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Summary 

Shortfalls in the pollination service provided by wild and managed pollinators, such as 

honey bees Apis mellifera, threaten agricultural production and global food security. Although 

the use of therapeutics helps to control the Varroa mite infestations, and the pathogen load in 

A. mellifera colonies, more effective and sustainable strategies are needed to prevent the losses. 

Honey bees coexist with fungi that colonize hive surfaces and pollen, some of them are 

opportunistic pathogens, but many are beneficial species that produce antimicrobial compounds 

for pollen conservation and regulate pathogens. Herein, I describe seven fungal strains of 

Talaromyces purpureogenus from the bee bread of A. mellifera and investigate the antimicrobial 

potential of their crude organic extracts against honey bee pathogens under laboratory 

conditions. First, I added the extracts to a diet of bees infected with the chronic bee paralysis 

virus (CBPV). Then I tested the in vitro activity of the extracts against Paenibacillus alvei 

(associated with European foulbrood disease) and three Aspergillus species that cause 

stonebrood disease. The antiviral effect was further determined in mammalian cell lines against 

feline calicivirus (FCV), feline coronavirus (FCoV), and influenza viruses. 

Three extracts (from strains B13, B18, and B30) mitigated CBPV infection and improved the 

survival rate of bees, whereas other extracts had no effect (B11 and B49) or were harmful (B69 

and B195). In the mammalian cell lines, extract B18 inhibited the replication of FCV and FCoV in 

mammalian cells and reduced the infectivity of FCoV by ~99%. The extract B195 also reduced 

the FCoV infectivity (by ~90%) but caused cytotoxicity at higher concentrations, which could 

explain the negative effect on honey bee survival rate. The protective effect of the extracts B18 

and B195 (at non-toxic concentrations) was also observed against influenza A viruses. In the 

antibacterial assay, the extracts B18 and B195 inhibited the growth of P. alvei at a concentration 

of 0.39 mg/mL. Bioactivity-guided dereplication revealed that the activity correlated with the 

presence of diketopiperazines, a siderophore, and three unknown compounds. 

The results indicate that the compounds obtained by fermentation from T. purpureogenus 

extracts from are suitable as prophylactic or therapeutic feed additives to promote the resistance 

of honey bees to viral and bacterial pathogens. Furthermore, I propose that non-pathogenic 

fungi such as Talaromyces spp. and their metabolites in bee bread are an unexplored source of 

compounds that could be an important prerequisite for disease prevention. Agricultural 

practices that involve the application of fungicides can disrupt the fungal community and 

therefore negatively impact the health of bee colonies. 



Zusammenfassung 

Ausfälle in der Bestäubungsleistung von wilden und bewirtschafteten Bestäubern, wie der 

Honigbiene Apis mellifera, bedrohen die landwirtschaftliche Produktion und die weltweite 

Ernährungssicherheit. Obwohl der Einsatz von Therapeutika hilft, den Befall mit der Varroa- 

Milbe und die Erregerlast in A. mellifera-Völkern zu kontrollieren, sind wirksamere und 

nachhaltigere Strategien erforderlich, um die Verluste zu verhindern. Honigbienen leben mit 

Pilzen zusammen, die Bienenstockoberflächen und Pollen besiedeln. Einige von ihnen sind 

opportunistische Krankheitserreger, aber viele sind nützliche Arten, die antimikrobielle 

Verbindungen zur Pollenkonservierung produzieren und Krankheitserreger regulieren. In 

diesem Artikel beschreibe ich sieben Pilzstämme von Talaromyces purpureogenus aus dem 

Bienenbrot von A. mellifera und untersuche das antimikrobielle Potenzial ihrer rohen 

organischen Extrakte gegen Krankheitserreger der Honigbiene unter Laborbedingungen. 

Zunächst habe ich die Extrakte zu einem Futter für Bienen gegeben, die mit dem Virus der 

chronischen Bienenlähmung (CBPV) infiziert waren. Dann testete ich die In-vitro-Aktivität der 

Extrakte gegen Paenibacillus alvei (der mit der Europäischen Faulbrutkrankheit in Verbindung 

gebracht wird) und drei Aspergillus-Arten, die die Steinbrutkrankheit verursachen. Die 

antivirale Wirkung wurde außerdem in Säugetierzelllinien gegen feline Caliciviren (FCV), feline 

Coronaviren (FCoV) und Influenzaviren bestimmt. 

Drei Extrakte (aus den Stämmen B13, B18 und B30) milderten die CBPV-Infektion und 

verbesserten die Überlebensrate der Bienen, während andere Extrakte keine Wirkung hatten 

(B11 und B49) oder schädlich waren (B69 und B195). In den Säugetierzelllinien hemmte der 

Extrakt B18 die Replikation von FCV und FCoV in Säugetierzellen und verringerte die 

Infektiosität von FCoV um ~99%. Der Extrakt B195 verringerte ebenfalls die FCoV-Infektiosität 

(um ~90%), verursachte aber bei höheren Konzentrationen Zytotoxizität, was die negative 

Wirkung auf die Überlebensrate der Honigbienen erklären könnte. Die schützende Wirkung der 

Extrakte B18 und B195 (bei nicht-toxischen Konzentrationen) wurde auch gegen das Influenza- 

Virus A beobachtet. Im antibakteriellen Test hemmten die Extrakte B18 und B195 das Wachstum 

von P. alvei bei einer Konzentration von 0,39 mg/mL. Die bioaktivitätsgeleitete Dereplikation 

ergab, dass die Aktivität mit dem Vorhandensein von Diketopiperazinen, einem Siderophor und 

drei unbekannten Verbindungen korrelierte. 

Die Ergebnisse deuten darauf hin, dass die durch Fermentation aus T. purpureogenus- 

Extrakten gewonnenen Verbindungen als prophylaktische oder therapeutische 

Futtermittelzusätze geeignet sind, um die Resistenz von Honigbienen gegenüber viralen und 

bakteriellen Krankheitserregern zu fördern. Darüber hinaus schlage ich vor, dass nicht-



pathogene Pilze wie Talaromyces spp. und ihre Metaboliten in Bienenbrot eine unerforschte 

Quelle von Verbindungen darstellen, die eine wichtige Voraussetzung für die 

Krankheitsvorbeugung sein könnten. Landwirtschaftliche Praktiken, die den Einsatz von 

Fungiziden beinhalten, können die Pilzgemeinschaft stören und sich daher negativ auf die 

Gesundheit von Bienenvölkern auswirken. 
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I Introduction 

 
Honey bee biology and classification 

 
The origin of bees (Hymenoptera: Apoidea: Anthophila) is dated to the Cretaceous period 

(about 120 million years ago) and is associated with the transition from a carnivorous diet of 

their closest relatives, the sphecoid wasps (Hymenoptera: Apoidea: Spheciformes), to a plant- 

based diet. More than twenty thousand bee species have been described and classified into seven 

families. The family Apidae (Fig. 1, left) involves over six thousand species of honey bees, bumble 

bees, solitary bees, and stingless bees (Ascher & Pickering, 2022; Cane, 2008). The family is 

further divided into three subfamilies: Nomadinae (cuckoo bees), Xylocopinae (carpenter bees), 

and Apinae (Ascher & Pickering, 2022). Within the subfamily Apinae, four tribes of bees collect 

pollen to corbicula (pollen basket): Euglossini (orchid bees), Bombini (bumble bees), Meliponini 

(stingless bees) and Apini (honey bees) (Cane, 2008). Currently, there are eleven accepted 

species of honey bees, all belonging to the genus Apis. Members of this genus are eusocial and 

some of them are cavity-nesting (Cane, 2008). This characteristic allowed the transition from 

bee hunting, which is still common in many parts of the world, to beekeeping. The species A. 

mellifera (Linnaeus, 1758) and A. cerana (Fabricius, 1793) have become the most commonly kept 

honey bees. 

 

Figure 1: Classification of honey bees of the genus Apis (left) and the globally 

distributed western honey bee A. mellifera (right) 

 

The western honey bee A. mellifera (Fig. 1, right) is native to Europe, Africa and the Middle 

East. In these habitats, the bees diverged into more than 25 morphologically and genetically 

distinguishable subspecies (De La Rua et al., 2006; Garnery et al., 1993). Some of them were 

introduced to North America between the 1600s and 1922. The commercial North American 

honey bee populations were formed mainly by three of the subspecies, A. m. liguistica, A. m. 

carnica and A. m. caucasica (Schiff et al., 1994). 

KINGDOM: Animalia 

PHYLUM: Arthropoda 

CLASS: Insecta 

ORDER: Hymenoptera 

FAMILY: Apidae 

GENUS: Apis 
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Colonies of A. mellifera usually consist of several thousands of workers, one queen, and 

hundreds of drones. The life cycle of the bees begins when a queen lays a fertilized (female) or 

unfertilized (male) egg into the wax cell of the honeycomb. The caste differentiation of workers 

and queens is further determined by the quality and quantity of the food provided to the larvae. 

The holometabolous development includes five larval instars, followed by cell capping, 

prepupae, and pupae. The adult emergence occurs approximately after twenty-one (workers), 

twenty-four (drones), and sixteen (queen) days (Human et al., 2013). 

As in many eusocial insects, the distinct castes of a bee colony serve different functions to 

the superorganism. The function of the queen is mainly to lay eggs after mating with the drones 

and to produce pheromones to regulate the unity of the colony. The workers perform various 

tasks in the colony; as young bees, they are engaged with activities in the hive, such as cleaning 

cells and nursing brood, and building the honeycomb, whereas older bees participate in hive 

guarding and foraging (Johnson, 2010). 

Bee foragers collect nectar, pollen, and resins from a wide range of plants and transform 

them into products with various health benefits. Six main products are of economic interest: 

honey, bee pollen, propolis, wax, royal jelly, and venom. Based on their different bioactivities 

and properties, such bee-derived products find a variety of applications in the bioeconomy. 

These include the food industry, cosmetics, and biomedicine (El-Seedi et al., 2022). Furthermore, 

honey bees are important pollinators of agricultural crops and wild plants (Klatt et al., 2013; Klein 

et al., 2007), far exceeding the value of direct bee products. 

 

The importance of pollination 

 
Pollination is a wind-, water- or animal-mediated transfer of pollen from the anthers (male 

reproductive organs) to the stigma (female reproductive organs) of flowers of the same species, 

essential for fertilization and seed production. It is estimated that almost 90% of all flowering 

plants and at least 35% of agricultural plants are pollinated by animals (Klein et al., 2007; 

Ollerton et al., 2011). Although many animals are known to pollinate, insects are the most 

important pollinators on Earth. Nevertheless, a number of reports show alerting declines in 

insect mass and biodiversity over the past decades (rev. in Wagner et al., 2021). According to the 

estimations, 75% of the flying insect biomass has been lost over the last three decades (Hallmann 

et al., 2017) with approximately 40% of all insect species at risk of extinction. These findings raise 

concern about the consequences of insufficient pollination service in natural and agricultural 

ecosystems (Potts et al., 2010). 

As generalist and prolific pollinators, honey bees visit a wide range of plants and emerged 

as an effective tool to augment wild pollinators, ensuring stable crop yields and quality for the 
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agricultural sector (Garibaldi et al., 2009; Klatt et al., 2013; Klein et al., 2007). The number of 

honey bee colonies has globally increased from 49.2 million in 1961 to the current 101.6 million 

bee hives (FAO, n.d.). Over the last thirty years, the most significant growth has been observed 

in Asia (95.7%) and Oceania (89.8%) (FAO, n.d.). Despite the global growth in the number of 

these human-assisted species, the pollination capacity of honey bees has been outpaced by the 

rapid growth of the human population (Phiri et al., 2022) and agricultural production that 

requires pollination (Fig. 2) (Aizen et al., 2008; Aizen & Harder, 2009). Continuance of this trend 

could be a threat to global food production and security. 

 

 

Figure 2: The growth of agricultural production depending on pollinators 

(y-axis) outpaced the growth of the global stock of managed honey bees (x- 

axis), as indicated by the increased trajectory above the dashed line, which 

represents the equal growth rates (Aizen & Harder, 2009) 

In addition, significant deterioration in colony health and overall fitness, which is reflected 

in the poor overwintering success of the bee colonies, reported by beekeepers, particularly in the 

Northern Hemisphere (Brodschneider et al., 2016; Jacques et al., 2017; Kulhanek et al., 2017; Lee 

et al., 2015; Steinhauer et al., 2014). Many factors contribute to the losses including exposure to 

pesticides and their residues, poor nutrition, and parasites and pathogens (Potts et al., 2010; 

Steinhauer et al., 2018). 

 

Known and emerging pathogens 

 
Honey bees are susceptible to many pathogens, including bacteria, fungi, protozoa, and 

viruses (Fünfhaus et al., 2018; Quintana, 2015; Ravoet et al., 2013; Steinhauer et al., 2018). The 

introduction of the ectoparasitic mite Varroa destructor (previously called V. jacobsoni) from its 

original host, the Asian honey bee (A. cerana) to A. mellifera has had devastating consequences
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on the colonies of A. mellifera in all the continents despite Australia and a few isolated islands 

(Noël et al., 2020). The mite weakens the bees by feeding on the hemolymph and fat body of 

developing brood and adults (Ramsey et al., 2019). Furthermore, it releases toxic compounds 

through saliva and transmits viruses (Forgách et al., 2008; Neumann et al., 2012; Wilfert et al., 

2016). Viruses, previously considered a minor threat, have become a serious problem for 

beekeepers since the introduction of the Varroa mites (Budge et al., 2020; Genersch & Aubert, 

2010; Noël et al., 2020; Teixeira et al., 2008). 

Currently, over twenty-four viruses have been described in bees. Most of them are positive-

sense single-stranded RNA viruses from the order Picornavirales, family Dicistroviridae, and 

Iflaviridae, such as deformed wing virus (DWV), Israel acute paralysis virus (IAPV), acute bee 

paralysis viruses (ABPV) sacbrood virus (SBV) (Fig. 3). Some viruses are unclassified, e. g. chronic 

bee paralysis virus (CBPV), Lake Sinai virus (LSV), and Apis mellifera filamentous virus (AmFV). 

Novel viruses from other families have been found in recent studies (Galbraith et al., 2018; 

Mordecai et al., 2016; Ravoet et al., 2013; Remnant et al., 2017), such as Apis mellifera flavivirus 

(AFV), rhabdovirus (ARV) and bunya virus (ABV)(Remnant et al., 2017). 

The bacterial diseases American foulbrood (AFB) and European foulbrood (EFB) caused 

primarily by Paenibacillus larvae and Mellisococcus plutonius, respectively, are highly contagious 

and affect the brood of honey bees. The outbreak of bacterial diseases, in particular AFB, can 

lead to significant economic losses and must be announced to the veterinary or competent 

authority (“World Organisation for Animal Health - Diseases, Infections and Infestations Listed 

by WOAH,” 2023). 

Fungal pathogens of honey bees include Nosema ceranae, affecting the bee digestive 

system, Ascosphaera apis causing chalkbrood disease and Aspergillus spp. associated with 

stonebrood disease (Quintana, 2015). Bee pathogenic protozoa include trypanosomatids 

Lotmaria passim and Crithidia mellificae, neogregarine Apicystis bombi, and the amoeba 

Malighamoeba mellificae (Ravoet et al., 2013; Schwarz et al., 2015). 





13  

The antipathogenic defense systems of honey bees 

 
Innate immunity 

Potential pathogens must overcome several morphological barriers, such as the outer, 

hair-covered chitin cuticle and the inner, hostile gut environment and epithelium. Beyond these 

barriers, innate immunity in honey bees includes humoral and cellular immune responses (Imler 

et al., 2006). Cellular immunity involves processes executed by different types of hemocytes: (a) 

granular cells are primarily involved in phagocytosis, (b) plasmatocytes are responsible for 

phagocytosis, wound healing, and melanization, and (c) oenocytoids are mainly involved in 

melanization. The humoral response involves clotting and melanin synthesis. Furthermore, 

innate immunity is associated with the production of different antimicrobial peptides 

(AMPs)(Kojour et al., 2020). 

AMPs are usually small peptides (>10 kDa) synthesized by a major immune-responsive 

organ – the fat body. The synthesis is followed by secretion to the hemolymph where the AMPs 

reach their effective concentration (Lemaitre & Hoffmann, 2007). In Drosophila, about twenty 

AMPs have been identified and grouped into seven classes – diptericins, attacins, drisocins, 

cecropins, defensins, drosomycins, and metchnikowin. In honey bees, four classes of AMPs have 

been described to date – apidaecins, abaecin, defensins, and hymenoptaecin. Interestingly, many 

more genes encoding AMPs have been found in the genome of A. cerana (87 genes) in these 

families compared to A. mellifera (16 genes). The gene repertoire is known to encode around 25 

AMPs in A. cerana and 11 AMPs in A. mellifera. The main difference is in hymenoptaecin family; 

13 peptides are generated in A. cerana and only 1 in A. mellifera (Xu et al., 2009). Several AMPs 

are also components of bee venom, such as melittin (40–60% of the venom dry weight), apamin, 

adolapin, and secapin (Danihlík et al., 2015; Gauldie et al., 1976). 

Several immune signaling pathways have been identified in honey bees: Toll, Immune 

deficiency (IMD), Jun N-terminal kinase (JNK), Janus kinase-signal transducer (JAK-STAT), and 

RNA interference (RNAi). In most cases, the pathways are activated by pattern recognition 

receptors (PRRs). These host PRRs recognize the pathogen-associated molecular patterns 

(PAMPs), conserved molecular structures that are usually part of the cell walls of the potential 

pathogens, e.g., lipopolysaccharides (gram-negative bacteria), lipoteichoic acid (gram-positive 

bacteria), dsRNA (viruses) and ß-glucans (fungi) (Kojour et al., 2020). 

The analysis of the genome (The Honeybee Genome Consortium, 2006) revealed a 

significantly reduced number and diversity in immune gene families in Apis mellifera (71 genes) 

compared to other insect species, such as Drosophila melanogaster (209 genes) and Anopheles 

gambiae (196 genes) in each stage of immunity reaction. To date, around 200 immune genes
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have been described in the genomes of Apis spp. (144 – 209) (Diao et al., 2018; Henriques et al., 

2021) and Bombus spp. (184 – 194) and the counts are much lower compared to over 350 genes 

described in D. melanogaster (364) and A. gambiae (378) (Sun et al., 2020). The reduced immune 

repertoire may reflect, among other things, the ability of social defense mechanisms in honey 

bees to reduce pathogen pressure and thus the dependence on individual immunity in honey 

bees (Claudianos et al., 2006). Nevertheless, a comparison of immune repertoire in different bee 

and bumble bee species revealed striking similarities, regardless the level of sociality (Barribeau 

et al., 2015). 

 
Social immunity of the colony 

Social immunity involves behavioral defense mechanisms of the individuals, such as the 

release of alarm pheromones to alert other colony members in case of danger, guarding, 

swarming, grooming, and hygienic behavior. The hygienic behavior, i.e., detection, uncapping, 

and removal of the infected pupae, is considered a primary resistance mechanism to control 

diseases, such as American foulbrood and chalkbrood disease as well as the Varroa infestation. 

During grooming, bees actively remove the phoretic mites from their own body (autogrooming) 

or body of other bees (allogrooming) (Oldroyd, 1996; Spivak, 1996). While these traits are of 

interest in the selection breeding programs, some defense mechanisms, such as swarming are 

rather undesirable. 

Honey bees also promote colony resilience by utilizing bioactive compounds in the hive 

environment and food stores. They collect nectar, pollen, and propolis from a variety of plants, 

resulting in the presence of a wide range of phytochemicals with antimicrobial properties. 

Furthermore, bees increase the antimicrobial potential of bee products by adding antimicrobial 

enzymes such as glucose oxidase (GOX), which further catalyze the production of hydrogen 

peroxide (H2O2) (rev. in Gaubert et al., 2023). 

 
The role of therapeutics in the control of bee pathogens 

 
Responsible beekeeping requires knowledge of best practices to ensure the health and 

productivity of bees, and the safety of bee products for human consumption. These practices are 

applied in general apiary management, sanitation, feeding and watering, record keeping, and 

disease and pest management (FAO and IZSLT, 2021). 

  



15  

The use of acaricides 
 
The spread of V. destructor to A. mellifera colonies has become a problem of pivotal 

importance, requiring a rapid solution. Therefore, chemical treatments, such as amitraz and 

fluvalinate, have been implemented as first aid in apiculture, despite concerns about the possible 

risk of resistance development and contamination of hive products (Boecking & Genersch, 

2008). Commercially available synthetic acaricides include formamidine amitraz (Apivar), the 

organophosphates coumaphos (CheckMite+), pyrethroids tau-fluvalinate (Apistan), acrinathrin, 

or flumenthrin (Bayvarol). All these compounds are lipophilic, meaning they can be absorbed 

by beewax, but have a very low risk of residue accumulation in the watery honey (FAO and 

IZSLT, 2021; Haber et al., 2019; Williams, 2000). 

As an alternative to synthetic acaricides, several naturally occurring compounds are used 

for Varroa control. These include organic acids, i.e., lactic and formic acid, oxalic acid, and the 

essential oil thymol or hop oil (FAO and IZSLT, 2021; Haber et al., 2019; Williams, 2000). Because 

these compounds are hydrophilic or volatile, they are unlikely to accumulate in comb wax and 

cause resistance development. However, their application and use as acaricides within the 

beehive is complex (Rosenkranz et al., 2010). 

Besides the above-outlined molecular approaches to mite control, various non-chemical 

practices are used to reduce the Varroa infestation. These methods include removal of drone 

brood, splitting colonies, or using a screened bottom board. However, the use of acaricides 

remains the most effective method and therefore remains an important part of beekeeping 

management (Haber et al., 2019). 

 
Antibiotics and other anti-infectives 

The therapy against AFB is controversial; some authorities consider the destruction of 

infected colonies to be the only effective control measure, while others suggest therapeutic 

option such as biotechnological methods or even the therapeutic or prophylactic use of 

antibiotics. However, the use of antibiotics cannot ensure the complete disinfection of the 

colony because they have rather bacteriostatic effect and are not effective against spores (AFB) 

or capsules (EFB). Moreover, improper dosing increases the risk of antimicrobial resistance and 

the presence of residues in hive products (Williams, 2000). 

Nowadays, three antibiotics are approved by the U.S. FDA (Food and Drug 

Administration)(FDA, 2023): oxytetracycline (approved 1996), tylosin (approved 2005) and 

lincomycin (approved in 2012). Nevertheless, the use of antibiotics is banned or strictly regulated 

in many countries (Reybroeck et al., 2012). 

Another antimicrobial drug, fumagillin (Fumidil B), can be used to suppress the Nosema 
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infection (Williams, 2000). 

 

Alternative ways to control bee pathogens 

 
The non-chemical control methods include particularly selective breeding of varroa- 

tolerant colonies, dsRNA to trigger RNAi, the use of probiotics, and the use of natural products 

(FAO and IZSLT, 2021). Natural products are screened for biologically active compounds that 

can augment the repertoire of disease management in human medicine as well as in livestock 

(Eichberg et al., 2022). Honey bees as generalists collect nectar and pollen from a wide range of 

plants and thus come across various biologically active phytochemicals. Their presence is 

important for bee immunity, detoxification, and influences the antimicrobial and antioxidative 

properties of bee products. In addition, honey bees are in contact with compounds produced by 

the gut microbiome as well as the microbes from the environment, colonizers of the hive 

surfaces, and food stores. A handful of studies have focused on the function of the 

microorganisms that are present in the hive, in particular the filamentous fungi. In fact, several 

fungal bee cohabitants, such as Penicillium, Aspergillus and Cladosporium (Frisvad et al., 2004; 

Mandal et al., 2022; Salvatore et al., 2021) are well-known producers of various antimicrobial 

compounds that might have an impact on the microbial balance (Paludo et al., 2019) in the hive 

and the bee resistance against chalkbrood disease (Disayathanoowat et al., 2020; Gilliam et al., 

1988). A better understanding of the bee-associated fungal community and their compounds 

could benefit bee health research as well as natural product discovery. 

 
The aim and objectives of the study 

 
The aim of this work was to characterize strains of Talaromyces purpureogenus isolated 

from A. mellifera bee bread in the Czech Republic and to evaluate their antimicrobial potential 

against bee pathogens. The genus Talaromyces is ubiquitous and colonizes mainly soil, and food 

but also marine water (Zhai et al., 2016). Despite its ubiquity, there is only few reports on 

Talaromyces spp. presence in Apis spp.; they were found in the honey of A. mellifera (Rodríguez- 

Andrade et al., 2019), bee bread of A. cerana (Disayathanoowat et al., 2020), and dead adults of 

A. dorsata (Fabricius, 1793) (Sandeepani & Ratnaweera, 2020). Here, I describe the first detection 

of T. purpureogenus in A. mellifera, specifically in bee bread. 

It is noteworthy that Talaromyces spp. are producers of a wide array of biologically 

interesting compounds. Indeed, the genus has been reported to produce over two hundred 

compounds and many of them have antioxidant and antimicrobial activity (Lan & Wu, 2020; 

Zhai et al., 2016). This fact motivated my research towards the exploration of biological activities 
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of the isolated strains against bee pathogens of bacterial, fungal, and viral origin, whose control 

is problematic or not available. To be able to evaluate the activity of the compounds, I extracted 

the T. purpureogenus strains with methanol and used the extracts in the experimental assays in 

multiple ways. First, I tested the effect of extracts’ dietary addition on laboratory-kept CBPV- 

infected bees. Subsequently, the results were verified in an independent system, using 

mammalian cell lines and viruses. To test the antibacterial and antifungal activities, I 

implemented the standard in vitro methods, the micro-broth dilution method against different 

strains of Paenibacillus spp., and the disk diffusion method against three Aspergillus spp. The 

antibacterial activity test was followed by the evaluation of the specific active compounds using 

the bioactivity-guided dereplication. 

The results of the studies are summarized in the following section (chapters 2 and 3). 

Furthermore, I included results of publications, which I contributed to and which are related to 

pathogen prevalence and virus pathogenicity evaluation in honey bees, and therefore fit well to 

the whole context of this work. 
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II Summary of the publications 

 
Each chapter of the following section summarizes the results of research articles, which 

were already published by established peer-reviewed journals. In the first part I helped to 

evaluate the prevalence of pathogens in Czech Republic (Chapter 1). In the main part, I 

characterize distinct T. purpureogenus strains from A. mellifera bee bread and explore activities 

of their extracts against bee pathogenic CBPV (Chapter 2), as well as fungi and bacteria (Chapter 

3). In the last part, I was involved in the evaluation of the pathogenicity of Culex Y virus in bees, 

to verify the safety of its potential application in the biological control of mosquitoes (Chapter 

4). 

 
Chapter 1 

 

Screening of honey bee pathogens in the Czech Republic and their prevalence in 

various habitats 
 

Petr Mraz, Marian Hybl, Marek Kopecky, Andrea Bohata, Irena Hostickova, Jan Sipos, 

Katerina Vocadlova and Vladislav Curn 

Insects. 2021 Nov 24;12(12):1051. doi: 10.3390/insects12121051. PMID: 34940139; PMCID: 

PMC8706798. 

Many abiotic and biotic stressors jeopardize health and survival of the bee colonies. 

Among others, pathogens and the parasite V. destructor are one of the main drivers of the colony 

losses. The aim of the study was to evaluate the prevalence of the pathogens in various habitats, 

i.e., agricultural land, urban ecosystem and national park in the Czech Republic. The screening 

was performed in 250 hives (50 apiaries) in the fall 2019. A set of specific primers was used to 

detect the eukaryotic pathogens (Nosema spp., A. apis, C. mellificae and L. passim), bacterial 

pathogens (P. larvae and M. plutonius) and viruses (DWV, BQCV, CBPV, ABPV, SBV, LSV and 

MLV - Macula-like virus). 

The eukaryotic pathogens’ burden was the highest in urban area, followed by agricultural 

land and lowest in national park. Surprisingly, the eukaryotic pathogens, i.e., L. passim (72%), 

N. ceranae (64%) and C. mellificae (38%), were predominating pathogens in all the types of 

habitats. Conversely, the bacterial pathogens, M. plutonius and P. larvae were detected at the 

lowest prevalence only in the urban area and agricultural land (only M. plutonius detected). In 

the national park, the causative agents of the foulbroods were not detected. Furthermore, no 

clinical symptoms of the bacterial brood diseases were observed in any of the tested apiary. 
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While the prevalence of the bacterial and eukaryotic pathogens differed in each habitat, 

the prevalence of viruses was comparable in all three habitats. The most prevalent viruses were 

DWV-A and ABPV, followed by DWV-B, LSV and MLV. The DWV is considered one of the most 

harmful viruses that actively replicates and transmit through the Varroa mites and causing wing 

deformities. The most prevalent variant to be the DWV-A were found in all the types of habitats. 

Nevertheless, the pCCA analysis revealed the association between the colony mortality and two 

other less prevalent variants, DWV-C and DWV-B. The average winter mortality in the urban 

area and agroecosystem (24.51% and 21.50%, respectively) was twice as high as in the national 

park (11.11%). 

 
Chapter 2 

 

Extracts of Talaromyces purpureogenus strains from Apis mellifera bee bread 

inhibit the growth of Paenibacillus spp. in vitro 
 

Katerina Vocadlova, Tim Lüddecke, Maria A. Patras, Michael Marner, Christoph Hartwig, Karel Benes, 

Vladimir Matha, Petr Mraz, Till F. Schäberle, Andreas Vilcinskas 

Microorganisms. 2023 Aug 11;11(8):2067. doi: 10.3390/microorganisms11082067. PMID: 37630627; 

PMCID: PMC10459140. 

Fungi in bee hives have an important function in nutrition as they participate in pollen 

fermentation and its transformation to the more easily digestible bee bread. Furthermore, some 

genera are well-known producers of bioactive compounds that can affect honey bee health and 

resistance to pathogens. 

In this study, I characterized seven strains of T. purpureogenus from the bee bread from A. 

mellifera and explored their antimicrobial potential. Specifically, I tested the activity of methanol 

extracts of the strains against fungi Aspergillus spp. and the bee-pathogenic bacterium P. alvei, 

using the standard disk diffusion (antifungal activity) and microbroth dilution (antibacterial 

activity) methods. I observed no effect on the fungal pathogens. Nevertheless, the extracts from 

the T. purpureogenus strains B18 and B195 inhibited the growth of P. alvei at a minimum 

inhibitory concentration (MIC) of 0.39 mg/mL. To support the results of the antibacterial 

activity, the screening panel was augmented by including further Paenibacillus species. 

Interestingly, extract B18 inhibited the growth of P. lautus and P. lactis at MIC = 0.5 mg/mL. The 

activity of the extract B195 was also observed, yet only at the highest tested concentration (MIC 

= 2 mg/mL). To investigate the bioactive compounds, subsequent micro-fractionation, and 
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bioactivity-guided dereplication were performed. The molecular formulae corresponding to the 

major ions in the active fractions were identified as diketopiperazines, 5,6,8-trihydroxy-3- 

methyl-2-benzopyran-1-one, a siderophore, and three unknown compounds. Furthermore, two 

compounds retrieved more than 100 candidates in the database and could not be assigned. 

In a course of the study (2019-2020), further bee bread sampling was performed in spring 

and summer in areas with various anthropogenic pressure (rural area, city periphery, urban and 

suburban area) to briefly assess the seasonal presence of Talaromyces spp. by cultivation 

methods. Strains of T. purpureogenus were found in the rural area, city periphery, and the urban 

area. Two Talaromyces species were isolated from the urban area – T. purpureogenus and T. 

piceae. Interestingly, all the Talaromyces spp. were found only in spring. 

 
Chapter 3 

 

Crude extracts of Talaromyces strains (Ascomycota) affect honey bee (Apis 

mellifera) resistance to chronic bee paralysis virus 
 

Katerina Vocadlova, Benjamin Lamp, Karel Benes, Vladimir Matha, Kwang-Zin Lee, and Andreas 

Vilcinskas 

Viruses. 2023 Jan 25;15(2):343. doi: 10.3390/v15020343. PMID: 36851556; PMCID: PMC9958978. 
 

Viruses have become a major problem with the expansion of V. destructor that facilitate 

their reproduction and transmission. As a result, viruses are one of the main factors affecting 

bee health and overwintering success. The detection of viruses is not easy due to the common 

lack of clinical symptoms in the hive. Furthermore, no therapeutics are available to treat the 

viral infection and the current control is part of the management of V. destructor infestation. 

Despite the successful control measures against V. destructor, such as using “hard” and “soft” 

chemical treatments or non-chemical biotechnological measures, mite infestation and the 

associated viral infections are an annually recurring problem in beekeeping. 

In this research article, I have evaluated the antiviral activity of crude extracts of seven T. 

purpureogenus strains against CBPV. The experiment was performed with caged workers of A. 

mellifera. The newly-emerged bees were fed the extract-enriched diet, followed by injection with 

CBPV, and daily monitored survival. Crude extracts from three T. purpureogenus strains (B13, 

B18, and B30) mitigated the viral infection and increased the survival rate of the bees, whereas 

other extracts had no effect (strains B11 and B49) or were toxic (strains B69 and B195). The effects 

of the extracts were further studied in vitro against feline calicivirus (FCV) and feline coronavirus 
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(FCoV) in Crandell-Rees feline kidney cells (CRFK). The addition of the extract from strain B18 

inhibited the replication of both viruses. Furthermore, extracts from the strains B18 and B195 

reduced the infectivity of FCoV by ~99% and ~90%, respectively. 

 
Antiviral activity of the extracts against influenza viruses (unpublished data) 

To support the results of the antiviral activity assay, the extracts were tested against 

influenza viruses in Madin-Darby canine kidney cells subclone II (MDCK II) by the research 

group of Dr. Kornelia Hardes (Fraunhofer IME, Gießen). Briefly, the cells were cultivated 

in bench stable Glutamax supplemented Dulbecco's Modified Eagle Medium (DMEM) 

containing 10% fetal bovine serum (FBS), 100 U/ml penicillin, and streptomycin and kept at 37 

°C under 5 % CO2 atmosphere. Cells were split at least twice a week at a ratio of 1:10. The cells 

were inoculated with influenza viruses A (H3N2 and H1N1) and B (B/Mal and B/Mass) for 1 h 

followed by the treatment with the samples for 48 h as described above at 37 °C and 5% CO2 

in infection media (DMEM GlutaMAX supplemented with 100 U/ml penicillin/streptomycin and 

0.2% Bovine Serum Albumin (BSA, Carl Roth). Cell viability was determined by quantification 

of the ATP content using the CellTiter-Glo Luminescent Cell Viability assay (Promega) according 

to the manufacturer’s instructions. Values of virus-treated cells were set as a baseline and the 

data were normalized to aprotinin set to 1 (n = 3). At the tested concentrations, the extracts B18 

and B195 had a protective effect against influenza A viruses (Fig. 4). 

 

 

 

Figure 4: The extracts from T. purpureogenus strains B18 and B195 showed protective effects 

against influenza A viruses (H3N2 and H1N1) in MDCK II cells. (Created by MSc. Johanna 

Eichberg).
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Chapter 4 

 

Culex Y virus: A native virus of Culex species characterized in vivo 
 

Mareike Heinig-Hartberger, Fanny Hellhammer, David D. J. A. Zöller, Susann Dornbusch, Stella 

Bergmann, Katerina Vocadlova, Sandra Junglen, Michael Stern, Kwang-Zin Lee, and Stefanie C. Becker 

Viruses. 2023 Jan 14;15(1):235. doi: 10.3390/v15010235. PMID: 36680275; PMCID: PMC9863036. 

 

Mosquito-borne diseases pose serious problems to human and livestock populations in 

many parts of the world and their incidence has been increasing with the expanding 

geographical range of mosquitoes. The use of insect-specific viruses as a biological control of 

insect vector populations has received increased attention in the past years as an alternative to 

chemical insecticides. This study focused on the potential candidate, Culex Y virus (CYV), and 

its in vivo characterization in mosquitoes Cx. pipiens. To evaluate the specificity of the virus, 

additional in vitro and in vivo tests were performed. My part consisted of the analysis of the 

survival rate of the CYV-infected A. mellifera. The newly-emerged bees were briefly anesthetized 

with CO2 and injected (Nanoject II, Drummond) into their thorax with 1 µL of the viral 

suspension or Schneider’s Drosophila Medium as a negative control. The bees were transferred 

into the plastic boxes (11.5 × 8.5 cm × 8 cm) with a piece of wax, and provided with sucrose 

solution (1:1) ad libitum. The mortality was recorded every day for 14 days. During the 

experiment, six living bees were collected at four time points – 0, 3, 7, and 14 dpi (days post 

injection) and sent on dry ice to the Institute for Parasitology, University of Veterinary Medicine 

Hannover, Germany for the qRT-PCR. No difference was observed between the mortality of the 

virus-infected bees and the control (Log-rank: p=.7166). In line with this finding, the injection 

with CYV (~ 8.17 × 105 RNA copies) did not lead to an increase in the viral RNA copies and 

decreased by an order at the end of the experiment (~ 8.86 × 104 on 14 dpi). 
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III Discussion 

 
Honey bee biology has been studied for centuries and continues to be of high interest due 

to the benefits that bees and their products provide. With the analysis of the bee genome in 2006 

(The Honeybee Genome Consortium, 2006) and the development of molecular biology 

techniques, considerable advances in our understanding have been made. These have benefited 

many aspects of honeybee research in the last decades, such as physiology and immunity, bee 

behavior, bee-associated symbiotic and pathogenic microorganisms, or the impact of pesticides 

exposure (Dickey et al., 2023; Romero et al., 2019). 

Interestingly, the most prevalent pathogens in the Czech Republic were the 

trypanosomatids L. passim and C. mellificae. Despite the lack of clear knowledge about the harm 

these eukaryotes cause to the bees (Michalczyk et al., 2020; Schwarz et al., 2015), studies 

demonstrated their contribution to colony losses (Gómez-Moracho, T. Buendía-Abad et al., 

2020) and disruption of the composition of symbiotic gut microorganisms (Hubert et al., 2017). 

The co-infection of trypanosomatids and N. ceranae, which was also highly prevalent in the 

apiaries has been shown to reduce the immune gene expression (Arismendi et al., 2016; Ravoet 

et al., 2013; Vejnovic et al., 2018). Other fungal strains, N. apis and A. apis were not detected. The 

eukaryotic bee pathogens were found mainly in the urban area (town) and the lowest prevalence 

as well as species richness was observed in the national parks. In the case of viruses, the 

prevalence was similar in all the tested habitats. The most prevalent viruses were DWV (in 

particular variant DWV-A), ABPV, and LSV, followed by SBV, CBPV, and BQCV. The data 

revealed an association between the presence of less prevalent variants of DWV, DWV-B, and 

DWV-C, and the colony mortality. 

Many viruses have been detected in bees, including the plant virus tobacco ringspot virus 

(TRSV) (Galbraith et al., 2018; Li et al., 2014), although the adaptation of this virus to bees as 

hosts is not well supported by genetic data (Cornman, 2017). Host specificity and pathogenicity 

studies are an important precaution for biological control methods (Brodeur, 2012). The use of 

viruses as biological control agents against pests and disease vectors has become a promising 

approach as an alternative to chemical insecticides (Abd-Alla et al., 2020). However, to avoid the 

risk of infection of non-target insects, such as bees, the host specificity of the virus should be 

carefully evaluated (Brodeur, 2012). To the best of my knowledge, the CYV has never been 

detected in honey bees. The results from chapter 4 show no effect of this virus on the survival 

rate of A. mellifera as well as no viral replication within this host. Thus, the data represent the 

first step of the safety assessment of the CYV application for mosquito control. Nevertheless, 

more in-depth testing involving would be required prior to the field application.



24  

Besides the number of studies on bee pathogens, the last decades have brought a plethora 

of findings about bee-associated microorganisms with undoubted beneficial role in honey bees. 

Indeed, gut microorganisms not only contribute to nutrient utilization, but also influence the 

immunity and resistance of the bees to diseases, and shape the behavioral tasks of bees (Jones et 

al., 2018). 

Yet, honey bees are surrounded by many other microorganisms found on their bodies, on 

hive surfaces, and in food stores, whose function is rather unknown (Smutin et al., 2022). Not 

much attention has been paid to the filamentous fungi among them. In the previous section, I 

summarized the results of the work presenting the first isolation and characterization of T. 

purpureogenus strains from the bee bread of A. mellifera and the antimicrobial activity of their 

extracts. 

 

The genus Talaromyces and its association with honey bees and other insects 

 
The species T. purpureogenus (Eurotiales: Trichomaceae; fig. 5; Samson, Yilmaz, Frisvad 

and Seifert 2011) from the genus Talaromyces was formerly known as Penicillium purpureogenum 

(Stoll, 1904). It belongs to the section Talaromyces, one of the seven sections of this genus 

(Yilmaz et al., 2014). 

 

Figure 5: Classification of the genus Talaromyces (left) and the microscopic 

picture of the biverticillate conidiophores of T. purpureogenus dyed with cotton 

blue (right). 

 

Herein, I describe the presence of T. purpureogenus in A. mellifera for the first time. 

Although no evidence of the genus Talaromyces in A. mellifera bee bread had been reported 

before my investigations, its presence is not surprising because bees can collect Talaromyces spp. 

from many sources; foragers passively or actively collect fungi and incorporate them into 

corbicular pollen (Parish et al., 2020; Shaw, 1990). Interestingly, some fungi are likely introduced 

or eliminated by bees during pollen collection and storage (M. Gilliam et al., 1989). I have 

identified two Talaromyces species – T. piceae and T. purpureogenus using our cultivation-based

KINGDOM: Fungi 

PHYLUM: Ascomycota 

CLASS: Eurotiomycetes 

ORDER: Eurotiales 

FAMILY: Trichocomaceae 

GENUS: Talaromyces 
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method. Nevertheless, the relatively low number of positive bee bread samples (the highest 

prevalence was ~15% in April 2020) rather contradicts the assumption that these fungi are part 

of the core fungal community in the bee bread. Seasonal factors might play a role, as the 

Talaromyces strains were detected only in spring. Other studies of fungal composition in bee 

bread in temperate climates did not detect any Talaromyces spp. However, they were conducted 

in summer, where the absence of Talaromyces is consistent with our results. In worker bees, the 

prevalence of fungi was higher in fall and winter (Martha Gilliam, 1997), however, no study has 

explored the composition and abundance of fungi in bee bread during the months of no-flight 

activity. 

It is also noteworthy that the negative samples were taken from hives near agricultural 

land. The presence of agricultural land, such as rapeseed field, increase the risk of fungicide 

residues in the food stores and may therefore affect the fungal community. The detrimental 

effect of agricultural pressure and fungicide contamination on the fungal community in bee 

bread has been demonstrated by different methods (Dimov et al., 2021; Yoder et al., 2013). 

Nevertheless, more data are needed to conclude the presence and seasonal prevalence of T. 

purpureogenus and other Talaromyces species in bee bread. 

 

Antiviral activity of the T. purpureogenus strains 

 
In the in vivo experiment, investigating the effects of T. purpureogenus extracts on CBPV 

infection, diverse biological effects were observed. The addition of three crude extracts to the 

diet reduced the mortality rate and extended the lifespan of CBPV-infected bees (B13, B18, and 

B30); other extracts had no significant effect (B11 and B49) or were toxic to the bees (B69 and 

B195), resulting in increased mortality. A similar pattern was observed when only the extracts 

were injected into bees during the protocol optimization phase. Nine or ten newly-emerged bees 

were injected with 4 µL of the fungal extracts (8 mg/mL) or acetone as a control (8%) into the 

thorax, and mortality rates were monitored for ten days. Although the sample size was small, 

the positive effect of extract B18 and the detrimental effect of extract B195 on bee survival could 

be seen (Fig. 6). 
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Figure 6: Survival rate of honey bees injected with extracts of T. purpureogenus or 

acetone only (solvent control). The results of this small-scale preliminary test 

indicated positive as well as negative effect of extracts derived from the strains B18 

and B195, respectively. 

To evaluate the antiviral activity of the extracts while excluding the combination of 

possible direct and indirect effects in the in vivo experiment, the test was performed in an 

established cell culture model. In the first assay, the extract-treated and untreated CRFK cells 

were exposed to the enveloped and non-enveloped viruses, FCV and FCoV, respectively. 

Subsequently, the destruction of the cell monolayer caused by viral lysis in all the treatments 

except extract B18 was observed. This extract (from the T. purpureogenus B18 strain) repressed 

viral replication in a dose-dependent manner. The actual virucidal effect of the extracts was 

observed in the second viral inactivation assay, where extract B18 and B195 inactivated ~99% and 

~90% of FCoV viral particles, respectively. The extracts also improved viability of cells infected 

with influenza A virus H1N1 and H3N2. Further analyses aim to identify the active compounds 

from the crude extracts. In addition, beneficial effect of some extracts on the survival rate of 

CBPV-infected that could not be linked to antimicrobial activity and remains to be explored. 

 

Antibacterial and antifungal activity of the T. purpureogenus extracts 

 
The crude extracts from the T. purpureogenus strains were tested against fungi and 

bacteria – species of Aspergillus and Paenibacillus. With the method used, I did not detect the 

antifungal activity of the extracts. In the antibacterial test, extracts B18 and B195 inhibited the 

growth of bee pathogen P. alvei, as well as P. lautus and P. lactis. However, the activity of extract 

B195 was observed only at a higher concentration (2 mg/mL) against the latter two bacteria. 

Bioactivity-guided dereplication of extract B18 was performed with P. lautus, so we assume, 

albeit with caution, that the compounds are likely active against the other Paenibacillus species 

as well. The compounds identified in the active fractions were diketopiperazines, a siderophore,
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and three unknown compounds. Siderophores have attracted considerable attention because of 

their potential applications in medicine and environmental field (Kurth et al., 2016). These metal 

chelators are important for the uptake, transport, and storage of iron in plants, bacteria, and 

fungi. Fungal siderophores are usually acylated hydroxamates (Haas, 2003), such as coprogen- 

type talarazines produced by Talaromyces (Kalansuriya et al., 2017). The biosynthesis of 

siderophores influences the virulence of fungi and their interaction with other microorganisms 

(Haas, 2014). The ability to synthesize iron-chelating molecules can cause suppression of growth 

in some microbes as a result of starvation of this essential nutrient. Conversely, providing the 

source of iron to other microbes, such as yeasts, can promote their growth (Haas, 2014). Several 

fungal compounds have been linked to the regulation of the microbiota in bee bread, such as 

lovastatin (Paludo et al., 2019) and organic acids (Disayathanoowat et al., 2020). Given the 

inhibitory activity of the siderophore against the bacteria tested in our study, it would be 

interesting to investigate the use of siderophores to regulate AFB and EFB in vivo. Furthermore, 

the unknown active compounds should also be investigated as novel antimicrobials. 

 

Toxicity of the T. purpureogenus strains 

 
In general, the extracts obtained from the used T. purpureogenus strains had diverse 

biological effects in our experiments. Extract B18 had an antimicrobial activity in all assays 

performed (except the antifungal activity assay), while it had no toxic effect on the bees and 

mammalian cells. Conversely, a virucidal activity of extract B195 was observed; however, its high 

cytotoxicity prevented the determination of antiviral properties in the other assays. Subsequent 

chemical profiling revealed, that most of the Talaromyces strains produced rubratoxin A and B 

(B11, B30, B49, B69, and B195), while the two extracts B13 and B18 contained no rubratoxins or 

their concentration was below the detection limit of the method used. The latter two extracts 

had a positive effect on bee survival. It is worth noting that these strains are also strong 

producers of Monascus-like red pigments that are relevant to the food industry. Honey bees are 

exposed to many types of mycotoxins, such as aflatoxins, ochratoxins, deoxynivalenol, 

zearalenone, and fumonisins produced by Aspergillus, Penicillium, and Fusarium species (Kostić 

et al., 2019). Under natural conditions, mycotoxins are diluted in food stores to a concentration 

that is tolerable by bees and the toxicity can also be mitigated by propolis (Niu et al., 2011). Our 

results suggest that the presence of rubratoxins may increase the mortality rate of the bees. 

However, extracts B30 promoted bee survival despite the presence of rubratoxins, so the 

interactions appear to be more complex. The concentration of rubratoxins in the extracts, as well 

as the concentration that bees can tolerate, remain unknown and should be investigated in 

further trials. 
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Conclusions and future perspectives 

 
This work presents the first description of Talaromyces strains in bee bread of A. mellifera 

and provides novel insights into the relationship between fungal bioactivity and bee health 

under laboratory conditions. The presence of Talaromyces strains in bee bread can probably vary 

depending on the season and location of the apiaries. It is important to note that observations 

of fungal growth in bee bread have differed; some researchers observed only fungal spores in bee 

bread (Anderson et al., 2014), while others observed spore germination and production of short 

hyphae (< 10 µm) (M. Gilliam et al., 1989). Bee bread is an unfavorable substrate for microbial 

growth due to low water activity (aw, available water for microbial growth), acidic pH, high 

oxidation-reduction potential (Anderson et al., 2014). However, some microorganisms, 

particularly yeasts and molds, are able to grow slowly under such conditions. Some Talaromyces 

species can grow at a water activity of 0.82, while other fungi can grow at a water activity as low 

as 0.61 (Rodríguez-Andrade et al., 2019). In addition, the nutrients-rich substrate like bee bread, 

as well as the absence of competing bacteria under these conditions, may extend the range of 

temperatures and water activities suitable for spore germination and growth (Beuchat, 1983). 

Interestingly, some bee-associated fungi have greatly reduced fruiting bodies, likely as a result 

of adaptation on the bee habitat (Wynns, 2015). 

By producing compounds with antibacterial and antiviral activity, strains of T. 

purpureogenus could protect bees against some pathogens. Nevertheless, by producing 

mycotoxins (rubratoxin A and B), the strains may also have harmful effects on bees. Fungal 

growth, and production of antimicrobial compounds and mycotoxins depends on many factors, 

including temperature, water activity, pH, and light conditions. Furthermore, mycotoxin 

production is often stain-dependent (Beuchat, 1983; Mannaa & Kim, 2017). Sequence-based 

studies exploring the composition and function of beebread mycobiome, including the genera 

Aspergillus, Alternaria, Cladosporium, Botrytis, Mucor, Penicillium, and Rhizopus, identify fungi 

to the genus or species level. Herein presented results show the metabolic diversity of the 

different strains of T. purpureogenus and their associated properties, including toxicity. Thus, 

the genus Talaromyces may be present as a mixture of species/strains with different metabolic 

activities, as in the case of bee-related Aspergillus spp. These fungi are present in the hive as an 

assemblage of toxigenic and atoxigenic strains, and some of them are opportunistic pathogens 

(Becchimanzi & Nicoletti, 2022). Strains of other genera commonly found in bee bread, such as 

Alternaria and Penicillium, are also considered to be beneficial but can produce both 

antimicrobial molecules and mycotoxins that are lethal to bees (Frisvad et al., 2004; Lou et al.,
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2013). I assume that the balanced composition of the fungal strains can be an important factor 

for the health of bees and the whole colony. 

In conclusion, bee-associated fungal strains are still an unexplored source of biologically 

active compounds that can benefit bee health research and natural product discovery. Herein, 

the promising antibacterial and antiviral/protective activity of extracts B18 and B19 against 

Paenibacillus spp, FCoV, FCV, influenza A viruses, and CBPV (in the case of extract B18) is 

highlighted. According to the results of this work, it would be conceivable that the substances 

obtained by fermentation from filamentous fungi could be used as feed additives 

prophylactically or therapeutically against bacterial and viral infections in honey bees. 
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