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Abstract — Honey bee (Apis mellifera L.) colonies are subjected to many persistent viral infections that
do not exhibit clinical signs. The identification of criteria that could identify persistent or latent infections
in bee colonies is a challenging task for field investigators and beekeepers. With this aim in view, we
developed a molecular method to estimate the viral loads for six different RNA viruses in bee and mite
individuals collected from seemingly healthy colonies (360 colonies). The data showed very large viral
titres in some samples (>10° copies per bee or mite). Discrepancies between adults and pupae viral RNA
loads and, in several instances, significant seasonal variations among viruses were observed. The high titres
of some RNA viruses recorded in mites confirm that Varroa destructor could promote viral infections in

colonies.

Apis mellifera | Varroa destructor [ quantitative PCR / viral load

1. INTRODUCTION

More than fifteen viruses have been de-
scribed from honey bees to date, most of which
are 30 nm isometric particles containing a
single positive strand RNA (Bailey and Ball,
1991). The complete genomic sequences from
several of these are now available in the public
DNA sequence data bases. These include, on
one hand, sacbrood virus (SBV) (Ghosh et al.,
1999), deformed wing virus (DWV) (Lanzi
et al., 2006) and Kakugo virus (KV) (Fujiyuki
et al., 2004) assigned to the genus Iflavirus,
and, on the other hand, Kashmir bee virus
(KBV) (de Miranda et al., 2004), acute bee
paralysis virus (ABPV) (Govan et al., 2000)
and black queen cell virus (BQCV) (Leatet al.,
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2000) classified as Cripavirus (family Di-
cistroviridae). The chronic bee paralysis virus
(CBPV) remains unclassified (Ribiére et al.,
2002). According to epidemiological stud-
ies (Tentcheva et al., 2004b; Antunez et al.,
2006; Berenyi et al., 2006; Chen et al., 2006),
these viruses appear to be prevalent in honey
bee colonies, a situation resulting most likely
from intensive exchanges of honey bee stocks
throughout the world and from the epizooty
due to the ectoparasitic mite Varroa destructor
Anderson & Trueman. This hematophagous
mite is a potent vector or activator of several
bee viruses, both in immature and in adult
developmental stages (Bowen-Walker et al.,
1999; Martin, 2001; Nordstrom, 2003; Chen
et al., 2004; Shen et al., 2005; Tentcheva et al.,
2006).

Because viruses are factors which may con-
tribute to colony losses, several identifica-
tion methods using classical PCR assays have
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been developed (Stoltz et al., 1995; Benjeddou
et al.,, 2001; Grabensteiner et al.,, 2001;
Bakonyi et al., 2002; Ribiere et al., 2002;
Ongus et al., 2004; Tentcheva et al., 2004a;
Genersch, 2005). Among the methods avail-
able for quantifying a specific RNA from
environmental microbial samples, the appli-
cation of reverse transcription (RT) in con-
junction with real time quantitative PCR al-
lows for the rapid analysis of large number
of samples while maintaining a high degree
of both sensitivity and specificity (Freeman
et al., 1999; Bustin and Nolan, 2004). This
method was recently developed for analysing
viral RNA loads from individual bees or mites
(Chen et al., 2005; Blanchard et al., 2006;
Chantawannakul et al., 2006; Tentcheva et al.,
2006), as well as in different infected bee or-
gans (Fievet et al., 2006).

Howeyver, the evaluation of viral loads from
individual bees may not necessarily reflect the
situation prevailing at the colony level that
must be taken into account when studying so-
cial insects. In order to get a better insight
into the sanitary status in a given beehive or
bee apiary, we have developed a protocol for
the quantification of six RNA viruses (DWYV,
SBYV, CBPV, ABPYV, BQCV and KBV) at the
colony level and we report here the statisti-
cal distribution of the viral loads recorded in
360 honey bee colonies in France where these
6 viruses were previously detected (Tentcheva
et al., 2004b).

2. MATERIALS AND METHODS

2.1. Bee and Varroa destructor mite
sampling

Bee and mite samples were collected from 360
seemingly healthy bee colonies, as previously de-
scribed (Tentcheva et al., 2004b). Ten colonies were
sampled from each of 36 apiaries. Each colony was
carefully checked for the absence of any clinical
signs of disease. A V. destructor-free apiary (#429)
located on Ouessant Island, Brittany region, was in-
cluded in this study. The distribution of the 36 api-
aries covered the whole French territory. Each bee
sample consisted of pools of 100 adult bees or 30
bee pupae collected at three times during 2002: in
spring (from March to 15th June), summer (from

16th June to 15th August) and autumn (from 16th
August to November). The bee samples were har-
vested by beekeepers, placed in cardboard boxes
and immediately sent to the laboratory by express
mail. The adult bee samples were received alive in
Montpellier and stored at —20 °C before RNA ex-
traction processing. The pupae were removed from
their puparia using toothpicks immediately after re-
ception and stored at —20 °C. Mite samples (a hun-
dred per colony) were collected in the end of Au-
gust or beginning of September, following colony
treatment with acaricide.

2.2. Sample preparation and cDNA
synthesis

The samples were prepared for total RNA ex-
traction as described (Tentcheva et al., 2004b).
Adult bees (100 individuals), pupae (30 individu-
als) and mites (100 individuals) were crushed in a
mortar in the presence of liquid nitrogen and ho-
mogenised in 20 mL, 6 mL or 0.2 mL TN buffer
(10 mM Tris; 400 mM NaCl; pH 7.5), respectively.
After clarification, 50 uL of supernatant was col-
lected and used for total RNA extraction using the
Nucleospin RNA-II® kit (Macherey-Nagel) follow-
ing supplier’s recommendations. About 10 ug of to-
tal RNA was purified from each sample and 2 pg
was retro-transcribed at 25 °C for 10 min and at
50 °C for one hour with the Thermoscript® RT-PCR
kit (Invitrogen) using random hexamers. A master
mix was used for cDNA synthesis. The cDNA was
eventually diluted 10 fold in water and stored at
—20 °C or processed for PCR assays.

An exogenous internal reference RNA (Johnson
et al., 2005) consisting of 5 x 107 copies of To-
bacco Mosaic Virus (strain INRA — personal gift of
Dr B. Alliot, ENSAM Montpellier) was introduced
into each sample during total RNA preparation. The
TMV was quantified by spectrometry. This allowed
us to monitor the efficiency of RNA purification and
cDNA synthesis steps, and to reveal the presence
of PCR inhibitors in the samples (Tentcheva et al.,
2006).

2.3. Quantitative PCR assays

Samples were quantified on an ABI PRISM
7000® apparatus (Applied Biosystems) using the
SYBR Green I 2X Reaction System® kit (Euro-
gentec) according to a published protocol (50 °C
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2 min, 95 °C 10 min and 40 cycles: 95 °C 15 s,
60 °C 1 min) (Tentcheva et al., 2006). For each anal-
ysis, 5 uL of the diluted cDNA was deposited in
duplicates on 96 well PCR plates (Thermo-fast®,
Abgene) sealed with an optical adhesive cover
(Applied Biosystems). The fluorochrome ROX (6
Carboxy-X-Rhodamine, Interchim) was included in
the reaction mix at 0.5 uM final concentration as a
passive reference used to normalise the signal be-
tween each 96 wells of the PCR plate. Non-template
controls (water) were included in triplicates in each
assay. After several trials, the primer concentrations
were fixed at 0.2 uM. The specificity of the am-
plicons synthesised during the PCR run was ascer-
tained by performing a dissociation curve protocol
from 60 °C to 95 °C.

Viral analysis were not normalized according to
their corresponding TMV RNA control values but
invalidated if these values were out of the 95%
interval of confidence of the TMV RNA popula-
tion recorded on the PCR plate. Likewise, dupli-
cates displaying a coefficient of variation greater
than 20% were rejected and analysed again in trip-
licates.

2.4. Primers design

Primers were designed for maximum PCR ef-
ficiency from viral genome sequences deposited
in GenBank using the Primer Express® software
(Applied Biosystems). Primer sequences are pre-
sented in Table I. Due to BQCV sequence varia-
tions in the RNA dependent RNA polymerase do-
main, some BQCV positive samples (n = 122)
were quantified using a pair of primers matching in
the BQCYV helicase domain (GenBank: AF125252).
The corresponding calibration curves were obtained
from tenfold dilutions of a BQCV positive cDNA
(#10511IA05). Primers used for quantification of
the exogenous RNA reference (TMV) were de-
scribed previously (Tentcheva et al., 2006).

2.5. Calibration curves

In order to estimate the number of virus genome
equivalent copies in the samples, virus specific PCR
amplicons were produced using primers described
in Table I. These amplicons were generated using
standard PCR conditions (95 °C 2 min then 35 cy-
cles [95 °C, 30 s; 56 °C, 30 s; 72 °C, 1 min] and a
7 min step at 72 °C to complete the polymerisation).

The length of the amplicons was designed for en-
compassing the short viral sequence target used in
the quantitative PCR assays. These amplicons were
gel purified and aliquots were used for measuring
their DNA concentration using a fluorescent assay
according to manufacturer’s procedure (Picogreen®
Molecular Probes). For each quantitative PCR as-
say, ten fold serial dilutions in water were made
and each dilution was processed in triplicates on the
same 96 well PCR plate where the samples were
deposited. The PCR efficiency of each calibration
curve was calculated according to the formula: S =
—1/Log (1+E), S and E being the slope and the PCR
efficiency, respectively.

2.6. Statistical analysis

Statistical analysis were performed using the
SigmaStat® 2.03 software (Systat). Non parametric
tests (Mann-Whitney, ANOVA on ranks) were used.

3. RESULTS
3.1. Design of the protocol

The protocol was designed for the analy-
sis of pooled samples of 100 adult workers, 30
bee worker pupae and 100 mites per colony, to
take into account the viral load variations that
may occur among individuals. Furthermore,
the sampling was repeated three times in the
year 2002 to investigate possible seasonal vari-
ations. The optimisation phase of the protocol
based on the screening of a large number of
cDNA samples showed that quantitative PCR
analysis could be performed in duplicates. The
divergence reported in some samples between
duplicate values was corrected by analysing
these samples again in triplicates.

The virus loads were estimated by re-
ferring to standard curves established from
purified DNA fragments encompassing each
virus target sequence used in quantitative
PCR assays. These DNA fragments were ten-
fold diluted and used as templates on each
PCR plate for estimating the number of
equivalent genome copies in infected sam-
ples. For all of the six viruses, the aver-
age values of the calculated slope was —3.32
which indicates a PCR efficiency close to



Table I. List of the primers used for performing quantitative PCR assays or for establishing standard curves.

Quantitative PCR primer sequences

Virus Forward primer Reverse primer Fragment length Tm
DWV GGATGTTATCTCCTGCGTGGAA CCTCATTAACTGTGTCGTTGATAATTG 69 78.5
SBV TGTTTAAATTCGGTTCACTTA GCGCGCCACTAGGTGATC 70 79
CBPV GATACCGTCGTCACCCTCATG CGGCAACGGATTCATCAAC 97 84
ABPV AAATGATACCGGTGGGCAGAT AAGGTCGTATGTCCGTCTTACCA 66 80
BQCV(y, CGACAGCGTGCCAAAGAGA CGCCCAGCTTTGAAACAGA 85 80.5
BQCVy)* GTACATTTTCTACTGATTGTTACACTTTCGT CGCAACTACTTCATCTATCAATTCATT 107 71.5
KBV CGTCGACCTATTGAAAAAGTTAATCA TGAGAAGTCCATTGGTCCATTTG 69 76
Primers used for calibration curves

Virus Forward primer Reverse primer Fragment length Ref.
DWV TTTGCAAGATGCTGTATGTGG GTCGTGCAGCTCGATAGGAT 395 AY?224602
SBV GGATGAAAGGAAATTACCAG CCACTAGGTGATCCACACT 426 AF092924
CBPV AGTTGTCATGGTTAACAGGATACGAG TCTAATCTTAGCACGAAAGCCGAG 455 AF375659
ABPV CTCAAGTTATACGTAAAATAGCTGGAATT AACCAACCTTGCTTCCCTTTA 646 AF486072
BQCV(y, GTCCAGTGTGATATTGCCAA TCATTAGAAAGCGCCAGACT 550 AF183905
KBV GATGAACGTCGACCTATTGA TGTGGGTTGGCTATGAGTCA 414 AF027125

S91U0[09 92q Aduoy onewoidwAse ur peoy [BIIA

* Some BQCV positive samples (n = 122) were quantified using the BQCV ) primers matching in the putative BQCV helicase domain (GenBank: AF125252). Tm:
melting temperature of the amplicon. Ref.: GenBank accession number.

(Y47



430 L. Gauthier et al.

4o -

& Lnns
& BBPY
m 5B

o BOCY

1B+ 1, BHIZ 1,E4013

1,EHM
Liog 010

1 BHE

Figure 1. Standard curves used to evaluate the viral loads in infected samples were generated by plotting CT
values against the known initial copy number of DNA fragments per 25 uL qPCR mixture volume. Dilution
series were performed from purified PCR fragments and analysed in triplicates. Log CO: logarithm of the

template concentration. CT: cycle threshold value.

100% (DWV: -3.325152; SBV: -3.322876;
ABPV: -3.320606; CBPV: -3.321830; BQCV:
-3.325994; KBV: -3.324527). Standards ex-
hibited linear ranges over 6 to 7 orders of
magnitude (Fig. 1). Below 300 DNA stan-
dard copies, positive samples were considered
detected but not quantifiable. Thus, consider-
ing the RNA extraction from 100 workers in
20 mL buffer or 30 bee pupae homogenised
in 6 mL buffer, the quantification threshold of
our assay corresponds to 240 000 viral genome
equivalent copies per bee (300 x 800 dilu-
tion factor). For 100 mites homogenized in
200 pL buffer, the quantification threshold was
2400 viral genome equivalent copies per mite
(300 x 4 dilution factor).

The primer sequences used in quantitative
PCR assays were designed to be as short
as possible to maximize the PCR efficiency
(Tab. I). Despite this, the quantities recorded
in samples were very likely underestimated
because of the RNA extraction and reverse
transcription steps which are known to oper-
ate below 100% efficiency (Bustin and Nolan,
2004). Moreover, we cannot exclude a dif-
ference in the cDNA synthesis efficiency be-
tween the different viruses diagnosed. This lat-

ter factor might introduce a bias in the analysis
of the results. As we previously demonstrated
(Tentcheva et al., 2006), the spiking of sam-
ples with an exogenous internal reference such
as TMV helps to overcome the errors gener-
ated by RNA extraction and reverse transcrip-
tion steps.

3.2. Quantitative determination of viral
genomes in honey bee colonies

A total of 360 honey bee colonies were
screened for the detection and the quantifi-
cation of DWV, SBV, CBPV, ABPV, BQCV
and KBV in adult workers and in worker pu-
pae using the quantitative PCR technique. The
recorded values from each of the 360 honey
bee colonies were corrected according to their
respective dilution factors (800 for bees and
4 for mites) to present the data in number
of equivalent genome copies per bee or mite.
These data can be retrieved from the additional
file linked to this article. The descriptive statis-
tics of these data are presented in Figure 2.

When pooling viral loads recorded in adult
worker samples, two populations could be sta-
tistically differentiated using an ANOVA on
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ranks test (df = 5; H = 347.828; P < 0.001).
The first population included the ABPV and
BQCYV infected samples (mean = 1.52 x 103
RNA equivalent copies) and the second in-
cluded DWV, KBV, SBV and CBPV infected
samples (mean = 2.14 x 10° RNA equivalent
copies).

Figure 2. Distribution of viral loads
among PCR positive samples collected
from honey bee colonies. I, II and III:
samples collected in spring, summer
and fall, respectively. The values in-
cluded in the 95% confidence interval
of the population are included between
dots. Bars correspond to the 10th and
the 90th percentiles. Quartiles are rep-
resented in dotted box. The mean is in-
dicated into each box.

A Mann-Whitney rank sum test showed
that pupae samples had approximately five
times more DWV RNA loads than adults (T =
242.366; P < 0.001). Conversely, SBV RNA
loads were equally distributed between pupae
and adults (T = 32.793; P = 0.949). The av-
erage values were 5.12 x 10° and 1.08 x 10°
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DWYV RNA equivalent copies and 3.36 x 10°
and 3.19 x 10° SBV RNA equivalent copies in
pupae and adults, respectively. Due to the low
number of positives, such statistical analysis
could not be performed for ABPV, BQCV and
KBV. No positive CBPV pupae were detected
from our samples (Tentcheva et al., 2004b).

An ANOVA on ranks test was used to iden-
tify seasonal variations of viral loads. No sta-
tistical differences among the seasons were ob-
served for the CBPV or KBV adult samples
(CBPV infected adults: df = 2; H = 4.443;
P = 0.108 / KBV infected adults: df = 2;
H = 0.646; P = 0.724), or for the SBV pu-
pae samples (SBV pupae: df = 2; H = 5.78;
P = 0.056). Owing to the low number of posi-
tives, such statistical analysis could not be per-
formed for ABPV and BQCV pupae samples.
DWYV pupae and adults samples collected in
fall had significantly more DWV RNA loads
than samples collected in spring and summer
(pupae: df = 2; H = 22.56; P < 0.001 / adults:
df = 2; H = 35.82; P < 0.001). Significant
variations were also observed in adult bees
showing lower ABPV RNA yields in summer
(df = 2; H = 14.408; P < 0.001) than in
spring and fall, while BQCV and SBV RNA
yields decreased slightly in fall (BQCV in-
fected adults: df = 2; H = 10.095; P = 0.006;
SBYV infected adults: df = 2; H = 13.15; P =
0.001).

The analysis showed that V. destructor
mites had 50 times more DWV RNA loads
than ABPV and SBV RNA loads (df = 2; H
=45.94; P < 0.001). The average values were
2.77x107,4.97x10° and 1.16x10° DWV, SBV
and ABPV equivalent RNA copies per mite,
respectively.

4. DISCUSSION

Because many viruses and other micro-
organisms may cause persistent infections in
honey bee colonies in the absence of disease
symptoms, one can only speculate about the
origin of clinical signs observed in field (e.g.
colony collapse). The quantitative PCR tech-
nique may however provide an opportunity to
correlate the viral loads recorded in colonies to
a definite pathology by fixing a critical thresh-

old sustainable for the colony. To this aim, we
developed a quantitative molecular approach
and we present here the viral load distribu-
tion of six RNA viruses recorded from Apis
mellifera L. and V. destructor samples col-
lected from 360 seemingly healthy honeybee
colonies.

The method involves extrapolating viral
copy number (RNA) from curves made from
PCR products (DNA). Then, one should take
into account that the cDNA synthesis effi-
ciency might vary between different viruses,
introducing a possible bias in the data analy-
sis.

The statistical analysis of adult bee samples
distinguished two populations regarding the
mean number of virus in the samples. These
observations might correspond to the different
kinetics of viral replication in their host or to
different tissue tropisms. For example, differ-
ent kinetics of viral replication were described
for ABPV and KBV, two genetically closely
related viruses, using artificial inoculations of
bee pupae (Bailey and Ball, 1991). However,
the highest RNA loads were recorded in our
bee samples for DWYV, despite the fact that
this virus was found to replicate slowly in the
bee using experimental inoculations (Bailey
and Ball, 1991). This discrepancy can be ex-
plained by the DWV genetic population diver-
sity which could produce variants with an in-
creased virulence against bees. It has recently
been proposed that Varroa destructor might
influence the genetic outcome of viral popu-
lations toward an increased pathogenicity for
the bee (Yue and Genersch, 2005).

We showed that bee pupae had higher DWV
RNA loads than adults. This supports a previ-
ous study from individual bee analysis (Chen
et al., 2005) and further suggests that pupae
may be more susceptible to DWV replication.
The discrepancy between DWV RNA loads
in adults and in pupae might result from the
fact that diseased adults have much shorter
life spans, which will reduce the adult virus
titre in the sample. The hygienic behaviour of
young bees, which could remove the highly in-
fected pupae, could also contribute to lower
virus titres. Another hypothesis would involve
the clearing of DWV particles during moult-
ing or their degradation in certain adult bee
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tissues. Likewise, pupae may be more suscep-
tible to virus replication because metamorpho-
sis involves several mechanisms which may
reduce the efficacy of the immune defences.
Interestingly, this pattern was not observed in
SBYV infected colonies, where SBV RNA loads
were equally distributed between pupae and
adults. These data are in agreement with a pre-
vious study showing that DWV and SBV seem
to display different biological features (Shen
et al., 2005).

In mites, the DWV RNA loads were sig-
nificantly higher than in ABPV or SBV RNA
loads. This supports the hypothesis that DWV
can replicate in the mite, as has been suggested
by previous work showing the PCR amplifica-
tion of DWV replicative RNA forms in mites
(Yue and Genersch, 2005; Ongus et al., 2004).

We found that DWV RNA titres increased
during the end of the year, both in adult work-
ers and in pupae populations. This result is
in agreement with our previous data showing
that the frequency of DWV positive colonies
increase from spring to fall (Tentcheva et al.,
2004b). This might be correlated with both the
higher mite infestation rates in bee colonies
during summer and to the higher proportion
of DWV infected nurses, which might prop-
agate the virus through the feeding of larvae.
Similarly, the slight decrease of BQCV and
SBYV loads in adults in the last sampling was
correlated to their lowest prevalence in fall
(Tentcheva et al., 2004b), suggesting that these
viruses may not be propagated by the mite
which is abundant in the end of the year. We
could not find a clear explanation for the de-
crease of ABPV RNA titres in summer, except
that the shorter life span displayed by summer
bees may influence the viral replication rates.

In conclusion, our data show (i) that bee
viruses display striking biological differences
which, for some of them, might be related to
the mite infestation of colonies or to the dis-
tinct tissue tropism (Fievet et al., 2006) and
replication rates of these viruses in their host
and (ii) that bee colonies can tolerate very high
loads of viruses without displaying external
clinical signs. As these values correspond to an
average of 100 or 30 individuals per sample,
it is likely that some heavily infected workers
present in the sample might suffer from patho-

logical effects not observed at the colony level.
The relationship of a virus with the colony
results probably from a complex system of
thresholds and balances between the differ-
ent castes and workers polyethism. Our data
strongly support the concept that bee pathol-
ogy must be investigated distinctly at the in-
dividual bee or the colony level. The choice
of the sampling method is then critical in such
field investigations in which individual analy-
sis performed from a large number of bees col-
lected in several colonies would appear unreal-
istic, for both technical and financial reasons.
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Estimation de la charge virale dans des colonies
d’abeilles domestiques asymptomatiques a I’aide
de la technique de RT-PCR quantitative.

Apis mellifera [ Varroa destructeur | PCR quanti-
tative / charge virale

Zusammenfassung — Abschitzung der Virus-
konzentration in asymptomatischen Honigbie-
nenvolkern mittels quantitativer RT-PCR. Bei
den am héufigsten bei Honigbienen diagnostizier-
ten Viren handelt es sich um 30 nm grosse po-
sitive RNA-Partikel, die als Picorna-dhnliche Vi-
ren bezeichnet werden. In diese Klasse geho-
ren das Sackbrutvirus (SBV), das Verkriippelte-
Fligelvirus (DWYV), das Kaschmir-Bienenvirus
(KBV), das Akute-Bienenparalysevirus (ABPV),
das Schwarze-Koniginnenzellenvirus (BQCV) und
das Chronische-Bienenparalysevirus (CBPV). Die
Genomsequenzen dieser Viren sind jetzt in DNA-
Bibliotheken verfiigbar, die die Entwicklung auf
PCR beruhender molekularer Diagnoseprotokolle
erleichtern. In einer fritheren Arbeit berichteten
wir die Ergebnisse einer Jahresiibersichtsstudie
zur Privalenz und zu jahreszeitlichen Schwankun-
gen der Konzentrationen dieser Viren in augen-
scheinlich gesunden Bienenstinden in Frankreich
(Tentcheva et al., 2004). Diese Ergebnisse zeig-
ten klar, dass viele persistente Virusinfektionen in
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Bienenvolkern etabliert sein konnen (92 % der Bie-
nenstinde waren positiv fiir mindestens drei ver-
schiedene Viren), ohne dass klinische Symptome
zu sehen sind. Der weltweite intensive Austausch
von Volkern und Bienenmaterial und die durch
die ektoparasitische Milbe Varroa destructor, ei-
nem wichtigen Vektor und Aktivator verschiedener
Bienenviren, hervorgerufenen Epizootien sind ver-
mutlich fiir das verstirkte Auftreten dieser Viren
verantwortlich.

Die Ermittlung von Kriterien, die dazu beitra-
gen konnen, persistente oder latente Infektionen in
Bienenvolkern zu erkennen, stellen deshalb eine
Herausforderung fiir die Feldforschung und fiir Im-
ker dar. Um einen Einblick in den Gesundheitszu-
stand von Bienenvolkern, sowohl fiir Einzelvolker
als auch Bienenstinde zu erhalten, entwickelten wir
ein Protokoll, das eine zuverlidssige Quantifizierung
von sechs RNA-Viren ermoglicht. Diese quantita-
tive PCR Methode kann dazu beitragen, die Virus-
konzentrationen in Bienenvolkern mit bestimmten
Pathologien zu korrelieren und kritische Schwellen-
werte fiir die Haltung von Volkern festzulegen.

In der vorliegenden Arbeit stellen wir die Ergebnis-
se einer statistischen Untersuchung zur Verteilung
der Viruskonzentrationen in Proben von Bienen
und Milben (V. destructor) aus 360 augenschein-
lich gesunden Volkern vor. Die Analyse der Pro-
ben von adulten Bienen wies zwei Populationen
in Bezug auf Viruskonzentrationen auf. Die erste
betraf Proben, die einen mittleren Befall mit AB-
PV und BQCV in Konzentrationen von 1,52 x
108 RNA-Kopie-Aquivalenten pro Biene aufwie-
sen. Die zweite umfasste Proben, die mit DWYV,
KBV, SBV und CBPV infiziert waren und Vi-
ruskonzentrationen von 2,14 x 10° RNA-Kopie-
Aquivalenten pro Biene aufwiesen.

Die hochsten Virus-RNA-Konzentrationen fanden
wir in den fiir DWV positiven Proben, die, im Ge-
gensatz zu SBV positiven Proben, fiir Puppen ho-
here Werte aufwiesen als fiir adulte Bienen. Bei den
DW V-Titern konnten wir einen Anstieg zum Jah-
resende hin feststellen, wihrend die BQCV- und
SBV-Konzentationen zum Herbst hin abnahmen. In
Milben waren die DWV-Konzentrationen signifi-
kant hoher als die fiir ABPV und SBV, was darauf
hinweist, dass das DWV sich vermutlich in Milben
repliziert und dass Varroa der Verbreitung dieses Vi-
rus in Volkern forderlich sein kann. Zusammenfas-
send zeigen unsere Daten dass (i) Bienenviren sich
in ihrer Biologie stark unterscheiden, dass (ii) Bie-
nenvolker relativ hohe Viruskonzentrationen tole-
rieren konnen, ohne dass sie klinische Symptome
zeigen, und dass (iii) das Konzept der Bienenpa-
thologie in seinen Untersuchungsansitzen trennen
muss zwischen einzelner Biene und Bienenvolk.

Apis mellifera | Varroa destructor | quantitative
PCR / Viruskonzentration
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Presentation of the values recorded from the 360 honey bee colonies analysed in this study. Viral load
intervals were arbitrarily chosen for presentation and were represented by different colours. The legend is
indicated at the bottom of the figure.
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Legend:

Varroa mites

Samples collected in spring
samples collected in summer

samples collected in fall

DWYV, deformed wing virus

SBYV, sacbrood virus

CBPYV, chronic bee paralysis virus
ABPYV, acute bee paralysis virus
BQCYV, Black queen cell virus
KBV, Kashmir bee virus

[]

Virus not detected

(J0 3 .|

Sample not analysed

Viral load > 10° RNA copies

Viral load < 10° RNA copies

Viral load between 10° and 10° RNA copies



