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BEEDOC PROJECT 

EU funded project < 7th framework programme 
11 partners 
diagnostics department 



BEEDOC PROJECT 

objectives:  
- field grade tool 
= lateral flow device 
 
 
 
- extension grade tool 
= BeeDoctor, PCR-based 
 
 
 
 
- research grade tool 
= BeeClinic, DNA chip 



BEEDOC PROJECT 

introduction of molecular diagnostics in bee health: early 2000 
 
 
 
 
 
 
 
 
 
 
 
 
      microscopy           CSI-like technology 



BEEDOC PROJECT 

introduction of molecular diagnostics in bee health:  
American foulbrood 
 
 
 
 
 
 
 
 
 
         biochemical profiling  PCR-technology 
         - cheap    (molecular fingerprint) 
     - rapid 
     - highly specific 



BEEDOCTOR 

BeeDoctor 
Multiplex Ligation-dependent Probe Amplification 
 



BEEDOCTOR 

example:  
RespiFinder, 15 respiratory viruses in one reaction 



BEEDOCTOR 

results:  
- targets = bee viruses:  CBPV 
    DWV – KV – VDV 
    ABPV – KBV – IAPV 
    ABPV 
    BQCV 
    SBPV 
    SBV 
 
- negative strand detection 
- robust test 
(single mutation permitted) 
- proficiency test 



BEEDOCTOR 



BEEDOCTOR 

first application: Flemish bee health monitoring 
- virusscreening in 2011: 
 363 samples from 170 apiaries 
 30 adult bees taken at flight entrance 
 





LIMITATIONS OF FINGERPRINTING 



4 new viruses:                 Nosema ceranae  Crithidia mellificae Spiroplasma  Apocephalus borealis 
- ALPV str. Brookings     melliferum and S. apis 
- BSRV 
- LSV str. 1 and 2 

LIMITATIONS OF FINGERPRINTING 



3 new viruses:                 Nosema ceranae  Crithidia mellificae Spiroplasma  Apocephalus borealis 
- ALPV str. Brookings     melliferum and S. apis 
- VdMLV 
- LSV str. 4 

LIMITATIONS OF FINGERPRINTING 



LIMITATIONS OF FINGERPRINTING 



LIMITATIONS OF FINGERPRINTING 



LIMITATIONS OF FINGERPRINTING 



LIMITATIONS OF FINGERPRINTING 

disadvantages of molecular diagnostics: 
cfr. the Nosema ceranae-case: first discovery 
 
 
 
 
 
 
 
 
 
 
 



LIMITATIONS OF FINGERPRINTING 

disadvantages of molecular diagnostics: 
cfr. the Nosema ceranae-case: widespread 
 
 
 
 
 
 
 
 
 
 
 



LIMITATIONS OF FINGERPRINTING 

disadvantages of molecular diagnostics: 
cfr. the Nosema ceranae-case: retrospective studies 
 
 
 
 
 
 
 
 
 
 
 
'you only find what you are looking for' 



LIMITATIONS OF FINGERPRINTING 

what about rapidly evolving pathogens? 
bee viruses 
ABPV – KBV – IAPV  
DWV – KV – VDV  
 
 
 
what about other diseases? 
 



LIMITATIONS OF FINGERPRINTING 

developing molecular tools with reduced specificity: 



LIMITATIONS OF FINGERPRINTING 

looking at all the microbes 



LIMITATIONS OF FINGERPRINTING 

what about other causes of death - bad performence? 
over-exposure to pesticides 
 
 
 
 
 
 
 
 
 
 
 
GC-MS analysis of pesticides in case of intoxication: 290 € 



LIMITATIONS OF FINGERPRINTING 

what about other causes of death - bad performence? 
food shortage - incomplete diet 
 
 
 
 
 
 
 
 
 
 
 
 



BEECLINIC 

listen to what our body tells us! 
fever < inflammation (stress indicator) 



BEECLINIC 

insect immunity: 
humoral response 
antimicrobial peptides 
= immune end product 
= stress indicators 

1 2 3 4 5 6 7 



BEECLINIC 

insect immunity: 
humoral response 
signalling pathway 
= stress indicators 
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BEECLINIC 

insect immunity: 
cellular response 
fagocytosis 
receptors 
= stress indicators 
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BEECLINIC 

detoxification: 
honey bee genome project 
30-50% fewer genes encoding 
- carboxylesterase 
- cytochrome P450 
- glutathione S-transferase 
= toxicological stress indicators 
 

1 2 3 4 5 6 7 

http://molpharm.aspetjournals.org/content/65/3/550/F5.large.jpg


BEECLINIC 

malnutrition: 
cfr. J. Van der Steen 
measuring colony fitness 
< mean hemolymph vitellogenin concentration 
(influenced by Varroa destructor, discontinuous pollen flow, low 
diversity of pollen) 
= nutritional stress indicators 
 

1 2 3 4 5 6 7 



BEECLINIC 

DNA-chip technology: 
probes against each 
stress indicator 
+ 
every known bee pathogen 
 

1 2 3 4 5 6 7 
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BEECLINIC 

DNA-chip technology: 
 



BEECLINIC 

making DNA-chip technology accessible: 
ArrayIT® SpotWave TM Colorimetric Microarray scanner 
 



BEECLINIC 

DNA chip first prototype: 
- printing on nylon coated glass slides 
- multi-well cassette: multiplex 24 samples 
 
 
 
 
 
 
DNA chip second prototype: 
- nylon cut in 24 squares 
> covering 1 DNA chip each 
>> better sealing of 
multi-well cassette 



BEECLINIC 

selection of targets: 
- simultaneous measurement of honeybee genes and pathogens  
- cfr. Evans, 2006:  
 quantitative-PCR array 
 48 targets 



BEECLINIC 

targets : 
R, pathogen recognition S, immune signalling pathway 
E, immune end product C, controls 
D, developmental genes P, pathogens 
 
 
 
 
 
 
 
 



BEECLINIC 

DNA chip second prototype: 
- first run: 
 



BEECLINIC 

DNA chip third prototype: 
- extension of target number = 110 (in double) 
 pathogen: 20  
 pathogen recognition: 4 
 immune signalling pathway: 18 
 immune end product: 16 
 pesticide exposure: 9 
 nutritional stress: 8 
 varroa infestation: 10 
 nosema infestation: 9 
 varroa tolerance/QTL: 1 
 nosema tolerance/QTL: 2 
 transition summer/winter bee: 6 
 transition fourager bee: 1 
 transition sterile/fertile worker bee: 1 
 housekeeping genes: 3  
 negative ctl: 2  



BEECLINIC 

quantificantion of spot intensity (TIFF-files): 
< MAPIX software 
 
optimization: 

[Probe] 



BEECLINIC 

E. coli infection: 



WORKING WITH BEECLINIC 

- 2 week sampling: 
 5 educative apiaries 
 10 colonies each 
 started at July 2011 
- objectives: 
 unique samples 
    x transition summer/winter 
    x just before colony collapse 
 
   insight in moment of collapse 
  
 BeeClinic on 22 selected samples 
 
   insight in cause of collapse 



WORKING WITH BEECLINIC 

- results: 
winter losses in 27/48 colonies (56%) 
death: late summer/autumn 



WORKING WITH BEECLINIC 

DNA-chip Antwerp: 
 few stress-indicators influenced 
 putative cause: Nosema-Varroa 
 
 
 
 
heat maps: 

imm-Nosema 
Varroa (wound heling) 

pathogen 



WORKING WITH BEECLINIC 

DNA-chip Flemish Brabant: 
 many more stress-indicators influenced 
 putative cause:  immunity down 
    pathogens, intoxication, nutrition??? 
    

receptor 

pathogen 

signalisation 

signalisation 

endproduct 

endproduct 

endproduct 

endproduct 

endproduct 

pathogen 

nutrition stress 

Nosema 

Varroa (no wound heling) 

detoxification 

pollen  diet (new: stress) 
summer -> winter  bees (new: stress) 

immunity 



CONCLUSIONS 

development of an extension grade diagnostic tool 
based on MLPA technology 
focussing on bee viruses 
= BeeDoctor 
 
molecular fingerprinting tools have their limitation: 
‘you  only  find  what  you  are  looking  for’ 
 
research grade diagnostics tool 
based on colorimetric DNA chip technology 
simultaneous measurement of honeybee genes and pathogens 
= BeeClinic 
 
first usage of BeeClinic shows 
major geographic differences in causes of colony collapse 


