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Holobiont phenotype is controlled by the hologenome
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Gut Microbiota and Immunity

Midgut epithelia
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Multifactorial regulation of immunity
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Pathogen loads are highly
covariant in collapsing colonies

CCD Colony

KBV IAPV

v'Increased susceptibility to a diverse set of pathogens
v" Co-infections can act synergistically

Cornman et al. , 2012 @.PLOS ‘ ONE
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The induced collapse experiment

% acaricide treatments

Observatlons on:
- colony strength
- mite infestation
- bee mortality

- pathogens
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Expression of iImmune genes
RNA-s
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Bees from HIC

Real time RT-PCR
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Dorsal expression is influenced by DWV
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The down-regulation of the transcription factor
dorsal-1A by RNAI promotes DWYV replication
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DWV titer positively
correlates with
honeybee
iImmunosuppression
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A delicate balance underpins covert DWYV infections
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Varroa triggers immune reactions associated with a

severe metabolic stress...
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...which promote viral replication
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Varroa acts as a vector Bee immunosuppression by DWV
and promotes DWV favours Varroa feeding and enhances
replication mite’s fithess
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A mutualistic symbiosis between a parasitic mite and a
pathogenic virus undermines honey bee immunity
and health
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Do stress factors acting on bee
immunocompetence influence DWYV replication?
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Transcriptomic and proteomic effects of a neonicotinoid insecticide mixture in the
marine mussel (Mytilus galloprovincialis, Lam.)
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“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 1dentified. 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
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Effect of insecticides on DWV replication in honey bees
bearing covert infections
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Effect of insecticides on DWV replication in honey bees

bearing covert infections
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Neonicotinoids and honey bee antiviral immunity
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Gut Microbiota and Immunity

Midgut epithelia
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Microbiota priming of antiviral immunity
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Harm/danger

Neural control of immunity
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Specific immune responses in mice following subchronic exposure to R)
acetamiprid e
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Results: The ACE-treated mice showed a significant immunosuppression of the specific humoral response with a
restorative effect of curcumin when administered with ACE. Similarly, ACE significantly decreased the level of
splenocyte proliferation after either a non specific or a specific activation. Curcumin partially restores the an-
tigen specific cellular immune response. Moreover, when administered alone, curcumin significantly inhibits the
proliferative responses to the mitogen confirming its anti-mitogenic effect. Histological analysis showed al-
teration of spleens of mice exposed to ACE.

Significance: Altogether, our data indicated that ACE could potentially be harmful to the immune system.




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

Limited / monotonous
Lack of alternative floral resources

forage may increase Poor diet
exposure to pesticides compromises
immunity
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Multifactorial induction of hive collapse

v' Varroa infestation and DWV

VDV

replication contribute to

/0% of colony losses

v" A single factor may not be
sufficient to trigger colony
losses

v' A combination of stressors
appears to impact hive
health

Kielmanowicz et al., 2015 @.PLOS | PATHOGENS




Conclusions

vDWV mediates honeybee immunosuppression by
targeting NF-kB signaling

v'Varroa mites promote DWYV replication, exacerbate
immunosuppression and enhance their fitness

v Neonicotinoids upregulate an inhibitor of NF-kB
activation and triggers 1mmunosuppression, which

promotes DWYV replication

v'Nutrition cross-modulates honey bee immune pathways



The “Sword of Damocles” paradigm
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