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Detection of chronic honey beeApis melliferal..)
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Abstract — Chronic paralysis of honey bees is a viral disease caused by chronic paralysis virus
(CPV). As its clinical signs are similar to those observed in intoxications or during intense work, it
requires sensitive and specific diagnostic tests to identify the infection in colonies. In this report, a rab-
bit polyclonal antiserum against CPV was obtained after purification of the virus in a Renografin gra-
dient. The viral polypeptide composition was analysed by SDS-PAGE and Western blotting. Four viral-
associated polypeptides of molecular weights 75 kDa, 50 kDa, 30 kDa and 20 kDa were identified.
Western blotting and an agar gel immunodiffusion test were used for the diagnosis of CPV during a
field survey of the prevalence of CPV infection. The two tests demonstrated the presence of the
virus in several colonies in the south-east of France.

chronic paralysis virus (CPV) / polypeptide composition / diagnosis / epidemiology

1. INTRODUCTION Symptoms of trembling, flightless clusters of
crawling bees have long been recognised,
. . . but these signs are very similar to those
to ;hl:rggn\?grit:aet?gflsvwfslgsr%& Iznhlgstt/vo Qccurring durin.g acute or chronic intoxica-
(Apisiridescent virus and éacbrood be tions with pes'qmdes, or following intense
P . €€, ork of colonies particularly during the
virus), have been characterised and as&gnggfmmer period
to a recognised virus family [5, 13]. Chronic '
paralysis virus (CPV) was one of the first In France, many colonies present these
viruses isolated from honey bees [3] andigns, but the diagnosis based on the exper-
has been detected in adult bees from almental reproduction of the infection [16]

continents, except South America [2].is not routinely feasible. For this reason,
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there is a need to improve our knowledgeexperimental infection to reproduce symp-
of CPV in order to develop simple and reli-toms and mortality, and (ii) with an agar gel
able methods of diagnosis, and to determinimmunodiffusion test (AGID) using an anti-
the importance of chronic paralysis in theCPV serum kindly provided by Dr. B. Ball
present bee pathology. (Rothamsted Experimental Station, UK).
CPV consists of ellipsoidal particles These two tests permitted the selection of

which fall into four size classes with modalnaturally-paralysed bees from infected
lengths of about 30, 40, 55 and 65 nm, eaccolonies for the production of large amounts
approximately 20 nm wide. The compo—Of virus. For this purpose, heads of infected
nents have sedimentation coefficients oPees were selected because CPV has a par-
80S to 130S. In caesium chloride gradientdicular tropism for nervous tissues and
all size classes have a buoyant density (nandibular and hypopharyngeal glands [14,
1.33 gmI~L[4]. The virus particles have one 15 18]. As another report described the pres-

capsid protein of 23.5 kDa [4] and contain€Nce of CPV-associated particles (CPVA)
five single-stranded RNAs [20]. in the abdomens rather than in the heads of

bees [6], only heads of paralysed bees were
chosen for this study in order to eliminate
sources of other bee viruses, such as Kash-
mir bee virus (KBV), which replicate in
most tissues excepting nervous tissues [11].

In this report, the virus was purified in a
Renografin gradient, thereby enabling pro.
duction of a rabbit polyclonal antiserum.
The viral polypeptide composition was anal-
ysed by SDS-PAGE and by Western blot:
ting. Four viral associated polypeptides ol Moreover, the preparations used for CPV
molecular weights 75 kDa, 50 kDa, 30 kDapropagation were checked for the absence of
and 20 kDa were identified. This approactacute paralysis virus (APV) [7] with a spe-
was used to develop diagnostic protocolcific antiserum by agar gel immunodiffu-
for the detection of CPV based on simplesion (AGID) as previously described [12].
tests, such as agar gel immunodiffusion tes
(AGID), in comparison to the Western blot  2.1.2. Virus propagation
as reference test. In experimental infections
the two techniques detected CPV in infecter  Heads of 10 paralysed bees were removed
honeybees from day 1 post-injection, beforand crushed in a mortar at 4 °C in 5 ml phys-
the appearance of symptoms, to the sixtig|ogical saline. After one cycle of cen-
day corresponding to the death of '”feCte‘trifugation at 3006« g for 30 min, the super-
bees. natant was used for inoculation of healthy

A first field survey was performed by bees at the greatest dilution causing 100%
using these two diagnostic tests, whickmortality one week after infection, as
demonstrated the presence of CPV in 6 apdescribed by Bailey and Woods [8, 9]. CPV
aries out of 11 showing typical symptoms.was propagated by intra-thoracic injection.

Controls were inoculated with physiological
saline.

2. MATERIALS AND METHODS Inoculated bees were obtained from our

laboratory apiary without any evidence of
viral or bacterial infections. A control injec-
2.1.1. Identification of CPV infection  tion of extracts from heads of these healthy
bees into other healthy bees induced no mor-
For the first identification of CPV in tality, demonstrating that the intra-thoracic
honey bees, samples of bees showing typinjection of head extracts did not activate
cal symptoms of chronic paralysis wereunapparent viruses in the healthy bees of
tested positive as described below: (i) byour laboratory.

2.1. Virus analysis
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2.1.3. Virus purification resuspended in 1Q0 of this buffer and kept
at 4 °C. Similar preparations were made
After incubation for 6 days at 35 °C, awith 10 heads of healthy bees as negative
viral suspension was made from 10 headsamples by using the same steps of purifi-
crushed in a mortar in 1 ml 0.2 M potas-cation (Fig. 1).
sium phosphate buffer at pH 7.5 containing
0.02% sodium diethyldithiocarbamate, . :
1/5 vol. diethylether [3, 10] and a proteasé§X@Mmined by electron microscopy to check
inhibitor cocktail (Sigma, Saint Quentin 10" the presence of virus. Briefly, prepara-

Fallavier, France). The mixture was therflOns were loaded on fo_rmvar-_coat(()ad grids
emulsified with carbon tetrachloride [10], 2d Were negatively stained with 1% phos-

ly filtered, and cl d at 309 pho.tung.stic acid, pH 7, and exgm.ined with
fc(;)raéger%/inl. ered, and cleared & 9 a Hitachi H600 (75 kV) transmission elec-

. . tron microscope [1].
The crude viral suspension was layered

onto a Renografin (Radioselectane, Schering Protein concentration was measured
Laboratories, Lys lez Lannoy, France) prelsing the Bio-Rad Protein Assay (Bio-Rad,
formed density equilibrium gradient (20 tolvry sur Seine, France), with bovine serum
75% wiv) and centrifuged at 30 08@ for ~ albumin (BSA) as standard.

15 h [19]. After one cycle of centrifugation,

a visible band at 43% of Renografin was 2.1.4. Production of antiserum
removed, diluted in 0.2 M potassium

phosphate buffer at pH 7.5 and centrifuged A large preparation of virus from
at 180 000x g for 3 h. The pellet was 300 contaminated bee heads was purified

Five microliters of each preparation were

Preparation of healthy bees Viral purification

Heads of 10 healthy bees Heads of 10 paralysed bees

Determination of crude extract Determination of crude extract
protein concentration protein concentration
~a e
l SDS-PAGE (Figure 2A)
West lot (Fi
Centrifugation on a preformed eston blot (Figure 34) Centrifugation on a preformed
Renografin gradient Renografin gradient

Removal of the visible band near
43% of Renografin diluted in
potassium phosphate buffer

Removal of diffuse band at the
top of the gradient diluted in
potassium phosphate buffer
v

v
Centrifugation at 180,000 g for 3 h Centrifugation at 180,000 g for 3 h

Resuspension of the pellet in

Resuspension of the pellet i
esuspension of the pellet in 100 ul of phosphate buffer

100 pl of phosphate buffer

Determination of Determination of
healthy bees preparation viral purification
protein concentration protein concentration
Sa e
SDS-PAGE (Figure 2B)
Western blot (Figure 3B)

Figure 1. Flowchart of the purification protocol.
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as described above in order to produce amembranes (Hybond-ECL, Amersham,
antiserum against CPV. Slough, UK), using a BioRad Mini Trans-

Polyclonal antibodies were raised inBlot apparatus. Prestained molecular weight

female New Zealand white rabbits usingmarkers (BioRad) were used routinely. After
500pg of purified CPV injected intramus- (e transfer, membranes were exposed for
cularly. The initial injection using virus L N at 37 °C to blocking buffer (0.2 M potas-
preparation mixed with Freund’s completeSiUm Phosphate buffer, 5% skimmed milk).
adjuvant was followed by 3 booster injec-1 1€ CPV antiserum was used diluted in
tions, using Freund’s incomplete adjuvant?-2 M potassium phosphate buffer: the opti-
at week 3, week 5 and week 7 post-injec@l dilution was previously determined by
tion. Exsanguination by cardiac puncturgitration, in Western blotting and AGID,

was carried out 3 weeks following the final29@inst a panel of positive and negative puri-
injection. fied extracts of experimental infections in

serial dilutions. It was used at a 1/250 dilu-
tion for one hour at 37 °C, and then care-
fully rinsed off with potassium phosphate

To check the specificity of the antiserum,bUffer' Absorbed antiserum was used at

blocking tests were performed using extracti./ 100 dilution. Another CPV antiserum was
from healthy bees similar to those used a

2.1.5. Absorption of antiserum

indly provided by Dr. B. Ball (Rotham-
negative samples. sted Experimental Station, UK) and was
9 . P L used at 1/250 dilution. Membrane filters
Following several tests with different vol- \yere then exposed to mouse anti-rabbit IgG
umes, and different protocols, the foIIow-f(H + L) antibodies conjugated with horse-
ing protocol was adopted: one volume of5ish peroxidase (Biosys, Compiégne,
antiserum was put in contact with 0.5 VO"France). Enzyme activity was detected by
ume of denatured bee extract and 0.5 volumgnnanced chemiluminescence systems
of bee extract for 1 h at 37 °C. This absorbaccording to the manufacturer’'s recom-
ed antiserum was centrifuged for 1 h ayendations (Amersham, Buckinghamshire,
12 000x g and used in Western blottlng_ andUK)_ The protein concentration of samples
AGID in order to compare results with a,y55 measured using the Bio-Rad Protein

non-absorbed antiserum. Assay.
2.1.6. Electrophoresis and Western 2.1.6.1. Virus analysis
blotting

SDS-PAGE analysis was performed at

SDS-polyacrylamide gel electrophoresisgll steps of preparation for all the samples,
(SDS-PAGE) was performed as describedie. negative controls and viral preparations.
by Laemmli [17]. Twelve percent gels or Samples were loaded at the same protein
gradient gels (10-15%) were used for thgoncentration.
separation of proteins, and bands were After production of the rabbit antiserum,
stained with SYPR® Orange (Bio-Rad, \Western blotting was routinely used at each
Ivry sur Seine, France). step of purification both for the viral sus-

Samples were denatured by boiling withPension and the extract of healthy bees.
loading buffer (0.25 M Tris-HCI pH 6.8, ) ) )
25% B-mercaptoethanol, 10% SDS, 50% 2-1.6.2. Western blotting for diagnosis
glycerol, 0.5% bromophenol blue) for Smin - gee samples were obtained from colonies
at 100 °C. with symptoms of chronic paralysis. Heads

Polypeptides were transferred, for the blotof 10 bees were removed and crushed in a
ting following SDS-PAGE, to nitrocellulose mortar at 4 °C in 0.2 M potassium phosphate
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buffer, pH 7.5. This preparation was clearedurther concentration by centrifugation.
at 3 000x g for 30 min and used as antigenObservation in electron microscopy showed
for Western blotting. mostly ellipsoidal particles corresponding
to the previous description of CPV particles
2.1.7. Agar gel immunodiffusion test  [3]. No band was visible at the same level in
control gradients and when this zone was
Heads of 10 paralysed bees, obtained fosampled no protein was detected. Only a
lowing an experimental infection or from diffuse band at the top of the gradient was
colonies with symptoms of chronic paraly-visible and removed: this band was assumed
sis, were removed and crushed in a mortar @& contain the extract of healthy bees (sup-
4 °C in 0.5 ml of 0.2 M potassium phos-ported by this polypeptide composition in
phate buffer, pH 7.5. These crude antigeniSDS-PAGE, Fig. 2B, lane 1).
preparations were used directly in AGID
tests. Glass slides were precoated with 5 ml
agar (Institut Pourquier, Montpellier). The  3.2. SDS-PAGE and Western blotting
central well (5 mm in diameter) in each case for analysis of CPV following
contained the rabbit antiserum raised against purification
CPV and the outer wells contained #2®f
samples to be tested. After incubation at SDS-PAGE of the viral preparation
room temperature for 48 h, gels werebefore Renografin gradient (Fig. 2A)
washed in phosphate buffered salinerevealed the presence of one intense band
pH 7.5 and distilled water. The positive linesat 30 kDa. Following purification, this was
were visualised with Coomassie Brilliantrevealed as a major band (Fig.)2B the
Blue R (Sigma). extract of healthy bees, there was a band at
a similar molecular weight but much less
. intense (Figs. 2A and 2B). In Figure 2B
2.2. Field survey (lane 2), high molecular weight bands cor-

) . . responding to bee proteins were still pre-
This survey was carried out during thesen; after viral purification.

summer in the south-east of France, where

lots of colonies presented signs similar to N Figure 3, Western blotting with the

17 colonies presenting signs from 11 dif-2bsorbed antiserum revealed the presence
ferent apiaries were tested serologically©f four polypeptides in the viral suspension,
Three types of samples were taken: deaffith molecular weights close to 75 kDa,
bees, bees trembling and crawling outsid@0 kDa, 30 kDa and 20 kDa. The absorbed
the hive, and apparently healthy bees co@ntiserum did not reveal the presence of
lected inside the hive. bands in the healthy bee extract at the high

As a few samples were not taken,mOIeCUIar weights (Fig. 3B, lane 1).

42 samples in all were analysed by AGID Using the antiserum raised against CPV

and Western blotting as described before.provided by Dr. B. Ball, we checked the
specificity of these previous bands, demon-

strating that they were associated with the

3. RESULTS virus: this antiserum revealed the presence
of three polypeptides in the viral prepara-
3.1. Virus purification tion, with molecular weights close to

50 kDa, 30 kDa and 20 kDa (data not

Following purification of CPV in a shown). At high molecular weights, the

Renografin gradient, one band was visible dbackground was too high to be able to
43% of Renografin and was removed fordistinguish other viral polypeptides.
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1 2 (A) 1 2 (B) Figure 2. Visualisation, following

= SDS-PAGE, of polypeptides from extracts
before separation on a Renografin gradi-
ent (2A) and of polypeptides after purifi-
cation on a Renografin gradient (2B). Gels
(12%) was stained with SYPRO Orange.
(A) Each lane was loaded with 10
(10 ug of protein) of bee extract. Lane 1:
1430 kDa <430 kDa extract of healthy bees. Lane 2: extract of
" bees inoculated with CPY{B) Each lane
was loaded with fig of protein. Lane 1:
purified extract of healthy bees
(5 pg-ul—d). Lane 2: purified extract of
bees inoculated with CPV (ig-ul—2).

3.3. Western blotting and AGID (A
applied to diagnosis of experimental
and natural infections :
75 kDa —
In crude extracts from naturally-infected sg kpa —
bees, Western blotting with the non- .. o
. a —
absorbed antiserum revealed a larger num-
ber of polypeptides (Fig. 4). This antiserum,g kpa —
produced a high background, but viral-asso- B

ciated polypeptides were still visible. In the _. blots of purified ft
negative control¢Fig. 4, lanes 4 and 5), Figure 3. Western blots of purified extracts after

three polypeptides were recognised at higCEurlflcatlon on a Renografin gradient, using the

. X on-absorbed antiserurA) or absorbed anti-
molecular weights with a weak backgrountserum ) (5 g per lane). Lane 1: purified extract
as in Figure 3A. An additional experimentof healthy bees. Lane 2: purified extract of bees
showed that the absorbed antiserum did natoculated with CPV.

recognise these three polypeptides.

In the case of naturally-infected bees, by
using the antiserum at a dilution of 1/250, 12 3 4 5 6 78
CPV-associated polypeptides were still133 kDa — |
detectable at the 1®dilution of an extract 75 kpa __
containing ten heads of infected bees. 50 kDa —

With the AGID test, viral purified extract 30 kpa __
produced one precipitin line against the rab- > kpa __ e J
bit antiserum against CPV (absorbed or non- |
absorbed). Similar precipitin lines were
obtal_ned with crude e_xtracts of eXper'men'Figure 4. Diagnosis of CPV infection by West-
tally-infected bees (Fig. 5). ern blot. The rabbit antiserum against CPV was

Before being applied to field samples,used at dilution 1/250 and antigen/antibody com-
the AGID test was standardised with Sam;;élexes were detected by chemiluminescence.

. . . Each lane was loaded with 1f of protein.
ples from exPer_'me_”ta"y"’?f?‘?ted bees N anes 1, 2, 6, 7 and 8: crude extracts from bees
order to determine its sensitivity. The senyjith symptoms. Lane 3: positive control (crude
sitivity was appreciated first by the capacityextracts of experimentally-infected bees).
to detect the virus in experimentally-infectedLanes 4 and 5: negative controls (crude extracts
bees before the appearance of signs, ar@fihealthy bees).
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@ second by the proportion of infected heads
in a sample necessary to give a positive
@ @ response. In the first set of tests, AGID was
O able to detect the virus at day 1 post-infec-
tion before the appearance of symptoms, till
@ @ days 6 or 7 post-infection corresponding to
@ the death of all infected bees. In the second
set of tests, AGID was able to give a positive
response when only one head from an
infected bee was present among the ten
heads of a sample. Moreover, when testing
10-fold dilutions, only the 10 dilution gave
positive results.

3.4. Field survey

Figure 5. Agar gel immunodiffusion test for Results of AGID and Western blotting

diagnosis of CPV. The inner well contained theWere concordant for the three types of sam-
rabbit anti-CPV antiserum; the outer wells con-

tained 20 ul of crude extracts. Wells 3 and Gples. dead bees, trembling and crawll_ng
positive controls (crude extracts of experimen-beesz and apparently healthy bees. Eight
tally-infected bees). Wells 2 and 4: negative concolonies out of the 17 with signs gave a pos-
trols (crude extracts of healthy bees). Wells itive result and came from 6 apiaries out
and 5: positive field samples. of 11. A total of 15 samples out of 42 were

Table I. Results of the field survey of CPV infection in 17 colonies of honey bees.

Type of sample

Apiaries  Colonies number Dead bees Bees with signs  Apparently healthy bees  Final result

A 1 +2 + + +
2 b - -
B 1 - - - -
2 - - -
C 1 - + + +
2 - + +
D 1 - + + +
2 - + +
E 1 - - -
F 1 - + + +
2 - - -
3 - - -
G 1 - - - -
H 1 - + + +
| 1 ¢ + + +
J 1 - - -
K 1 - - - -

a+: positive samples for presence of CPV in Western blotting and gel diffusioR-tesegative samples for
presence of CPV in Western blotting and gel diffusion testno sample.
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tested positive (Tab. I). The first use of thesenany colonies presented symptoms similar
specific diagnostic tests for natural CPVto those of chronic paralysis. All the samples

infection demonstrated the presence of CP¢ame from hives with signs but only
in the south-east of France. 8 colonies out of 17 gave a positive result.
The positive results came from samples of

live bees with symptoms or without evi-

4. DISCUSSION dence of symptoms (Tab. I). In contrast,
samples of dead bees in positive colonies

The aim of this study was to develop spewere negative except for one colony. These
cific tools for diagnosis of CPV infection hegative results may be the consequence of
in honey bees. To achieve this goal, we firsthe quality of the sample: in particular, the
used a new protocol for purifying the virus.desiccation of dead bees in summer may
In our |ab0rat0ry Conditionsl a Renograﬁnhamper detection of viral infection. It YVOUId
gradient was simpler and more resolvenpe advisable to sample symptomatic bees
than sucrose gradient [3, 19]. while they are still alive, in front of the

olony. As the diagnostic tests developed in
is study allowed detection of CPV before
e appearance of symptoms, the absence of
positive response in the 9 colonies with
) ymptoms may be due to other bee diseases:
30 kDa and 20 kDa. The serum provideqpe gjgns presented by the colonies, similar
by Dr. B. Ball clearly recognised three ofto those induced by a CPV infection, may be

theze _four \'/I'I{]al bandslunéi?fr O;Jr Iabrc]Jrator)Fue to other causes such as acute or chronic
conditions. These results ditter from those Of,qyications by pesticides, intense work of

a previous study [4] where SDS-PAGEq|qnies or other infections.

revealed only one protein at 23.5 kDa cor-

responding to the CPV capsid. The detec- The continuation of this project will turn
tion of three additional polypeptides in com-to (i) detailed investigations of the epi-
parison to the previous study underlines thdemiology of this honey bee virus which
great sensitivity of Western blot: these threénay Yield options for reducing the incidence
polypeptides are likely of viral origin but Of the virus by identifying the factors that
we cannot exclude the possibility that theyinitiate its multiplication and its spread in
may be the result of an overexpression ogolonies; (ii) the study of the viral RNA in
host proteins as a consequence of the CP&rder to improve knowledge of this virus
infection. and to develop diagnostic techniques based
on the detection of the viral genome during

Western blqttlng W'th the ch_emlluml- experimental and natural infections by CPV.
nescent detection of antigen/antibody com-

plexes proved to be effective in the diagno-
sis of CPV infection. Simultaneously with

the development of a Western blotting tech-
nique, a simpler technique such as AGID o . )
was used. Although less sensitive than Wes{a M. Ribiére is a recipient of a fellowship from

- P . e “Provence Alpes Cote d’Azur” Regional
ern blotting, AGID is simple and rapid andCoun(:il. We are grateful to Dr. B. Ball for pro-

does not require large amounts of reagentgiging the anti-CPV serum. We would also like

The comparison of results from the two techto thank Dr. Agathe Bourgogne and Sandrine

nigues showed a good concordance. Deniau for their support and advice, the Ickow-

. . . ._icz company for its generous support of this
The first field survey presented in thisesearch, the beekeepers who permitted the epi-

report demonstrated the presence of CPMemiological survey, and Dr. David Marsh for

infection in the south-east of France, wheris review of our English.

In this study, a CPV antiserum obtaine
in rabbit and raised against CPV reveale
four viral-associated polypeptides, with
molecular weights close to 75 kDa, 50 kDa
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Résumé — Détection des infections par le Le virus a été purifié sur gradient de Réno-
virus de la paralysie chronique de l'abeille grafine (Fig. 1) et ceci a permis la production
domestique Apis melliferal.) : applica- d’un antisérum polyclonal de lapin anti-
tion lors d’'une enquéte de terrain.Le CPV. La composition polypeptidique de
virus de la paralysie chronique (CPV) a été&ette purification virale a été analysée en
I'un des premiers virus isolés chez I'abeilleSDS-PAGE (Fig. 2B) et en Western blot.
domestique [3]. Le CPV est responsablé&uatre polypeptides associés a l'infection
d’'une maladie infectieuse et contagieuseirale et de poids moléculaires 75 kDa,
des abeilles adultes, la paralysie chroniquB0 kDa, 30 kDa et 20 kDa ont été identifiés
de I'abeille connue par les apiculteurs fran{Fig. 3). Un diagnostic simple de détection
¢ais sous le nom de « Maladie noire » [16]du CPV par immunodiffusion en gélose
A l'origine de mortalités, cette pathologie (IDG) a ensuite été mis au point (Fig. 5) et
affaiblit les colonies et provoque des pertesomparé avec la technique de Western blot
de production. Elle se manifeste au niveagomme référence (Fig. 4). Lors de tests sur
de la colonie par la présence d’abeilles traides abeilles infectées expérimentalement
nantes, tremblantes, incapables de voler ees deux techniques ont permis de détecter
dans certains cas d'abeilles mortes, noires & présence du CPV depuis le premier jour
aux ailes écartées. La recrudescence dmst inoculation avant méme I'apparition
symptdmes imputables a cette virose dans Bes symptdémes, jusqu’au sixieme jour cor-
sud-est de la France a motivé la reprise degspondant a la mort des abeilles. Une
recherches sur ce sujet. enquéte de terrain utilisant ces deux tests
Cependant, I'ensemble de ces symptdmediagnostics (Tab. I), a été réalisée afin de
peut étre confondu avec ceux d’intoxica-déterminer la prévalence du CPV, et a
tions aigués ou chroniques par des pestdémontré la présence du virus dans six
cides ou d’'un surmenage de la ruche parti‘UCheI’S sur les onze compris dans I'étude
culierement durant les périodes estivales. qui présentaient tous des symptomes attri-
Le diagnostic de la paralysie chronique paPuables a la paralysie chronique.
reproduction expérimentale de la maladie

[16], nest pas envisageable en routine. Dan¥irus Paralysie Chronique / CPV / poly-

le but de déterminer 'importance des infecpeptide / diagnose / épidémiologie

tions par le CPV dans les pertes observées a

I'heure actuelle, il est apparu nécessaire de

mettre au point des techniques d’étude eZusammenfassung — Nachweisverfahren
de diagnostic plus sensibles. von Infektionen mit dem chronischen
Afin de sélectionner des abeilles naturelleHonigbienen — Paralyse Virus in der Frei-
ment infectées, des prélévements d’abeillegndiberprifung. Der Chronische Para-
présentant les symptémes de la paralysilyse Virus (CPV) war einer der ersten Viren,
chronique ont été testés (i) par infectiorder bei HonigbienenApis melliferal.)
expérimentale, afin de reproduire les sympisoliert wurde [3]. CPV fuhrt zu einer
tdmes et les mortalités caractéristiques dansteckenden, direkt Gbertragbaren Krank-
la maladie, (ii) par diagnostic en immuno-heit von adulten Bienen, bei franzdsischen
diffusion en gélose (IDG) utilisant un sérumimkern als “Maladie Noire” [ 16 ] bekannt.
anti-CPV. Le CPV a ensuite été multiplié Diese Krankheit schwéacht die Vélker, flhrt
par inoculation & des abeilles saines par voigu Bienensterben und verursacht 6konomi-
intra-thoracique de préparations issues deche Verluste.

ces abeilles contaminées, a la dilution cauAls Symptome treten Zittern und Ansamm-
sant 100 % de mortalité une semaine aprdangen von flugunféahigen Bienen, seltener
injection, comme décrit par Bailey et Woodsschwarze Bienen mit abgespreizten Fligeln
[8, 9]. auf. Die Wiederaufnahme der Forschung
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Uber diese Krankheit wurde durch kirzli-CPV bereits am Tag 1 nach der Injektion,
ches Auftreten dieser Krankheitssymptomdsevor Symptome auftraten, bis zum 6. Tag,
in Stdfrankreich veranlasst. Ahnliche kli-dem Todeszeitpunkt der infizierten Bienen.
nische Symptome treten jedoch auch nacBin Feldtest tiber die Verbreitung von CPV
akuten oder chronischen Vergiftungen mitnfektionen wurde mit Hilfe dieser beiden

Pestiziden oder sogar nach einer intensivediagnostischen Tests durchgefuhrt (Tab. I).
Bearbeitung der Vdlker besonders im SomVon 11 Bienenstanden, bei denen die typi-
mer auf. Die Diagnose einer CPV Infektion,schen Symptome auftraten, waren 6 Bie-

die auf der kinstlichen Vermehrung demenstanden von CPV befallen.

Krankheitserreger beruht [16] ist jedoch fir

Routineprifungen nicht geeignet. Aus dieChronische Paralyse Virus (CPV) /
sem Grund ist es wichtig, unsere Kenntniolypeptidzusammensetzung / Diagnose /
tber CPV zu erweitern, um eine einfache&Epidemiologie

und verlassliche Methode zur Diagnose und
die Rolle von CPV im jetzigen Krankheits-
stand der Bienen zu bestimmen.

Fir die erste Identifizierung von CPV in
Honigbienen wurden die Bienenproben mit
typischen Symptomen folgendermaf3en gete-
stet: (i) durch kunstliche Infektion zur Ver-
starkung der Symptome und des Totenfalls
und (i) mit einem Agar — Gel — Immun- [2]
odiffusions — Test (AGID) unter Verwen-
dung eines Anti-CPV Serums. Diese beirg
den Tests erlaubten eine Selektion von
natlrlich erkrankten Bienen aus infizierten
Volkern zur Erzeugung von ¢sen Virus- 4]
mengen. CPV wurde durch Injektion in de
Thorax von gesunden Bienen verbreitet:
Hierbei wurde die hdchste VerdUnnung[G]
verwendet, die nach Bailey und Woods [8,
9] eine Woche nach der Infektion eine
100 % Sterblichkeit zur Folge hat

In dieser Untersuchung wurde das Virus fuf7;
die Erzeugung von polyclonalem Antise-
rum in Kaninchen in einem Renografin Gra-
dienten (Abb. 1) gereinigt. Die Zusammen-
setzung der viralen Polypeptide wurde mif®!
SDS-PAGE (Abb. 2B) und mit Western
Blotting analysiert. Vier lose miteinander [9]
verbundene virale Polypeptide mit Mole-
kulargewichten von 75 kDa, 50 kDa, 30 kDa
und 20 kDa wurden identifiziert (Abb.3). [10]
Dieser Ansatz wurde benutzt, um ein diag-
nostisches Protokoll fiir die Erkennung von
CPV zu entwickeln, das auf dem im Ver-
gleich zum Western Blot Test (Abb. 4) ein-
fachen AGID Test (Abb. 5) beruht. Bei der
kinstlichen Infektion erkannten beide Tests

5]

[11]

REFERENCES

Adams J.R., Bonami J.R., Preparation of inver-
tebrate viruses and tissues for examination, in:
Adams J.R., Bonami J.R. (Eds.), Atlas of inver-
tebrate viruses, CRC Press, Boca Raton, 1991,
pp. 9-30.

Allen M., Ball B.V., The incidence and world
distribution of honey bee viruses, Bee World 77
(1996) 141-162.

Bailey L., The purification and properties of
chronic bee-paralysis virus, J. Gen. Virol. 2
(1968) 251-260.

Bailey L., Viruses attacking the honey bee, Adv.
Virus Res. 20 (1976) 271-304.

Bailey L., Ball B.V., Honey bee pathology. Sid-
cup, UK, Harcourt Brace Jovanovich, 1991.

Bailey L., Ball B.V., Carpenter J.M., Wood R.D.,
Small virus-like particles in honey bees associ-
ated with chronic paralysis virus and with a pre-
viously undescribed disease, J. Gen. Virol. 46
(1980) 149-155.

Bailey L., Milne R.G., The multiplication regions
and interaction of acute and chronic bee paraly-
sis viruses in adult honeybees, J. Gen. Virol. 4
(1969) 9-14.

Bailey L., Wood R.D., Three previously unde-

scribed viruses from the honey bee, J. Gen. Virol.
25 (1974) 175-186.

Bailey L., Wood R.D., Two more small RNA
viruses from honey bees and further observa-
tions on sacbrood and acute bee-paralysis viruses,
J. Gen. Virol. 37 (1977) 175-182.

Ball B.V., Overton H.A., Buck K.W., Bailey L.,
Perry J.N., Relationships between the multipli-
cation of chronic bee- paralysis virus and its
associate particle, J. Gen. Virol. 66 (1985)
1423-1429.

Dall D.J., Multiplication of Kashmir bee virus
in pupea of the honey beApis mellifera

J. Invertebr. Pathol. 49 (1987) 279-290.



(12]

(13]

[14]

[15]

Detection of chronic bee paralysis virus

577

Faucon J.P., Vitu C., Russo P., Vignoni M., Dia-[16] Giauffret A., Lambert M., Le diagnostic de

gnostic de la paralysie aigué : application a I'épi-
démiologie des maladies virales en France en
1990, Apidologie 23 (1992) 139-146.

Ghosh R.C., Ball B.V., Willcocks M.M., Carter
M.J., The nucleotide sequence of sacbrood virus

(17]

of the honey bee: an insect picorna-like virus,[18]

J. Gen. Virol. 80 (1999) 1541-1549.

Giauffret A., Duthoit J.L., Caucat M.J., Etude [
histologique du tissu nerveux de I'abeille atteinte
de maladie noire, Bull. Apic. IX (1966) 221-228.

19]

Giauffret A., Duthoit J.L., Tostain-Caucat M.J., [20]

Ultrastructure des cellules d'abeilles infectées
par le virus de la paralysie-maladie noire, Etude
des inclusions cellulaires, Bull. Apic. XIIl (1970)
115-126.

la maladie noire de I'abeille, Recl. Méd. Vét.
CXLVIII (1972) 869-877.

Laemmli U.K., Cleavage of structural proteins
during the assembly of the head of bacterophage
T4, Nature 227 (1970) 680-685.

Lee P.E., Furgala B., Chronic bee paralysis virus
in the nerve ganglia of the adult honey bee,
J. Invertebr. Pathol. 7 (1965) 170-174.

Lopez-Ferber M., Veyrunes J.C., Croizier L.,
DrosophilasS virus is a member of the reoviridae
family, J. Virol. 63 (1989) 1007-1009.

Overton H.A., Buck K.W., Bailey L., Ball B.V.,
Relationships between the RNA components of
chronic bee-paralysis virus and those of chronic
bee-paralysis virus associate, J. Gen. Virol. 63
(1982) 171-179.

To access this journal online:
www.edpsciences.org




