. To devel-
op such tools, it is necessary to characterise the etiological
agent.



Fig. 2. Electron microscopy image showing CBPV particles purified from experi-
mentally infected bees.
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3. Chronic bee paralysis virus: CBPV

Although Burnside (1945) in the USA, had succeeded in repro-
ducing the ‘‘paralysis” disease in caged bees after spraying, feeding
or injecting them with bacteria-free extracts of paralysed bees, and
concluded that the responsible agent was a virus (Burnside, 1945),
this causative agent was not confirmed until 1963 when Bailey and
colleagues isolated and characterised CBPV (Bailey et al., 1963).
Purified preparations contain anisometric, mostly ellipsoidal parti-
cles, 30–65 nm in modal length and about 20 nm in width (Fig. 2)
(Bailey et al., 1968). However a large range of particle shapes and
sizes has been observed, including rings, figure eights, branching
rods and lengths up to 640 nm (Ball and Bailey, 1991). This aniso-
metric structure of CBPV particles (Fig. 2) is an exception among
honey bee viruses and is unusual in non-enveloped viruses.

The composition of the viral capsid is also unusual. The virus
particles were reported to have a single capsid protein of about
23.5 kDa (Bailey, 1976). Western blot analysis further revealed four
CBPV-associated polypeptides of about 75, 50, 30 and 20 kDa
(Olivier et al., 2008a; Ribière et al., 2000). The molecular weight
of the 20 kDa protein is similar to that of the capsid protein of
23.5 kDa proposed by Bailey in 1976 (unpublished data). Work is
in progress in our laboratory to further characterize viral proteins
after having obtained the CBPV genome sequences.
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The CBPV genome was originally described as containing five
single-stranded RNA fragments: two major RNAs, RNA 1 and RNA
2 of about 4200 and 2800 nt, respectively, and three minor RNAs,
RNA 3a, 3b and 3c, each of about 1100 nt (Fauquet et al., 2005;
Overton et al., 1982). Recently, the genome of the virus was iso-
lated from heads of experimentally infected bees. The sizes and se-
quences of the two major CBPV RNAs were determined to be 3674
bases for RNA 1 and 2305 bases for RNA 2 (Olivier et al., 2008a)
(Fig. 3A). These lengths, which are shorter than those predicted
in previous experiments, could be explained by the use of a more
specific molecular-weight marker and different denaturing condi-
tions. The three low-molecular-weight RNAs corresponding to
the three minor RNAs (3a, 3b and 3c) previously described
(Fauquet et al., 2005; Overton et al., 1982) were not detected
during this study either by visualization of CBPV RNAs in agarose
gel or by cDNA library analysis (Fig. 3A).

This point could be explained by the prior observation of a small
particle associated with CBPV. Bailey et al. (1980) consistently ob-
served large amounts of an isometric particle of 17 nm in diameter,
serologically unrelated to CBPV but which multiplied only in the
presence of CBPV (Overton et al., 1982). This particle was first
called Chronic bee paralysis virus associate (CBPVA) (Bailey,
1976; Bailey et al., 1980) and was the first recorded satellite virus
in insects. It has recently been renamed Chronic bee paralysis satel-
lite virus (CBPSV) and is classified as the only member of the
Chronic bee paralysis virus associated satellite subgroup (Fauquet
et al., 2005). The CBPSV particles were reported to have a single
capsid protein of about 15 kDa (Bailey et al., 1980). The CBPSV gen-
ome was reported to consist of three single-stranded RNA frag-
ments: A, B and C of about 1100 nt each, which were shown, by
polyacrylamide gel analysis, to have equal sizes but different sec-
ondary structures. Fingerprint analysis showed that these RNAs
had different sequences, with sequence similarities with CBPV
RNA 2, and these sequences would be identical to the minor CBPV
RNA species, 3a, 3b and 3c (Overton et al., 1982). Thus, the minor
CBPV RNAs and the CBPSV RNAs might be identical as suggested
by the reported positive correlation between the amounts of these
small RNAs and those of CBPSV particles (Bailey et al., 1980; Ball
et al., 1985; Overton et al., 1982). The three small CBPV RNAs
(3a, 3b and 3c) could in fact be CBPSV RNAs (3A, 3B and 3C)
encapsidated in the CBPV virion or CBPSV particles contaminating
CBPV purification. Bailey and colleagues only noted tiny amounts
of CBPSV particles during purification of virus from the heads of
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experimentally infected worker honey bees (Bailey et al., 1980).
This suggests that during the recent study of the CBPV genome,
the CBPSV RNAs were not present in sufficient quantities to be de-
tected (Olivier et al., 2008a). Purified virus from the abdomens of
experimentally infected worker honey bees, in which large
amounts of CBPSV particles can be produced, would be needed to
clarify this point (Bailey et al., 1980). Smaller RNAs could then be
sequenced and virus particle relationships studied. In fact, it re-
mains unclear whether CBPSV, which would have a capsid protein
unrelated to that of CBPV, is a satellite virus (dependent on CBPV
for replication) or an abortive particle.

Despite this, only two major CBPV RNAs were visualized by aga-
rose gel with predicted sizes under denaturing conditions of about
3650 nt for RNA 1 and about 2250 nt for RNA 2 (Fig. 3A). Results
obtained from experiments conducted to sequence the ends of
CBPV RNAs indicated that: (i) the 50 ends are capped, (ii) the 30 ends
lack a poly (A) tail, and (iii) the 30 ends are blocked as found for
viruses of the genus Alphanodavirus in the Nodaviridae family.
The analysis of the CBPV sequences obtained showed that RNA 1,
with 3674 bases, and RNA 2, with 2305 bases encoded three and
four putative overlapping open reading frames (ORFs), respectively
(Olivier et al., 2008a) (Fig. 3B).

Among the different putative ORFs predicted for this genome,
ORF 3 on RNA 1 shows significant similarity with viral RNA-depen-
dent RNA polymerases (RdRp), and especially with the conserved
sequence domains of the RdRp of single-strand RNA viruses. No
significant similarities were found between the deduced amino
acid sequences from the other ORFs and the known database
sequences.
Fig. 4. Unrooted phylogenetic tree constructed using the neighbour-joining method on t
VIII of the RdRp. Number at each node represents bootstrap values as the result of 1000
The phylogenetic position of CBPV, inferred from the deduced
amino acid sequence of the conserved RdRp domains, shows that
CBPV has an intermediate position between the Nodaviridae and
Tombusviridae family clusters (Fig. 4). Even if this phylogenetic link
is restricted to the most conserved gene among the RNA viruses,
CBPV shares other characteristics with the nodaviruses and tomb-
usviruses (Table 1). The Alphanodaviruses and Betanodaviruses in
the Nodaviridae family are also positive single-strand RNA viruses
but with a non-enveloped, roughly spherical virion (32–37 nm in
diameter) and exhibit icosahedral symmetry (Fauquet et al.,
2005). The alphanodaviruses like CBPV, are insect viruses, which of-
ten cause inability to fly, paralysis and death whereas the betanod-
aviruses are viruses of marine fish and cause encephalopathy and
retinopathy associated with behavioural abnormalities (Ball and
Johnson, 1998; Fauquet et al., 2005). As for CBPV, these viruses ex-
hibit a neurotropism (see below). Moreover, the Nodamura virus
(NoV), the type species of the Alphanodavirus genus, was originally
isolated from mosquitoes and multiplies in several insect and tick
species. It is particularly pathogenic for the adult honey bee under
experimental conditions, resulting in death 8–16 days after inocu-
lation, preceded by paralysis of the anterior two pairs of legs a few
hours before death (Bailey and Scott, 1973). Nodaviruses also have
a bipartite genome, 3.1 kb for RNA 1 and 1.4 kb for RNA 2. A sub-
genomic RNA 3, of about 0.39 kb and corresponding to the 30 end
of RNA 1, is synthesised during infection. RNA 1 encodes the cata-
lytic subunit of the viral RdRp and RNA 2 encodes the capsid
protein (betanodavirus) or the capsid protein precursor (alpha-
nodavirus). The CBPV genome appears to be similarly organised
because the CBPV ORF 3 on RNA 1 encodes the catalytic subunit
he alignment of the highly conserved amino acid sequences encompassing motifs I–
replicons. The scale corresponds to the number of substitutions per site.



Table 1
Similarities between CBPV and viruses from the families Nodaviridae and
Tombusviridae.

Characteristic Nodaviruses CBPV Tombusviruses

Host (s) Insects and fish Apis
mellifera

Plants

Particles Icosahedral Anisometric Icosahedral
Sizes 32–37 nm

(diameter)
30–65 nm/
20 nm

30–35 nm
(diameter)

Genome Positive ssRNA Positive
ssRNA

Positive ssRNA

Number of RNAs 2 Major 2 Major 2 Major
(Dianthoviruses)

Size 3.1–1.4 kb 3.6–2.3 kb 3.9–1.5 kb
Sub genomic RNAs Yes Presumed Yes
Poly (A) tail No No No
30 ends blocked Yes

(Alphanodavirus)
Yes No

50 ends capped Yes Yes Some
Interframe

termination codon
in the RdRp gene

No Yes Yes

Satellite virus Yes (MrNV/XSV) Yes Yes
Symptoms Nervous Nervous Necrosis
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of the RdRp. This suggests that the RNA 2 ORFs may encode struc-
tural proteins. Accordingly, the two predicted polypeptides of
about 65.5 and 19.7 kDa, respectively, encoded by ORFs 2 and 3
on RNA 2, may correspond to the proteins estimated at 75 and
20 kDa previously observed by western blot (Ribière et al., 2000).
Another similarity between CBPV RNAs and the nodavirus genomic
RNAs is the cap structure at the 50 end and the absence of a poly (A)
tail at the 30 end. Moreover, despite some exceptions, the 30 ends of
alphanodavirus RNAs, like those of CBPV RNAs, seem to be blocked
as they are unreactive to poly(A) polymerase and RNA ligase, even
after treatment with denaturing solvents (Ball and Johnson, 1998;
Fauquet et al., 2005).

Tombusviruses are plant viruses that cause necrosis. Their gen-
ome is usually a monopartite RNA fragment ranging from 3.7 to
4.8 kb. However, the viruses of the genus Dianthovirus in the
Tombusviridae family also contain two genomic RNAs: RNA 1 of about
3.9 kb and RNA 2 of about 1.5 kb. CBPV nevertheless differs from
the tombusvirus demarcation criteria: (a) at the host level, (b) at
the structural level, the tombusvirus virion exhibiting icosahedral
symmetry with a diameter of 30–35 nm, (c) at the genomic level,
the tombusvirus total genome size not exceeding 5.5 kb, and (d)
at the sequence level, the sequence similarities of the amino acids
in the tombusvirus capsid protein being at least 20% and in RdRp at
least 25%. Moreover, the 30 ends of the tombusvirus RNAs are not
polyadenylated like those of CBPV and the nodaviruses, but they
are not blocked and the 50 ends are probably unprotected although
the presence of a cap was demonstrated for some of them. Despite
these differences, CBPV presents one characteristic feature that is
also true of all members of the Tombusviridae family: the highly
conserved RdRp is interrupted by an in-frame termination codon
that is periodically shifted to express the catalytic site of the RdRp
containing the GDD motif. The tombusvirus RdRp is further charac-
terised by the absence of an obvious helicase motif (Fauquet et al.,
2005), a feature also shared by the CBPV RdRp, although CBPV
RNAs seem to have important secondary structures at the 30 ends.

It is also interesting to note that the unclassified nodavirus,
Macrobrachium rosenbergii nodavirus (MrNV), and some tombusvi-
ruses, such as Panicum mosaic virus and Tobacco necrosis virus have,
like CBPV, a satellite virus. The Extra small virus (XSV), the satellite
virus of MrNV, contains a positive-stranded RNA of 796 nucleo-
tides, encoding a single capsid protein CP-17. Sequence compari-
son did not reveal affiliation to any known virus family and XSV
thus constitutes the first satellite virus associated with a nodavi-
rus-like virus (Bonami et al., 2005; Sri Widada and Bonami,
2004). The satellite viruses of the tombusviruses belong to the
Tobacco necrosis satellite virus-like subgroup (Fauquet et al., 2005).
With the Chronic bee paralysis associated satellite virus subgroup
they are the only two subgroups of satellite viruses. Like CBPSV,
they are isometric (about 17 nm in diameter) and have a single
RNA molecule encoding a 17–24 kDa capsid protein.

Thus, CBPV was located as a monophyletic lineage between the
nodavirus and the tombusvirus groups. This intermediate position
was also occupied by the RNA satellite Carrot red leaf luteovirus
associated RNA (CtRLVaRNA) which is associated with plant
viruses (Watson et al., 1998) and more related to tombusviruses,
and by the unclassified fungal virus SmVA (Sclerophthora macros-
pora virus A) (Yokoi et al., 2003) which is more related to the nod-
aviruses. The 2.8 kb single-stranded satellite RNA, CtRLVaRNA, is
encapsidated in the virions of two plant viruses, associated with
both and is able to replicate in aphids. It is most closely related
to the Beet western yellows luteovirus ST9-associated RNA. Thus,
except for the RdRp sequence similarity, this RNA satellite is very
different from CBPV. SmV A is icosahedral and contains three posi-
tive-stranded RNA fragments of about 2.9, 1.9 and 0.9 kb, the latter
probably being a satellite RNA. Interestingly, the deduced amino
acid sequence from SmV A RNA 1 shows similarities with the RdRp
of members of the Nodaviridae family, and the deduced amino acid
sequence from RNA 2 shows similarities with the capsid protein of
members of the Tombusviridae family. Moreover, these RNAs lack a
poly (A) tail.

Comparison of CBPV with other honey bee viruses confirmed
the difference already observed (Olivier and Ribière, 2006). The se-
quence, encompassing the eight conserved domains of the RdRp,
showed a very weak percentage similarity between the CBPV se-
quence and those of members of the Dicistroviridae family, i.e. from
5.4% with Black queen cell virus (BQCV) to 12.5% with Cricket paral-
ysis virus (CrPV) whereas similarities between the dicistroviruses
were strong (up to 45% between CrPV and ABPV).

To summarize, CBPV has a fragmented positive-stranded RNA
genome composed of two major RNAs. Although it shares several
characteristics with viruses in the Nodaviridae and Tombusviridae
families, it differs from previously known viruses in accordance
with the various demarcation criteria defined by the ICTV (Fauquet
et al., 2005). Thus, CBPV should be considered as the type species of
a new group of positive-stranded RNA viruses. Characterisation of
the proteins encoded by the different ORFs of CBPV and phyloge-
netic studies with other species will be needed to refine the classi-
fication of this virus. However these first genomic data allowed for
the development of new molecular diagnostics able to detect and
quantify the virus.
4. Evolution of CBPV diagnostics: detection of viral infection
and/or disease

As with many mammalian viruses, most, if not all, of the honey
bee viruses persist in the population as a low-level, inapparent
infection in live individuals (Anderson and Gibbs, 1988; Bailey,
1965a; Dall, 1985). These infections have been called ‘‘inapparent”
due to the lack of obvious symptoms or pathology in the individu-
als harbouring them and the fact that, in general, the amount of
virus present cannot be readily detected by serological tests. How-
ever, the term ‘‘inapparent” is not precise; it can be applied to de-
scribe different types of viral persistence and our knowledge of
these mechanisms in bees is rudimentary. Many honey bee viruses
commonly occur in bee populations from colonies that continue to
appear healthy even when several different viruses are present
(Anderson and Gibbs, 1988; Chen et al., 2004). Such low-level,
chronic, persistent infections may be maintained in populations
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for many generations causing little or no harm, yet in certain cir-
cumstances they may be stimulated or activated to replicate rap-
idly or to infect sensitive stages or organs and initiate acute and
often fatal infections (Ribière et al., 2008). Diagnosis of the viral
infections must take into account both types, ‘‘inapparent infec-
tion” and ‘‘overt disease”.

For many years, detection and studies of honey bee viruses have
been undertaken by using indirect infectivity tests and direct sero-
logical tests. Historically, inapparent infections have been revealed
through so-called infectivity tests, by injecting extracts of live bees
from apparently healthy colonies into other bees from the same
colony (Bailey and Gibbs, 1964) or foreign proteins or large vol-
umes of buffer solution into honey bee pupae (Anderson and Gibbs,
1988; Dall, 1985; Hung et al., 1996). Whether these experimental
inoculations induced or introduced the virus, the subsequent virus
multiplication resulted in overt infections, which were readily
detectable in individuals by the expression of symptoms for the
Paralysis and by serological tests such as immunodiffusion. How-
ever, even as a method to detect inapparent infections these tech-
niques have some limitations. They are not suitable for all viruses
(Allen and Ball, 1996; Bailey, 1967), they are difficult to implement,
often lack reproducibility and the interpretation of results is diffi-
cult. In the case of induction, if more than a single virus type is
present, the replication rate of one may result in competitive
exclusion of the other (Anderson and Gibbs, 1988). Indeed, this is
how ABPV was originally discovered, during laboratory work to
identify CBPV, the causative agent of ‘bee paralysis’ (Bailey et al.,
1963). Both viruses when injected into healthy bees caused them
to tremble and become paralysed within a few days. Bees infected
with ABPV die earlier, (within 5–6 days, acute paralysis), than bees
infected with CBPV, (within 7–8 days, chronic paralysis). However,
when bees were simultaneously injected with ABPV and CBPV,
depending on the dilution, ABPV replication may have excluded
CBPV multiplication (Bailey et al., 1963).

These infectivity tests were often used in combination with
serological methods such as agarose gel immunodiffusion (AGID)
(Ball, 1999), and enzyme-linked immunosorbent assay (ELISA)
tests (Allen and Ball, 1995; Allen et al., 1986). Even though more
reliable, the use of serological methods in virus research is also
problematic as they are limited by their low sensitivity. While
capable of detecting viruses in diseased bees, they are inadequate
for detecting latent infections and their low specificity can misclas-
sify related viruses (Rinderer and Green, 1976). Finally, serological
techniques require the production and distribution of antibodies,
making repeatability across different research groups difficult.

While these first techniques, associated with viral purification,
resulted in a very complete list of known honey bee viruses with
the exception of IAPV (Bailey, 1976; Ball and Bailey, 1991), recent
advances and more widespread use of molecular techniques along
with the availability of genome sequence data have revolutionized
the diagnosis of honey bee virus infections.

Initially, only a short fragment of the CBPV genome sequence
was described. However these first genomic data enabled the
development of the first RT-PCR test able to detect the virus at
inapparent levels of infection (Ribière et al., 2002). When com-
bined with a serological method, the test enabled the characterisa-
tion of the CBPV status of hives as non-infected, inapparently or
clinically infected (Ribière et al., 2002). Recently, however, samples
of trembling and crawling bees from apiaries in different French
departments were subjected to AGID and RT-PCR tests. Although
the AGID test gave positive results, no amplification was obtained
with RT-PCR, suggesting genomic variability between partial se-
quences of CBPV from different bee samples. This led us to study
CBPV genomic variability, and divergence of up to 8.7% between
partial nucleotide sequences from viral isolates from French honey
bees was observed. New molecular diagnosis able to detect all of
these viral samples were designed (Blanchard et al., 2008a, 2007,
2009; Celle et al., 2008). The new RT-PCR test can detect up to
40% more CBPV isolates (Blanchard et al., 2008a). This study as-
sessed the presence of variable isolates of various origins and the
necessity of monitoring this genomic variability and improving
molecular detection of the virus (Blanchard et al., 2009).

A two-step, real-time RT-PCR assay based on TaqMan technol-
ogy using a fluorescent probe was developed to quantify CBPV
(Blanchard et al., 2007; Celle et al., 2008). Particular attention
was paid to standardising the method for quantifying the CBPV
genomic load in bee samples. Two standard curves were generated
with a viral RNA control and with a plasmid containing a partial se-
quence from the CBPV genome. The standard curves showed that
quantification of this genome was linear over seven orders of mag-
nitude. The efficiency of both standard curves and their good cor-
relation was confirmed. Quantification of the virus in bees
experimentally infected with CBPV gave similar results for both
methods compared to the value obtained by UV spectrometry.
These results have validated the use of the DNA standard curve
to quantify CBPV in bee samples. The limit of detection of this
TaqMan PCR method was 102 CBPV genome equivalent copy num-
bers, an improvement on the conventional PCR for which the limit
of detection was 104 CBPV copies. The intra-assay and inter-assay
reproducibility studies showed the high reproducibility of the
method for the standard curve, and for the efficiency of RNA puri-
fication and cDNA synthesis from a positive control. The high
reproducibility of the homogenisation technique was validated
by replicates of field samples and loaded samples. CBPV specificity
was demonstrated in relation to ABPV, Sacbrood virus (SBV), BQCV
and Deformed wing virus (DWV) samples. These sensitivity, spec-
ificity and reproducibility results indicate that this assay can be
used to quantify CBPV infection in honey bee samples in order to
determine the distribution of CBPV infection both within the bees
and within the hive (Blanchard et al., 2007). This assay was
adapted to an instrument using a 96-well reaction plate to enable
the analysis of a more significant number of samples (Celle et al.,
2008).

The genomic loads detected in adult bees collected from a
symptomatic colony were significantly higher in guard, symptom-
atic and dead bees sampled (1012) at the hive entrance than in
drones, foragers and house bees (104–106). This quantitative assay
is used routinely to detect and quantify CBPV infection in our lab-
oratory. Whereas it is very likely that bees infected with up to 108

copies of the CBPV genome are actively infected (Blanchard et al.,
2007), it is necessary to further characterize the genomic level
indicating a disease outbreak (work in progress in our laboratory).
For the moment Paralysis diagnosis is based on laboratory quanti-
fication of viral loads and on clinical symptoms at the colony level.

Recently, a phylogenetic analysis was performed to assess the
genetic relationship of CBPV isolates from various geographic ori-
gins and to validate the tests designed for CBPV detection. This
study was conducted on ORF 3 of RNA 1, coding for the viral RdRp
and on ORF 3 of CBPV RNA 2, coding for a predicted structural pro-
tein, as suggested by Olivier et al. (2008a). Samples of adult worker
bees were collected from nine countries (Austria, Belgium, Den-
mark, France, Hungary, Poland, Spain, Switzerland and Uruguay).
The phylogenetic relationship among the 24 CBPV isolates revealed
four main clusters, supported by high bootstrap values (Fig. 5).
Since isolates from Uruguay, Switzerland and France were present
in several clusters, no clear geographical segregation was observed.
However, lineage A mainly contains isolates from Southern and
Western Europe, compared to lineage B clustering isolates from
Northern and Eastern Europe, while lineage C contains isolates
from South America.

The French isolate ‘‘B”, not detected by the first RT-PCR test,
clustered with a Swiss and an Uruguayan isolate. This study



Fig. 5. Phylogenetic tree constructed using the neighbour-joining (NJ) method as implemented in the PHYLOWIN programme (Galtier et al., 1996) on alignment of the RdRp
sequence of 24 CBPV isolates. The number of each node represents the bootstrap values resulting from 1000 replicates. Bootstraps values <50% were omitted. The scale
corresponds to the number of substitutions per site. Lineage A contained most of the French isolates (Fr) (5/7) as well as the isolates from Spain (Sp) and Belgium (Be). Lineage
B contained a French isolate, two Swiss (Sw) isolates and all the Polish (Po), Austrian (Au), Danish (De) and Hungarian (Hu) isolates. Lineage C contained two Uruguayan (Ur)
isolates and lineage D contained three isolates obtained from different countries (France, Switzerland and Uruguay).
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assessed the presence of variable isolates of various origins and the
need to monitor this genomic variability and to improve molecular
detection of the virus (Blanchard et al., 2009).

In conclusion, following the recent publications of the complete
CBPV genomic sequence and of the phylogenetic studies, a large
majority of field surveys were conducted using the first set of
primers. This may have lead to underestimated CBPV incidence
and prevalence in studies using molecular detection. Honey bee
viruses are RNA-based viruses known to be genetically variable
due to the lack of proofreading activity (30–50 exonuclease activity)
of their replicase (Carter and Genersch, 2008). Several primer sets
could be used to ensure the detection of variable isolates of these
viruses.

Moreover, numerous studies conducted to estimate the preva-
lence and incidence of honey bee viruses were based on the anal-
ysis of bees sampled inside the hive. They therefore might have
underestimated virus occurrence, because CBPV infection seems
more prevalent in the oldest workers sampled at the hive entrance.
Indeed, the CBPV genomic loads from a symptomatic colony can
reach up to 1013 CBPV copies in guard and symptomatic bees sam-
pled at the hive entrance and only to 106 CBPV copies in workers
sampled inside the hive (Blanchard et al., 2007). In inapparently in-
fected colonies, the virus loads can be very low (about 104 or lower
per individual) and several samples of house bees and guards are
sometimes necessary to detect virus in the hive (Ribière, unpub-
lished work). Thus, to be representative of the whole colony,
appropriate material for studying virus prevalence and incidence
should include at least two samples: one of adult bees sampled in-
side the hive and one of adult bees sampled at the hive entrance
(Ball, 1999; Blanchard et al., 2007).
5. Distribution of CBPV infection within bees and within the
hive

Paralysed bees (naturally and experimentally infected) can con-
tain many millions of particles (Ball, 1999). CBPV genomic load was
up to 1013 in symptomatic or dead bees from a symptomatic col-
ony (Blanchard et al., 2007). In bees infected experimentally by in-
tra-thoracic inoculation with a viral load of 104, the CBPV genomic
load was already up to 1012 copies of genome when the symptoms
appeared 5 days after infection (Carletto et al., 2009; Ribière et al.,
2006). In bee samples from an experimental infection obtained by
topical application, the genomic load quantified was up to about
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1010 CBPV copies per segment of insect body (head, thorax and
abdomen) whereas a lower CBPV genomic load was detected in
dissected organs such as the mandibular and hypopharyngeal
glands, the brain and the alimentary canal (up to 106 CBPV copies).
The CBPV genomic load in the body segments (i.e. head, thorax,
abdomen) was significantly higher than in the dissected tissue
samples (up to 103-fold).

Higher viral loads, ranging from about 1010 to 1012 copies, were
observed in the dissected organs of naturally paralysed bees. In
addition, the measured CBPV genomic loads in haemolymph sam-
ples collected from experimentally and naturally infected bees
were up to 109 copies of CBPV per microliter (Blanchard et al.,
2007). This high CBPV load in the haemolymph of paralysed bees
could explain the wide viral distribution in the whole body and
the lower load in dissected organs as compared to the body
segments.

The virus seems to exhibit neurotropism combined with symp-
toms reflective of damage to the nervous system in diseased bees.
Furthermore, of the many millions of CBPV particles which can be
extracted from one diseased bee, half of these are concentrated in
the head, which accounts for about only one tenth of the total
body weight (Ball, 1999). These results were then confirmed by
Blanchard and colleagues in a two-step real-time RT-PCR assay
(Blanchard et al., 2007). Moreover, during the 1970s, particles asso-
ciated with CBPV infection were observed by electron microscopy
and histological methods in the thoracic and abdominal nerve
ganglia, in the hypopharyngeal and mandibular glands and in the
brain. However no particles were observed in the thoracic muscles
or fat of these affected bees (Giauffret et al., 1967, 1966a,b, 1970;
Lee, 1967; Lee and Furgala, 1965; Vecchi and Bragaglia, 1969).

Recently, in order to specifically localize CBPV in the brain,
Olivier et al. (2008b), developed an in situ hybridisation (ISH)
protocol. In experimental as well as in naturally infected bees,
CBPV was shown to infect and multiply in neuronal cells of somata
regions and some neuropile regions of the protocerebron and
deuterocerebron (Fig. 6). In fact, CBPV was observed in the neurons
of the higher integration centers, the mushroom bodies and the
central complex. The mushroom bodies are involved in sensory
processing, learning, memory storage and the control of motor
patterns such as walking (Heisenberg, 2003a; Menzel, 2001;
Menzel and Giurfa, 2001). The second center is involved in higher
locomotor control, orientation behaviour and regulation of insect
arousal. It is also a neurosecretory structure and a center of multi-
modal sensory integration from the left and right hemispheres
and other parts of the brain (Schildberger, 1983; Strauss, 2002;
Wessnitzer and Webb, 2006).

CBPV was also detected in sensorial neuropiles such as the optic
and antennal lobes, involved in visual and olfactory processes,
respectively, as well as in regions involved in sensory and motor
Fig. 6. In situ hybridization results from brain sections of artificially infected honey bee
within the mushroom bodies (mb) (in the Kenyon cell somata, Kc), the central complex (C
(me) and the lobula (lo) and in the inner and outer chiasma (Ich and Och).
treatments such as the dorsal lobe, that houses the motor neurons
responsible for antennae movements (Snodgrass, 1956), the sub-
esophageal ganglia that serve as a relay station between the main
brain and the ventral cord and correspond to house motor neurons
and terminal afferents related to mouthparts (Cornford et al., 2006;
Snodgrass, 1956) and, finally, the lateral protocerebral lobes that
act as an olfactory center (Iwama and Shibuya, 1998).

Nervous symptoms such as ataxia, trembling and incapacity to
fly, observed in both artificial and natural CBPV infections, may be
explained by the presence and multiplication of CBPV in the honey
bee’s central nervous system, especially in the neuronal cells of the
higher order integration centers of the insect’s brain and in regions
involved in sensory information (Olivier et al., 2008b).

The primary sites of virus replication remain to be determined.
Ball (1999) indicated without details that the brain, nerve ganglia
and hind-gut are the primary replication sites.

Distribution of the virus within an infected colony is also very
widespread. Although chronic paralysis, in nature, is known to be
a disease of adult workers (Ball, 1999), CBPV infects all develop-
mental stages of the bee, including eggs, brood, and adults.
Blanchard et al. (2007), using real-time PCR detection to quantify
CBPV genomic loads in different categories of bees from a symp-
tomatic hive, detected CBPV in all adult bee and brood samples.
However the CBPV genomic load in pupae, larvae and eggs did
not exceed 2 � 103 CBPV copies per individual and remained sig-
nificantly lower than in adult bees: up to 1013 CBPV copies in
guard, symptomatic and dead bees and up to 106 CBPV copies in
foragers, drones and workers sampled inside the hive. These re-
sults indicate that the virus can infect immature bee stages in
symptomatic colonies, but brood losses directly due to chronic
paralysis are probably limited, if they occur at all.

The virus was also detected in brood samples from asymptom-
atic colonies which were located near to diseased hives (Ribière
et al., 2006). Tentcheva and colleagues did not detect CBPV in sam-
ples of pupae collected in 360 apparently healthy colonies from
apparently healthy apiaries in France, although the virus was de-
tected in 4% of adult bees during the summer (Tentcheva et al.,
2004).

At present, little is known of how viruses establish inapparent
infections in their hosts, how they become activated, in which form
and where they persist, or of interactions between multiple inap-
parent viruses.
6. Virus transmission and persistence in the colony
environment

In laboratory experiments, adult worker bees are susceptible to
CBPV infection by injection, topical application and feeding. Very
s hybridised using a cDNA probe. CBPV distribution (A) in the protocerebron lobes
C); (B) in the optic lobes within the fenestrated layer of the lamina (la), the medulla
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few particles are necessary to induce paralysis by inoculation,
more particles are required to infect bees by topical application
and even more particles are necessary to infect bees per os (Bailey,
1965a; Ball, 1999). The estimated infective doses corresponded to
approximately 100 particles per inoculation (Bailey et al., 1963), to
107 CBPV genome copies (estimated by real-time PCR) per topical
application (Ribière et al., 2004), and to more than 1010 particles
per ingestion (Bailey, 1976).

Workers injected with CBPV usually show symptoms of paraly-
sis after about 5 or 6 days: they seem feeble and have the same
trembling movements as those occurring in naturally infected bees
and die a few days later (Bailey et al., 1963; Ribière et al., 2000). In
nature, some honey bee viruses can be transmitted by injection of
saliva during varroa mite feeding (Shen et al., 2005). However,
although: (i) CBPV is infective by injection into adult bees at sim-
ilar doses to ABPV and (ii) the mite V. destructor is a highly effective
vector of DWV and ABPV transmission among bees, no similar
association has been reported between outbreaks of chronic paral-
ysis and V. destructor infestation (Ball and Allen, 1988). Moreover,
CBPV had never been detected in this parasite (Ball, 1999;
Chantawannakul et al., 2006; Tentcheva et al., 2004) until one recent
study. This study was conducted in three apiaries suffering from a
Paralysis outbreak. In one hive with symptomatic bees, 19 mites
were collected from the base of the hive during treatment with
an acaricide (Celle et al., 2008). Unexpectedly, a CBPV genomic load
was detected in this mite sample, but it was relatively low (104

genome copies per mite). Furthermore, the minus-strand RNA,
indicating virus replication, was detected in this mite sample. This
initial detection seems to indicate that V. destructor may also
spread CBPV infection within hives highly infected with CBPV.

This result is consistent with previous findings indicating high
CBPV loads in bee haemolymph, which is the main food source of
varroa (Blanchard et al., 2007; Chen et al., 2005). However, further
investigations are necessary to confirm the precise role of varroa in
the spread of infection and all the data suggest that the contribu-
tion of V. destructor to the dissemination of this virus and to disease
outbreaks, if any, is small.

CBPV is also readily transmitted to adult bees experimentally by
application to the surface of cuticle freshly denuded of its hairs or
when healthy bees are crowded in cages with overtly infected indi-
viduals (which induces the bees to frequently brush against each
other). The virus probably leaves and invades the bodies of adult
bees via the epidermal cytoplasm which is exposed when the hairs
are broken (Bailey et al., 1983). Moreover, paralyzed bees excrete
CBPV in their faeces and these contaminated faeces have been re-
cently proven to provoke CBPV infection and overt disease in naive
bees placed in cages previously occupied by contaminated individ-
uals (Ribière et al., 2007).

In nature, the significant positive regression of Paralysis out-
breaks on diminishing numbers of colonies in England and Wales
from the year 1947 to 1966 was interpreted as a result of relatively
increased foraging activity by the remaining colonies, which led to
fewer contacts between healthy and infected individuals within
enzootically infected colonies (Bailey et al., 1983). This also corre-
sponds exactly with the decline of A. woodi (Bailey et al., 1982),
which is similarly transmitted by close bodily contact between live
bees. Thus, it was concluded that the risk of virus transmission is
increased by the additional contacts caused by confinement during
the usually active season (sudden failures of nectar flows, periods
of inclement weather) or ‘‘when too many colonies are kept for
the available nectar” (Ball and Bailey, 1997). The effects of these
non-seasonal factors may explain the irregular occurrence of the
disease observed in Britain (Bailey, 1967).

This may also help to explain the higher prevalence of the dis-
ease in areas such as the Black Forest region in Germany, where
colony density is very high compared to other areas of West
Germany or Britain (Ball and Allen, 1988). The clustering of indi-
viduals during winter has been considered to be less significant
for the transmission of Paralysis because bees are least active at
this time and less likely to damage each other within the colony
(Ball, 1999). This assumption does not necessarily imply that overt
disease will not lead to honey bee mortality during winter, as illus-
trated by serological detection of the virus in 19% of apiaries during
periods of honey bee mortality in the winters of 1999 and 2000 in
France (Faucon et al., 2002).

Infection per os, while less effective, may also contribute to the
dissemination of this virus via food sharing. Bees infected with
CBPV by injection transmitted the virus in the food that they
passed to normal bees (Bailey, 1965a), but the number of particles
transferred in this way was insufficient to cause disease (Bailey
et al., 1983). Bailey reports that the distended honey sacs of paral-
ysed bees can contain up to about 1011 particles of CBPV. More-
over, CBPV was detected in pollen samples (Ball, 1999; Chen
et al., 2006a). The virus is probably added to the pollen in the same
way as SBV (Bailey, 1976). For the latter, it was demonstrated that
the glandular secretions of infected foragers used for forming the
pollen loads contain high concentrations of virus. CBPV was de-
tected in the mandibular and hypopharyngeal glands of experi-
mentally infected honey bees (Blanchard et al., 2007) but also of
adult bees of seemingly healthy colonies (Ball, 1999). Unlike other
honey bee viruses, CBPV was not detected in honey or royal jelly
(Chen et al., 2006a). However, more information is required on
sample origin and status (apparently healthy or symptomatic col-
onies) to interpret these results and to assess the epidemiological
significance of transmission by food source. The variable presence
of CBPV in food may be due to differences in virus infection status
of the hives and of the honey bee samples studied. Thus, in a symp-
tomatic colony, wide virus distribution, including eggs and brood,
could be due to overt viral infection of adult bees excreting the
virus in their salivary gland secretions and their faeces (Ribière
et al., 2007).

Another way that CBPV might be transmitted is vertically via
the queen. The virus can be propagated by injecting the queen,
drone pupae or adults (Ball et al., 1985) or by feeding young
queens (Kulincevic and Rothenbuhler, 1989). Direct detection of
CBPV using molecular techniques in queens (Chen et al., 2005,
2006b) and in all developmental stages of their offspring includ-
ing eggs, has been reported (Blanchard et al., 2007; Chen et al.,
2006b), which raises the possibility of vertical transmission. CBPV
was detected in four queens out of 10, in three pools of 50 eggs
from these queens and in 10% of individual larvae (10/100). The
virus was detected in the eviscerated body of the queens and in
the haemolymph, but not in the other samples (head, gut, ovaries,
spermatheca and faeces) (Chen et al., 2006b). However, more
information is required on sample origin and status (apparently
healthy or symptomatic colonies) to be able to interpret and as-
sess the epidemiological significance of vertical transmission. His-
torical data suggest that susceptibility of bees to Paralysis was
linked to genetic differences between bees and that queens head-
ing colonies with the disease either transmit the virus itself or
pass on susceptibility to chronic paralysis (Bailey, 1965a, 1967;
Kulincevic and Rothenbuhler, 1975; Rinderer and Rothenbuhler,
1975). More research is needed to determine the genetic contri-
bution of bee susceptibility to CBPV infection (Ribière et al.,
2008). Moreover, Tentcheva and colleagues did not detect CBPV
in samples of pupae collected in apparently healthy colonies from
360 hives in France, during the spring, summer and autumn of
2002. However the virus was detected in 4% of adult bees during
the summer (Tentcheva et al., 2004). The sporadic detection of
this virus during the year in adults but not in brood suggests a
predominant horizontal transmission, and mirrors the sporadic
nature of the infection.
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To conclude, although the persistence of CBPV in colonies re-
mains poorly understood, several results suggest that: (a) persis-
tence of CBPV might result from the transmission of a few
particles between bees through food exchange, contact and even
transovarial transmission and (b) transmission by contact is pre-
dominant during disease outbreaks, when the excretion of contam-
inated faeces by sick bees can contaminate the inside of the hive
and when V. destructor may contribute to widespread dissemina-
tion of the virus.

Another question which has been raised is the possibility of per-
sistence of CBPV outside the hive, in the closed environment of
honey bee colonies. During field observations in three apiaries,
two of which were in a forest area, Celle et al. (2008) noted the
presence of ants carrying dead bees around hives presenting more
or less severe Paralysis symptoms. Two species of ants were
observed: russet ants, Camponotus vagus, a very common ant with
a world-wide distribution and Formica rufa, present in many conif-
erous and mixed-coniferous forests in the temperate zones of
Northern Europe and Asia (Jurgensen et al., 2005). Both ant species
seek honeydew but are also carnivorous. These field observations
led the authors to the idea that these other Hymenoptera might
disseminate the virus in the apiary environment. For the first time
the presence of CBPV was demonstrated in hosts other than A.
mellifera. The CBPV genomic load obtained for C. vagus sampled be-
tween the dead bees around a hive presenting few Paralysis symp-
toms was about 108, which is identical to the virus load detected in
the external bees sampled from this hive. Unexpectedly, a CBPV
genomic load of up to 1011 was detected in workers of C. vagus
sampled inside a stump (ant nest) at 10 m from a highly symptom-
atic hive (CBPV load in symptomatic bees from this hive: 1012). The
CBPV load was up to 106 in C. vagus pupae and up to 103 in a dead
alate ($) sampled in the same stump. Moreover, viral replication
was demonstrated by detection of the CBPV minus-strand RNA in
the C. vagus workers and pupae samples (Celle et al., 2008).

In F. rufa workers sampled around hives presenting Paralysis
symptoms, CBPV genomic loads ranged from 103 to 107 copies
per individual but CBPV minus-strand RNA indicating viral replica-
tion was not detected.

These results suggest that ants (C. vagus) may help to spread the
virus by increasing the amount of virus inside the nest and within
the apiary and may also serve as a virus reservoir in the apiary
environment. This fact would partially explain the recurrence of
Paralysis disease, which has often been observed during the sum-
mer period, every year in the same apiary (Giauffret et al., 1970).
Moreover, in some regions of mainland Europe outbreaks of Paral-
ysis occur when colonies are taken to forested areas to forage on
honeydew (Ball and Allen, 1988; Giauffret and Lambert, 1972).
The Black Forest region of Germany, for example, has been histor-
ically associated with symptoms corresponding to those caused by
CBPV (Ball and Allen, 1988). The ants might thus be a natural res-
ervoir for this bee virus. However, virus transmission between ants
and honey bees has not yet been demonstrated. Two hypotheses
can be suggested: (i) the ants may contract the virus by eating in-
fected bees; or (ii) the ants and bees may infect themselves while
collecting Cinara pectinatae honeydew. Celle et al. analysed a sam-
ple of honeydew-specific aphid, C. pectinatae, from the coniferous
forest area where the apiaries were located, but CBPV was not
identified in this aphid. This preliminary study needs to be repro-
duced with a more significant number of aphid as well as honey-
dew samples, to determine whether or not they play a role as a
virus reservoir and in outbreaks of Paralysis.

On another point, these results raise the question of whether
CBPV is only a honey bee virus able to infect ants or a virus with
various hosts. Further investigations are necessary to confirm the
precise role of ants in the spread of infection and as a potential
virus reservoir.
Knowledge of: (i) how and where CBPV spreads and persists and
(ii) what can induce Paralysis outbreaks, is fundamental before an
appropriate disease control programme can be designed.
7. Geographical and seasonal distribution and impact

With world-wide distribution, CBPV has been directly detected
by serological methods in extracts of dead adult A. mellifera, con-
firming the presence of chronic paralysis on every continent (Bai-
ley, 1965b, 1967) except South America, where it has been
detected by molecular techniques (Antúnez et al., 2005; Blanchard
et al., 2009). The presence of CBPV has not been confirmed in the
Caribbean region (Allen and Ball, 1996).

Sensitive molecular detection of CBPV performed on the same
colonies at various times of the year produced successive positive
or negative results: apparently healthy live individuals were found
to harbour CBPV in July but not in October (Ribière et al., 2002).
Tentcheva et al. (2004) also reported sporadic detection of CBPV
throughout the year in adult bees sampled from 360 apparently
healthy colonies in different regions of France. The virus was al-
ways detected at low frequencies (in at most 4% of colonies during
summer). Despite these low frequencies, CBPV was found in adult
bees in 28% of the 36 apiaries surveyed (Tentcheva et al., 2004).
Thus, these molecular studies raise the issue of how CBPV persists
and spreads in bee populations at such low frequencies and
whether the detection of inapparent endemic infections can help
to predict the probability of overt infections. Moreover, these stud-
ies, based on the analysis of bees sampled inside the hive and using
the first RT-PCR test developed, could have underestimated virus
occurrence (see paragraph on diagnosis).

Concerning the seasonal distribution and impact of the disease,
studies undertaken between 1977 and 1979 showed that the mean
percentage of 25 colonies overtly infected with CBPV varied from
over 50% to less than 5% during the period of investigation (Bailey
et al., 1981). These infections were apparently localised in two
groups of colonies, suggesting that unknown environmental
factors might influence disease outbreaks in apparently healthy
colonies where CBPV persists. Historical data indicate that in the
mid-1990s, CBPV was detected as a cause of unusual and severe
adult bee mortality in the Canary Islands. More than 75% of
samples of dead adult bees collected in the spring and early
summer contained large amounts of virus, enough to be detected
serologically in immunodiffusion tests. The increased prevalence
of CBPV in these islands may have been associated with high
colony densities or possibly with increased susceptibility to
infection due to inbreeding (Ball, 1999).

In France, CBPV has been detected by serological methods in ex-
tracts of dead adult A. mellifera, thus confirming that overt disease
may occur at any time of the year (Faucon et al., 2002). Overt dis-
ease can lead to honey bee mortality during the winter, as illus-
trated in 19% of apiaries in the winters of 1999 and 2000 in
France (Faucon et al., 2002). However, the highest rates of bee
mortality in front of the hives occurred in spring and summer
(Giauffret et al., 1967; Ribière et al., 2002). For a long time French
beekeepers have considered this disease to be a spring disease, but
nowadays they observe trembling bees at their hive entrances
throughout the apicultural season (spring to late summer) and
send samples to laboratories for analysis (Blanchard et al.,
2008b). During the 2007 apicultural season, numerous cases of
bee mortalities with Paralysis symptoms were reported. Prelimin-
ary results obtained for 50 hives, across 23 French départements
(administrative areas), from apiaries with significant mortality
rates and/or trembling symptoms observed from March 2007 to
October 2007, indicate the major role played by Paralysis in bee
mortalities. The genomic load was higher than 1010 copies of the
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viral genome in 62% of the cases and between 107 and 1010 in 16%
of the cases (Blanchard et al., 2008b).

All these observations of Paralysis outbreaks during the sum-
mer match the historical description of the Paralysis disease of se-
verely affected colonies suddenly collapsing, particularly at the
height of the summer and typically leaving the queen with a few
workers on neglected combs. However, the global impact of this
disease on the survival of ‘‘overtly infected” colonies and on the
general phenomenon of colony weakening is not known. Paralysis
induces worker losses sometimes involving thousands of individu-
als which can then cause the collapse of some colonies. French bee-
keepers regularly complain of worker losses, but these losses and
their impact are difficult to estimate, in part because some bees
probably die in the field and not in front of the hive. Up to now,
the number of colonies affected by this syndrome per apiary and
per year has not been documented.

8. Conclusion

CBPV has been detected in all seasons and sporadic occurrence
of Paralysis disease has been reported on multiple continents.
Paralysis does not induce massive colony losses but can be respon-
sible for severe losses of workers during the apicultural season. The
impact of this infection on the development of the affected hives is
not completely understood, but this virus is a risk factor which can
lead to weakened colonies. The symptoms of trembling and crawl-
ing bees at the hive entrance can also be attributed to other dis-
eases and/or to chemical intoxications. Moreover, after Paralysis
outbreaks, the only observable clue indicating that colonies are af-
fected is the presence of dead workers in front of the hives, which
could result from various causes. This is why it is so important to
develop validated diagnostic methods able to distinguish between
the various causes inducing weakening and loss of colonies. CBPV
is a widespread viral infection which probably occurs at low levels
in a few individuals in most colonies at some time of the year.
Thus, it is crucial to obtain appropriate samples when studying
the infection. Infected colonies are usually considered to be healthy
by beekeepers, although they may occasionally experience the loss
of many individuals from Paralysis (Ball, 1999). Further research is
still needed to better understand the factors inducing these out-
breaks and to estimate the disease’s impact. Field data indicate that
Paralysis outbreaks are more prevalent in the spring and summer.
This may be linked to environmental factors such as unseasonal
bad weather, which may favour disease development by increasing
the frequency of contacts between infected and non-infected indi-
viduals, food exchange and exposure to contaminated faeces. The
same situation may occur when too many colonies are kept for
the available local forage, as is sometimes the case for commercial
honey production in intensive agricultural areas. Other environ-
mental factors, such as foraging in forests for honey dew, may be
involved in the development of disease outbreaks. Demonstrating
the presence of CBPV as either an inapparent or an overt infection
in honey bee colonies illustrates the need for more information on
the real impact of the disease and for a better understanding of the
epidemiology of this virus. Once these data become available, pro-
phylactic means can then be developed to better protect honey bee
colonies.
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