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Molecular studies have been used to catalogue 
the bee microbiome on other continents 
(Ellegaard and Engel, 2019). There are currently 
no control methods available for chalkbrood, one 
of the most important diseases affecting the 
Australian apiary industry.

As part of this project, the research team studied 
bacteria present in European honey bees in 
Australia. This included investigating bacterial 
species that are able to inhibit disease pathogens. 
Further work currently underway is using native 
Australian bee gut bacteria to develop a probiotic 
inoculum for honey bees, which will help protect 
colonies from diseases such as chalkbrood, or 
aid their recovery in the case of infection. Such 
a probiotic is consistent with the use of non-
chemical disease control methods. 

Objectives
The aim of this research was to determine the 
variation of bee gut bacteria in relation to the seasons, 
and to characterise new bacteria found in the gut 
of nurse honey bees, to aid the development of a 
probiotic for the chalkbrood disease.

The project built on data and experience gained in 
a previous research project (RIRDC project PRJ-
000571), with the main objective being to gain 
information to develop a probiotic product from 
Australian bee gut bacteria for the Australian  
apiary industry. 

The objectives of the project were:

• Determine the variation of bee gut bacteria in 
different seasons (i.e. spring, summer, autumn 
and winter).

• Identify bee gut bacteria with the most potent 
ability to suppress the chalkbrood pathogen. 
From this, determine the best bacterial strains  
for use in probiotic development.

• Determine whether isolated bee gut bacteria  
have the ability to suppress the European 
foulbrood pathogen.

This report summary details research into European honey bee 
gut bacteria in Australia. The variation of honey bee gut bacterial 
numbers over time was determined by sampling colonies in apiaries 
located at Tharwa ACT and Bega NSW. This showed seasonal 
variation in the number of environmental bee gut bacteria present in 
the honey bee gut, with high numbers when honey bees are active 
and much lower numbers when they are inactive. Environmental 
factors were also shown to impact on the colony; these include the 
availability of floral resources, rainfall, temperature, humidity and 
potentially a sustained smoky environment from bushfires.

The team also isolated and characterised Australian honey bee gut 
bacterial species that are able to inhibit the chalkbrood pathogen 
of bees. Some of these have the required characteristics to be 
developed as probiotics and, as such, probiotic inoculums against 
the chalkbrood disease are being tested as part of a current 
AgriFutures Australia project (PRJ-012214).

Abstract

European honey bees are important for crop 
pollination and honey production. In Australia, they 
have very different pollen and nectar sources. But they 
are also under significant threat from diseases such 
as chalkbrood, European foulbrood and American 
foulbrood. Thus, protecting apiaries from disease is an 
essential part of commercial beekeeping. 

The viability and sustainability of the Australian 
honey bee industry depends on controlling 
important bee diseases such as chalkbrood. 
The use of chemicals in hive management is 
very restricted and regulated in the Australian 
beekeeping industry and, consequently, the 
control of bee diseases has traditionally been 
far less chemical-dependent than in overseas 

Background

beekeeping operations. As a result, Australian 
honey is less likely to contain chemical 
contaminants than honey from most other parts 
of the world and, as such, is marketed with a 
“clean and green” tag on the international market. 
This reputation has led to research in Australia 
to develop alternative non-chemical methods 
to control disease in apiaries, such as breeding 
disease-resistant bees. This is also an important 
goal worldwide amid a push to reduce the use of 
chemicals in agriculture.

Gut microbiota play an important role in the 
wellbeing of individual bees and overall colony 
health; important factors for the productivity 
of social insects (Kwong and Moran, 2016). 

Research
Honey bee colonies were set up at two sites and 
monitored for two-and-a-half years. One was inland 
in the Tharwa region of the ACT, and the other was 
near the NSW South Coast, on a farm near Bega 
(Subotic et al., 2019). Bacterial isolation was carried 
out according to a modified bioassay method. 
Gene sequencing was used to determine species 
relationship. Bacterial isolates were marked with 
natural antibiotic resistance to determine whether 
they had the properties to be developed as a probiotic. 

Outcomes/key findings
Two-and-a-half years of continuous monitoring 
of colonies at Tharwa and Bega showed there is 
cyclic variation of bee gut bacteria over the seasons; 
bacterial numbers are very high during late spring, 
summer and early autumn when bees are active, 
and numbers are low during the rest of the year 
when bees are inactive.

Monitoring also showed that drought (i.e. low 
rainfall and high temperatures) significantly 
decreases bacterial numbers in the honey bee gut. 
Bacterial numbers seem to recover more quickly in 
colonies located in higher-rainfall locations. There 
is also a suggestion that significant smoke from 
bushfires could delay colonies from recovering 
to having normal bee gut bacterial numbers. This 
information provides a reference point for when 
probiotic feeding could be most useful (i.e. fulfilling 
the first objective).

Work as part of this project allowed the research 
team to add to its collection of chalkbrood-inhibiting 
Australian gut bacteria that have the characteristics 
to be effective probiotic inocula (Khan et al., 2020; 
this project). From this collection, the best probiotic 
strains for suppression of the chalkbrood disease 
were identified (i.e. fulfilling the second objective); 
these are new Bacillus species, and core bacteria 
from the Lactobacillus genera. This knowledge has 
led to the final stage of probiotic development – 
determining the efficacy of the strain in suppressing 
chalkbrood disease in the field.

Although some of the chalkbrood-inhibiting bee gut 
bacterial strains could inhibit M. plutonius, it was 
decided that European foulbrood was a complex 
disease not amenable for probiotic development (i.e. 
fulfilling the third objective).
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Implications for industry
The demonstration that honey bee gut numbers 
decrease significantly when the colony is infected 
with the chalkbrood disease, and that numbers reach 
close to normal when the colony has recovered, may 
allow early identification of the chalkbrood disease in 
the future, before symptoms can be detected in the 
colony in some cases. Through further research, this 
could lead to development of a diagnostic tool that 
predicts the onset of chalkbrood disease in a colony 
before symptoms are detected. This would enable 
apiarists to intervene and try to stop the onset of 
chalkbrood disease in these colonies, for example by 
feeding sugar solution.

As well, through further research the linkage between 
environmental factors and the honey bee microbiome 
could be used to help identify colonies that have 
problems. Probiotics could then potentially provide 
a treatment method to aid the recovery of the colony. 
This will be dependent on determining the specific 
relationship between the environmental factor and 
the honey bee microbiome. 

In this project, the research team determined the 
best Australian probiotic strains for suppression of 
the chalkbrood disease from their collection. This 
knowledge has allowed the team to proceed to the 
final stage of probiotic development – determining 
the efficacy of the bacterial strains in suppressing 
chalkbrood disease in the field (AgriFutures Australia 
project PRJ-012214).

The development of probiotics to suppress the 
chalkbrood disease will be of significant benefit to 
the Australian apiary industry. If successful, it will 
lead to a non-chemical control method for one of the 
important diseases affecting apiaries in Australia. 
This will not only increase honey yield but make 
Australian honey bee colonies more viable in the  
long term.
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Biological Control of Chalkbrood by Anti-fungal 
Symbionts of Bees (RIRDC project PRJ-000571). https://
www.agrifutures.com.au/product/biological-control-of-
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Improving chalkbrood disease protection honey bee 
colonies probiotics prebiotics (AgriFutures Australia 
project PRJ-012214). Underway.
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“The development of probiotics 
to suppress the chalkbrood 
disease will be of significant 
benefit to the Australian apiary 
industry. If successful, it will lead 
to a non-chemical control method 
for one of the important diseases 
affecting apiaries in Australia.”
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