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1. Context 

According to estimates, nearly 35% of human food 

consumption relies on insect pollination, and more than 

90% of the crops depend on honey bee pollination 

services, highlighting the crucial importance of these 

insects. Honey bee gut is considered the reservoir of 

several microbes that most importantly affect their 

behavior, nutrition, immune homeostasis, and disease 

tolerance (1). Although the diversity of these microbes 

in the honey bee gut is less considerable than that in 

other animals, they are of major significance owing to 

their direct role in the enhancement of the immunity 

and resistance of honey bees to several bacteria and 

viruses (2, 3). Therefore, it is crucial to maintain the 

composition of the gut microbial flora in honey bees 

and any imbalance in the gut microbiota (dysbiosis) 

could consequently lead to increased susceptibility of 

these insects to some infections.  

A lack of foraging capacities, the use of insecticides 

in agriculture, and environmental stressors, such as 

high summer and low winter temperatures, are well-

understood abiotic agents (4) which include a range of 

disease-causing organisms, such as bacteria, viruses, 

protozoa, fungi, and parasitic mites (5). Among these, 

two of the most economically important bacterial 

diseases affecting the brood are American foulbrood 

(AFB) and European foulbrood (EFB) diseases, both 

widely distributed and potentially lethal to infected 

colonies (6). 

Melissococcus plutonius (M. plutonius) and 

Paenibacillus larvae (P. larvae), the gram-positive 

bacterium, are the causative agents of EFB and AFB,  
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Abstract 

American foulbrood (AFB) and European foulbrood (EFB) are the two most important honey bee brood 

diseases which impose heavy economic losses to the apiculture industry worldwide by reducing bee population 

and honey production. Treatment with antibiotics has led to the emergence of antibiotic-resistant strains, calling 

for alternative safe treatment procedures that could control these diseases. Honey bee gut microbiota is known to 

affect the overall health of honey bees by enhancing their resistance to a number of diseases via modulation of 

the immune response and production of different antimicrobial metabolites. The majority of these gut resident 

bacteria are identified as probiotic bacteria and secure the health of these tiny insects. In the present review, we 

highlighted the significance of the honey bee gut microbial community and their probiotic potency for the 

prevention of AFB and EFB diseases in honey bees.  
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respectively. Comparative genomics-based detected 

genes that might play a role in EFB pathogenesis 

and, ultimately, in the death of the honey bee larvae. 

They include bacteriocins, bacteria cell surface- and 

host cell adhesion-associated proteins, an 

enterococcal polysaccharide antigen, an epsilon 

toxin, proteolytic enzymes, and capsule-associated 

proteins (6). Once M. plutonius reaches the intestinal 

tract via the consumption of contaminated food, it 

quickly multiplies and can deprive the host of 

nutrients. The virulence of M. plutonius is highly 

variable, and some strains can kill a higher 

proportion of the host within a shorter time period, 

compared to other strains (7).  

According to the enterobacterial repetitive intergenic 

consensus classification, five genotypes of AFB (i.e., 

I, II, III, IV, and V) are recognized, differing in their 

virulence and prevalence in colonies (8). The AFB 

disease affects the bee larvae during the early 

developmental stages, while adult bees only transmit 

the infectious spores of P. larvae. Bee larvae are 

infected with P. larvae endospores via the 

consumption of contaminated food sources, where 

these spores after consumption germinate in the larval 

intestine. The youngest larvae (12-36 h after egg 

hatching) are the most sensitive stage to the spores 

(9). 

Lactic Acid Bacteria (LAB), Bifidobacteria and 

Bacillus species, are the major groups which could 

mitigate the antibiotic-associated microbiota 

dysbiosis and immune deficits in adult workers (2). 

The benefits of Bacillus species lie in their ability to 

produce a number of enzymes and antibiotic-like 

substances that could assist in the digestion of 

carbohydrates and suppress the growth of pathogenic 

or nocuous organisms in honey bees, respectively 

(10, 11). Considering their health benefits, a number 

of these bacteria are considered probiotics and could 

exert desirable health effects on the host when 

consumed in adequate quantities (12, 13). To date, a 

large number of probiotic bacteria have been 

isolated, identified, characterized, and used 

commercially in several products for human and 

animal use. Probiotic bacteria residing in the honey 

bee gut have been studied extensively for their 

antibacterial potential against the bacterial agents 

responsible for AFB and EFB (14).  

2. Evidence Acquisition 

The present study aimed to highlight the significance 

and role of gut microbiota in providing protection 

against the mentioned bacterial diseases in honeybees. 

For data retrieval, different keywords were used to 

gather important information using two widely used 

databases (i.e., Google Scholar and PubMed). The 

keywords used to search the relevant studies were 

"American foulbrood disease", "European foulbrood 

disease", "probiotics", and "honeybee gut microbiome". 

In addition to direct search, cross-referencing was also 

employed from the already reviewed and included 

studies to increase the search for more relevant articles. 

We just used published studies in this review, and all 

other articles were excluded. Data were collected from 

2009 to 2021.  

3. Results 

3.1. American Foulbrood and European Foulbrood 

Diseases 

P. larvae, a Gram-positive, spore-forming, and 

peritrichously flagellated bacterium is the causative 

agent of AFB which is a highly contagious disease 

affecting the larval and pupal stages of honey bees. It 

has been known that AFB disease is propagated and 

spread through various paths, such as the interchange of 

contaminated bee equipment between colonies and 

drifting bees. The M. plutonius, a Gram-positive 

bacterium, triggers European foulbrood disease in 

honey bees. It is a lanceolate non-spore-forming cocci 

with a close phylogenetic relationship to the genus 

Enterococcus (15). 

3.2. Strategies for the Control of American 

Foulbrood and European Foulbrood Diseases  

In the apiculture industry, disease prevention is the 

ultimate control strategy for preventing honey bee 
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colony losses. Several different approaches, 

including the use of antibiotics and destroying 

infected colonies via burning and antibiotics 

utilization, have been implemented to control AFB 

and EFB disease, respectively. For the control of 

EFB, primarily antibiotics, such as oxytetracycline 

hydrochloride, have been used extensively (16). 

Nonetheless, it has been a proven fact that the wide 

use of antibiotics could trigger disequilibria in the 

normal microbiota of the beehive, resulting in a 

decreased half-life of honeybees, increased risk of 

contamination of honey with the chemical residues 

(17) and, most important of all, could be toxic to 

honeybee broods and beneficial intestinal micro-

flora of honey bees (18). It is reported that the 

veterinary drugs have negative impacts on the 

absolute abundance of several core taxa of the honey 

bee gut microbial community, causing microbial 

imbalance or dysbiosis, which in turn, leads to a 

decline in bee populations (19). Apart from all, the 

emergence of antibiotic-resistant pathogenic 

bacterial strains of P. larvae and M. plutonius has 

also been reported globally (20). 

To date, a number of alternative non-contaminating 

natural and safe antimicrobial agents, including 

probiotics, essential oils, and propolis, have been 

studied for their role in the enhancement of honey bee 

health by preventing disease prevalence, avoiding the 

presence of undesirable residues in honeybee products, 

and consequently, enhanced survival of colonies and 

decreased mortality in honeybees.  

3.3. Honeybee Gut Microbiota  

The gut microbiota of honeybees plays as important 

a role as it does in mammals, including its 

involvement in host physiology, such as metabolism 

and immune functions (21). Some significant 

functions played by these gut microbes include 

nutrient biosynthesis and biomass deconstruction, 

digestion of proteins and lipids, detoxification of 

xenobiotics, inhibition of pathogen invasion, pesticide  

 

resistance, colonization resistance against parasites, 

weight gain, and egg production (2, 22). In addition, 

these commensal microbes influence the 

transformation of nectar into honey and plant buds 

into propolis; moreover, they are responsible for the 

freshness of honey (23). Untargeted metabolomics 

studies revealed that a plethora of organic acids 

accumulates in the presence of gut bacteria, causing 

pivotal functional consequences in host physiology 

(24). Figure 1 displays the bacterial communities and 

localization of different bacteria within gut 

compartments in honey bees.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Several abiotic and biotic factors are responsible for 

disturbing the gut microbial flora in honeybees 

(Figure 2). The microbiota of honey bees is 

distributed in different parts of the gut, including the 

foregut, midgut, and hindgut, being composed of a 

limited number of bacterial phylotypes (25). Although 

fewer commensal bacteria exist in the gut of insects, 

compared to mammals, they may exert more marked 

impacts on the health of insects. The simple and host-

specialized gut microbiota of these insects, with 8 ∼ 

10 bacterial phylotypes, constitute approximately 

95%-99% of the bacterial community residing in the 

gut of a bee (26). 

 

 

Figure 1. Bacterial communities and localization of different 

bacteria within gut compartments (foregut, midgut, and 

hindgut) in honey bees 
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The major phylotypes are nearly nine socially 

transmitted bacterial species, including Gilliamella 

apicola, Snodgrassella alvi, Lactobacillus Firm-4 and 

Firm-5, Frischella perrara, Bartonella apis, 

Commensalibacter sp, and Bifidobacterium sp., that 

comprise honeybee gut microbiome (27). While, 

Proteobacteria species, Frischella perrara, Bartonella 

apis, Parasaccharibacter apium, and a Gluconobacter 

are the less prevalent species (26, 28). 

The LAB as a group of Gram-positive, non-

sporulated, catalase-negative bacilli or cocci are vastly 

explored in the gut microbiome of honeybees (6, 29-

31). It is reported that the LAB species evolved in 

honey bees have mutual dependence on each other. The 

LAB species by acquiring a nutritional niche protect 

honey bees and their honey against the pathogenic 

bacteria (31). A major role played by probiotic gut 

microbiota of honey bees is their ability to up-regulate 

the gene expression of the AMPs apidaecin and 

hymenoptaecin in gut tissue, suggesting that the 

microbiota exerts a systemic immune effect, rather than 

being only localized to the gut (26). Fructophilic lactic 

acid bacteria (FLAB) are also reported in honeybees 

fed diets rich in fructose. The main difference between 

LAB and FLAB is that the growth of later is poor or 

delayed in the presence of glucose substrate. L.kunkeei, 

the most dominant species in the gut of these insects, is 

identified as a FLAB (32).   

Apart from Gram-positive bacteria, a number of 

gram-negative bacteria also exist in the gut of 

honeybees.  Acetic acid bacteria (AAB) are a large 

group of gram-negative bacteria within the clade of 

proteobacteria, most frequently found within the honey 

bee microbiome (31, 33). Among these, 

Gluconobacter, Acetobacter, Gluconacetobacter, and 

Sacchribacter are the bee symbionts belonging to AAB 

genera. Both LAB and AAB share some properties, for 

instance, both have the ability to grow and tolerate 

acidic pH, produce organic acids, such as lactic acid 

and acetic acids, and both genera have the ability to 

metabolize different sugars (3). Similar to LAB, the 

role of AAB residing in the honey bee gut in the control 

of pathogens has been also reported earlier (33). 

3.4. Probiotic Microbiota of Honey Bees 

Some of the Lactobacillus species residing in the gut 

of honeybees are shown to affect the health of the host 

by their probiotic potential (2, 6). As defined earlier, 

probiotic bacteria are live bacteria that have significant 

health effects on the host when consumed in sufficient 

quantity. In apiculture, probiotic bacteria are 

recognized to enhance honeybee immunity, leading to 

enhanced resistance to diseases, wax gland 

development, increased honey production, decreased 

mortality, colony loss, and nutritional stress (2, 32). 

Other major beneficial effects of probiotic bacteria 

reported in honeybees include growth stimulation of 

food glands and fat body (34). 

Pachla, Ptaszynska (35) evaluated the potential 

probiotic features of LAB from Apis mellifera 

gastrointestinal tract. They found that LAB are able to 

tolerate pH changes throughout the honey bee intestinal 

tract and survive well in honey bee guts. According to 

them, a sucrose diet supplemented with LAB could 

decrease mortality and improve the lifespan of honey 

bees mainly through gut microbial homeostasis 

improvement, immune response stimulation, and 

intestinal pathogen elimination. In another study, two 

 

Figure 2. Abiotic and biotic stress factors affecting the gut 

microbiome composition of honey bees 
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Lactiplantibacillus plantarum strains isolated from the 

Indian honey bee, Apis cerena indic, were 

demonstrated to have probiotic properties, including 

acid and bile tolerance, survival in simulated 

gastrointestinal conditions, as well as hydrophobic and 

aggregative properties (36). To date, a vast number of 

commensal bacteria in the gut of honey bees, including 

LAB species, have been assessed as promising 

probiotic candidates that could be usefully applied as a 

health supplement not only for human and animal 

consumption but might also be used in honey bees to 

restore their health and increase their disease resistance  

(6, 29, 36). 

In addition to LAB species, a number of Bacillus 

species with probiotic properties have been identified in 

honeybees (11, 37). Decades back, the relationships 

between honey bees and Bacillus bacteria have been 

extensively examined (38). Most of these studies have 

reported that the symbiotic Bacillus bacteria benefit 

honey bees by facilitating pollen fermentation, food  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

protection, and disease prevention. Along the same 

lines, Sabate, Carrillo (39) reported that B. 

subtilis strain Mori2 had beneficial effects on colony 

performance. Additional desirable features of Bacillus 

species include their ability to produce antimicrobial 

peptides (bacteriocins), stimulate immunity, and their 

adhesion abilities (40). B.amyloliqufacien HTI-19 and 

B.subtilis HTI-23 isolated from stingless honey bees in 

Malaysia demonstrated high survivability in the 

artificial modified digestive tract systems, wide 

antimicrobial spectra, high cell hydrophobicity, and 

auto-aggregation ability. The antibacterial potential of a 

number of gut-associated Bacillus species against AFB 

and EFB has been investigated by many (6). 

Furthermore, Bacillus subtilis strains were able to 

inhibit the growth of P. larvae and A. apis (39).  Table 

1 lists the bacterial species, including Lactobacillus, 

Enterococcus, Bifidobacterium, and Bacillus species, 

which have demonstrated antibacterial effects against 

AFB and EFB. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Salient features of honeybee gut microbes and their activity against American foulbrood and European foulbrood 

 

Bacteria Features Effects against AFB and EFB Ref 

Enterococcus faecium SM21 
Lactic acid production, bacteriocin-like compounds 

production 
in vitro inhibition of AFB (41) 

L. kunkeei 

Gastrointestinal tract tolerance, antibiotic susceptibility, 

cell surface hydrophobicity, as well as auto- and co-

aggregation capacities 

in vivo inhibition of AFB (35, 42) 

L .kunkeei Potential antibacterial activity in vitro and in vivo inhibition of EFB (28, 31) 

Fructobacillus fructossus 

Gastrointestinal tract tolerance, antibiotic susceptibility, 

cell surface hydrophobicity, as well as auto- and co-

aggregation capacities 

in vitro inhibition of AFB (28, 31, 35) 

L. plantarum KX519413 

L. plantarum KX519414 

Gastrointestinal tract tolerance, exopolysaccharide 

production, biofilm formation, as well as auto-

aggregation 

NR (36) 

L. crispatus IG9 Isolated from fermented foods in vitro inhibition of AFB (43) 

Acja3 (Bacillus strain) 
Antimicrobial compounds production, tolerance to gut  

environmental conditions 
in vitro inhibition of EFB (22) 

L. plantarum Lp39 

L. rhamnosus GR-1 

L. kunkeei BR-1 

Upregulation of immune-related gene expression in vitro inhibition of AFB (2) 

L. plantarum 

L. apis 

L. apinorum 

Isolated from the digestive tract of adult honeybees in 

Košice, Slovakia. 

 

in vitro inhibition of AFB (44) 

L. helsingborgensis 

L. kimbladii 

L. kullabergensis 

Lmellifer 

Isolated from the digestive tract of honeybees Apis 

mellifera, Apis andrenoformis, and Melipona beechi 

in vitro and in vivo inhibition of AFB 

and EFB 
(29, 31) 
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3.5. Future Prospective 

Owing to the possible benefits of gut residing LAB 

species to honey bee health, it is of utmost importance 

to find tools that could enhance the growth and 

population of these naturally occurring beneficial 

bacteria in the body of the host. The mechanism 

underlying the ability of these bacterial communities to 

live in harmony in the insect gut is yet not explored. 

Therefore, it is essential to identify and locate the 

factors that directly or indirectly influence the 

microbiota, using diverse approaches, including the 

latest biotechnological tools. Recent advances in the 

field of biotechnology have displayed that the 

resistance of honey bees to viral and bacterial 

pathogens could be enhanced by microbiome 

engineering, resulting in overall host health 

improvements in these insects (49, 50). 

4. Conclusions 

Population decline in honey bees causes high annual 

losses of managed honey bees. It is of great concern 

owing to the importance of bee pollinators for plant 

reproduction and crop production. P. larvae and M. 

plutonius are the primary bacterial pathogens of honey 

bees, as well as the causative agents of AFB and EFB 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

disease, respectively. The subsequent overuse of 

antibiotics for the treatment of AFB and EFB could 

also perturb the gut natural microbiota, leading to 

microbial flora imbalance and the emergence of 

resistant virulent strains. Evidence suggested that honey 

bee guts are a wide reservoir of various LAB species 

that evolve from a broad range of environmental 

sources. Among LAB, Lactobacillus species are the 

dominant species; moreover, Bifidobacterium and 

Enterococcus species are also found in adequate 

amounts. These bacteria are well studied for probiotic 

characteristics and have demonstrated37p their 

essential role in the proper functioning of the bee 

colony and their survival. It is a known fact that 

competition for adhesion receptors on the intestinal 

epithelium, nutrients, antibacterial substances 

production, and immune system stimulation are the 

major mechanisms of probiotic effects of several gut 

bacteria, underling their beneficiary effects on the host.  
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Bacteria Features Effects against AFB and EFB Ref 

L.apinorum 

L. apis 

Isolated from stomach of Apis mellifera in Czech 

Republic 
in vitro inhibition of AFB and EFB (45) 

B. asteroides Isolated from the guts of honey bee workers in vitro and in vivo inhibition of AFB (46) 

L. plantarum 

L. brevis 
Production of lactic acid in vitro inhibition of AFB (44) 

B. longum 

B. indicum 

Analysis of communities in the midguts of Apis 

mellifera and Apis cerana honey bees in Thailand 
in vitro and in vivo inhibition of AFB (6) 

B. cereus, B. megaterium, B. 

licheniformis, B. pumilus, B. 

subtilus, B. laterosporus 

Not studied for probiotic properties 
in vitro inhibition of different strains 

of P. larvae 
(47) 

B. cereus, B. fusiformis, 

Brevibacillus formosus 

Isolated from honeybee larvae 

Not investigated for probiotic properties 

in vitro inhibition of different strains 

of P.larvae 
(10) 

L.kunkeei, Bifidobacterium 

asteroides related phylotypes, 

and Lactobacillus phylotypes 

Synergistic action of mixed cultures against P. larvae Invitro and in vivo inhibition of AFB (6) 

Bacillus isolates (Acj 115, Acj 

209, Acj 214, and Acj 219) 

B.subtilis and B.leichniformis 

Isolated from the digestive tract of the Japanese 

honeybee, Apis cerana japonica 

Isolated from honeybee gut and honey  samples 

In vitro inhibition of AFB 

NR 
(48) 

 

(NR= not reported; AFB: American foulbrood; EFB: European foulbrood) 



Moharrami et al / Archives of Razi Institute, Vol. 77, No. 4 (2022) 1331-1339  

 

 

1337 

Critical revision of the manuscript for important 

intellectual content: N. M. and M. B. 

Intellectual content: N. M. 

Administrative, technical, and material support: N. M., 

M. M., M. B., and S. T. 

Conflict of Interest 

The authors declare that they have no conflict of 

interest. 

References 

1. Zheng H, Steele MI, Leonard SP, Motta EVS, 

Moran NA. Honey bees as models for gut microbiota 

research. Lab Anim (NY). 2018;47(11):317-25. 

2. Daisley BA, Pitek AP, Chmiel JA, Gibbons S, 

Chernyshova AM, Al KF, et al. Lactobacillus spp. 

attenuate antibiotic-induced immune and microbiota 

dysregulation in honey bees. Commun Biol. 2020;3(1):534. 

3. Hamdi C, Balloi A, Essanaa J, Crotti E, Gonella E, 

Raddadi N, et al. Gut microbiome dysbiosis and honeybee 

health. J Appl Entomol. 2011;135(7):524-33. 

4. Naug D. Nutritional stress due to habitat loss may 

explain recent honeybee colony collapses. Biol Conserv. 

2009;142(10):2369-72. 

5. Neov B, Georgieva A, Shumkova R, Radoslavov G, 

Hristov P. Biotic and Abiotic Factors Associated with 

Colonies Mortalities of Managed Honey Bee (Apis 

mellifera). Diversity. 2019;11(12):237. 

6. Forsgren E, Locke B, Sircoulomb F, Schäfer MO. 

Bacterial Diseases in Honeybees. Curr Clin Microbiol Rep. 

2018;5(1):18-25. 

7. Milbrath MO, Fowler PD, Abban SK, Lopez D, 

Evans JD. Validation of Diagnostic Methods for European 

Foulbrood on Commercial Honey Bee Colonies in the 

United States. J Insect Sci. 2021;21(6). 

8. Biová J, Bzdil J, Dostálková S, Petřivalský M, Brus 

J, Carra E, et al. American Foulbrood in the Czech 

Republic: ERIC II Genotype of Paenibacillus Larvae Is 

Prevalent. Front Vet Sci. 2021;8. 

9. Stephan JG, de Miranda JR, Forsgren E. American 

foulbrood in a honeybee colony: spore-symptom 

relationship and feedbacks. BMC Ecol. 2020;20(1):15. 

10. Teo AY, Tan HM. Inhibition of Clostridium 

perfringens by a novel strain of Bacillus subtilis isolated 

from the gastrointestinal tracts of healthy chickens. Appl  

 

   Environ Microbiol. 2005;71(8):4185-90. 

11. Tootiaie S, Moharrami M, Mojgani N. Honeybee 

Gut: Reservoir of Probiotic Bacteria. In: Mojgani N, Dadar 

M, editors. Probiotic Bacteria and Postbiotic Metabolites: 

Role in Animal and Human Health. Singapore: Springer 

Singapore; 2021. p. 221-36. 

12. Khalkhali S, Mojgani N. Enterococcus faecium; a 

Suitable Probiotic Candidate for Modulation of Immune 

Responses Against Pathogens. Int J Basic Sci Med. 

2017;2(2):77-82. 

13. Mojgani N, Hussaini F, Vaseji N. Characterization 

of indigenous lactobacillus strains for probiotic properties. 

Jundishapur J Microbiol. 2015;8(2):e17523. 

14. Evans JD, Armstrong TN. Antagonistic interactions 

between honey bee bacterial symbionts and implications 

for disease. BMC Ecol. 2006;6:4. 

15. Cai J, Collins MD. Evidence for a close 

phylogenetic relationship between Melissococcus pluton, 

the causative agent of European foulbrood disease, and the 

genus Enterococcus. Int J Syst Bacteriol. 1994;44(2):365-7. 

16. Thompson HM, Brown MA. Is contact colony 

treatment with antibiotics an effective control for European 

foulbrood? Bee World. 2001;82(3):130-8. 

17. Martel AC, Zeggane S, Drajnudel P, Faucon JP, 

Aubert M. Tetracycline residues in honey after hive 

treatment. Food Addit Contam. 2006;23(3):265-73. 

18. Thompson HM, Levine SL, Doering J, Norman S, 

Manson P, Sutton P, et al. Evaluating exposure and 

potential effects on honeybee brood (Apis mellifera) 

development using glyphosate as an example. Integr 

Environ Assess Manag. 2014;10(3):463-70. 

19. Baffoni L, Alberoni D, Gaggìa F, Braglia C, 

Stanton C, Ross PR, et al. Honeybees exposure to 

veterinary drugs: how the gut microbiota is affected. 

Microbiol Spectr. 2021;9(1):176-21. 

20. Miyagi T, Peng CY, Chuang RY, Mussen EC, 

Spivak MS, Doi RH. Verification of oxytetracycline-

resistant American foulbrood pathogen Paenibacillus larvae 

in the United States. J Invertebr Pathol. 2000;75(1):95-6. 

21. Cariveau DP, Elijah Powell J, Koch H, Winfree R, 

Moran NA. Variation in gut microbial communities and its 

association with pathogen infection in wild bumble bees 

(Bombus). ISME J. 2014;8(12):2369-79. 

22. Wu M, Sugimura Y, Iwata K, Takaya N, Takamatsu 

D, Kobayashi M, et al. Inhibitory effect of gut bacteria 

from the Japanese honey bee, Apis cerana japonica, against 

Melissococcus plutonius, the causal agent of European  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8552759/


Moharrami et al / Archives of Razi Institute, Vol. 77, No. 4 (2022) 1331-1339  1338 

   foulbrood disease. J Insect Sci. 2014;14(1). 

23. Pachla A, Ptaszyńska AA, Wicha M, Oleńska E, 

Małek W. Fascinating fructophilic lactic acid bacteria 

associated with various fructose-rich niches. Ann Univ 

Mariae Curie Sklodowska Med. 2019;72(2):41-50. 

24. Kesnerova L, Mars RAT, Ellegaard KM, Troilo M, 

Sauer U, Engel P. Disentangling metabolic functions of 

bacteria in the honey bee gut. PLoS Biol. 

2017;15(12):2003467. 

25. Ellegaard KM, Engel P. Genomic diversity 

landscape of the honey bee gut microbiota. Nat Commun. 

2019;10(1):446. 

26. Kwong WK, Mancenido AL, Moran NA. Immune 

system stimulation by the native gut microbiota of honey 

bees. R Soc Open Sci. 2017;4(2):170003. 

27. Kesnerova L, Emery O, Troilo M, Liberti J, Erkosar 

B, Engel P. Gut microbiota structure differs between 

honeybees in winter and summer. ISME J. 2020;14(3):801-

14. 

28. Endo A, Salminen S. Honeybees and beehives are 

rich sources for fructophilic lactic acid bacteria. Syst Appl 

Microbiol. 2013;36(6):444-8. 

29. Lamei S, Stephan JG, Nilson B, Sieuwerts S, 

Riesbeck K, de Miranda JR, et al. Feeding Honeybee 

Colonies with Honeybee-Specific Lactic Acid Bacteria 

(Hbs-LAB) Does Not Affect Colony-Level Hbs-LAB 

Composition or Paenibacillus larvae Spore Levels, 

Although American Foulbrood Affected Colonies Harbor a 

More Diverse Hbs-LAB Community. Microb Ecol. 

2020;79(3):743-55. 

30. Lazzeri AM, Mangia NP, Mura ME, Floris I, Satta 

A, Ruiu L. Potential of novel food-borne Lactobacillus 

isolates against the honeybee pathogen Paenibacillus 

larvae. Biocontrol Sci Technol. 2020;30(9):897-908. 

31. Vásquez A, Olofsson TC. The lactic acid bacteria 

involved in the production of bee pollen and bee bread. J 

Apic Res. 2009;48(3):189-95. 

32. Ramos OY, Basualdo M, Libonatti C, Vega MF. 

Current status and application of lactic acid bacteria in 

animal production systems with a focus on bacteria from 

honey bee colonies. J Appl Microbiol. 2020;128(5):1248-

60. 

33. Crotti E, Rizzi A, Chouaia B, Ricci I, Favia G, 

Alma A, et al. Acetic acid bacteria, newly emerging 

symbionts of insects. Appl Environ Microbiol. 

2010;76(21):6963-70. 

34. Kazimierczak-Baryczko M, Szymaś B. 

Improvement of the composition of pollen substitute for 

honey bee (Apis mellifera L.), through implementation of 

probiotic preparations. J Apic Sci. 2006;50(1):15-23. 

35. Pachla A, Ptaszynska AA, Wicha M, Kunat M, 

Wydrych J, Olenska E, et al. Insight into probiotic 

properties of lactic acid bacterial endosymbionts of Apis 

mellifera L. derived from the Polish apiary. Saudi J Biol 

Sci. 2021;28(3):1890-9. 

36. Honey Chandran C, Keerthi T. Probiotic potency of 

Lactobacillus plantarum KX519413 and KX519414 

isolated from honey bee gut. FEMS Microbiol Lett. 

2018;365(4). 

37. Toutiaee S, Mojgani N, Harzandi N, Moharrami M, 

Mokhberosafa L. In‐vitro probiotic and safety attributes of 

Bacillus spp isolated from beebread, honey samples and 

digestive tract of honeybees Apis mellifera. Lett Appl 

Microbiol. 2022;74. 

38. GILLIAM M. Microbiology of pollen and bee 

bread : The genus bacillus. Apidologie. 1979;10(3):269-74. 

39. Sabate DC, Carrillo L, Audisio MC. Inhibition of 

Paenibacillus larvae and Ascosphaera apis by Bacillus 

subtilis isolated from honeybee gut and honey samples. Res 

Microbiol. 2009;160(3):193-9. 

40. Duc le H, Hong HA, Barbosa TM, Henriques AO, 

Cutting SM. Characterization of Bacillus probiotics 

available for human use. Appl Environ Microbiol. 

2004;70(4):2161-71. 

41. Leonard SP, Powell JE, Perutka J, Geng P, 

Heckmann LC, Horak RD, et al. Engineered symbionts 

activate honey bee immunity and limit pathogens. Science. 

2020;367(6477):573-6. 

42. Carina Audisio M, Torres MJ, Sabate DC, 

Ibarguren C, Apella MC. Properties of different lactic acid 

bacteria isolated from Apis mellifera L. bee-gut. Microbiol 

Res. 2011;166(1):1-13. 

43. Arredondo D, Castelli L, Porrini MP, Garrido PM, 

Eguaras MJ, Zunino P, et al. Lactobacillus kunkeei strains 

decreased the infection by honey bee pathogens 

Paenibacillus larvae and Nosema ceranae. Benef Microbes. 

2018;9(2):279-90. 

44. Yoshiyama M, Wu M, Sugimura Y, Takaya N, 

Kimoto-Nira H, Suzuki C. Inhibition of Paenibacillus 

larvae by lactic acid bacteria isolated from fermented 

materials. J Invertebr Pathol. 2013;112(1):62-7. 

45. Killer J, Dubna S, Sedlacek I, Svec P. Lactobacillus 

apis sp. nov., from the stomach of honeybees (Apis 

mellifera), having an in vitro inhibitory effect on the 

causative agents of American and European foulbrood. Int 

J Syst Evol Microbiol. 2014;64(Pt 1):152-7. 



Moharrami et al / Archives of Razi Institute, Vol. 77, No. 4 (2022) 1331-1339  

 

 

1339 

46. Moran NA. Genomics of the honey bee 

microbiome. Curr Opin Insect Sci. 2015;10:22-8. 

47. Kwong WK, Moran NA. Gut microbial 

communities of social bees. Nat Rev Microbiol. 

2016;14(6):374-84. 

48. Yoshiyama M, Kimura K. Bacteria in the gut of 

Japanese honeybee, Apis cerana japonica, and their 

antagonistic effect against Paenibacillus larvae, the causal 

agent of American foulbrood. J Invertebr Pathol. 

2009;102(2):91-6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

49. Alippi AM, Reynaldi FJ. Inhibition of the growth of 

Paenibacillus larvae, the causal agent of American 

foulbrood of honeybees, by selected strains of aerobic 

spore-forming bacteria isolated from apiarian sources. J 

Invertebr Pathol. 2006;91(3):141-6. 

50. Mojgani N, Razmgah N, Karimi torshizi MA, 

Sanjabi M. Effects of three Bacillus specious on 

hatchability, growth performance and serum biochemistry 

in Japanese quails fed diet contaminated with Aflatoxin B1. 

Acta Sci Anim Sci. 2020;42.  


