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Foreword 
Honey bees are key pollinators of many agricultural crops, and these crops are worth an estimated 
$14.2 billion per annum. The production of honey and honey-derived products also directly 
contributes $99 million per annum to the Australian economy. There are about 20,000 apiarists in 
Australia operating an estimated 647,000 colonies. But the Australian apicultural industry is under 
significant threat from diseases; chalkbrood being one of the most significant. The sustainability of 
the industry, and other agricultural industries, is dependent upon control of this disease.  

The European honey bee gut has well-defined ‘core’ microbiota that are long lasting, being passed 
from generation to generation. It also contains a diverse range of aerobic ‘environmental’ microbiota 
that colonise the bee gut opportunistically. Both types of microbiota are believed to play important 
roles in the digestion of food (i.e. pollen) and the control of disease. Until now, however, there has 
been limited understanding of the changes in core and environmental microbiota numbers over the life 
of a hive, and the strains of microbiota that inhibit disease pathogens, particularly the chalkbrood 
pathogen. 

This study showed that ‘environmental’ microbiota numbers vary significantly over the seasons. 
Microbiota numbers are high in late spring, summer and early autumn (i.e. when honey bees are 
active) and are lower during the rest of the year when honey bees are much less active. There is 
variation of floral resources between locations and environmental conditions during the different 
seasons; these are the primary determinants of honey bee activity. There is also a suggestion that 
honey bee gut bacterial numbers are negatively impacted by adverse environmental factors such as 
drought or bushfires. 

This study also investigated whether some gut microbiota have evolved the ability to inhibit important 
fungal pathogens of bees, and whether they could be used in the development of probiotics against 
chalkbrood and European foulbrood. Building on previous research, the research team isolated and 
identified new species of bee gut microbiota that could inhibit pathogens of both diseases. These were 
new Bacillus species and core microbiota from the Lactobacillus genera. It was shown that some of 
these bacteria have characteristics that make them suitable to be developed as a probiotic inoculum for 
honey bees against chalkbrood. However, due to the complex nature of European foulbrood infection, 
it was felt this disease does not lend itself to a probiotic solution. 

This report for the AgriFutures Honey Bee & Pollination Program is an addition to AgriFutures 
Australia’s diverse range of research publications. It forms part of our Growing Profitability Arena, 
which aims to enhance the profitability and sustainability of our levied rural industries. Most of 
AgriFutures Australia’s publications are available for viewing, free download or purchase online at 
www.agrifutures.com.au.  

John Smith 
General Manager, Research 
AgriFutures Australia 
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Executive summary 
What the report is about 

This report details research on European honey bee gut bacteria in Australia. It is thought gut 
microbiota play several important roles in honey bees, such as contributing to food digestion, 
producing essential vitamins and helping prevent potentially harmful pathogens from colonising the 
gut (Kešnerová et al, 2017). However, the precise contributions of beneficial microorganisms to the 
overall health of a honey bee colony is not well understood. There has been extensive study of these 
gut bacteria overseas in Europe, the United States and South America.  

The research team involved with this project has been studying Australian bee gut bacteria for more 
than 12 years. In this study, the variation of honey bee gut bacteria over time was determined by 
sampling colonies in apiaries at Tharwa in the ACT and Bega in NSW. This showed seasonal 
variation in the number of bee gut bacteria present in the honey bee gut. It is important to know the 
seasonal variation of honey bee gut bacteria to develop probiotics.  

The team also isolated and characterised additional honey bee gut bacterial species to those 
characterised by Khan et al (2020) that are able to inhibit the chalkbrood pathogen of bees and could 
be used for probiotic development.  

Who is the report targeted at? 

This report is targeted at apiarists, and in particular Australian apiarists and commercial beekeepers; 
industry organisations and government agencies, extension officers and other personnel involved in 
honeybee research; and worldwide honey bee researchers. 

Where are the relevant industries located in Australia? 

There are about 20,000 registered honey bee beekeepers in Australia operating an estimated 647,000 
colonies and producing about 30,000 tonnes of honey annually (AgriFutures Australia, 2017). The 
production of honey and honey-derived products (i.e. gross value of production; GVP) directly 
contributes $99 million per annum to the Australian economy (Karasiński, 2018). More importantly, 
honey bees pollinate a wide range of agricultural and horticultural crops, with an estimated benefit to 
the economy of about $14.2 billion per annum (ABARES, 2016). There is an apiary industry in every 
state and territory in Australia. Most commercial apiarists are located on the east coast of Australia.  

Background 

European honey bees (Apis mellifera) are social insects that live in large colonies. A honey bee colony 
typically consists of tens of thousands of bees that cooperate in nest building, food collection, and 
brood rearing. Each member of the colony has a particular role to play (e.g., worker, drone, nurse, and 
queen), but it takes the combined efforts of colony members to survive and reproduce (Ribbands, 
1952). The social structure of the colony is maintained by the queen and workers, and depends on an 
effective system of communication (Dietemann et al, 2008).  

In Australia, European honey bees have very different pollen and nectar sources to bees on other 
continents (Paton, 1993). The unique flora that has evolved on the Australian ‘island’ continent since 
the breakup of the Gondwana supercontinent in the Jurassic period (Crisp and Cook, 2013) enables 
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the production of some unique honeys (Jandrić et al, 2017). European honey bees are important for 
crop pollination and honey production. Declining honey bee numbers may be linked to factors such as 
disease. It is suggested gut microbiota play an important role in the wellbeing of individual bees and 
overall colony health; important factors for the productivity of social insects (Alberoni, et al, 2018).  

European honey bees in Australia are under significant threat from several pests and diseases such as 
chalkbrood, European foulbrood and American foulbrood. Thus, protecting apiaries from disease is an 
essential part of commercial bee keeping. The viability and sustainability of the Australian honey bee 
industry depends on controlling important bee diseases such as chalkbrood (Hornitzky, 2001). The use 
of chemicals in hive management is very restricted and regulated in the Australian beekeeping 
industry. Consequently, the control of bee diseases in Australia has traditionally been far less 
chemical-dependent than in overseas 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 (Allan and Carrick ,1989). This is also an important goal worldwide 
amid a push to reduce the use of chemicals in agriculture.  

Molecular studies have been used to catalogue the bee microbiome on other continents (Moran et al, 
2012; Jeyaprakash et al, 2003; Kwong and Moran, 2016). As Australia is still free of the Varroa mite 
(Roberts et al, 2018) and colony collapse disorder (CCD), in contrast to other parts of the world 
(Steinhauer et al, 2018), it offers a unique opportunity to study a honey bee population that is not in 
crisis. This report details a continued study of the nature of the European honey bee–bacterial 
association in the gut of the Australian honey bees. The results will be central to the development of a 
probiotic inoculum for honey bees, which will help colonies recover from honey bee diseases such as 
chalkbrood. 

 

Aims/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.  

This project built on the 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. 
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Methods used  

Honey bee colonies were set up at two sites. One was inland in the Tharwa region of the ACT, and the 
other was near the coast on a farm near the Bega region of NSW. The colonies were allowed to settle 
for one month before sampling. There was significantly greater rainfall and milder temperatures at the 
coastal Bega site. Sampling occurred monthly for a two-and-a-half-year period from two colonies at 
each site. Nurse honey bees were collected from the brood box and transported to the laboratory for 
bacterial isolation (which occurred within 2-8 hours of sampling). The bees were killed by exposing 
them to -20 °C for 45 minutes to one hour. Bacterial isolation from bee guts then took place 
immediately. 

Bacterial isolation was carried out according to a modified method of Khan et al (2020). Honey bee 
guts were dissected and resuspended in dilute tryptic soy broth (TSB). Serial dilutions of this were 
then carried out, and aliquots plated on tryptic soy agar (TSA). The agar plates were incubated at  
35 °C for 24 hours, colonies were counted, and the number of bacteria present in the bee gut was 
determined. 

The environmental bacteria isolated in the screening above, which were shown by molecular analysis 
to be potentially different, were tested in agar plate bioassays against chalkbrood (Khan et al, 2020). 
The best candidates (those that inhibited chalkbrood strongly) were purified and stored for further 
characterisation. In addition, anaerobic bacteria were isolated on MRS agar grown under anaerobic 
conditions (Engel et al, 2012) and purified. A novel bioassay system was used to test the ability of 
anaerobic bacteria to suppress chalkbrood. All the anaerobic isolates, which had different colony 
morphologies and which inhibited chalkbrood, were stored for further characterisation. 

The total genomic DNA of these candidate chalkbrood-inhibiting strains was isolated. PCR was used 
to amplify 16S rRNA gene fragments using multiplex PCR, with two universal 16S rRNA primers 
(Khan et al, 2020). These 16S rRNA PCR DNA fragments were gel purified and sequenced. The 
sequence was analysed using the GenBank non-redundant database. 

Determining whether bacterial isolates in this study had properties that lend themselves to be 
developed as a probiotic was done by marking strains with natural antibiotic resistance. Growth in 
different media was then determined to see whether it was possible to harvest the large number of 
cells required for probiotic feeding. A further test determined that bacteria survive in 50% sugar 
solution; used to feed honey bees. To identify whether the bacteria fed to the bees were the same as 
ones isolated subsequently after feeding, PCR was used to develop a fingerprint pattern that identifies 
the bacteria rapidly once isolated from bee gut. 

The causal agent of European foulbrood (i.e. Melissococcus plutonius) was grown on media 
supplemented with potassium phosphate (Arai et al, 2012), grown anaerobically. A two-step system 
was devised involving cross-streaking of chalkboard-inhibiting bacteria against Melissococcus 
bacteria to determine whether any strains were able to inhibit this pathogen.  

 

Results/key findings 

Through two-and-a-half years of continuous monitoring of colonies at apiaries at Bega, NSW and 
Tharwa, ACT, a cyclic variation of bee gut bacteria over the seasons was observed. Bacterial numbers 
were very high during late spring, summer and early autumn when honey bees are active, and were 
low during the rest of the year when honey bees are inactive. It was shown that the level of bee gut 
bacteria declines when bees are affected as a result of dry conditions (i.e. drought), suggesting a 
correlation between rainfall and bee gut bacterial numbers. It was also shown that colonies in high-
rainfall areas such as Bega, although impacted by drought, can maintain bee gut bacterial numbers 
better than colonies that are located in low-rainfall areas, such as Tharwa. The data suggests honey 
bee gut bacterial numbers may be impacted by a variety of environmental factors; this could be 
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rainfall, temperature, humidity and potentially a sustained smoky environment from bushfires. As 
such, understanding of the variation of Australian honey bee gut bacteria has been significantly 
enhanced; important general knowledge that is required to develop a probiotic inoculum.  

There have been a variety of environmental bacteria isolated as part of previous studies (RIRDC 
project PRJ-000571; Khan et al, 2020; Khan, 2008). This project added to this collection by isolating 
and identifying new species of bee gut bacteria that could inhibit the chalkbrood pathogen. These are 
new Bacillus species, and core bacteria from the Lactobacillus genera. It was shown that some of 
these bacteria have characteristics that make them suitable to be developed as a probiotic inoculum for 
honey bees.  
 
In this study, chalkbrood-inhibiting bacteria were tested against the causative organism of European 
foulbrood (EFB, i.e. the pathogen Melissococcus plutonius). It was found a few of them were 
effective in inhibiting pathogen growth. However, due to the complex nature of EFB infection in 
terms of differences in virulence of the M. plutonius  pathogen, pathogenicity being determined by 
unstable plasmids, and multiple other bacteria being associated with infection, it was felt this system 
does not lend itself to a probiotic solution; a vast number of factors would have to be considered in 
developing a probiotic inoculum. 

 

Implications for relevant stakeholders 

A key element of this project was the research team adding to its collection of chalkbrood-inhibiting 
Australian gut bacteria. From this collection, the potential best probiotic strains for suppression of the 
chalkbrood disease were selected (i.e.fulfilling the second objective on the project). This knowledge 
has allowed us to proceed to the final stage of probiotic development – determining the efficacy of the 
bacterial strain in suppressing chalkbrood disease in the field.  

This project has also determined when bacterial numbers in honey bee guts are low (i.e. due to 
seasonal variation and impact of certain environmental factors outlined above); thus providing a 
reference point when probiotic feeding could be most useful (i.e.fulfilling the first objective on the 
project). This important knowledge is required to develop an effective probiotic inoculum and will 
help apiarists with their application of any probiotic inoculum developed.  

Although European foulbrood is a significant disease in Australian apiaries, this study has suggested 
that probiotics are not going be an effective treatment method, due to the complex nature of this 
disease (i.e.fulfilling the third objective on the project). Therefore, this project indicates probiotics are 
not feasible for European foulbrood.    

 

Recommendations 

This project, a previous project (RIRDC project PRJ-000571) and an ongoing project (AgriFutures 
Australia project PRJ-012214) have given insight into the microbiome of European honey bees in 
Australia for the first time. This knowledge has allowed definition of the normal microbiome of 
European honey bees in Australia, which could aid the future development of diagnostics and 
methods to maintain healthy honey bee colonies. 

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 
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these colonies, for example by feeding sugar solution. 

This project has established there is cyclic variation of bacterial numbers; with numbers significantly 
lower when the honey bee colony is inactive in the colder months of the year. Monitoring of bacterial 
numbers in honey bee guts over two and a half years has also shown that drought (i.e. low rainfall and 
high temperatures) significantly decreases bacterial numbers in the honey bee gut. Bee gut bacterial 
numbers seem to recover more quickly in colonies located in higher-rainfall locations. Furthermore, 
there is also a suggestion that significant smoke from bushfires could delay colonies from recovering 
to having normal bee gut bacterial numbers. The data suggests honey bee gut bacterial numbers may 
be impacted by a variety of environmental factors that impact on honey bee colonies; these could be 
availability of floral resources, rainfall, temperature, humidity and potentially a sustained smoky 
environment from bushfires. Through further research, this linkage between environmental factors 
and the honey bee microbiome could be used to help identify colonies that have problems, and 
through probiotics potentially provide treatments that aid the recovery of the colony. This will be 
dependent on determining the precise relationship between the specific environmental factor and the 
honey bee microbiome.  

The different bacteria present in Australian honey bee guts have been isolated and stored, and some 
have been shown to have characteristics that make them suitable to be developed as a probiotic to 
suppress the chalkbrood disease. Through AgriFutures Australia’s support (PRJ-012214), these 
candidate Australian bacteria are being tested in the field for their ability to suppress chalkbrood 
disease. If successful, beekeepers will have access to a non-chemical option to control 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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Introduction 
A number of significant bee brood diseases are endemic to Australia: American foulbrood, 
chalkbrood, European foulbrood, nosema and sacbrood. Consultation with a number of commercial 
apiarists has identified that chalkbrood is considered a significant problem in Australia. Protecting 
apiaries from such diseases is essential in commercial beekeeping. Major losses of apiaries, such as 
due to American foulbrood, could severely affect the viability and sustainability of the Australian 
honey bee industry. Any threat to the honey bee industry would significantly impact not only the 
production of honey but also Australian agriculture in general. 

Australian honey contains fewer chemical contaminants than honey from most other parts of the 
world, and as such is marketed with a “clean and chemical-free” tag on the international market 
(Department of Agriculture, Water and the Environment, 2020). The use of chemicals in beehive 
management is very restricted and regulated in the Australian bee keeping industry (Australian Honey 
Bee Industry Council, 2007). Consequently, the control of bee diseases in Australia has traditionally 
been far less chemical-dependent than in overseas beekeeping operations. Very few products are 
registered for use in apiaries in Australia, oxytetracycline hydrochloride (OTC) being the only 
antibiotic registered in eastern Australia for use against the European foulbrood disease (FSANZ, 
2006). OTC has to be administered by a veterinarian and any treatment has to have withholding 
periods to minimise the OTC content in bee products (Somerville, 2016). Limiting chemical use in 
apiaries is likely one factor that has led to more chemical-free honey in Australia. This project, on the 
development of probiotics for bees, is investigating a non-chemical approach to disease control. 
Therefore, it fits in well with the aims of the Australian bee keeping industry in restricting the use of 
chemicals. 
 
Bacteria are the dominant microorganisms in the honey bee gut (Tauber et al, 2019). The honey bee 
microbiome is stable and has specific microbes in different honey bee colonies worldwide (Rothman 
et al, 2018; Lee et al, 2015; Zheng et al, 2018). Bacteria found in the honey bee gut have been 
grouped as either ‘core’ bacteria, or ‘environmental’ bacteria. Core bacteria are bee gut bacterial 
species that are consistently found in the gut of bees from colonies located across the world. They 
consistently inhabit the European honey bee gut in different environments or locations (Engel et al, 
2016).These bacteria are conserved and tend to be anaerobic or microaerophilic in nature. 
Environmental bacteria are considered opportunistic in colonising the honey gut and thus tend to vary 
more than core bacteria. They are generally aerobic or facultative anaerobic (Khan et al, 2020). 
Specific environmental gut bacterial species are not consistently found in honey bee colonies from 
different locations, unlike ‘core’ bacterial species. However, different species from the same genera 
are found routinely in European honey bee colonies from across the world. These predominantly are 
species from aerobic and facultative anaerobic genera such as Bacillus; enteric genera such as 
Enterobacteria and Klebsiella (Khan et al, 2020; Gilliam 1997); Hafnia (Khan et al, 2020); and 
Gluconobacter (Kakumanu et al, 2016).  

The honey bee gut microbiome is considered to be dominated by bacteria that carry out important 
metabolic activities (Dillon and Dillon, 2004). The bacteria in the bee gut play important roles in 
digestion, nutrition, weight gain, preservation of pollen, disease resistance, pheromone production, 
reproduction, endocrine signalling, immune function, and honey production (Zheng, et al, 2018; 
Gilliam, 1997). Gut microbiota can promote weight gain in individual honey bees (whole body and 
the gut). This could be due to changes in host honey bee vitellogenin, insulin signalling, and gustatory 
response (Zheng, et al, 2018). There is also other evidence that gut microbiota confers pathogen 
resistance in honey bees (Bonilla-Rosso and Engel, 2018). 

Gut bacteria have a significant impact on metabolism inside the gut of the honey bee; bacteria digest 
plant polymers from pollen, with the resulting metabolites contributing to host nutrition (Zheng et al, 
2016). Honey bee gut bacteria vary considerably in their range of carbohydrate utilisation. This could 
be partially due to different bacteria present in the bee gut. Gilliamella species metabolise toxic sugars 

https://www.sciencedirect.com/topics/medicine-and-dentistry/pathogen
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that the honey bee cannot; thus removing them from the gut environment. Honey bee gut bacteria 
metabolise a wide range of compounds in the gut; such bacterial functions likely contribute to bee 
health (Kešnerová et al, 2017). Therefore the whole bee gut bacterial population plays a role in 
modulating nutrition in the bee gut; which benefits the host (Zheng et al, 2018). This strongly 
suggests that probiotics with bee gut bacteria could be of significant metabolic benefit to the host.  

The environmental landscape, including detrimental factors (e.g. pesticides), have a significant effect 
on the nature of bacterial populations present in the bee gut (Ellegaard and Engel, 2019; Jones et al, 
2018a). As in humans, any disturbance of the gut bacteria has a detrimental effect on the honey bee 
host. Antibiotic treatment of the colony leads to reduction of gut bacterial numbers and makes the 
bees vulnerable to diseases (Raymann et al, 2017), such as nosema infections (Li et al, 2017). Honey 
bees are social animals and the specific behaviours they exhibit are vital to the functioning of the 
colony. Recent evidence suggests that the number of some core bacterial bee gut bacteria determine 
the honey bee’s ability to perform different behavioural tasks (Jones et al, 2018b).  

The use of probiotics in livestock are well established. Probiotics in the animal feed market were 
valued at US$3.25 billion in 2016-17; this number is projected to reach US$5 billion by 2022 (Global 
Markets Insights, 2017). Clearly, probiotics make a significant contribution to maintaining health and 
preventing disease in livestock. The predicted future investment in livestock industries is an indication 
of the potential of probiotics. More laws are being legislated worldwide restricting the use of 
chemicals in agriculture. This strongly suggests that the development of probiotics for honey bees will 
become even more important in maintaining good hive health and managing disease. In the previous 
project (RIRDC project PRJ-000571), significant expertise was obtained in collecting bee gut samples 
and characterising the bee microbiome. The previous research was well received by industry as a way 
to maintain good hive health that didn’t involve chemical treatment. Therefore, with the expertise and 
collection of European honey bee gut bacteria (isolated from Australian honey bees), the team is in a 
unique position to develop probiotics for honey bees. 

The current methods to keep colonies healthy and free from diseases such as chalkbrood are based on: 

1. Maintaining a sufficient number of bees in a hive. 
2. Re-queening colonies from disease-resistant stock. 
3. Enlarging colony entrances to aid ventilation and reduce moisture accumulation. 
4. Using gamma irradiation to kill fungal spores. 

These management practices generally lower the stress on bee colonies. Re-queening colonies is the 
main approach used by apiarists for chalkbrood disease. However, there are currently no control 
methods available to Australian apiarists to treat a diseased hive. Probiotics would not only give 
apiarists a new method to maintain good hive health, they would also enable quicker recovery of 
diseased hives. 

The combined approach of prevention and intervention will significantly aid in controlling current bee 
diseases in Australia. In the previous project (RIRDC project PRJ-000571), bee gut bacteria were 
isolated from apiaries across Australia (Khan et al, 2020). Honey bees from healthy colonies 
contained between 107–108 bacteria per gram of bee gut, whereas bees from colonies infected with 
chalkbrood had significantly lower bacteria numbers (104–105 bacteria per gram of bee gut). Tracking 
chalkbrood colonies that were recovering from the disease showed that bee gut bacterial numbers also 
recovered and reached normal levels (107–108 per gram of bee gut) within about 21 weeks. 
Furthermore, new Western Australian bee lines bred for improved hygienic behaviour consistently 
had higher numbers of gut bacteria (108.5–109 bacteria per gram of bee gut). Taken together, these 
results show that there is a positive correlation between total bee gut bacterial numbers and colony 
health (Khan, 2008). 

Management of gut microbiota has been recognised in entomology as a tool to solve disease-related 
problems in insects. Research has specifically focused on Lactobacilli. They are considered to be 
beneficial bacteria – they inhabit the human and honey bee gut (different strains); are also found in 
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yoghurt; and are used as a probiotic in humans (Al-Tawaha and Meng, 2018). There are numerous 
studies that describe their isolation from the honey bee gut for use in probiotics (Mathialagan et al, 
2018; Pachla et al, 2018). Experiments with spraying sugar syrup containing Bifidobacteria and 
Lactobacilli (isolated from honey bee gut) on the frames inside a hive led to significant increases in 
brood population (46.2%), stored pollen (53.4%) and harvestable honey in honey supers (59.21%). 
Feeding of Lactobacillus salivarius in Argentinian apiaries led to hives producing between 2.3 to 6.5 
times more honey than the controls (Fanciotti et al, 2017), while feeding with Lactobacillus johnsonii 
not only showed increased honey production but also some disease suppression of the fungal disease 
nosema (Audisio et al, 2018). There was also an overall increase in honey yield of non-diseased hives 
treated with Lactobacillus salivarius (Fanciotti et al, 2018); suggesting that such treatments may 
naturally increase honey production. Furthermore, application of antibiotics (e.g. OTC) could make 
hives vulnerable to other diseases, such as nosema, by depressing their immune system (Li et al, 
2017). Here is another case where the use of probiotics may help in restoring normal gut flora more 
rapidly after antibiotic treatment of hives, which would decrease the vulnerability of hives. In 
conclusion, accumulating evidence from research by both the team and others supports the idea that 
probiotic feeding of honey bees can be used in the management of hive health and disease 
suppression.  

This paper reports on the first seasonal study of honey bee gut bacteria to monitor total environmental 
aerobic bacterial numbers over the long term in duplicate colonies at two different sites. Ludvigsen et 
al (2015) did monthly sampling of honey bees for a short period from May and October. Using 16S 
rRNA gene sequencing with quantitative PCR analysis, they determined the presence of certain 
species of bacteria during this time. Subotic et al (2019) sampled honey bees for three days over three 
months during the honey production season. They concluded from this very limited study that bacteria 
only slightly varied over the course of a honey production season (likely because they sampled over 
such a short period). They found the most prevalent core bacteria (e.g. Lactobacillus and 
Bifdobacteria) were consistently found but many low-abundance organisms were also persistent 
across the majority of samples. Bleau et al (2020) characterised the gut microbiota of the honey bee 
during the overwintering period in Canada for a 10-month period. They found the bacterial diversity 
of the gut microbiota decreased drastically before and after overwintering, but it remained stable 
during winter. Kešnerová et al (2020) sampled 24 adult worker bees intermittently over a period of 
two years from a single hive. Using molecular analysis, they were able to show changes in 
populations of individual honey bee gut bacterial species. Studies looking at the seasonal variation of 
honey bee gut bacteria have focused on relatively few species and over short periods of time, with the 
number of bees sampled being limited, and they generally have not followed multiple colonies at 
different sites. This means there has not been an accurate picture of how the total number of honey 
bee gut bacteria varies over a season. This study, in tracking total aerobic environmental bee gut 
bacteria in nurse bees for more than two-and-a-half years continuously, is by far the most significant 
longitudinal study in this area.  

This project is based on the observation that bee gut bacterial numbers, and potentially the type of 
bacteria present, are correlated with hive health. The team believes that the development of probiotics 
for bees will provide a new and easy-to-apply prophylactic method to protect apiaries that are 
threatened by disease, and could also be used to boost the recovery of already infected hives. Bee gut 
bacterial numbers may also indicate the onset of disease, which could then be targeted by probiotic 
feeding of bacteria. Australia, being an island continent, has unique flora and fauna, as well as unique 
microbes (Crisp and Cook, 2013). For this reason, probiotic development using bee gut bacteria 
isolated from European honey bees in Australia is catering for the unique environment that honey 
bees face on this continent. This would, for the first time, give Australian apiarists a method to control 
diseases such as chalkbrood that does not rely on antibiotics or radiation. 



 

                                                                                4 
 

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

This project built on the 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 
European bee gut bacteria (isolated in Australia) for the Australian apiary industry. The specific 
objectives were: 

Objective 1:  The previous RIRDC project was a study that identified bee gut bacteria as an 
important factor in maintaining a healthy colony. To assess the use of probiotics in 
bees, further data on the variation of bee gut bacteria in healthy bees over time was 
needed. The data collected in this project could provide reference as to when bee gut 
bacterial numbers are low in honey bees, as an indication for when to use probiotics.   

Objective 2:  In the previous Australia-wide survey, a number of bacterial strains that showed 
strong anti-fungal activity against chalkbrood were isolated. In this project, the team 
aimed to isolate additional bee gut bacterial strains to enlarge the collection. 
Previously and newly isolated bacteria were to be tested and characterised to 
determine the strains that are the most potent in inhibiting Ascosphaera apis, the 
chalkbrood pathogen. From this, the team aimed to determine the best bacterial 
strains for use in probiotic development. 

Objective 3:  European foulbrood is a significant disease in Australian apiaries. Previously and 
newly isolated bacterial strains from this project were to be tested for their ability to 
inhibit Melissococcus plutonius This would identify gut bacterial strains that could 
inhibit the European foulbrood bacterial pathogen. 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.cabi.org/isc/datasheet/34446


 

                                                                                5 
 

Methodology 
Establishment of honey bee colonies for study 

For tracking of honey bees over the seasons, two apiaries were set up. One was near the coast in the 
Bega region of NSW, and the other was inland in the Tharwa region of the ACT. The location of the 
Tharwa site is 35.48852 S, 149.07364 E; the location of the Bega site is 36.7265 S, 149.80806 E. The 
Bega site has an annual average rainfall of 857.7 mm, while the Tharwa site has an annual average 
rainfall average of 607.1 mm (Australian Bureau of Meteorology, 2020). Therefore, there was 
significantly greater rainfall and milder temperatures at the coast site. The Bega site was located on 
farmland near the Bega River, about 15 km from the centre of Bega. The Tharwa site was about 32 
km from the Canberra GPO, near the Murrumbidgee River. At each site, three colonies were set up 
for sampling. These three colonies were productive colonies and had no disease symptoms when set 
up at these sites.  

Each hive consisted of a brood box with one super. The queens were bred by Doug Somerville 
(Somerville, pers. comm.). At Bega, the dominant flora included Indian hedge mustard, black thistle, 
white clover, Balansa clover, arrow leaf clover, fireweed, Paterson’s curse, viper’s bugloss, willow, 
Angophora floribunda, black wattle, farmer’s friend and blackberry. The dominant flora at Tharwa 
were eucalypts such as yellow box, clover and various weeds such as thistles and Paterson’s curse. 
The colonies were allowed to establish for one month before sampling commenced. During the 
sampling period of two-and-a-half years, one colony at each site had to be abandoned after about 18 
months as they became diseased. The other two colonies at each site were monitored for disease at 
each sampling, and no disease was detected during the two-and-a-half-year sampling period.  

Tracking honey bee gut bacterial numbers over time 

Sampling occurred monthly for a two-and-a-half-year period from two colonies at each site. Initially 
for the first few months, eight bees from each colony were sampled. This was then increased to 10 
bees. Nurse honey bees were collected from the brood box and transported to the laboratory for 
bacterial isolation (which occurred within 2-8 hours of sampling). The bees were killed by exposing 
them to -20 °C for 45 minutes to one hour. Bacterial isolation from bee guts then took place 
immediately. 

Bacterial isolation was carried out according to a modified method of Khan et al (2020). Honey bee 
guts were dissected and resuspended in dilute tryptic soy broth (TSB). Gut bacteria were isolated from 
the gastrointestinal tract (i.e., ventriculus, ileum, and rectum), but not the crop. Serial dilutions of this 
were then carried out, and aliquots plated on tryptic soy agar (TSA). The agar plates were incubated at 
35 °C for 24 hours, colonies were counted, and the number of bacteria present in the bee gut was 
determined. 

Characterisation of honey bee gut bacteria 

Some of the environmental bacteria isolated in the screening were tested in agar plate bioassays 
against chalkbrood (Khan et al, 2020). Some of the best candidates (those that inhibited chalkbrood 
strongly) were purified and stored for further characterisation. Anaerobic bacteria were isolated on 
MRS agar and grown under anaerobic conditions (Engel et al, 2012). This media is specific for 
isolation of the two most abundant core bacterial genera (i.e. Lactobacillus and Bifidobacteria 
species) found in honey bees. Isolates were purified. A novel bioassay system was used to test the 
ability of this anaerobic bacteria to suppress the aerobic chalkbrood. A few of the anaerobic isolates 
that inhibited chalkbrood were stored for further characterisation. 

When required to determine the phylogeny of the isolate, total genomic DNA of these candidate 
chalkbrood-inhibiting strains was carried out (Qiagen DNeasy Blood and Tissue Kit). PCR was used 
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to amplify 16S rRNA gene fragments using multiplex PCR, with two universal 16S rRNA primers 
BSF 8/20 (5’-AGAGTTTGATCCTGGCTCAG-3’) and primer BSR 534/18 (5’-
ATTACCGCGGCTGCTGGC-3’). These primers were designed from data from the European 
Ribosomal RNA website (Khan et al, 2020). Then16S rRNA PCR DNA fragments generated were 
gel-purified (Qiagen QIAquick Gel Extraction Kit) and sequenced (DNA sequencing facility, JCMR, 
ANU). Double stranded DNA sequence was obtained by designing sequencing primers within this 
region. The sequence was analysed using the GenBank non-redundant database (Khan et al, 2020).  

Characterisation of honey bee gut bacteria for probiotic development 

In this study, a newly isolated environmental Bacillus species and a core Lactobacillus species were 
characterised to determine whether they had the potential to be developed for probiotic testing in the 
future. 

These strains were marked with natural antibiotic resistance by screening for mutants on media 
supplemented with antibiotics (i.e. streptomycin and rifampicin). Natural antibiotic resistance mutants 
with both these strains were obtained with the two antibiotics. These mutants were purified and tested 
for their growth rate compared to the parent. They were also tested for their ability to inhibit 
chalkbrood in bioassays; and compared to the parent. These antibiotic marked strains where then used 
for further testing described below. 

To determine whether the ability to inhibit chalkbrood was a stable property of the bacterial strain, the 
strains were sub-cultured in broth, without any selection, numerous times (i.e. 200-250 generations). 
They were then serially diluted and plated on solid media. Individual colonies (i.e. 50 colonies) were 
purified and tested to determine whether they retained the ability to inhibit the chalkbrood pathogen. 

Viable counts of these bacteria grown in different liquid media (e.g. tryptic soy broth, nutrient broth) 
were completed to see whether large numbers of bacteria required for probiotic feeding experiments 
could be harvested.  

As the bacteria used for probiotic feeding have to be fed in 50% sugar solution, the ability of the 
bacteria to survive in this liquid solution was determined. This was done by adding a known amount 
of bacteria to 50% sugar solution (approximately 1010 bacteria per ml), leaving it at room temperature 
for three days and then determining the viable count of the bacteria in the sugar solution. 

Using hyperpriming PCR, we designed PCR primers for each of the bacterial species we isolated in 
this study (Khan, 2008). These hyperprimers in PCR reactions were then screened for each of these 
bacteria. This was to identify three hyperprimers for each strain, which gives a unique pattern when 
compared to closely related species. This can then be used to identify when this strain is isolated from 
the bee gut. This is analogous to developing a fingerprint pattern that identifies the bacteria (with > 
99% probability) rapidly once isolated. 

Data analysis 

The gut bacteria present in each honey bee sampled from a colony, at each sampling time, was 
calculated from the viable count. The results were then tabulated for all the honey bees sampled from 
that colony at that time. The mean of the viable count of gut bacteria present in the samples from one 
bee colony (i.e. eight or 10 bees) was calculated using an Excel package. This was done for all 
colonies. The data for each colony was then tabulated monthly for the two-and-a-half-year period. A 
graph of the means versus time (in months) was derived. Using Excel, the standard deviation 
(STDEV) was calculated. From this, the standard error (STDEV/SQRT; sample size) was calculated 
for each month. This was then incorporated in the graph of means of bee gut bacteria present for each 
colony over time. When this analysis was completed, due to the large bacterial numbers in the 
samples, it was found that the Y axis scale could not clearly differentiate the differences observed in 
samples with medium to low bacterial numbers. As well, the high variance in the data (i.e. some bees 
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could have as many as 107 bacteria, while others could have a few bacteria) meant the error bars were 
large. Therefore, it was not possible to see trends clearly.  

To overcome the above problem, in relation to representing bee gut bacterial numbers, the team chose 
another approach to segregate the bees based on their bee gut bacterial numbers. This was done by 
taking the data on the number of bacteria isolated from each of the individual bees at a particular 
sampling time. Honey bee bacterial numbers were divided into two categories based on the 
observations of Khan et al (2020) that chalkbrood-diseased colonies had much lower bee gut bacterial 
numbers than normal healthy colonies. An assignment of lower bee gut bacterial numbers (i.e. low) 
compared to normal bee gut numbers (i.e. high) was possible from this study – 105 bee gut bacteria 
was chosen as the demarcation line. Anything below this number was considered low, and anything 
above this number was considered high. The reason for this assignment is that Khan et al (2020) 
found that honey bees from chalkbrood-diseased colonies had consistently far fewer than 105 bacteria 
per gram of bee gut. The team observed in the isolations from this study that bacterial numbers tended 
to be very low (i.e. far fewer than 105 per bee) or high (about 106–107 per bee). Therefore, the criteria 
applied is based on these observations, and is somewhere in the middle of what bacterial numbers are 
observed to be in bee guts routinely. This data was used to track the proportion of bees in a single 
colony that had high numbers of bacteria in the gut over time. There are other ways this data could be 
considered. However, this method allows gauging of bacterial numbers for honey bees for the colony 
as a whole (i.e. gives the big picture of what is going on in the colony). The team could then tabulate 
at any single point of sampling the percentage of honey bees that could be classified as high or low 
from a colony (the total would be 100%). This data was graphed monthly over time (i.e. two-and-a-
half years) to obtain a view of how bacterial numbers in honey bees were tracking in that colony. 

The rainfall data was obtained for the Bega site from the Bega (Newtown Road) BOM weather station 
(36.68913 S, 149.83926 E), which is located about 5 km from the Bega apiary. The Tharwa rainfall 
data was obtained from the Tuggeranong (Isabella Plains) weather station (35.42774 S, 149.09147 E), 
which is located about 9 km from the Tharwa apiary (Australian Bureau of Meteorology, 2020). Air 
quality data was obtained for the Monash monitoring site in the ACT (ACT Environment Protection 
Authority, 2020). Unfortunately, there was no continuous air quality data available for near the Bega 
site. The Merimbula air quality monitoring site was only opened in late 2020. Therefore, the closest 
air quality monitoring site to Bega during the study period was the Monash monitoring site. There was 
significant variance in the data, so trends were considered. 

European foulbrood 

The causal agent of European foulbrood (i.e. Melissococcus plutonius) was grown on media 
supplemented with potassium phosphate (Arai et al, 2012), grown anaerobically. A two-step system 
was devised involving cross-streaking the chalkboard-inhibiting bacteria against Melissococcus 
bacteria to determine whether any strains were able to inhibit the pathogen.  
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Results 
Variation of honey bee gut bacterial numbers over time 

When the mean bee aerobic gut bacteria present monthly in Tharwa colony A over the full two-and-a-
half years of sampling was considered (Figure 1a), the major peaks observed were between February 
and August 2020. There was also a very minor peak around March 2019. There was significant 
variance in the data as shown by the error bars from March to July 2020. For Tharwa colony B 
(Figure 1b), there were minor peaks observed in November 2018 and August 2019 for high bee gut 
bacterial numbers. A major peak was observed in June 2020, with a high degree of variance. 

For Bega colony A (Figure 3a), there was a major peak in bee gut bacterial numbers around March 
2020; with high variance as seen by the error bars. There were also very minor peaks in bee gut 
bacterial numbers between February and April 2019. In the case of Bega colony B, there was a major 
peak in bee gut bacterial numbers from January to March 2020. There were also minor peaks 
observed from November 2018 to February 2019.  

In considering this data of mean bacteria numbers per bee from a number of bees at the time of 
sampling, and showing variance using error bars, there are no obvious trends visible over the two-and-
a-half years. This is because the scale of the Y axis representing such large numbers of bacteria (from 
zero to 107–108) is not able to display the variation observed when there are lower numbers of bacteria 
present. In addition, the significant variance in the data when higher bacteria numbers are present 
makes it impossible to come to any clear conclusions.   

To overcome this, an alternative method was devised to look at bee gut bacterial numbers during 
sampling. This was done to consider the number of bees that had high bacterial numbers at the time of 
sampling. To do this, the bees sampled were delineated into high or low based on the number of gut 
bacteria they had (i.e. high: > 105; low: <105). This delineation is based on observations by Khan 
(2008) and observations in this study that bees either have large bacterial numbers or very small 
bacterial numbers. Therefore, having a midpoint of 105  enabled determination of the number of bees 
that had high or low bee aerobic gut bacterial numbers at time of sampling. This enabled 
determination of the proportion, out of the 10 bees sampled, that had high bacterial numbers at time of 
sampling. The percentage of bees that had high bacterial numbers at sampling versus the sample time 
was graphed (Figures 1b, 2b, 3b and 4b).   

If the peaks in the number of bees that had high aerobic gut bacteria over the two-and-a-half years are 
considered, it is observed that the peaks were generally high between November and April; this is for 
Tharwa colony A (Figure 1b), Bega colony A (Figure 3b) and Bega colony B (Figure 4b). In the case 
of Tharwa colony B (Figure 2b), there was a peak between November and April in 2018-19. 
However, there were only much smaller peaks between November and April in 2019-20. Overall, the 
trend correlates well with bees having high bacterial numbers when colonies are active in late spring, 
summer and early autumn. 

In the case of the Tharwa colony A (Figure 1b) and colony B (Figure 2b) in the first year (i.e. 2018-
19), there was a rise from November to April. However, there was a dip in the middle of the season 
around February in both colonies. The pattern of variation of bee aerobic bacterial numbers (i.e. 
high/low) over this season was similar in the two Tharwa colonies. The pattern of bees with high 
bacterial numbers over the two-and-a-half-year period was remarkably similar for Bega colony A 
(Figure 3b) and colony B (Figure 4b). This gives some confidence that the method devised is valid to 
analyse this data.  

The other observation when bee gut aerobic bacterial numbers are considered is that colonies at the 
Bega site were generally able to maintain more bees with higher bee gut bacterial numbers during 
their active season. One reason for this could be that the Bega site (Figure 6) had significantly higher 



 

                                                                                9 
 

annual rainfall than the Tharwa site (Figure 5), and milder conditions (i.e. temperature) as it is near 
the coast.  

There was a severe drought between June 2019 and January 2020 at both Tharwa (Figure 5) and Bega 
(Figure 6). This could have led to the generally lower numbers of bees with high bacterial numbers in 
2019-2020 late spring/summer/early autumn than during the 2018-19 season, in all the colonies. It 
was interesting to note that the Bega colonies made a better recovery in 2019-20 season, with more 
bees having high bacterial numbers than the Tharwa colonies. This was in spite of Tharwa having 
more significant (above-average) rainfall in summer/early autumn than Bega in 2019-2020 (Figures 5 
and 6). This could indicate there were other factors determining bee gut bacterial numbers in the 
Tharwa colonies.  

During the period of October 2019 to February 2020, there was significant smoke haze at the Tharwa 
apiary due to local bushfires; with a significant spike in PM2.5 and PM10 (Figure 7). PM2.5 measures 
fine particulate matter in the air, that is 2.5 micrometers or less in diameter, while PM10 measures 
more coarse particulate matter in the air, that is 10 micrometers or less in diameter. This significant 
smoke pollution (documented by PM2.5 and PM10 spike) could be a factor in the lack of recovery of 
bees with high bacterial numbers in Tharwa colonies, compared with the Bega colonies. An 
alternative view is that the observations could be explained by differences in floral resources available 
at the two sites during this period. However, as Tharwa had significantly above-average rainfall for 
the region during this period. this is less likely.  

Characterisation of honey bee gut bacteria 

In this study, a number of environmental aerobic bacteria were isolated from tracking of honey bee 
gut bacteria from the colonies at Bega and Tharwa. A number of these bacteria were purified, and so 
had different colony morphology to previous isolations completed (Kahn et al , 2020). Their ability to 
inhibit chalkbrood was then tested in bioassays. Some of the strains that showed strong inhibition 
against the chalkbrood pathogen were stored for future use. Through PCR 16S r RNA, DNA 
fragments were obtained and then sequenced to determine their phylogeny. Mostly, the bacteria 
isolated were found to be of the same species that Khan et al, (2020) had isolated previously. 
However, a new Bacillus species (Bacillus subtilus) was found that could strongly inhibit chalkbrood.  

Honey bee guts were also screened for anaerobic core bacteria and a number were isolated that had 
different colony morphologies. Their inhibition against chalkbrood was tested in a modified bioassay 
and only a few isolates were found that showed inhibition against chalkbrood. Using PCR with 16S 
rRNA priming, an isolate was identified as Lactobacillus johnsonii. 

Characterisation of honey bee gut bacteria for probiotic development 

The Bacillus subtilus isolate was a highly stable strain for chalkbrood inhibition in subculturing 
experiments. Streptomycin and rifampicin natural mutants were able to be isolated, and had the same 
biological proprieties as the parent. The team grew cultures of these mutants, which had high titre (i.e. 
109 per ml) in nutrient broth. The bacteria was able to survive well in 50% glucose solution. Three 
hyperprimers that can identify this strain rapidly using PCR were designed. 

In the case of Lactobacillus johnsonii, the inhibition of chalkbrood was found to be not as strong as 
for the aerobic strains. This could be due to the modified bioassays used, as the bacteria are anaerobic 
and the chalkbrood is aerobic. The team was able to get antibiotic-resistant mutants readily, which 
were stable for chalkbrood inhibition. The bacteria survived in 50% glucose solution very well. 
However moderate titres (107–108 per ml) were only able to be obtained. This is probably due to 
growth under anaerobic conditions. The team was also able to design three hyperprimers that can 
identify this strain rapidly. The inability to get high titres of this strain is a problem that will have to 
be solved before it can be used as probiotic, but for initial small-scale probiotic field experiments, it 
won’t be a problem. 
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European foulbrood 

A small number of the chalkbrood-inhibiting bacteria were tested against the European foulbrood 
(EFB) pathogen Melissococcus plutonius. This was done by streaking the aerobic bacteria first on the 
plate under aerobic conditions and then cross-streaking it with the EFB pathogen; subsequently 
incubating the plates under anaerobic conditions. There was no growth of the EFB pathogen when the 
aerobic bacterial streak was crossed with some Australian bacterial isolates. Therefore, in a few cases 
it was possible to demonstrate that M. plutonius could be inhibited in vitro.  
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Figure 1. Tharwa honey bee colony A – bee gut bacterial numbers. 
 

Figure 1a shows the average number of bacteria per bee gut at the time of sampling (i.e. 8-10 bees 
sampled). Excel was used to calculate the mean (average) and standard deviation (STDEV), and to 
determine the error (STDEV/SQRT(sample size)). From this, the error bars are indicated. However, 
when the bacterial numbers are very low, the error bars are small and cannot be differentiated from 
the small bacterial numbers displayed in the graph. Figure 1b shows the percentage of bees that had 
high gut bacterial numbers (i.e. > 105 bee gut bacteria) at sampling. 
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Figure 2. Tharwa honey bee colony B – bee gut bacterial numbers. 
 

Figure 2a shows the average number of bacteria per bee gut at the time of sampling (i.e. 8-10 bees 
sampled). Excel was used to calculate the mean (average) and standard deviation (STDEV), and to 
determine the error (STDEV/SQRT(sample size)). From this, the error bars are indicated. However, 
when the bacterial numbers are very low, the error bars are small and cannot be differentiated from 
the small bacterial numbers displayed in the graph. Figure 2b shows the percentage of bees that had 
high gut bacterial numbers (i.e. > 105 bee gut bacteria) at sampling. 
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Figure 3. Bega honey bee colony A – bee gut bacterial numbers. 
 

Figure 3a shows the average number of bacteria per bee gut at the time of sampling (i.e. 8-10 bees 
sampled). Excel was used to calculate the mean (average) and standard deviation (STDEV), and to 
determine the error (STDEV/SQRT(sample size)). From this, the error bars are indicated. However, 
when the bacterial numbers are very low, the error bars are small and cannot be differentiated from 
the small bacterial numbers displayed in the graph. Figure 3b shows the percentage of bees that had 
high gut bacterial numbers (i.e. > 105 bee gut bacteria) at sampling. 
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Figure 4. Bega honey bee colony B – bee gut bacterial numbers. 
 

Figure 4a shows the average number of bacteria per bee gut at the time of sampling (i.e. 8-10 bees 
sampled). Excel was used to calculate the mean (average) and standard deviation (STDEV), and to 
determine the error (STDEV/SQRT(sample size)). From this, the error bars are indicated. However, 
when the bacterial numbers are very low, the error bars are small and cannot be differentiated from 
the small bacterial numbers displayed in the graph. Figure 4b shows the percentage of bees that had 
high gut bacterial numbers (i.e. > 105 bee gut bacteria) at sampling. 
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Figure 5. Monthly rainfall for Tuggeranong (Isabella Plains) station. 
 

Monthly rainfall for the Tuggeranong (Isabella Plains) station obtained from the Bureau of 
Meteorology. This is the closest station to the Tharwa apiary (i.e. about 9 km away). The blue line 
shows the actual rainfall for that month from 2018 to 2020, while the brown line shows the average 
rainfall per month from records.  
 

 

Figure 6. Monthly rainfall for the Bega (Newtown Road) station. 
 

Monthly rainfall for the Bega (Newtown Road) station obtained from the Bureau of Meteorology. 
This is the closest station to the Bega apiary (i.e. about 5 km away). The blue line shows the actual 
rainfall for that month from 2018 to 2020, while the brown line shows the average rainfall per month 
from records.  
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Figure 7. Canberra air quality. 
 

Figure 7a shows the monthly average PM2.5 for the Monash air quality station from 2018 to 2020. 
Figure 7b shows the monthly average PM10 for the Monash air quality station from 2018 to 2020. 
The Monash air quality station is about 10 km from the Tharwa apiary. This data was obtained from 
the Environment Protection Authority (EPA) in the ACT Health Directorate of the ACT Government. 
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Discussion  
In this study, four honey bee colonies were established at Bega, NSW and Tharwa, ACT (two 
colonies at each) and sampled monthly for two-and-a-half years. Bega receives about twice as much 
rainfall each year as Tharwa. About 40 bees were sampled monthly at each sampling time 
continuously for two-and-a-half years. The nurse bee samples were analysed freshly after sampling. 
Therefore, this is the most extensive study of seasonal variation of honey bee gut bacteria done to 
date; in a system that has unique flora and is not in crisis (i.e., free of Varroa mites). In this study, the 
majority of bacteria surveyed were environmental bacteria (Khan et al, 2020). However, there were a 
number of facultative anaerobic species (e.g. some core bacterial species) that could be also isolated 
under aerobic culturing conditions.  

Samples from colonies at the Bega and Tharwa sites over the two-and-a-half years showed there is 
consistent cyclic variation in total bee aerobic gut bacterial numbers; numbers are very high during 
late spring, summer and early autumn. These high numbers were observed when honey bees were 
active. Numbers were significantly lower during the rest of the year, especially in winter when honey 
bees are inactive.  

There was a drought in the second half of 2019, indicated by reduced rainfall at both these sites.  This 
led to an overall decrease in bee gut bacterial numbers in colonies at both sites in 2019-20, compared 
to the 2018-19 season. However, this was more dramatic at the Tharwa site. At Tharwa, the bee gut 
aerobic bacterial numbers in both colonies were much lower in 2019-20 than in the 2018-19 season; 
and they did not recover to similar levels, as was the case in the Bega colonies in the 2019-20 season. 
This was despite the Tharwa site having above-average rainfall in the second half of summer in 2020. 
Smoke from bushfires between October and February in 2019-20 may have impacted bacterial 
numbers at Tharwa. And smoke damage to colonies could have played a significant part in the 
inability of the Tharwa colonies to recover bee gut aerobic bacterial numbers; this could be due to 
honey bees being tactile animals that depend on signalling for communication through the release of 
pheromones (Nguyen et al, 2020). Smoke could have interfered with essential pheromone signalling. 
However, a shortage in floral resources at Tharwa cannot be ruled out; although this is unlikely as 
Tharwa had above-average rainfall at this time. 

There are many factors that impact a honey bee colony, such as availability of floral resources, 
temperature, moisture, and wind, among others (Somerville, 2005). The team was not able to consider 
all of these in the study. The honey bee colony is a complex system that can be affected by many 
environmental factors (i.e. temperature, moisture, wind and smoke); therefore, only limited inferences 
can be made as to which parameters are important. However, the study has established that seasons 
and rainfall play a central role in determining honey bee gut bacterial numbers. When the standard 
method of determining the mean and plotting standard error was used for the 10 bees sampled, a trend 
was unable to be identified. This was probably due to analysis of large bacterial numbers in the 
sample, and the high variance due to some bees having high bacterial numbers and others very few 
bacteria. Therefore, a method was chosen where bee gut aerobic bacterial numbers could be assigned 
as high or low, and the percentage of bees with high bacterial numbers was used to track what was 
going on in the colony. This was based on the observation of low honey bee gut bacterial numbers in 
chalkbrood-diseased colonies (Khan et. al., 2020), and a similar observation in this study that bee gut 
bacterial numbers tend to be large or very small. The validity of this method can be seen by the 
striking similarity in the pattern of variation of bee gut bacteria observed over the season for colonies 
at the same site (Figures 1b, 2b, 3b, 4b). However, it may be possible to use another method to 
analyse this data.  
 
With regards to the development of probiotic strains against chalkbrood, many different types of 
honey bee gut bacteria have been isolated during this research. In this study, the team was able to add 
to the collection that Khan et al (2020) isolated, for use in probiotic development. In particular, the 
isolation of the Lactobacillus sp. bacteria will be useful as these have been developed extensively for 
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probiotics in humans and other animals. The team has shown that many of these bacteria display 
characteristics that may make them suitable for development as a probiotic inoculum for honey bees. 
The next stage is to use these potential probiotic bacteria in the field to determine how readily honey 
bees take up the probiotic inoculum, how the bacteria survive in the bee gut, and their effectiveness in 
suppressing chalkbrood disease.  

In this study, some chalkbrood-inhibiting bacteria were tested against the European foulbrood (EFB) 
pathogen Melissococcus plutonius, and found to be effective.  However, as the project advanced, there 
was more research published on the nature of pathogenesis in EFB infection. This research discussed 
that virulence of M. plutonius can vary significantly from non-virulent to virulent, and as well to a 
highly virulent atypical strain (Djukic et al, 2018). There are also secondary bacteria associated with 
EFB infection, such as Paenibacillus alvei, Achromobacter eurydice, and Bacillus laterosporus 
Laubach. However, very little is known about these secondary invaders and what role they may play 
in EFB infection (Lewkowski and Erler, 2019). Plasmids also may play a significant role in EFB 
infection, which can be unstable (Grossar et al, 2020). Due to the complex nature of EFB infection, 
and that potentially multiple bacterial species are involved in pathogenesis, it does not lend itself to 
probiotic development for control or suppression.  
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Implications 
In honey bees, social behaviour, genetics, honey production, apiary diseases and natural gut flora 
(mainly in other parts of the world than Australia) have been studied extensively. In particular, the 
nature of gut bacteria in honey bees in Australia, with their unique pollen sources, has been studied 
for more than 12 years by this team. The results have shown that high gut bacterial numbers with 
diversity are an integral part of a functioning colony of Australian bees. An earlier study (Khan et al, 
2020) showed that honey bees from chalkbrood-diseased colonies have significantly lower numbers 
of aerobic gut bacteria than bees from uninfected colonies. Khan (2008) also demonstrated that as 
colonies recover from chalkbrood, these bee gut bacterial numbers return to normal. This is the first 
characterisation of Australian honey bee gut bacteria.  

In this project, two-and-a-half years of continuous monitoring of colonies at the Bega and Tharwa 
sites demonstrated that there is a cyclic variation of bee gut bacteria over the seasons; with numbers 
being high during late spring, summer, early autumn when bees are active; and numbers being low 
during the rest of the year when honey bees are inactive. This study has also shown that the level of 
bee gut bacteria falls when bees are affected as a result of dry conditions (i.e. drought), suggesting a 
correlation between rainfall and bee gut bacterial numbers. This project has also shown that colonies 
in high-rainfall areas such as Bega, although impacted, can maintain bee gut bacterial numbers better 
than colonies that are located in low-rainfall areas, such as Tharwa. For the first time, honey bee gut 
bacterial numbers when impacted by environmental factors have been established; these factors could 
be rainfall, temperature, humidity and potentially a sustained smoky environment. This project has 
determined when bacterial numbers in honey bee guts are low (i.e. due to seasonal variation and 
impact of certain environmental factors outlined above); thus providing a reference point for when 
probiotic feeding could be most useful (i.e. fulfilling the first objective on the project). This important 
knowledge is required to develop an effective probiotic inoculum and will help apiarists with their 
application of any probiotic inoculum developed.  

The finding that a proportion of bacterial species that inhabit the bee gut of individuals in a healthy 
colony are antagonistic to bee fungal pathogens such as chalkbrood suggests that they may play a key 
role in suppressing bee hive diseases in vivo. In many other animal systems, such as humans, gut 
bacteria play an important role in health and disease. In particular, the many implied roles for bee gut 
bacteria, such as providing enzymes for the digestion of certain compounds in pollen, means it is vital 
that this system be well understood, as it may impact bee health and honey production. This project 
has contributed to this knowledge.  

In this project, the team has characterised a few new chalkbrood-inhibiting bee gut bacterial species 
for their ability to be developed as a probiotic inoculum, to add to the collection started by Khan et al 
(2020). This study has shown that most of these strains have the characteristics to be effective 
probiotic inoculums. From these, the potential best probiotic strains for suppression of the chalkbrood 
disease were selected (i.e. fulfilling the second objective on the project). This knowledge has allowed 
us to proceed to the final stage of probiotic development – determining the efficacy of the bacterial 
strain in suppressing chalkbrood disease in the field. The development of probiotics to suppress the 
chalkbrood disease will be of significant benefit to the Australian apiary industry. 

Although European foulbrood is a significant disease in Australian apiaries, this study has suggested 
that probiotics are not going be an effective treatment method, due to the complex nature of this 
disease, where pathogenicity involves the interaction of three different bacteria and could be unstable 
at times (i.e. fulfilling the third objective of the project). Therefore, this project indicates probiotics 
are not feasible for European foulbrood.    
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Recommendations 
An understanding of the human microbiome and the development of probiotics has shown how wide 
ranging a role human gut bacteria play in various aspects of human health. This project, a previous 
project (RIRDC project PRJ-000571) and an ongoing project (AgriFutures Australia project PRJ-
012214) have given insight into the microbiome of European honey bees in Australia for the first 
time. The honey bee gut is composed of core (anaerobic and microaerophilic) and environmental 
(aerobic and facultative aerobic) bacteria. This is similar to what has been observed in other parts of 
the world. There is now a significant understanding of the nature of Australian honey bee gut bacteria 
from this group’s sustained studies. This knowledge has allowed definition of the normal microbiome 
of European honey bees in Australia, which could aid the future development of diagnostics and 
methods to maintain healthy honey bee colonies. 

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. 

This project has established there is cyclic variation of bacterial numbers, with numbers significantly 
lower when the honey bee colony is inactive in the colder months of the year. Monitoring of bacterial 
numbers in honey bee guts over two-and-a-half years has also shown that drought (i.e. low rainfall 
and high temperatures) significantly decreases bacterial numbers in the honey bee gut. Bee gut 
bacterial numbers seem to recover more quickly in colonies located in higher-rainfall locations. 
Furthermore, there is also a suggestion that significant smoke from bushfires could be impacting 
colonies in recovering to having normal bee gut bacterial numbers. The findings suggest honey bee 
gut bacterial numbers may be impacted by a variety of environmental factors; these could be 
availability of floral resources, rainfall, temperature, humidity and potentially a sustained smoky 
environment from bushfires. Through further research, this linkage between environmental factors 
and the honey bee microbiome could be used to help identify colonies that have problems, and 
through probiotics potentially provide treatments that 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 a normal healthy active colony, a proportion of bacteria present in the gut are able to suppress the 
chalkbrood fungal pathogen. This suggests they play a role in suppressing the chalkbrood disease in 
honey bee colonies. The different bacteria present in Australian honey bee guts have been isolated and 
stored, and some have been shown to have the characteristics that make them suitable to be developed 
as a probiotic to suppress the chalkbrood disease. Through AgriFutures Australia’s support (project 
PRJ-012214), field experiments are being carried out with chalkbrood-diseased colonies to determine 
how readily honey bees take up the probiotic inoculum, how the bacteria survive in the bee gut, and 
their effectiveness in suppressing the chalkbrood disease or in aiding honey bee colonies to recover 
from chalkbrood disease. If successful, beekeepers will have access to a non-chemical option to 
control 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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