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Abstract

Nosemosis is a bee disease practically present in all countries of the 
world. Th e control of the presence of Nosema apis and Nosema ceranae is of 
great importance. Th e consequences for bees will depend on the degree of 
infection of a bee colony. Weakening of bee colonies, reduction of produc-
tion potentials, contamination with bee feces from hives, death of bees and 
/ or their complete disappearance are some of the signs of the disease. Th e 
bee life physiology, which largely depends on the season, and regular con-
trol of the pathogen presence can determine the perspective of the disease. 
Th e consequences of reduction of the number of bee colonies are not only 
refl ected in a smaller amount of bee products (honey, royal jelly, pollen, 
wax), but also in agricultural production in the form of reduced pollination. 
Domestic and international trade in bee products plays an important role in 
the transmission of Nosema spp. and other infectious and parasitic diseases 
of bees. Th erefore, the control of the presence and viability of Nosema spp. 
in some bee products is important. Our analysis showed that the control of 
the presence of the cause of nosemosis in our conditions, without clearly 
defi ned legal regulations, is insuffi  cient with regards to the number of bee-
keepers, bee colonies and hives. On the other hand, reducing the viability 
of Nosema spp. in diff erent temperature conditions provides an opportunity 
for safe trade.
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Kratak sadržaj

Nosemoza predstavlja bolest pčela praktično prisutnu u svim zeml-
jama sveta. Kontrola prisustva Nosema apis i Nosema ceranae od velike je 
važnosti jer u zavisnosti, od pre svega, stepena zaraženosti društva zavisiće 
i posledice po pčele. Slabljenje pčelinjih zajednica, smanjenje proizvod-
nih mogućnosti, zaprljanost košnica pčelinjim fecesom, uginuće pčela i/
ili njihovo potpuno nestajanje su neki od znakova oboljenja. Fiziologija 
života pčela koje najvećim delom zavisi od godišnja doba i redovna kon-
trola prisustva uzročnika mogu da odrede perspektivu bolesti. Posledice 
smanjenja broja pčelinjih društava ne ogledaju se samo u manjoj količini 
pčelinjih proizvoda (med, mleč, polen, vosak) već se njihov nedostatak di-
rektno odražava i na poljoprivrednu proizvodnju smanjenjem oprašivanja. 
Domaća i međunarodna trgovina proizvodima od pčela igra važnu ulogu 
u prenošenju Nosema spp. i drugih infektivnih i parazitskih bolesti pčela. 
Zato je kontrola prisustva i preživljavanja Nosema spp. u nekim pčelinjim 
proizvodima važna. Naša analiza je pokazala da je kontrola prisustva 
uzročnika nozemoze u našim uslovima, bez jasno defi nisane zakonske 
regulative, mala u odnosu na broj pčelara, pčelinjih društava i košnica. Sa 
druge strane smanjenje mogućnosti preživljavanja Nosema spp. u različitim 
temperaturnim uslovima pruža mogućnost za bezbednu trgovinu.

Ključne reči: pčele, nozemoza, kontrola, vijabilnost

INTRODUCTION

Honeybees (Apis mellifera) are organisms that are very well adapted and 
able to survive in diff erent climate, geographical and ambient living condi-
tions. For these reasons, bees are capable of successful reproduction and de-
velopment around the planet. Today, the importance of their presence is meas-
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ured by economic results, directly, by the value and scope of bee products, and 
indirectly in agriculture by their role in pollination (Aizen and Harder, 2009; 
Bradbear, 2009). Th e presence of the causative agent of nosemosis directly 
leads to a decrease in the lifespan of bees, increased winter death, it aff ects the 
strength of bee colonies and their productivity (Botías et al., 2013). Th e pos-
sibility of relocating bee colonies and international trade has contributed, on 
the one hand, to better economic conditions for beekeepers, and on the other 
hand, it enabled bee products to reach the markets around the world. Th e trade 
of queens and bee products (honey, royal jelly, propolis, wax and bee venom), 
led to a risk of spreading various infectious and parasitic bee diseases. Any of 
the mentioned forms of trade in bee products can lead to the transmission of 
the following: the causative agent of American foulbrood of honey bees (Pae-
nibacillus larvae), European foulbrood (Melissococcus plutonis, Streptococcus 
pluton, Bacillus alvei, Achromobacter eurydice, Streptococcus faecalis, Bacil-
lus laterosporus), Nosemosis (Nosema apis, Nosema ceranae), Varroa (Varoa 
destructor), Ethinosis (Aethina tumida), Tropileleosis (Tropilaelaps spp.), As-
cospherosis (Ascosphaera apis) and various viral diseases (Mutinelli, 2011).

Th is study will highlight the problem of nosemosis in beekeeping. Nose-
mosis is an infectious disease of the digestive tract of bees caused by a sin-
gle-celled parasite, formerly classifi ed as a protozoan, which today belongs to 
fungi (Microsporidia) (Adl et al., 2005). Nosema is an intracellular parasite 
that attacks the epithelial cells of the middle part of the bee’s gut. Infection 
occurs by consuming contaminated food or water, sharing food between bees 
and during hive cleaning (Martın-Hernandez et al., 2018). Th e study will look 
into the data on the number of examined bee samples during the last 6 years 
(2015 - 2020), with the aim to draw attention to the importance of laboratory 
analyses. Th e data related to the sensitivity of the pathogens of nosemosis to 
diff erent temperatures and the possibility of their viability in diff erent tem-
perature conditions will also be presented.

MATERIAL AND METHODS

During 6 years, a total of 95 bee samples were examined for the presence of 
the nosemosis. Th e samples that were analysed were mostly living bees - few of 
them were dead bees. Th e tested materials contained ≥ 50 bees per sample. If 
the bee samples were alive, they were placed on ice or in jars with cotton wool 
soaked in ether in order to anesthetize (MacInnis et al., 2020). Aft er 10 min-
utes, the abdominal part of the bee carcass was cut off . A few millilitres of wa-
ter or saline solution and 20 - 50 severed bees should be placed in the mortar. If 
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the total number of spores needs to be determined, it is necessary to add saline 
solution (or water) in the quantity of 1 millilitre per bee (Fries et al., 2013). 
Th e abdomen is macerated with a pestle. Th e contents of the abdomen, light 
or dark ochre in colour, which have accumulated at the bottom of the mortar 
are transferred to a glass slide. Th e water is added if the contents are too thick. 
Drops of abdominal contents of bees that are transferred to the slide are cov-
ered with a cover glass. Microscopy is performed at a magnifi cation of x 400.

RESULTS AND DISCUSSION

Nosemosis is an infectious bee disease that can be caused by two types of 
nosema: Nosema apis type A nosemosis and Nosema ceranae type C nosemosis 
(Higes et al., 2010; Martın-Hernandez et al., 2018). In addition to these two spe-
cies, the presence of Nosema neumanni was confi rmed in Uganda (Chemurot 
et al., 2017), which, according to its characteristics and pathogenesis, in not 
signifi cantly diff erent from the two above mentioned ones. Th e diff erentiation 
between N. apis and N. ceranae is almost impossible without the application of 
molecular methods, despite the fact that there are some morphological diff er-
ences between their spores (Ptaszynska et al., 2014; Pelin et al., 2015). In addi-
tion to these characteristics, these two types of nosemosis also diff er in clinical 
picture and pathogenesis. Nosemosis caused by Nosema apis is characterized 
by the fi nding bee feces in the hive and at the entrance of a hive, a decrease in 
the amount of collected honey, weakened movement in and out of the hive, 
increased death rate during winter and reduced development in spring (Fries, 
1993). In nosemosis caused by N. ceranae, the mentioned symptoms are most-
ly absent or weakly expressed, while the general weakness of the bee colony 
and the increase in mortality are intensifi ed (van der Zee et al., 2014).

Examination of bees for the presence of the cause of nosemosis was con-
nected with the other analysis of the samples, which were brought for the 
control of the presence of some bacterial or parasitic diseases: American foul-
brood of honeybees, varroasis, chalkbrood (Ascosphaera apis) and stonebrood 
(Aspergillus fl avus, Aspergillus nomius and Aspergillus phoenicis). All the tests 
that were performed, were related to the clinical changes in the bee brood or 
the bees themselves, where the owners brought samples in relation to beekeep-
ing practice and experience. Table 1 contains the data on testing bees for the 
presence of the causes of nosemosis in the period 2015 - 2020.
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Table1. Th e results of bee samples testing for the causes of nosemosis in a period of 6 
years

2015 2016 2017 2018 2019 2020 ∑ + -
South Bačka 
District
Novi Sad 2 19 8 8 12 1 50 37 13
Beočin 2 2 1 5 4 1
Bečej 6 3 3 12 12 1
Bačka Palanka 1 2 2 2 7 6 1
Bački 
Petrovac 4 3 7 4 3

Bač 2 2 1 1
Titel 3 3 0 3
Temerin 1 1 1 0
Srem District
Sr. Karlovci 1 1 0 1
Ruma 3 3 3 0
Inđija 1 1 1 1
Sr. Mitrovica 2 2 2 0
Central 
Serbia
Kragujevac 1 1 1 0

∑ 12 30 19 15 15 4 95 70 25

During the examination, the samples from two epizootiological areas were analysed: 
South Bačka and Srem District. Table 2 shows the data of the Association of Beekeep-
ing Organizations of Serbia (Savez Pčelarskih Organizacija Srbije - SPOS), which 
were obtained from the Veterinary Directorate of the Ministry of Agriculture in De-
cember 2018.

Table 2. Number of beekeepers, beehives and marked hives in Serbia in 2018

Bee holder 
district

Number of 
beekeepers

Number of 
apiaries

Number 
of marked 
beehives

South Bačka 1,203 1,233 64,694

Srem 760 782 45,411

Total in Serbia 25,830 27,158 1,295,545
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Th e examination of bees for the presence of the causes of nosemosis was 
part of the Annual Monitoring program for Animal Diseases in the Republic 
of Serbia for determining the program of animal health protection measures 
(sub law document). 

During these 6 years, the program of control and monitoring has not con-
sidered bee illness connected with Nosema spp..Th e program included control 
and monitoring only of the causative agents of American foulbrood of honey-
bees, varroasis, tropylelosis and ethinosis.

Th e examined samples exclusively arrived for laboratory analysis with clini-
cal fi ndings related to large number of deaths in apiaries or disappearances of 
broods, poor conditions of bee colonies characterized by weakness of broods 
with reduced number of bees, suspicion of American foulbrood of honeybees. 
Beside to the fi ndings of nosemosis, other causes of bee diseases were diagnosed: 
Paenibacillus larvae, Varroa destructor and Ascosphaera apis in one case.

Th e examinations that were conducted were mostly related to the end of 
winter and the beginning of spring. Th is fact indicates that, due to the absence of 
mandatory control, beekeepers bring samples for analysis at the moment when 
clinical problems have appeared. It is mainly the weakness of bee colonies, re-
duced number of bees, the death of bees or their complete disappearance.

Th e data from the literature (Botías et al., 2013) show how important it is 
to control the presence of Nosema spp., and the period, i.e., the part of year 
when the examination is performed. Th e authors examined the eff ect of the 
drug (nozecid) used to control nosemosis during the autumn and the spring, 
as well as a diff erent number of treatments. Nosema spp. was confi rmed in all 
study groups and the control group, too. Depending on the number of treat-
ments with selected nozecid, the presence of Nosema spp.sp. decreased from 
100% to 20 - 30%. A special eff ect was in the period before winter when bee 
colony is burdened with a very small percentage of the presence of Nosema 
spp.sp. or not even detected.

Th e possibility of spreading nosemosis was proven by the presence of 
Nosema spp. in the large wax moth (Galleria mellonella) (Ozgor et al., 2017). 
It is known that the large wax moth attacks weak bee colonies exposed to vari-
ous parasitic or infectious diseases or those that are aff ected by pesticides from 
the environment (Ellis et al., 2013). Th e authors confi rmed the presence of N. 
apis and N. ceranae by genotypic and phenotypic methods. Th e question to 
consider is - What is the infectious dose necessary for bees to become infected 
with microsporidia Nosema spp. Previous research has indicated that the aver-
age infectious dose for N. apis is 94.3 spores per bee, while for N. ceranae it is 
slightly higher, 149 spores per bee (Fries, 1988). Recent research indicates that 
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1.28 spores per bee are suffi  cient to cause nosemosis (McGowan et al., 2016). 
Aft er the spores enter the digestive tract, the nosema transmits theirs sporo-
plasm to the enterocytes through its fi laments, aft er which they multiply. Th e 
passage of spores along the digestive tract can lead to new infections along the 
intestines or their excretion (Martın-Hernandez et al., 2018). Occurrence of 
empty spores of Nosema spp. during the analysis of bee samples may indicate 
autoinfection with nosema, which, then causes intense decay of bee entero-
cytes (Higes et al., 2007; Higes et al., 2009).

Control of bee nosemosis should include determining the degree of infec-
tion of bees within a colony. In this way, it can be determined whether the bees 
are overloaded with Nosema spp. and whether it poses a threat to bee colony 
health. Th is is especially important if the displayed data is analysed. In 6 years, 
a total of 95 bee samples were examined for the presence of the cause of nose-
mosis. Th e samples were taken from two epizootiological areas which together, 
according to SPOS data from 2018, have just over 100,000 marked hives. On 
the other hand, it is particularly important to point out that tests are necessary 
before wintering bees. Th e presence of Nosema spp., even to a lesser extent in 
the autumn, can lead to their signifi cant multiplication during the winter, due 
to autoinfection and the inability to clean the bee colonies due wintering. To 
determine whether bees are overloaded with nosemosis spores, it is necessary 
to prepare 25 - 50 bee abdomens. For each bee, it is necessary to add 1 mL 
of water before maceration. From the obtained suspension, 10 μL should be 
added to each haemocytometer chamber. Th e chambers should be examined 
at magnifi cation of x 400 and the observed spores should be counted. Th e ob-
tained number of spores should be multiplied by 50,000 and that is the number 
of spores per bee (Fries et al., 2013).

Th ere are some data showing that the causative agents of nosemosis, N. 
apis and N. ceranae are highly resistant to increased or decreased temperatures 
and humidity and that these two types of Nosema are not equally resistant to 
changes in temperature. N. ceranae show greater resistance to elevated tem-
peratures while spores lose their ability to survive at -18 °C aft er one week and 
are signifi cantly more sensitive in this respect compared to N. apis. Th ose are 
signifi cantly sensitive, in respect to N. apis (Fenoy et al., 2009; Malone et al., 
2001; Martín-Hernández et al., 2009). Th ese characteristics of Nosema may 
be the reason for a greater presence of N. apis in Northern European regions 
while N. ceranae is more present in the South (Retschnig et al., 2017). Th e 
study of viability and infectivity of N. ceranae aft er diff erent temperature treat-
ments of honey and beeswax was analysed in the paper presented by MacInnis 
et al. (2020). Th e authors wanted to determine to what extent survival and in-
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fectivity of N. ceranae exposed to diff erent temperatures during a period of one 
week to one year can be reduced. Exposure of honey with N. ceranae spores to 
the temperatures of 33 °C, 20 °C, -12 °C and -20 °C showed that the viability 
of microsporidia decreased by more than 50% aft er 4 weeks at 33 °C, aft er 100 
days at 20 °C while a slightly decreased viability to 80% was recorded at -12 °C, 
and viability remained unchanged at -20 °C. When it comes to wax samples, 
the chance of spore survival fell to less than 10% aft er a week of exposure to 
temperatures of 33 °C, -12 °C and -20 °C, while at 20 °C viability dropped to 
50% aft er 42 days.

CONCLUSION

Bee control for the presence of Nosema spp. is important both for bee 
health and the yields provided by the bees. Th e damage caused by the devel-
opment of diseases and the weakening of colonies by infected bees is directly 
related to the reduction of bee production. Th e presence of Nosema spp. is, it 
might be said, a “silent killer” of beehives, especially if not controlled.

Th e analysis carried out in this study shows that during 6 years, an aver-
age of 17.5 bee samples are examined in one year. Considering the number of 
registered beehives and marked hives, the number of examined samples is so 
low that it represents a statistical error. Examination of samples for the pres-
ence of Nosema spp. can also be carried out in beekeeping organizations. It 
may be a good idea to share the data obtained by these controls with similar 
organizations in diff erent municipalities, especially if these are the areas where 
hives are moved to during the feed season. It would also be good to inform the 
institutions dealing with animal health about the conducted analyses.

Th e knowledge of sensitivity/resistance of Nosema spp. in relation to the 
temperature diff erences during the year (the seasons) and geographical char-
acteristics, as well as of their survival potential and maintenance of their infec-
tivity can contribute to reduction of harmful eff ects of these microorganisms. 
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