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A survey of six bee viruses on a large geographic scale was undertaken by using seemingly healthy bee
colonies and the PCR technique. Samples of adult bees and pupae were collected from 36 apiaries in the spring,
summer, and autumn during 2002. Varroa destructor samples were collected at the end of summer following
acaricide treatment. In adult bees, during the year deformed wing virus (DWV) was found at least once in 97%
of the apiaries, sacbrood virus (SBV) was found in 86% of the apiaries, chronic bee paralysis virus (CBPV) was
found in 28% of the apiaries, acute bee paralysis virus (ABPV) was found in 58% of the apiaries, black queen
cell virus (BQCV) was found in 86% of the apiaries, and Kashmir bee virus (KBV) was found in 17% of the
apiaries. For pupae, the following frequencies were obtained: DWV, 94% of the apiaries; SBV, 80% of the
apiaries; CBPV, none of the apiaries; ABPV, 23% of the apiaries; BQCV, 23% of the apiaries; and KBV, 6% of
the apiaries. In Varroa samples, the following four viruses were identified: DWV (100% of the apiaries), SBV
(45% of the apiaries), ABPV (36% of the apiaries), and KBV (5% of the apiaries). The latter findings support
the putative role of mites in transmitting these viruses. Taken together, these data indicate that bee virus
infections occur persistently in bee populations despite the lack of clinical signs, suggesting that colony disease
outbreaks might result from environmental factors that lead to activation of viral replication in bees.

The honey bee, Apis mellifera L., is subject to many viral
infections, and a total of 15 viruses have been identified in this
species and characterized (4, 8). The most commonly observed
and best known honey bee viruses are 30-nm isometric parti-
cles containing a single-stranded positive RNA. These viruses
include sacbrood virus (SBV) and deformed wing virus
(DWV), which are assigned to the genus Iflavirus, and Kashmir
bee virus (KBV), acute bee paralysis virus (ABPV), and black
queen cell virus (BQCV), which are classified as members of
the genus Cripavirus (family Dicistroviridae) (24). The chronic
bee paralysis virus (CBPV) remains unclassified. According to
epidemiological data, the distribution of these viruses in honey
bee colonies appears to be worldwide (1), most likely resulting
from intensive exchanges of honey bee stocks throughout the
world.

Two of these viruses, SBV and CBPV, produce clinical signs
that are clearly identifiable by beekeepers, whereas the major-
ity of the viruses are believed to cause persistent, usually in-
apparent infections in honey bees (3, 6, 17, 20), and their
associations with colony mortality remain unexplained (10, 25).

The increased number of A. mellifera L. bee colony collapses
in several European countries, especially France, during the
last decade has resulted in great interest in honey bee toxicol-
ogy and pathology. Two principal hypotheses might explain
these collapses. One of these hypotheses is that the rapid dis-
semination of the ectoparasitic mite Varroa destructor (5) in
A. mellifera L. colonies is the main cause. This mite is now wide-
spread in Europe, North Africa, Asia, and the Americas, and

colony death occurs in 2 years if the mite infestation is not
controlled by acaricide treatments. The collapse of bee colo-
nies severely infested by V. destructor has long been attributed
to viruses and has been described as bee parasitic mite syn-
drome (29). Generally, two hypotheses are cited that could
explain the deleterious effects of varroa parasitism on honey
bee colony decline. First, the mite can act as a vector and can
directly inject virus particles into the insect hemolymph (11);
the detection of several bee viruses in varroa mites and the
high virus load strongly support this hypothesis (2, 9, 14, 31).
Second, the mite can also trigger virus replication by a simple
mechanical effect, cuticle piercing, or by injection of external
proteins into the insect hemolymph (18). The latter hypothesis
is supported by several studies that demonstrated that there
was reactivation of viruses already present in the insect follow-
ing experimental inoculation (3, 17). However, the association
between parasitic mite syndrome and viruses is still controver-
sial (21). The mechanisms by which viruses could be reacti-
vated in insects are not fully understood, and predisposing
factors other than mite parasitism might play a role in this
phenomenon; such factors include coinfection with bacteria or
protozoans (7) and the effects of chemicals released into the
environment (13, 15, 16). The latter factor is suspected to play
a role in triggering viral disease outbreaks in mammals (32), as
well as in insects (22).

The study of the impact of viral diseases on honey bee
colonies suffers from a lack of data concerning bee virus prev-
alence, particularly in asymptomatic colonies. The great diver-
sity of viruses isolated from honey bees, the lack of specific
clinical signs, and the limited availability of tools for rapid and
large-scale diagnoses are partially responsible for this situa-
tion. Complete or partial sequencing of several RNA viruses of
the honey bee has allowed the recent development of highly
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sensitive methods for detection based on amplification by re-
verse transcription-PCR (RT-PCR) of specific viral sequences.
Originally developed for diagnosis of human and animal RNA
viruses, these methods have been successfully adapted to iden-
tify several RNA bee viruses, including SBV, KBV, CBPV,
ABPV, BQCV, and DWV (12, 19, 28, 30, 31).

We report here the first survey, covering a 1-year period, of
the prevalence and seasonal variations of six bee RNA viruses
in French apiaries based on large-scale sampling of adult bees,
brood, and varroa mites having different geographic origins.
The samples were collected at three times (in the spring, sum-
mer, and autumn of 2002) from seemingly healthy colonies and
were analyzed by using the RT-PCR technology for virus iden-
tification.

MATERIALS AND METHODS

Bee and varroa mite sampling. A list of 1,307 volunteer beekeepers was kindly
provided by French technical and professional organizations of beekeepers. A
cohort of 100 beekeepers was randomly selected, and 36 beekeepers were even-
tually found to participate in this survey. A varroa-free apiary (apiary 429),
located on Ouessant Island in the Brittany region, was included in this study. The
distribution of the 36 apiaries in France is shown in Fig. 1.

Ten colonies were randomly identified in each apiary. These colonies were
checked for the absence of clinical signs and were considered to be valid for

honey production. Samples of adult bees (10 g or approximately 100 individuals)
and brood (30 pupae) were collected at three times during 2002: in the spring
(from March to 15 June), summer (from 16 June to 15 August), and autumn
(from 16 August to November).

Varroa mites (100 mites per beehive) were collected at the end of August or
beginning of September following colony treatment with an acaricide (Amitraz).

The samples were collected by beekeepers and immediately sent to the labo-
ratory by express mail. The pupae were removed from their puparia by using
toothpicks upon reception, and the samples were frozen at �20°C.

Sample preparation and PCR analysis. The frozen samples were crushed in a
mortar in the presence of liquid nitrogen and were homogenized in 10 mM
Tris–400 mM NaCl buffer (pH 7.5). After homogenization, the samples were
centrifuged for 10 min at 5,000 � g to clarify them. An aliquot of supernatant was
used for extraction of total RNA with a Nucleospin RNA-II kit (Macherey-
Nagel) used according to the supplier’s recommendations. Total RNA was re-
suspended in water and quantified by spectrophotometry. An average of 2 �g of
total RNA was retrotranscribed at 25°C for 10 min and at 50°C for 1 h with a
Thermoscript RT-PCR kit (Invitrogen) by using random hexamers. A passive
RNA reference (5 � 107 copies of tobacco mosaic virus strain INRA, which was
gift from B. Alliot, ENSAM Montpellier) was introduced into each sample
during RNA preparation to monitor the efficiency of RNA purification and
cDNA synthesis and to reveal the presence of PCR inhibitors in the samples.

PCR assays were done as follows. Five microliters of cDNA (1/10 dilution with
water) was mixed with 5 �l of 10� buffer (100 mM Tris-HCl [pH 9], 500 mM
KCl, 15 mM MgCl2, 1% Triton X-100, 2 mg of bovine serum albumin per ml),
1 �l of a solution containing each deoxynucleoside triphosphate at a concentra-
tion of 10 mM, each primer at a concentration of 0.4 �M, and 1 U of Taq
polymerase (Q-Biogen); the final volume of the mixture was 50 �l. The mixture
was heated for 2 min at 95°C, and this was followed by 35 amplification cycles (30
s at 95°C, 30 s at 56°C, and 1 min at 72°C) and then by 7 min at 72°C to complete
the polymerization. PCR products were analyzed by 1.5% agarose gel electro-
phoresis. The primers used in the assays are shown in Table 1. The SBV, BQCV,
and ABPV primers were designed from viral genomic sequences deposited in the
GenBank database under accession numbers AF092924, AF183905, and AF150629,
respectively, and the corresponding PCR amplicons were sequenced to ensure
their specificity.

Statistical analysis. The results were expressed as the presence or absence of
a virus in an apiary or in a colony. The data include data for adult bees, bee
pupae, and varroa samples collected in the three seasons. The independence of
the variables was estimated with a chi-square test, including Yates correction, by
using the Statbox software (Grimmersoft).

Nucleotide sequence accession numbers. The sequences of some isolates were
deposited in the GenBank database under accession numbers AY669845,
AY669846, AY669847, AY669848, AY669849, AY669850, AY669851, AY669852,
and AY669853.

RESULTS

Virus frequencies in apiaries. The data for PCR detection of
six bee viruses in the 36 apiaries are shown in Table 2. Except
for apiary 429 (Ouessant Island), where no virus and no varroa
were ever detected, viruses were found in all of the apiaries
analyzed. No significant differences between geographical re-
gions were observed. A large majority of the apiaries were
found to be infected by several viruses, as 92% of the apiaries
were found to be positive for at least three different viruses

FIG. 1. Distribution of the 36 apiaries where samples were col-
lected in France. The reference numbers of the apiaries are indicated.

TABLE 1. Primers used for PCR diagnosis

Virus Forward primer Reverse primer Length (bp)a Reference

DWV TTTGCAAGATGCTGTATGTGG GTCGTGCAGCTCGATAGGAT 395 30
SBV GGATGAAAGGAAATTACCAG CCACTAGGTGATCCACACT 426
CBPV AGTTGTCATGGTTAACAGGATACGAG TCTAATCTTAGCACGAAAGCCGAG 455 27
ABPV TGAGAACACCTGTAATGTGG ACCAGAGGGTTGACTGTGTG 452
BQCV GGACGAAAGGAAGCCTAAAC ACTAGGAAGAGACTTGCACC 424
KBV GATGAACGTCGACCTATTGA TGTGGGTTGGCTATGAGTCA 393 29
TMVb AAAAACAGTCCCCAACTTCC AAGGAGGATTCTCTCGCTGT 600

a Length of DNA fragment amplified.
b TMV, tobacco mosaic virus.
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(31% of the apiaries contained three viruses, 36% contained
four viruses, and 25% contained five viruses). As a whole,
higher virus frequencies were detected in adult populations
than in brood populations. In adults during the year DWV was
found at least once in 97% of the apiaries, SBV was found in
86% of the apiaries, CBPV was found in 28% of the apiaries,
ABPV was found in 58% of the apiaries, BQCV was found in
86% of the apiaries, and KBV was found in 17% of the api-
aries. For pupae, the following frequencies were obtained:
DWV, 94% of the apiaries; SBV, 80% of the apiaries; CBPV,
none of the apiaries; ABPV, 23% of the apiaries; BQCV, 23%
of the apiaries; and KBV, 6% of the apiaries (Table 3). CBPV
was never detected in pupae. To avoid misinterpretation due
to sequence homologies between ABPV and KBV, we se-
quenced the KBV amplicons. They were all 98% identical to

the KBV sequence deposited in the GenBank database (acces-
sion no. AF197905).

The analysis performed with samples collected in the spring,
summer, and autumn showed that the majority of the colonies
were infected only once or twice during the year (designated
variable), as shown in Fig. 2. These results were due to the
appearance of newly infected colonies during the year or to
positive colonies that were reported to be negative later in the
year.

Viral infections were distributed differently among colonies
of the same apiary. Figure 3 shows the percentages of apiaries
in which 0 to 10 of 10 colonies were found to be positive for
DWV, SBV, BQCV, or ABPV when adults or pupae were
examined. The data for CBPV and KBV are not shown due to
the few cases reported for these viruses. In adult bees, DWV,
SBV, and BQCV infections were prevalent in a large majority
of the colonies in each apiary, whereas ABPV infections were
often found in few colonies in the same apiary.

Seasonal variation of viral infections. A total of 360 colonies
were analyzed in the spring, summer, and autumn of 2002.
Although virus infections were detected during the year, some
seasonal variations in virus frequencies were observed with
both adults and pupae (Fig. 4). SBV was prominently found in
the spring and summer in both adults and pupae (for spring
adults versus summer adults, df � 1, �2 � 31.03, and P � 0.001;
for summer adults versus autumn adults, df � 1, �2 � 9.91, and
P � 0.001; for spring pupae versus summer pupae, df � 1, �2 �
8.94, and P � 0.001; for summer pupae versus autumn pupae,
df � 1, �2 � 3.17, and P � 0.07). In adults, the SBV frequen-
cies in colonies were 44, 64, and 26% in the spring, summer,

FIG. 2. Frequencies of bee virus infections in samples of adult bees
(A) and pupae (B) collected from 360 colonies. The data are expressed
as percentages. The detection of DWV, SBV, CBPV, ABPV, BQCV,
or KBV in the spring, summer, and autumn in the same colony is
referred to as stable. Viral infections that were detected once or twice
during the year in the same colony are referred to as variable. Not
detected refers to colonies in which virus was not detected at any time
of the year.

FIG. 3. Percentages of apiaries in which 0 to 10 colonies were
infected by DWV, SBV, BQCV, or ABPV at the adult or larval stage.

TABLE 3. Frequencies of infected apiaries during 2002

Virus
Frequency (%)a

Adults Pupae Mites

DWV 97 94 100
SBV 86 80 45
CBPV 28 0 0
ABPV 58 23 36
BQCV 86 23 0
KBV 17 6 5

a An apiary was considered positive for DWV, SBV, CBPV, ABPV, BQCV, or
KBV if at least 1 of 10 colonies was positive in the spring, summer, or autumn.
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and autumn, respectively. In pupae, the values were 13, 18,
and 3%, respectively. The same distribution was observed for
BQCV infections in adults, as the frequencies were 49, 58, and
36% in the spring, summer, and autumn, respectively (for
spring adults versus summer adults, df � 1, �2 � 21.56, and
P � 0.001; for summer adults versus autumn adults, df � 1,
�2 � 21.48, and P � 0.001). In contrast, the DWV infections
increased during the year both in adults and in pupae. The
recorded DWV frequencies in the spring, summer, and au-
tumn were 56, 66, and 85%, respectively, for adults (for spring
adults versus summer adults, df � 1, �2 � 34.88, and P � 0.001;
for summer adults versus autumn adults, df � 1, �2 � 20.55,
and P � 0.001) and 16, 38, and 54%, respectively, for pupae
(for spring pupae versus summer pupae, df � 1, �2 � 16.01,
and P � 0.001; for summer pupae versus autumn pupae, df �
1, �2 � 26.83, and P � 0.001). Similarly, ABPV infections were
prominently found during the summer in adult bees (for sum-
mer adults versus autumn adults, df � 1, �2 � 11.42, and P �
0.001). Conversely, KBV infections tended to regress in au-
tumn, while CBPV infections were detected throughout the
year but at low frequencies.

Bee viruses in varroa. We received varroa samples from only
22 of the 36 apiaries. Four different viruses were detected in
mites; DWV was present in 100% of the apiaries, SBV was
present in 45% of the apiaries, ABPV was present in 36% of
the apiaries, and KBV was present in 5% of the apiaries (Table
2). No BQCV or CBPV was detected in mites. The frequencies
calculated for the colonies from which mite samples were col-
lected were slightly different, as follows: 98% for DWV, 14%
for SBV, 10% for ABPV, and 1% for KBV (Fig. 5). Four

distinct viruses were detected in the mites collected from api-
ary 1182, and three distinct viruses were detected in the mites
collected from apiaries 802, 28, and 727 (Table 2).

DISCUSSION

Several reports on the presence of honey bee viruses in
A. mellifera L. populations in different countries have been
published (6, 10, 20, 23, 25, 27), some of them before the
spread of V. destructor in Europe. Most of these reports were
based on symptomatic or dead bees collected at the hive en-
trance, sometimes after colony collapse; i.e., most of the time
the data were obtained from a few samples that were not
representative of the natural occurrence of virus infections in
bee colonies. Moreover, the techniques used for virus detec-
tion, which were essentially based on serology, did not permit
the workers to detect the low virus levels typical of persistent
inapparent infections.

Here, we describe the first survey of the prevalence of six
honey bee viruses in seemingly healthy bee colonies randomly
chosen from 36 apiaries, in which the RT-PCR technique was
used. The samples came from different geographic areas in
France, including plains with intensive industrial crops, valleys,
and mountains.

DWV. Of the six viruses identified by PCR in this study,
DWV was by far the most frequently detected in colonies, both
in bee samples (adults and brood) and in varroa mites. For
adults and pupae, the frequency of DWV-infected colonies
increased from spring to autumn. The seasonal variations in
DWV incidence were much more pronounced for pupae than
for adult bees. In mites, DWV was found in 98% of the sam-
ples analyzed. These data confirm the putative role of varroa in
the transmission of this virus (14, 26, 31). Interestingly, a large
number of DWV-positive colonies were detected both for
adult bees and for pupae or larvae throughout the year. Ac-
cording to Bailey and Ball (8), DWV is thought to be respon-
sible for wing deformities when infection occurs during the
white-eyed pupation stage of bee development. However, the
mechanisms that lead to these symptoms are not clearly un-
derstood, and usually only a few bees in a colony severely
infested by V. destructor display such deformities. DWV has
been cited as potentially responsible for bee colony collapse
(25), but other studies have shown that this virus might be
considered poorly pathogenic (14, 31).

FIG. 4. Seasonal variation of viral infection rates in honey bee
colonies.

FIG. 5. Prevalence of viral infections in V. destructor samples.
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SBV. The sacbrood virus was also found in the majority of
bee colonies and was found more frequently in adults than in
pupae, but unlike DWV, the SBV frequencies were much
higher during the spring and summer. Similar SBV frequencies
were previously found in healthy workers and pupae in Aus-
tralia by an indirect SBV detection method (3). Likewise,
Bailey and coworkers found that 33% of apparently healthy
colonies examined in Great Britain were infected, with few
larvae exhibiting sacbrood clinical signs (6). This latter work
also showed that the occurrence of sacbrood was greater in the
spring and in the summer. The seasonal variation in sacbrood
virus frequencies observed both in adult bees and in pupae
might reflect a difference in bee susceptibility to the virus or
changes in the environment, such as the quality of the pollen
consumed by larvae. Bees could also develop a kind of molec-
ular defense mechanism to reduce virus multiplication. How-
ever, we cannot exclude the putative role of V. destructor in
SBV propagation as the chi-square test showed that there was
a positive correlation between the prevalence of SBV in varroa
samples and the presence of SBV in adults (df � 1, �2 � 0.26,
P � 0.61) and pupae (df � 1, �2 � 1.57, P � 0.21) in samples
collected in the summer.

BQCV. BQCV was very prevalent in colonies, especially in
the adult bee population, in which the frequency reached 58%
in the summer. In pupae, however, BQCV infections were
scarcely detected; the maximum frequency was 2% in the sum-
mer. As shown in Table 2, adults in 24 apiaries were found to
be positive for this virus throughout the year, which is an
indication that BQCV infections (probably inapparent infec-
tions) can be maintained throughout the year. It was reported
previously that this virus is found in close association with the
protozoan Nosema apis, a parasite of the honey bee, and that
in laboratory conditions per os infection of adult bees with
BQCV is totally dependent on the presence of the parasite (7).
The prevalence of N. apis infections in the samples which we
analyzed (data not shown) may confirm these observations.
Dissemination of BQCV by varroa mites appears to be im-
probable as this virus was never detected in any of the mite
samples that we examined.

CBPV. Likewise, all the varroa samples that we analyzed
were negative for CBPV. These results suggest that the con-
tribution of mites to the dissemination of this virus in the
colony, if any, is small. Our data showed that CBPV was found
only in adult bees, and the maximum frequency in colonies was
only 4%, while CBPV infections recorded throughout the year
occurred in 28% of the apiaries involved in our study (Table 2).
The sporadic detection of CBPV during the year suggests that
this virus might persist at undetectable levels in healthy colo-
nies. Even if CBPV was shown to replicate in larvae after
experimental inoculation (8), no CBPV could be detected in
larvae or pupae in the samples that we examined. Taken to-
gether, our findings for CBPV prevalence are in agreement
with previous observations showing that outbreaks of severe
disease are erratic and exhibit no seasonal pattern (6, 28) and
that CBPV transmission might result preferentially from con-
tact between adults of the same colony (8).

ABPV. ABPV is known to persist as inapparent infections in
seemingly healthy bee colonies (6), but its presence was found
to be correlated with the mortality of colonies infested with V.
destructor (1). Twenty of the 195 varroa samples that we ex-

amined were positive for ABPV. The incidence of the virus in
colonies was higher in the summer and autumn. Compared to
the population dynamics of V. destructor, this suggests that the
mite has a role in spreading this virus. However, the virus was
also present in bee samples from apiaries where no ABPV-
positive varroa mites were detected, suggesting that ABPV
transmission may occur by contact between individual bees.
The presence throughout the year of ABPV-positive adult
bees in 21 of the 36 apiaries (Table 2) indicates that persis-
tent ABPV infections can occur in honey bee colonies.

KBV. KBV has been found frequently in Australia and in the
United States but had never been identified in France previ-
ously. Here, we report the presence of KBV in 6 of 36 apiaries,
and despite its lower prevalence, the distribution pattern of
KBV appears to be slightly different than that of ABPV as the
viral infections were shown to regress in autumn.

The data presented here clearly show that virus infections in
apiaries are quite common. Furthermore, multiple infections
were the rule in all the apiaries, and no significant geographical
localization could be established for a given virus. These results
provide clear evidence that bee virus infections occur persis-
tently in bee colonies, despite the lack of clinical signs. One of
the consequences of this is that outbreaks of virus disease
leading to colony collapse probably result from external factors
that provide favorable conditions (i) for the dissemination of
the virus between individuals of the same colony and between
different colonies and (ii) for the spread and replication of a
virus from primary infection sites (e.g., gut epithelial cells) to
critical targets (e.g., the nervous system) in bees. Although the
lack of virus detection for apiary 429 (Ouessant Island) can be
related to the geographical isolation of this apiary, it is worth
noting that this finding correlates very well with the lack of
varroa mites on the island. The high frequencies of viruses in
mites suggest that V. destructor probably contributes efficiently
to the outbreak of bee virus diseases, acting both as a vector
and as an activator of virus replication. The latter phenomenon
is a very challenging field for understanding the relationships
among viruses, honey bee colonies, and V. destructor better.
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