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ABSTRACT

American foulbrood is amongst the most danger­
ous diseases of the bee-family affecting many honeybee 
colonies worldwide. In countries of European Union, 
based on veterinary legislation, the bee colonies test­
ed positive to American foulbrood are eradicated with 
high economic losses. It is therefore necessary to look 
for effective prevention, especially by the using of nat­
ural ingredients such as probiotics. In this study, we 
used lactobacilli isolated from digestive tracts of adult 
healthy honey bees and selected based on their good 
probiotic properties and ability to inhibit the growth of 
Paenibacillus larvae. These isolates were identified as 
Lactobacillus brevis and Lactobacillusplantarum. Night 
cultures of both strains were used for the preparation 
of probiotic suspensions and pollen was selected as an 
appropriate carrier for application of probiotic lacto­
bacilli to the hives. Half a litre of pollen suspension was 
prepared for each hive. The suspension for experimen­
tal hives contained probiotic lactobacilli in concentra­
tion of 107-108 CFU.ml-1. Bees in control hives received 
pollen suspension without addition of probiotic lacto­
bacilli. The suspensions were supplied to bees three 
times, once a week. Before and during administration 
of probiotics, samples of honey bees from each hive 
were taken every week and numbers of lactobacilli, 
P. larvae, enterobacteria and coliform bacteria were

determined in their digestive tracts. Four weeks after 
the first administration of probiotic-pollen solution the 
numbers of lactobacilli were increased approximately 
by 0.5 log. Before starting this experiment, P. larvae 
(approx. 107 CFU.ml-1) were detected in digestive tracts 
of honey bees. In the experimental group after 3 weeks 
and in the control group after 4 weeks, no viable counts 
of P. larvae were found. The numbers of enterobacte­
ria, coliform bacteria and Bacillus sp. decreased in 
both groups. During the experiment the health and 
condition of the hives were monitored. In addition, also 
monitored were: the development of the bee colony, 
the number of dead bees, the amount of hive debris, 
the aggressiveness of the bees, and the amount of hon­
ey spun; later during the autumn treatment also the 
fall of Varroa jacobsoni was noted. In the experimen­
tal and control groups, we recorded a decrease in the 
amount of hive debris. Only in the experimental group 
was a slightly above-average development of the bee 
colony, slightly above-average honey yields and a 70 % 
lower drop of Varroa mites. Based on these results, we 
assumed that the probiotic-pollen solution had a posi­
tive influence on the composition of microbiota in bee 
digestive tracts and it can increase resistance to P. lar­
vae. It also had a positive effect on the health and con­
dition of the bee colony. Probiotic-free pollen solution 
showed similar but weaker effects.
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INTRODUCTION

The American foulbrood is one of the most serious 
diseases of honey bees, resulting in high mortality rates, 
being spread worldwide and causing major economic 
losses. It has been classified as a disease subject to the re­
porting obligation in terms of the OIE list of transmissi­
ble diseases. The disease is caused by the Gram-positive 
rod-shaped bacterium, Paenibacillus larvae [2]. Adminis­
tration of antibiotics is of minor effect as the antibiotics 
only affect vegetative forms of P  larvae, while the spores 
continue to spread. Moreover, residues of these drugs re­
main in bee products, primarily in honey, contributing to 
the increasing antibiotic resistance of pathogens. These are 
the reasons why the use of antibiotics against American 
foulbrood has been prohibited under the European Union 
legislation. Infection by P  larvae is dealt with in a radi­
cal way -  by eradicating the hives and all the combustible 
material by burning. Therefore, it is necessary to find an 
effective method of prevention or therapy of this disease. 
Excellent possibilities are offered by probiotics. Probiotic 
bacteria are defined as live microorganisms which, when 
administered to a host in adequate amounts, confer them 
health benefits [8]. These bacteria are common commen­
sals of the gut and other body surfaces in humans, animals 
and insects [10]. Insects have different components to their 
immune system. It consists of 2 parts, social and individual 
immunity, both parts are connected [4]. The social defence 
is based on the cooperation of thousands of individuals to 
combat parasites or other pathogens (cleaning of colonies 
and immobilization of pathogens). Individual immunity 
consists of cellular and humoral immunity [7].

This study deals with the testing of administration of 
probiotic lactobacilli in bee hives to monitor their impact 
on the composition of intestinal microbiota of honey bees 
and condition of hives (the development of the bee colony, 
the number of dead bees, the amount of hive debris, the 
aggressiveness of the bees, the amount of honey spun and 
the drop of Varroa mites in autumn).

MATERIALS AND METHODS 

Probiotic lactobacilli
Lactobacillus brevis B50 BiocenolTM (CCM 8618) 

and Lactobacillus plantarum P12 used for this experiment 
were isolated from the digestive tracts of adult healthy 
honey bees. Both strains were identified by rep-PCR and 
MALDI TOF-MS method. These strains showed in previ­
ous studies positive growth and probiotic properties (good 
growth properties, ability of autoaggregation, production 
of organic acids, ability to survive storage at -20 °C for 
long time) and ability to inhibit the growth of P  larvae 
[12]. The night cultures of both strains were cultured in 
MRS broth (Merck) at 37 °C under aerobic conditions. 
These cultures were 3 times washed in physiological solu­
tion by centrifugation at 600 * g for 30 min. The sediment 
was re-suspended in autoclaved tap water and concentra­
tion of lactobacilli were adjusted to 107-108 CFU.ml-1.

Probiotic-pollen suspension
For each application and each experimental hive there 

was prepared half of a litre of probiotic-pollen suspension 
composed of 50 g of pollen and probiotic lactobacilli cul­
ture. For control hives was prepared half of a litre of pollen 
suspension composed of 50 g of pollen in autoclaved tap 
water without addition of probiotic lactobacilli.

Design of the experiment
Six bee colonies (3 experimental and 3 control) were 

used for the experiment. Probiotic-pollen suspensions 
were administered to the experimental hives and honey 
bees in control hives received pollen suspensions without 
probiotic lactobacilli. The solutions were administered to 
honey bees three times, once a week (Fig. 1).

Analysis of intestinal microbiota of honey bees
Before and during administration of suspensions, ap­

proximately 30 bees from each of colony were taken every 
week. Digestive tracts (intestine, stomach and rectal sack) 
were used for the evaluation of microbiota composition. 
Numbers of bacteria were determined by plating on selec­
tive media after ten-fold dilution.

Lactobacilli were cultured in MRS agar (Oxoid, Bas­
ingstoke, UK) for 48 h at 37 °C under anaerobic conditions 
(Gas Pak Plus, BBL). Paenibacillus larvae were grown 
in MYPGP agar (yeast extract 15 g, K2HPO4 3 g, sodium
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Fig. 1. Experimental design

pyruvate 1 g, D(+) glucose 2 g.l-1, agar 20 g.l-1, pH 7.2) for 
48 h at 37 °C. Endoagar (Oxoid, Basingstoke, UK) was 
used for the cultivation of Enterobacteriaceae, Mc Con- 
key agar (BBL, Becton Dickinson, Cockeysville, USA) for 
cultivation of coliform bacteria and DCP (dextrose casein 
peptone) agar (10 g enzymatic casein hydrolysate, 5 g glu­
cose, 0,04 g bromcresol red, 12 g . l1 agar, pH 6.8 ± 0.2) for 
cultivation of Bacillus sp. They were incubated for 24 h at 
37 °C.

Clinical examination of honey bee colonies
Throughout the experiment, the health and condition 

of the bee colonies was monitored, including the devel­
opment of the bee colony, the number of dead bees, the 
amount of hive debris, the aggressiveness of the bees, the

amount of honey spun, later during the autumn treatment 
also the drop of Varroa mites.

RESULTS

No problems with intake of probiotic-pollen or pollen 
suspensions were recognized during the study.

Analysis of intestinal microbiota of honey bees
After administration of probiotic-pollen suspension 

the counts of lactobacilli showed a tendency to increase 
during the experiment. In two last samplings the counts of 
lactobacilli were significantly higher in the experimental 
colonies compared to the control ones (Fig. 2).

Fig. 2. The counts of lactobacilli expressed as log10 CFU.ml 1 ± SD (n = 9) in the digestive tracts of honey bees 
before and after administration of probiotic-pollen or pollen suspension
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Fig. 3. The counts of Paenibacillus larvae expressed as log10 CFU.ml1 ± SD (n = 9) in the digestive tracts of honey bees 
before and after administration of probiotic-pollen or pollen suspension
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Fig. 4. The counts of Bacillus sp. expressed as log10 CFU.mF1 ± SD (n = 9) in the digestive tracts of honey bees 
before and after administration of probiotic-pollen or pollen suspension
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Fig. 5. The counts of coliform bacteria expressed as log10 CFU.ml2 * * 1 ± SD (n = 9) in the digestive tracts of honey bees 
before and after administration of probiotic-pollen or pollen suspension
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Fig. 6. The counts of Enterobacteriaceae expressed as log10 CFU.ml 1 ± SD (n = 9) in the digestive tracts of honey bees
before and after administration of probiotic-pollen or pollen suspension

Before starting the experiment, P. larvae (in concen­
tration approximately 107 CFU.ml-1) were found in the di­
gestive tracts of honey bees. After three administrations of 
probiotic-pollen suspension, P. larvae completely disap­
peared from the digestive tract. After three administrations 
of pollen suspension to control colonies, the counts of 
P. larvae were significantly reduced (P < 0.001) in compar­

ison with the 3rd sampling and at the last sampling there 
were detected no viable P. larvae (Fig. 3).

Before starting the experiment, the counts of Bacil­
lus sp. in the digestive tracts of honey bees were between 
106-107 CFU.ml-1. The counts in experimental groups 
were higher than in control groups, but not significantly. 
The counts gradually decreased during the experiment,
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in experimental groups the decline was more pronounced 
compared to control groups, but the difference was insig­
nificant (Fig. 4).

During the experiment, the counts of coliform bacteria 
and Enterobacteriaceae decreased by 1-1.5 log after ad­
ministration of probiotic-pollen and pollen suspensions by 
1-1.5 log, but no significant differences between control 
and experimental groups were observed (Fig. 5 and 6).

Clinical examination of honey bee colonies
Based on the clinical examinations of the hives dur­

ing the experiment, we concluded that the administered 
experimental suspensions did not have a negative effect 
on the hives. On the contrary, a decrease in the amount 
of hive debris was recorded in both the experimental and 
control groups, which indicated an intensification of the 
cleaning instinct of the bees, which was directly propor­
tional to the condition of the bee colony. Only in the ex­
perimental group there was noted a slightly above-average 
development of the bee colony, slightly above-average 
honey yields and, surprisingly, by up to 70 % lower drop 
of Varroa mites (Table 1).

Table 1. Clinical examination of honey bee colonies

Control group Experimental
group

Amount of hive debris below average almost none

Development 
of the bee colony

average above average

Honey yields average above average

Drop in Varroa mites average up to 70 % lower

DISCUSSION

Probiotics represent one of the promising possibilities 
for replacement of antibiotics in prevention and therapy of 
many diseases in animals and people. Our results indicated 
the ability of L. brevis B50 BiocenolTM (CCM8618) and 
L. plantarum P12 to inhibit the growth of P. larvae. They 
stabilize the microbiota of the digestive tract of honey 
bees. Similar conclusions were presented in the study by 
C a n g a n e l l a and B a l s a m o [5], who demonstrat­
ed the inhibitory effect of lactobacilli against P  larvae and 
P  alvei (European foulbrood). F o r s g r e n et al. [9] also

observed the ability of lactobacilli and bifidobacteria iso­
lated from the stomach of honey bees to inhibit the growth 
of P  larvae. They administered such lactobacilli to bee 
larvae through the mother bread and noted significantly 
lower numbers of infected larvae. A number of authors [1, 
3] confirmed the antagonistic action of different bacterial 
species against P  larvae. The gut microbiota of honey bees 
was shown to have low diversity, and LAB represent an 
important part of it [11]. The normal bee microbiota is in­
volved in the breakdown and utilization of pollen, degra­
dation of environmental toxic compounds, or activation of 
bee immune system to prevent colonization of pathogenic 
microorganisms [6]. Colonisation of the gut by beneficial 
microbiota can prevent a proliferation of spores P. larvae 
and thus prevent infection. Administration of pure pol­
len without addition of probiotic lactobacilli also showed 
a positive effect on the composition of intestinal microbiota 
of honey bees and contributed to elimination of P. larvae 
from their digestive tract. Pollen can stimulate the immune 
response of honey bees, because it naturally contains lacto­
bacilli, nutrients which increase the food quality, and some 
immunostimulating substances (e. g. vitamins, fatty acids. 
enzymes, etc.). Pollen is given to bee larvae from the third 
day of life. The greatest content of pollen is in the food 
given to drones larvae. Therefore, they are more resistant 
to infection of P  larvae than the worker bees larvae. Queen 
larvae receive the least amount of pollen in their diet and 
are therefore the most susceptible to disease [13, 14].

CONCLUSIONS

We observed a positive effect of administration of pro­
biotic-pollen or pollen suspension to investigated honey 
bees reflected in the following:

• honey bees willingly drank the probiotic-pollen and 
pollen solutions,

• P  larvae disappeared from digestive tract of honey 
bees after administration of the tested solutions,

• the counts of Enterobacteriaceae, coliform bacteria 
and Bacillus sp. were reduced by 1-1.5 log,

• a decrease in the amount of hive debris was recorded,
• only in the experimental group there was observed 

a slightly above-average development of the bee 
colony, slightly above-average honey yields and 
70 % drop in Varroa jacobsoni.
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