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Honey bee microbiota
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Honey bee gut microbiota
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Philipp Engel, Vincent G. Martinson and Nancy A. Moran. 2012. Functional diversity within the simple gut

microbiota of the honeyBee

Waldan K. Kwong and Nancy A. Moran. 2016. Gut microbial communities of social bees. Nature reviews

• Using 16S rRNA

sequence variations: 

– 8 distinct species make

up for up to 99% of 

variation

– γ-proteobacteria

Lactobacilli are present

in every bee



Honey bee microbiota dysbiosis
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Cox-Foster D.L., Conlan S., Holmes E.C. et al. 2007. A metagenomic survey of 

microbes in honey bee colony collapse disorder. Science 318: 283-287

« A trend towards increased abundance of one of the Gammaproteobacterial taxa in 

the CCD bees (Fig. 1) may reflect physiological changes  accompanying CCD and 

impacting the commensal community. » 



Action of probiotic candidates?

• Nosemosis is associated with a dysbiosis of intestinal microbiome 

– “Interestingly, the increase in Nosema spp. spore loads was significantly correlated with the 

increase in ileum F. perrara. Thus, our results suggest that the early establishment of Nosema

spp. is encouraged by blooms of F. perrara, bacterial dysbiosis and/or diet associated 

conditions in developing nurse bees” (Maes et al. 2016).

Can candidate probiotics improve honey bee survival by 

reducing dysbiosis?



BeeProbio project

• Goal:

– Test the efficiency of probiotics on honey bee 

health. 

• Two commercially available broad spectrum strains 

(Bactocell® and Levucell®, Lallemand Inc) and several 

honey bee gut isolated strains

• Pathogen inoculation: caged bee trials

– Step 1. Honey bee survival

– Step 2. Metagenomic analysis (honey bee microbiota), 

Transcriptome (differential gene expression in the honey bee)
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Probiotic testing

Kwong & Moran Nat Rev 2016

Ontogenenesis of honey bee 

intestinal microbiota ?

28 days



Probiotic in vitro testing

• CRSAD: Honey bee center

– Standard method for in situ tests

• Good statistic power

• Good honey bee survival

• Young emergent bees 4 days old

• Nosema cerana inoculation

– Microbiota survival and 
concentration

• In sugar solution

• In honey bee gut

– Microbiota isolation and culture

• Aerobic strains

• Two potential strains: Acetobacter
sp. and Bacillus sp.
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Evans, J., Chen, Y. P., di Prisco, G. D. P., Pettis, J., & Williams, V. (2009). Bee cups: 

single-use cages for honey bee experiments. Journal of Apicultural Research, 48(4), 

300–302.



Probiotic protocol

Rousseau, El Khoury,, Mercier, Derome, Giovenazzo, in prep

Endogenous Lallemand Inc.

Acetobacter sp. Bacillus sp. Bactocel® Levucel® Control

No Nosema sp. 20x 20x 20x 20x 20x

Nosema sp. 20x 20x 20x 20x 20x

• Bees 4 days old: cage trials during 27 days (D0-D27)

• 10 groups, 20 cages / group ; 20 bees / cage

• Step 1. Honey bee Survival 

• Step 2. Metagenomics and transcriptome

• Cage bee samples : D0, D14, D27

• 5 replicates / group / sample



Probiotic protocol
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Group N (cages)

1:1 Sugar syrup containing:

Nosema sp. inoculate

(1 million spores/cage)

Probiotic

(103 CFU) 

Control 20 - -

Nosema sp. 20 Day 0 -

Bactocell® 20 - Day 1-27 Bactocell®

Nosema sp + Bactocell® 20 Day 0 Day 1-27 Bactocell®

Acetobacter sp. 20 - Day 1-27 Acetobacter sp

Nosema sp. + Acetobacter sp 20 Day 0 Day 1-27 Acetobacter sp.

Bacillus sp. 20 - Day 1-27 Bacillus sp.

Nosema sp.  + Bacillus sp. 20 Day 0 Day 1-27 Bacillus sp.

Levucell® 20 - Day 1-27 Levucell®

Nosema sp + Levucell® 20 Day 0 Day 1-27 Levucell®

Rousseau, El Khoury,, Mercier, Derome, Giovenazzo, in prep
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Rousseau, El Khoury,, Mercier, Derome, Giovenazzo, in prep

Survival results

Kaplan-Meier Survival curves distribution of bees in each group during the 27 days in vivo 

experiment. Cox Proportional Hazard model comparisons after 27 days: control vs all groups 

p˂ 0.01 ; Nosema sp. vs Nosema sp. + all probiotics p˂ 0.001



Activity of intestinal microbiota

Derome Lab

• Whole bee guts from ventriculus to rectum were 
dissected from the abdomen

• Taxonomic annotation database using BlastX and 
BlastN transcript mappings and transcript 
quantification data. 
– Nosema sp. infected bees: 

• Genus Nosema ranked second in both transcript activity and total 
unique transcripts, with Nosema ceranae accounting for 97% of all 
Nosema occurences.

• % of Nosema sp. activity of total transcript activity 
– Infected bees: 15-25%,

– Non-infected bees: 0-3%. 
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Current work

• Step 2. Metagenomics / 

transcriptome analysis
• Cage bee samples : D0, D14, D27

• 5 replicates / group / sample

• Colony trials 2016-2018

– Probiotics during fall feeding
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