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SCREENING OFBACTERIAL MICROBIOME ASSOCIATED WITH HEALTHY AND
DISEASED HONEYBEES (APISMELLIFERA)



ABSTRACT

	Aims:to isolate bacterial microflora from the guts of healthy and diseased honeybee samples collected in  Summer and Winter seasons from the local apiaries ofJhunsi, Prayagraj,Uttar Pradesh.
Study design: Experimental design
Place and duration of study: Study was caried out in the Department of Biological sciences, SHUATS, Naini, Prayagraj, Uttar Pradesh.
Methodology:45 healthy and diseased honeybee (Apis mellifera) samples were collected from the apiary located at Jhunsi, Prayagraj.Serial dilution pour plate technique was used to isolate the bacteria. The samples of both the seasons were statistically analysed and compared by Two-way analysis of Variance
Results: Total number of bacterial counts obtained from summer season (healthy,130×10-7cfu/ml and diseased 220×10-7cfu/ml) was significantly greater than the bacterial counts from winter season (healthy,120×10-7CFU/ml and diseased, 197×10-7cfu/ml).Seventeen different types of  bacteria were isolated from summer season and Twelve types bacteria were identified from winter season. Out of these bacteria some are beneficial and the rest are harmful/opportunistic. Few beneficial bacteria viz., Bacillus, Bifidobacterium, Snodgrassella, Lactobacillus,Gilliamella, Lysinibacillus and Brevibacillus possess probiotic activity in the gut of the host. Moreover, the bacteria,Brevibacillus, Kocuria and Burkholderia which were isolated in winter season bee samples are found to be rarely reported from Apis mellifera in Indian climatic conditions.
Conclusion:Findings from the present study thus highlights the presence of bacteria in the gut having both positive and negative aspects. Where,studies on microbes provide an insight as to how these may affect bee health, where a healthy bee will affect improved honey quality, ensuring a healthy environment.
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            1.INTRODUCTION
Honeybees are eusocial insects which have huge economic importance contributing as important pollinators of many fruits, vegetables, and crops including cultivated food plants in many countries.  Many products like honey, beeswax, royal jelly, and pollen are produced by honeybees which serve the society in many ways. The foundation of crop production, pollination serves as a bridge between agriculture is crucial to preserve the natural equilibrium of ecosystems. Many products of honeybee like honey, beeswax, royal jelly, and pollen are produced by honeybees which play an important role in several ways.As a pollinator, honeybee has a prominent role in sustainableagriculture in addition to production of honey and other naturalproducts (Kumar et al.,2024). Compared to otherbee species, honeybees have been reported to increase the yield inanimal pollinated crops which account for 35% of the global foodproduction (Khalifa et al.,2021). Hence, researchrelated to physiology and pathology of honeybees in particularApismellifera has attracted a lot of attention (Anjum et al.,2018). Honey is the most important product which has been used as a food supplement by humans since ancient times(Meo et al.,2017).It is a medically important food that contains lot of antibodies, highly used at commercial level.Researchers have reported that microbes associated with honeybees may range from pathogenic to non-pathogenic forms.Recently it has been  reported that there are different characteristics which make A. mellifera gut environment unique among insects. It is found that major contributors of A. mellifera microbiota are transmitted via direct contact during their first social interactions with hive mates (Smutin et al.,2022). The characteristic taxonomic makeup of the microbiota that consists largely of species are found only within social bees, along with their critical biochemical contributions to the host, which suggests a highly specialized, coevolved relationship between the microbes and A. mellifera (Raymann et al.,2018). It is reported that A.  mellifera gut ecosystem serves as a source for novel ecological information with many possible applications that gives the relationship of microflora associated with honeybees (Romero et al.,2019). At the same time it has been reported thatthe gut microbiota of adult honeybee can also play a critical role in bee health (Raymann et al.,2018).Bees are important models to study the ecology and evolution of microbes and host interactions, whether the microbes are living in mutual relationships or as commensal or as parasites inside the body of the host. Researches show inadequate reports on the studies of honeybee gut bacterialmicroflora especially from Prayagraj,Uttar Pradesh regions. Since, A.mellifera is a domestic bee, disease-causing pathogens may be transmitted via air and their associated soil, brood etc. Moreover, it is assumed that there can be variations in microflora associated with the gut of both healthy and diseased honeybees. With this idea, research was carried out to isolatebacterial microflora from the guts of healthy and diseased honeybee samples collected in both Summer and Winter seasonsfrom the local apiarylocated at Jhunsi, Prayagraj,Uttar Pradesh.
        2.MATERIALAND METHODS
2.1 Place of study
Laboratory experiment was carried out in the Department of Biological Sciences, SHUATS, Naini, Prayagraj, Uttar Pradesh, India.
2.2 Collection of Honeybees 
45 Healthy and Diseased worker honeybees (Apis mellifera) were collected in both summer and winter seasons from local apiary, in Jhunsi from Prayagraj region(Latitude: 25.4513646 and Longitude :81.9512255). Sterilized gloves, forceps, scalpels, sterile containers, and zipper poly bags were used to collect all the samples from the locations.
            2.3 Isolation of bacteria
        Serial Dilution Pour Plate Technique was used to isolate the bacteria (Anjum et al., 2018) with a slight modification. For this 1 gram (gm.) of sample was suspended in 9 millilitre (ml.) sterilized dilution blanks and subsequent dilutions were made up to 10-7 level. From the final dilution 1 ml. suspension was measured via micropipette and then transferred to sterilized petriplates followed by 15-20 ml. of Nutrient Agar media, separately. After this the plates were covered immediately and kept undisturbed for about half an hour for the solidification of media. Then Nutrient Agar plates were incubated in inverted positions at 37 degrees Celsius (0C) for 24- 48 hours (hrs.) in the incubator. Finally, the plates were observed for microbial growth and the colonies obtained were counted and studied for their cultural, morphological and biochemical characteristics(Table 2).
2.4 Statistical Analysis: 
       The bacterial counts obtained from the samples of both the seasons were statistically analysed and compared by Two-way analysis of Variance.

Table 1.Bacterial counts x10-7CFU/ml in samples collected in Summer and Winter Seasons
	Seasons
	Samples
	Dilution Blanks
	Minimum
	Maximum
	Average
	Total count

	Summer
	Healthy honeybee
	10-7
	121
	140
	130.5
	130.5x 10-7cfu/ml

	
	Diseased honeybee
	10-7
	190
	250
	220
	220 x 10-7cfu/ml

	Winter
	Healthy honeybee
	10-7
	100
	140
	120
	120 x 10-7 cfu/ml

	
	Diseased honeybee
	10-7
	160
	223
	197
	197 x 10-7 cfu/ml

	
	Result
	S. Ed. (±)
	C.D. at 5%
	
	

	Due to season
	NS
	6.250
	13.1250
	
	

	Due to sample
	S
	6.250
	13.1250
	
	




Table 2. Biochemical characterization of Bacteria








	S.No.
	Seasons
	Citrate
	Catalase
	Indole
	H2S
	MR
	VP
	Sugar fermentation
	Tentative 
Microorganism

	
	
	
	
	
	
	
	
	Lactose
	Sucrose
	Maltose
	Glucose
	Galactose
	Mannitol
	Gelatin
	Urease
	

	1
	Summer season
	+
	+
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	-
	Bacillus sp.

	2
	
	-
	+
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	-
	-
	Snodgrasella sp.

	3
	
	-
	+
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	-
	-
	Gilliamella sp.

	4
	
	+
	+
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	+
	+
	Serratia sp.

	5
	
	+
	-
	-
	-
	-
	+
	+
	+
	-
	+
	-
	-
	+
	-
	Bifidobacterium sp.

	6
	
	+
	+
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Klebsiella sp.

	7
	
	+
	+
	-
	-
	+
	-
	+
	+
	+
	+
	+
	+
	+
	-
	Cronobacter sp.

	8
	
	+
	+
	-
	-
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	Brevibacillus sp.

	9
	
	+
	+
	+
	-
	+
	-
	+
	+
	+
	+
	+
	+
	-
	-
	E. coli sp.

	10
	
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	-
	-
	-
	Lactobacillus sp

	11
	
	-
	+
	-
	+
	-
	+
	+
	-
	+
	+
	+
	-
	-
	-
	Corynebacterium sp.

	12
	
	+
	+
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	-
	+
	Enterobacter sp.

	13
	
	+
	-
	-
	+
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	Clostridium sp.

	14
	
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	-
	-
	Enterococcus sp.

	15
	
	+
	+
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Staphylococcus sp.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1.
	Winter season
	+
	+
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	+
	-
	Bacillus sp.

	2.
	
	+
	+
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Staphylococcus sp. 

	3.
	
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	-
	-
	Enterococcus sp.

	4.
	
	+
	+
	-
	-
	-
	+
	-
	+
	-
	-
	-
	-
	+
	+
	Lysinibacillus sp.

	5.
	
	+
	+
	-
	-
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	Brevibacillus sp. 

	6.
	
	+
	+
	-
	-
	-
	+
	-
	+
	-
	-
	-
	-
	+
	+
	Kocuria sp.

	7.
	
	+
	-
	-
	-
	-
	-
	+
	+
	-
	+
	-
	-
	+
	-
	Bifidobacterium sp.

	8.
	
	+
	+
	-
	-
	-
	-
	-
	+
	-
	+
	-
	-
	+
	-
	Pseudomonas sp.

	9.
	
	+
	+
	-
	-
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	Burkholderia sp.

	10
	
	-
	+
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	-
	Paenibacillus sp.


 


3. Results and Discussion
Healthy and Diseased honeybees were taken from the apiary in summer and winter season to study the bacterial microflora. Findings showed seventeen types of bacteria in summer season (Fig 1) out of which Bacillus, Snodgrasella, Gilliamella and Serratia were found in healthy honeybees while, Bifidobacterium, Bacillus, Klebsiella, Cronobacter, Brevibacillus, E. coli, Lactobacillus, Corynebacterium, Enterobacter, Staphylococcus, Snodgrasella, Enterococcus, Clostridium were found in diseased honeybee. On the other hand, winter samples showed the presence of twelve different types bacteria out of which Bacillus,Staphylococcus, Enterococcus, Lysinibacillus, Brevibacillus and Kocuriawere found in healthy honeybees,whileBacillus, Bifidobacterium, Staphylococcus, Pseudomonas, Burkholderia and Paenibacillus were found in diseased honeybees. Findings showed that Bacillus was the only bacteria which was found in all the samples from both the seasons. This may be due to the formation of endospore. It is reported that Bacillus species have several economic industrial value as they are used in many ways including medical, pharmaceutical, agricultural, and industrial processes that take profit of their huge range of physiological characteristics and their ability to produce a host of enzymes, antibiotics, and other metabolites. (Raman et al.,2025).Bacitracin and polymyxin are two antibiotics obtained from Bacillus species. (Stoica et al.,2019).Further, the Bacteria isolated from both the seasons are discussed hereby:

3.1 Bacteria isolated from healthy honeybee samples of Summer and Winter seasons
The present findings have shown four bacteria from summer season samples. Out of which three of them are beneficial viz., Bacillus, Snodgrassella, and Gilliamellawhile, Serratia is reported as a harmful/opportunistic bacteria causing several diseases in animals and humans. Whereas, six bacteria were isolated from the samples of winter season out of which three of them, Bacillus, Brevibacillus and Lysinibacillus are considered as beneficial while Staphylococcus, Enterococcus and Kocuria are reported to be harmful/opportunistic bacteria (Table 3).The bacterial counts of the samples were found to be significantly different from each other .In summer season, the total number of bacterial counts were higher, 130.5×10-7Colony forming unit per millilitre (CFU/ml) than the counts found in winter season which was 120×10-7CFU/ml (Table 1).While comparing both the seasons,it was found that There are some core bacteria also found insummer season such as Snodgrasella, Lactobacillus and Gilliamella.These bacteria are reported to have been codiversified with honeybee about 80 million years agoand play an important role in maintenance of host health (Motta and Moran.,2024). These bacteria are typically present in every adult worker honeybee. Additionally, they exhibit probiotic, antimicrobial and symbiotic properties that protects the homeostasis of bee gut. It can hold an important role in maintaining bee health by regulating immune function, nutrient absorption and defense against pathogens (Hariprasath et al.,2025).Further, Brevibacillus and Lysinibacillus were found in the winter season samples. Reports on Brevibacillus illustrates that they produce some antimicrobial compounds which has been used as medicinal purposes. B. brevis plays an important role in producing wide variety of antimicrobial peptides and lipopeptides. Due to their strong antimicrobial ability these compounds have been used in medical and pharmaceutical applications(Yang and Yousef.,2018). Whereas, it has been reported that Lysinibacillus sp. is entomopathogenic in nature and because of this feature it is ranked in the list of most important species. It is also reported that Lysinibacillus sp. have the capability to be used as bioinsecticide against V. destructor mite (Usta2021).
The present findings became interesting when it was found that the bacteria  Brevibacillus and Kocuria identified from winter season samples are rarely reported from Apis mellifera in Indian climatic conditions respectively. 

3.2 Bacteria isolated from diseased honeybee samples of summer and winter season
The present study reveals that, there are thirteen bacteria found in summer season out of which five of them are beneficial viz., Bifidobacterium, Bacillus, Brevibacillus, Lactobacillus and Snodgrasella while Klebsiella, Cronobacter,E. coli,Corynebacterium, Enterobacter, Staphylococcus, Enterococcus and Clostridium were found to be harmful/opportunistic. Whereas, six bacteria were found in winter season,out of which two of them viz.,Bacillus and Bifidobacterium are the beneficial bacteria while the rest identified viz., Staphylococcus, Pseudomonas, Burkholderia and Paenibacillus were harmful/opportunistic bacteria (Table 3). In summer season, the total number of bacterial counts were higher, 220×10-7CFU/ml than the counts found in winter season which was 197×10-7CFU/ml (Table 1). The bacterial counts of summer season was found to be significantly greater than winter season. Findings showed that Bifidobacterium and Bacilluswas commonly found in both the seasons.It is reported that Bifidobacterium, Snodgrasella and Lactobacillus are the core members of honeybee microbiota. Bifidobacterium have ability to hydrolyze pectin and hemicellulose,while, lactobacillus along with Bifidobacterium are non-spore-forming,gram positive lactic acid producing bacteria (LAPB) which play an important role in normal intestinal microbiota of various mammalian species.In spite of simple core composition, the gut microbiota of honeybee represents a great genetic variability. Snodgrassellaalvi is a species which exhibits similarity of homologous protein coding genes ranging from 80-90%. The use of these bacteria has been shown to be safe for both human and animal health. It is reported that probiotic strains from the genera Bacillus, Brevibacillus, Lactobacillus, Snodgrassella 
 Gilliamellaand Bifidobacterium have long been utilized in food manufacturing processes, and their use in modern biotechnological, health, and food-related industries that has promoted them in terms of safety (Jeżewska-Frąckowiak et al.,2018). Gut microbiome of honeybees can be affected by a number of factors, including age, season, and exposure to chemical compounds such as antibiotics or weed killer. It is impossible to predict how commercially fed chemicals, even if organic and apparently safe, may affect the gut microbiome and thus, the health of honeybees (Alberoni et al.,2021). 
Thus, it was found that bacterial inhabitants were found to be more in summer season when compared to winter season. Present findings in which Burkholderia a pathogenic bacteria has been isolated from gut samples in winter season is rarely reported from Apis mellifera in Indian climatic condition.

Table 3.Details of bacterial colony isolated in Summer and Winter season.
	S.no
	Bacterial Isolates
	Sample/s
	Season/s
	Opportunistic Characters


	
	
	
	
	Beneficial 
	Harmful

	1.
	Serratia 
	Healthy
	Summer
	Used as disinfectants and antiseptics, contact lens washing solutions
(Boldeanu et al.,2025)
	Causes bacteremia, urinary tract infections, pneumonia and Infective Endocarditis(Ioannou et al.,2022)

	2.
	Klebsiella
	Diseased
	Summer
	bulk chemicals and biofuels production, medical diagnosis, nanoparticles and exopolysaccharides synthesis, plant growth promoting activities, bioremediation and biodegradation agents(Tomulescu et al.,2021)
	Causes pneumonia, meningitis, blood and urinary tract infections(Riwu et al.,2022) 

	3.
	Cronobacter
	Diseased
	Summer
	found in cultivation environments, such as soils, compost, animal feces, rice and vegetable crops, as well as food processing industries, and domestic environments(Cechin et al.,2023)
	Causes meningitis, necrotizing enterocolitis, and septicemia.Cechin et al.,2023)

	4.
	Escherichia coli
	Diseased
	Summer
	Used in the feild if bitechnology,food industry and pharmaceuticals(Martinson et al.,2020)
	Causes diarrhea and dysentery  urinary tract infections, respiratory tract infections, meningitis, and sepsis(Pokhar et al.,2023)

	5.
	Corynebacterium
	Diseased
	Summer
	Used in Industrial biotechnology (Lin et al.,2022)
	Causesbloodstream infections and bacteremia(Mitcheand Markantonis.,2025)

	6.
	Enterobacter
	Diseased
	Summer
	Plant growth promoting agents and bioremediation agent(Davin-Regli et al.,2019)
	Causesobesity, inflammatory bowel disease or metabolic disorders(Moreira et al.,2024)

	7.
	Staphylococcus
	Diseased/Healthy
	Summer/Winter
	Veterinary medicine,production of biofilm(Pal et al.,2021)
	Causes food poisoning, pneumonia and toxic shock syndrome(Fayisa et al.,2023)

	8.
	Enterococcus
	Diseased/Healthy
	Summer/Winter
	Used in Pharmaceutical industry, human and veterinary medicines, and the food industry(Ferchichi et al.,2021)
	Causes Bloodstream infections, intra-abdominal infections, surgical site infections, pelvic infections, and wound infections(Sangiorgio et al.,2024)

	9.
	Clostridium
	Diseased
	Summer
	 Participation in industrial processes including production of biohydrogen, acetone, biobutanol andbiofuels(Figueiredo et al.,2020)
	Causes foodborne, infant, and wound botulism(Harris and Dabritz.,2024)

	10.
	Kocuria
	Healthy
	Winter
	antibiotic- resistantbacteria(Zheng et al.,2025)


	Causes diseases including bacteremia, endocarditis, endophthalmitis, peritonitis, keratitis, infections of the respiratory tract, nervous system, bones, joints, and urinary tract(Mazi et al.,2023)

	11.
	Psuedomonas
	Diseased
	Winter
	Plant growth-promoting microbes, bioremediation agents and hosts for industrial bio-manufacturing(NikeandLorenzo.,2018)
	Causes severe nosocomial infections(Pachori et al.,2019)

	12.
	Burkholderia
	Diseased
	Winter
	Bioremediation and biopesticidalproperties(Depoorter et al.,2016)
	Causes disease bronchiolitis and bacteraemia(Kar et al.,2023)

	13.
	Paenibacillus
	Diseased
	Winter
	Produce biocontrol agents,used in agriculture and biotechnology(Dobrzyński and Kulkova.,2025)
	cause spoilage of dairy products and pathogens of honeybees (Vecchia et al.,2023)




[image: ]
Fig 1. Graph showing microbial diversity of Apis mellifera in summer and winter season

4.Conclusion
From the present findings, it was thus concluded that the presence of bacteria in the gut highlights both positive and negative aspects on the health of honeybee.Studies on microbes provide an insight as to how these may affect bee health, where a healthy bee will affect improved honey quality, ensuring a healthy environment.The beneficial bacteria,Bacillus, Bifidobacterium, Snodgrassella, Lactobacillus ,Gilliamella, Lysinibacillus and Brevibacillus have probiotic effects which can interact with microbes, and boost the immune system of human and animals. These probiotic microbes may help in the field of food industries as well. Further, some bacteria like Brevibacillus, Kocuria and Burkholderia found in winter season samples are found to be rarely reported from Apis mellifera can be further investigated and exploited for their utility in various areas. 
[bookmark: _GoBack]
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