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Multitrophic Interactions 



3 

Interactions at metaorganism level 



Holobiont phenotype is controlled by the hologenome  

Kevin R. Theis et al. mSystems 2016;1:e00028-16 

Copyright © 2016 Theis et al. 



Gut Microbiota and Immunity 

Lee & Hase, Nature Chemical Biology, 2014 



Multifactorial regulation of immunity 

Ponton et al., J. Insect Physiol., 2013 

ü  Nervous system 
ü  Abiotic stressors 



Stress and Honeybee Immunity 

EU – FP7 



Cornman  et al. , 2012

ü Increased susceptibility to a diverse set of pathogens
ü  Co-infections can act synergistically 

Pathogen loads are highly 
covariant in collapsing colonies 



highly infested colonies (HIC) low infested colonies (LIC) 

acaricide treatments 

1.6 km 

The induced collapse experiment >20 km 

Same environment 
but no interactions 

Observations on: 
-  colony strength 
-  mite infestation 
-  bee mortality 
-  pathogens 



RNA-seq 
Bees from HIC 

Real time RT-PCR 
of selected genes 

Transcription of dorsal-1A 
(NF-kB) is highly down-
regulated in HIC 
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Bee mortality 
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highly infested colonies 
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Dorsal expression 

Nazzi et al., 2012
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DWV quantity 

low infested colonies 

highly infested colonies 

* 

Expression of immune genes 
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Influence on Dorsal: Varroa or DWV? 

uninfested bee larva 

infested bee 

n.s. 
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** 

Dorsal expression is influenced by DWV 

Nazzi et al., 2012



Nazzi et al., 2012

The down-regulation of the transcription factor 
dorsal-1A by RNAi promotes DWV replication 



Nylon thread implantation 

DWV +-

DWV titer positively 
correlates with 

honeybee  
immunosuppression 

Di Prisco et al.  
PNAS 2016 



A delicate balance underpins covert DWV infections 
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Dorsal expression 
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RNAi 

dsRNA Dorsal 

dsRNA GFP 



Varroa triggers immune reactions  associated with a 
severe metabolic stress… 



…which promote viral replication 
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days after the onset of the feeding activity 

Infestation and DWV replication 

uninfested larva 

larva infested by 1 mite 

larva infested by 3 mites 



+ 

Bee immunosuppression by DWV 
favours Varroa feeding and enhances 
mite’s fitness  

Varroa acts as a vector 
and promotes DWV 
replication 



Do stress factors acting on bee 
immunocompetence influence DWV replication?  



“Thiacloprid elicited the modulation of gene transcription and
mRNA metabolic processes: three ribonucleoproteins, and two
transcription factors (mflj00348 protein, also known as “caterpiller”
in mammals) were identified. The latter sequences, in human cells,
may modulate T-cell activation, decrease the transcription of genes
that are normally up-regulated after T-cell stimulation and delays
degradation of NFKBIA/IKBA”



Neonicotinoid impact on honey bee immunity 

Di Prisco et al. 2013 



Di Prisco et al. 2013 

Topical 

 insecticide treatment

Effect of insecticides on DWV replication in honey bees 
bearing covert infections 



Di Prisco et al. 2013 

Topical Oral 

 insecticide treatment

Effect of insecticides on DWV replication in honey bees 
bearing covert infections 



Neonicotinoids and honey bee antiviral immunity 

Di Prisco et al. 2013 



Gut Microbiota and Immunity 

Lee & Hase, Nature Chemical Biology, 2014 



  



Microbiota priming of antiviral immunity 

Sansone et al., 2015, Cell Host & Microbe 18, 571–581  
 



Neural control of immunity 







Goulson et al. Science 2015 

Wild and managed bees are exposed to a number of 
interacting stressors 



Kielmanowicz et al., 2015 

ü Varroa infestation and DWV 
replication contribute to 
70%  of colony losses 

 
ü A single factor may not be 

sufficient to trigger colony 
losses 

ü A combination of stressors 
appears to impact hive 
health 

Multifactorial induction of hive collapse 



ü DWV  mediates  honeybee  immunosuppression  by 
targeting NF-kB signaling

ü Varroa  mites  promote  DWV  replication,  exacerbate 
immunosuppression and enhance their fitness

ü   Neonicotinoids  upregulate  an  inhibitor  of  NF-kB 
activation  and  triggers  immunosuppression,  which   
promotes DWV replication

ü Nutrition cross-modulates honey bee immune pathways 

Conclusions 
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The “Sword of Damocles” paradigm 

Nazzi and Pennacchio – Viruses, 2018 
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Thank you! 


