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Influence of a probiotic on the mortality, sugar syrup ingestion and infection
of honeybees with Nosema spp. under laboratory assessment

After the withdrawal of fumagillin, there is no effective drug against Nosema disease in the EU. Therefore,
intensive research is conducted in order to find new nosemacides. Probiotic microorganisms compete with
pathogenic microbes in the gastrointestinal tract. This competition involves adhesion to the intestinal epithelium,
which leads to greater availability and utilisation of nutrients.

The aim of this study was to determine the effect of a probiotic supplement in the apian diet on the mortality
and food ingestion of honeybees, and especially on the course of Nosema spp. infestation.

In experiments 1 and 2, the addition of the probiotic caused an increase in the Nosema spp. infection in the
summer and winter honeybees. A special probiotic dedicated to the apian diet should be developed.

Keywords: probiotic, laboratory test, sugar syrup, bee mortality, Nosema disease, Apis mellifera

After the withdrawal of fumagillin, there is no ef-
fective drug against Nosema disease in the European
Union (EU). Therefore, intensive research is conducted
in order to find new nosemacides. Two Nosema species
that infest honeybees (Apis mellifera), i.e. Nosema apis
and Nosema ceranae, belong to the phylum microspo-
ridia in the kingdom fungi. Nosema spp. spores can
be identified and distinguishes by molecular analyses
or under electron microscopy (6, 8, 12, 15, 17, 20).
Nosema spp. are also regarded as one of the causative
agents of Colony Collapse Disorder (CCD) (6, 10).

Since 2006, the use of antibiotics as inhibitors
has been prohibited in the EU husbandry. Therefore,
natural substances have been recommended for im-
provement of animal vitality and health. Probiotics
are representatives of such agents. The World Health
Organization defines probiotics as “live microorgan-
isms that exert a beneficial health effect on the host
organism when applied in appropriate amounts™ (11).
Health-promoting properties of fermented dairy prod-
ucts were already known in antiquity. Later, probiotic
bacteria were shown to help seal intestinal walls (4).
Probiotic microorganisms compete with pathogenic
microbes in the gastrointestinal tract. This competi-
tion involves adhesion to the intestinal epithelium,
which leads to greater availability and utilisation of
nutrients. In addition, probiotic microorganisms pro-

duce substances that inactivate pathogens, e.g. organic
acids and antibiotics. These substances reduce the pH
of gastric contents, which inhibits the development
of some pathogens, e.g. bacteria and fungi (5, 18).
Probiotic microorganisms are represented by bacte-
ria from the genera Lactobacillus, Bifidobacterium,
Saccharomyces, etc. (13).

Apidological investigations showed that the addi-
tion of a probiotic to pollen substitutes stimulated the
development of pharyngeal glands and the fat body,
as well as increased protein utilisation (26). Szymas
et al. (27) did not find harmful effects after the ap-
plication of a probiotic in bees. They observed that
honeybees ingested higher amounts of food when it
was supplemented with the probiotic. This suggests
that probiotics may prove useful in the treatment of
Nosema disease and could become very important for
veterinary practice in apiculture.

The honeybee has become a useful model for inves-
tigations of the physiological/genetic effects of food
supplementation in both insects and mammals (14,
21-26). Therefore, we decided to use A. mellifera in
this study, as well.

The aim of the study was to determine the effect of
a probiotic supplement in the apian diet on the mortal-
ity and food ingestion of honeybees, and especially on
the course of Nosema spp. infestation.
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Material and methods

The experiments were conducted on worker bees (4. mel-
lifera) originating from one mother queen. They populated
one colony free of Nosema spp., which was confirmed by
the PCR technique. The primers selected to differentiate
between the two Nosema species were 321-APIS for N. apis
and 218-MITOC for N. ceranae (12, 15, 16).

Summer bees were collected in May, and winter bees, at
the end of August. The following protocol was used: a single
comb with brood on the 20™ day of development was placed
in an air-conditioned chamber and kept at a constant tem-
perature and humidity (36°C, 65% RH) for 1 day. The just
emerged, 1-day-old workers were sampled from the comb
and placed in wooden cages, as described by Borsuk (1, 2).
All bees were feed with sugar syrup (1 : 1) until the second
day of the experiment.

In experiment 1, performed on winter bees in one repli-
cate, three groups were formed:

« control (C) — the bees were fed with pure sugar water
syrup at the proportion of one part of sugar to one part of
water (1 :1);

* infested and untreated (Inf UT) — from the 3™ to the 4%
day of the experiment, the bees were fed with sugar water
syrup (1 : 1) prepared with water containing 8 x 10° Nosema
spp. spores in one litre of the syrup. After the 4th day, the
bees were fed with pure sugar water syrup (1 : 1);

* infested and treated with 0.5 pl probiotic (Inf TP 0.5)
— from the 3™ to the 4™ day of the experiment, the bees
were fed with sugar water syrup (1 : 1) prepared with water
containing 8 x 10° Nosema spp. spores in one litre of the
syrup. After the 4th day, the bees were fed with sugar water
syrup (1 : 1) with the addition of 0.5 pl probiotic/1 ml of
the syrup.

In experiment 2, performed on both summer and winter
bees in one replicate, four groups were created:

* control (C) — the bees were fed with sugar water syrup
(1:1)

+ infested and untreated (Inf UT) — from the 3™ to the 4
day of the experiment, the bees were fed with sugar water
syrup (1 : 1) prepared with water containing 8 x 10° Nosema
spp. spores in one litre of the syrup. After the 4th day, the
bees were fed with pure sugar water syrup (1 : 1);

* infested and treated with 0.5 pl probiotic (Inf TP 0.5)
— from the 3™ to the 4™ day of the experiment, the bees
were fed with sugar water syrup (1 : 1) prepared with water
containing 8 x 10° Nosema spp. spores in
one litre of the syrup. After the 4" day, the
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The probiotic used in the experiments was approved
for sale under the veterinary identification number aPL
0614002p. It was composed of Lactobacillus casei, Lac-
tobacillus plantarum — 5.0 x 10° units/ml; Saccharomyces
cerevisiae — 5.0 x 10° units/ml; Rhodopseudomonas palus-
tris — abundant in 1 ml (cane molasses). This probiotic is
recommended for animals.

Each experimental group consisted of 12 cages with 50
workers per cage. Dead workers were removed daily from
each cage. Microscopic samples were made from dead
worker bees in order to count Nosema ssp. spores in five
vision fields of the Biirker chamber (7, 9).

The results were statistically analysed with the SAS
software (SAS Institute 2002-2003 SAS/STAT User’s
Guide Version 9.13, Cary, NC, Statistical Analysis System
Institute). The one-way ANOVA (a group effect was the
experimental factor) and Tukey’s HSD (honestly significant
difference) test (19).

Results and discussion

In experiment 1, winter bees infested with Nosema
spp. and ingesting the probiotic at a dose of 0.5 pl/Iml
(Inf TP 0.5) of the syrup exhibited a slightly increased
mortality rate compared with the bees in the control
group (Fig. 1). The sugar syrup supplemented with
the probiotic was consumed by the bees more will-
ingly, which was consistent with the results obtained
by Szymas (27).

In experiment 2, winter bees infested with Nosema
spp. and ingesting the probiotic at doses of 0.5 and
1.5 ul/1 ml (Inf TP 0.5 and Inf TP 1.5) of the syrup
exhibited the lowest mortality rate. The addition of
the probiotic at a dose of 1.5 ul/1 ml syrup resulted in
a decline in syrup consumption by winter bees, which
contradicts the results obtained by Chorbinski and
Szymas (3, 27).

In experiments 1 and 2, the addition of the probi-
otic caused an increase in Nosema spp. infection in
summer and winter honeybees (Tab. 1). The increase
in Nosema spp. infection was probably related to the
reduced pH in the midgut of the bees, which resulted
from consumption of the probiotic (5, 18). Probiotic
substances reduce the pH of gastric contents, which
inhibits the development of some pathogens (5, 18),
but promotes the development of Nosema spp. (15).

Tab. 1. Number of Nosema spp. spores in infested bees [mln]

bees were fed with sugar water syrup (1 : 1)
with the addition of 0,5 pl probiotic/1 ml

of the syrup;

* infested and treated with 1.5 pul pro-
biotic (Inf TP 1.5) — from the 3™ to the 4%
day of the experiment, the bees were fed
with sugar water syrup (1: 1) prepared
with water containing 8 x 10° Nosema spp.
spores in one litre of the syrup. After the

GIol Experiment 1 Experiment 2 Experiment 2
p - winter bees | —summer bees | - winter bees
Control (C) 02 02 0°
Infested with Nosema spp. and untreated

(Inf UT) 16° 9° 25°
Infested with Nosema spp. and treated with " . 5

0.5 il probiotic (Inf TP 0.5) &2 = =
Infested with Nosema spp. and treated with _ 67¢ 43¢

1.5 pl probiotic (Inf TP 1.5)

4™ day, the bees were fed with pure sugar

water syrup (1 : 1) with the addition of 1.5 Explanation: a, b, c, d — different letters in columns indicate statistically significant

ul probiotic/1 ml of the syrup.

differences between the groups (p < 0.05)
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Fig. 1. Mortality and sugar syrup ingestion in laboratory cage tests

Explanation: a, b — different letters indicate statistically significant differences between the groups (p < 0.05); C — control, Inf UT
— infested with Nosema spp. and untreated, Inf TP 0,5 — infested with Nosema spp. and treated with 0.5 pl probiotic, Inf TP 1.5 —
infested with Nosema spp. and treated with 1.5 ul probiotic
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The probiotic used in this study, recommended for
animal feeding, was unsuitable for nosemosis treatment
in bees. A probiotic preparation similar to the natural
bacterial flora of healthy bees should be developed.

References

1. Borsuk G.: Influence of increased division of labour among worker bees on
dead brood removal. J. Apic. Sci. 2009, 53 (2), 69-77.

2. Borsuk G., Strachecka A., Olszewski K., Paleolog J.: The interaction of worker
bees which have increased genotype variance, Part 2. cage tests of sugar syrup
collecting and mortality. J. Apic. Sci. 2011, 55, 59-65.

3. Chorbinski P.: Najbardziej aktualne problemy zwigzane ze zdrowiem pszczot:
nosemoza i zgnilce. Mat. III Lubelskiej Konferencji Pszczelarskiej 2012,
p. 47-52.

4. Cukrowska B., Czarnowska E.: Wpltyw probiotykéw na uktad immunologiczny.
Zakazenia 2006, 6, 2-6.

5. Dgbrowska A., Stotwinski R., Kedziora S.: Probiotyki — panaceum czy placebo?
Przeglad Gastroenterologiczny 2010, 5, 321-328.

6. Fries I.: Nosema ceranae in European honey bees (Apis mellifera). Journal
of Invertebrate Pathology 2010, 103, 73-79, doi:10.1016/j.jip.2009.06.017.

7. Fries I., Chauzat M.-P., Chen Y.-P., Doublet V., Genersch E., Gisder S.,
Higes M., Mcmahon D. P, Martin-Hernandez R., Natsopoulou M., Paxton
R. J., Tanner G., Webster T. C., Williams G. R.: Standard methods for nosema
research, [in:] Dietemann V., Ellis J. D., Neumann P. (Eds): The COLOSS
BEEBOOK: Volume II: Standard methods for Apis mellifera pest and pathogen
research. J. Apic. Res. 2013, 51 (5), ttp://dx.doi.org/10.3896/IBRA.1.52.1.14.

8. Fries I, Feng F, Silva A. D., Slemenda S. B., Pieniazek N. J.: Nosema ceranae n.
sp. (Microspora, Nosematidae), morphological and molecular characterization
of a microsporidian parasite of the Asian honey bee Apis cerana (Hymenoptera,
Apidae), Eur. J. Protistol. 1996, 32, 356-365.

9. Hornitzky M.: Nosema Disease — Literature review and three surveys of bee-
keepers — Part 2. Rural Industries Research and Development Corporation.
Pub. No. 08/006, 2008.

10. Kevan P. G., Guzman E., Skinder A., van Englesdorp D.: Colony collapse
disorder (CCD) in Canada: Do we have a problem? Am. Bee J. 2005, 145,
507-509.

11. Libudzisz Z.: Mikroflora jelitowa, rola probiotykéw w zywieniu. Zywnosé dla
zdrowia 2005, 1, 10-11.

12. Martin-Herndandez R., Meana A., Prieto L., Martinez Salvador A., Garrido-
-Bailon E., Higes M.: Outcome of colonization of Apis mellifera by Nosema
ceranae. Appl. Environ. Microbiol. 2007, 73, 6331-6338.

13. Nowak A., Slizewska K., Libudzisz Z.: Probiotyki — historia i mechanizmy
dziatania. Zywnos¢ Nauka Technologia Jakos¢ 2010, 4, 5-19.

14. Paleolog J., Strachecka A., Burzynski S., Olszewski K., Borsuk G.: The larval
diet supplemented with the low-molecular epigenetic switch sodium phenyl-

765

acetylglutaminate influences the worker cuticle proteolytic system in Apis
mellifera L. J. Apic. Sci. 2011, 55 (2), 73-83.

15. Ptaszynska A. A., Borsuk G., Mutenko W., Olszewski K.: Impact of the ethanol
on Nosema spp. infected bees. Veterinary Medicine — Science and Practice
2013, 69 (12), 726-729.

16. Ptaszynska A. A., Borsuk G., Wozniakowski, G., Gnat S., Matek W.: Loop-
-mediated isothermal amplification (LAMP) assays for rapid detection and dif-
ferentiation of Nosema apis and N. ceranae in honeybees. FEMS Microbiology
Letters, Federation of European Microbiological Societies 2014, 357 (1),
40-48, DOI: 10.1111/1574-6968.12521.

17. Ptaszynska A. A., Letowski J., Gnat S., Matek W.: Application of COI sequences
in studies of phylogenetic relationships among 40 Apionidae species. J. Insect
Sci. 2012, 12, 16.

18. Rekiel A., Batorska M., Wiecek J.: Mozliwo$¢ zastapienia stymulatorow
wzrostu w odchowie i tuczu $win. Wies Jutra 2000, 8, 30-32.

19. SAS Institute. 2002-2003. SAS/STAT User’s Guide release 9.13, Cary, NC,
Statistical Analysis System Institute.

20. Sokdt R., Michalczyk M.: Detection of Nosema spp. in worker bees of different
ages during the flow season. J. Apic. Sci. 2012, 56, 19-25.

21. Strachecka A., Borsuk G., Olszewski K., Paleolog J., Gagos M., Chobotow J.,
Nawrocka A., Gryzinska M., Bajda M.: The effect of amphotericin B on the
lifespan, body-surface protein concentrations, and DNA methylation levels
of honey bees (Apis mellifera). J. Apic. Sci. 2012, 56 (2), 107-113.

22. Strachecka A., Borsuk G., Paleolog J., Olszewski K., Chobotow J.: The body
surface compounds in Buckfast and Caucasian workers (Apis mellifera).
J. Apic. Sci. 2014, 58(1), 93-103.

23. Strachecka A., Olszewski K., Krauze M., Paleolog J., Borsuk G., Merska M.,
Bajda M., Chobotow J.: Coenzyme Q10 treatments influence the lifespan and
key biochemical resistance systems in the honeybee, Apis mellifera. Arch.
Insect Biochem. Physiol. 2014, 1-15.

24. Strachecka A., Paleolog J., Borsuk G., Olszewski K.: Influence of formic acid
on the body surface proteolytic system in different developmental stages of
Apis mellifera L. workers. J. Apic. Res. 2012, 51(3), 252-262.

25. Strachecka A., Paleolog J., Olszewski K., Borsuk G.: Influence of amitraz and
oxalic acid on the cuticle proteolytic system of Apis mellifera L. workers.
Insects 2012, 3(3), 821-832.

26.Szymas B., Kazimierczak M.: Improvement of the composition of pollen sub-
stitute for honey bee (Apis mellifera L.) through implementation of probiotic
preparations. J. Apic. Sci. 2006, 50 (1), 15-23.

27.Szymas B., Langowska A., Giejdasz K.: Condition of the worker honeybees
fed various carbohydrate syrups in laboratory conditions. Nauka Przyroda
Technologie 2007, 1 (2), 2-5.

Corresponding author: Sebastian Knaga, ul. Akademicka 13, 20-950
Lublin; e-mail: sebastian.knaga@up.lublin.pl



