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Abstract
The Western honey bee (Apis mellifera L., Hymenoptera: Apidae) is species of crucial economic, agricultural 

and environmental importance. According to Albert Einstein “If the bee disappeared off the surface of the globe then 
man would only have four years of life left. No more bees, no more pollination, no more plants, no more animals, 
no more man”. First domesticated around 5000 BC, nowadays the species has a worldwide distribution (excluding 
the Antarctic). Based on morphometrical, behavioral and biogeographical data, 29 subspecies of A. mellifera are 
recognized, also known as “geographical races”, since their distribution corresponds to specific geographical areas. 
In the last few years a global decrease of honey bee hives is observed (from 21 mln to 15.5 mln) which is detrimental 
both to the production of honey bee products and to the pollination and production of many crops and wild plants. 
Reasons for this decline are of different origin and are not entirely understood but are linked to the synergistic effects 
of infestation with different parasites (varroosis and nosemosis), viral and bacterial infections (foulbrood) and widely 
used pesticides in the farming industry (including in genetically modified crops) as well as with the loss of genetic 
diversity.
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The honey bee A. mellifera is well adapted to diverse ecological 
habitats. The species is cosmopolitan, found in its natural habitat in 
Africa, Europe, West and Central Asia and successfully introduced in 
early 1600s into the New World [1]. Bee populations and their saving 
are a priority of utmost economical, agronomical and ecological 
importance. Based on morphological, behavioral and molecular data, 
29 subspecies of the honey bee are described [2]. They are grouped into 
4 lineages with specific geographical distribution: African (A), West 
and North European (M), Southeastern European (C) and Oriental 
(O) [3,4].

Bee populations in Bulgaria belong to evolution line lineage C, in
which 5 subspecies are included - A. m. carnica, A. m. macedonica, A. 
m. ligustica, A. m. cecropia and A. m. sicula [5]. The first two subspecies 
are typical for the Bulgarian fauna. With the intention of improving
the productive qualities of Bulgarian bee families, in Bulgaria were
introduced the subspecies A. m. ligustica and A. m. caucasica [6].

The genetic introgression between the native and the introduced 
subspecies is not investigated to the current moment. In Bulgaria, 
it is also present the indigenous subspecies A. m. rodopica, with 
undetermined taxonomical status. Some authors place it as a separate 
subspecies [7], while others include it into A. m. carnica [8] or A. m. 
macedonica [9].

The biodiversity of the honey bee in Bulgaria was determined 
and investigated on the basis of morpho-etiological, biochemical 
(aloenzyme markers) and genetic (microsatellite analysis, RAPD, 
mtDNA-RFLP analysis) methods [7,9].

The genetic and haplotype structure of the honey bee populations 

in Bulgaria up to date are not fully known. There is no data about the 
phylogenetic and evolutionary relationships within and among the 
different subspecies of A. mellifera. 

A lot of factors lead to the dramatic diminution of bee populations, 
reduction of bee production and thus disruption of the process 
of pollination of farming crops and wild plants (including certain 
endemic ones). 

Among such factors are known diseases with economic significance 
affecting the bees and their brood, such as viruses, bacterial (European 
and American foulbrood) fungal (chalkbrood and stonebrood) and 
parasitic (varroosis and nosemosis) [10]. The wide use of insecticides 
and herbicides in crop protection has on one hand a negative impact on 
ecological balance and on the other hand inflict heavy losses on the bee 
colonies. Adoption of genetically modified organisms and transgenic 
farming also impacts negatively the development and the productivity 
of bee families. Not least the anthropogenic factor (inbreeding, high 
voltage power lines, TV and cellular radio towers, errors in breeding 
techniques) also has a negative influence. All these factors lead to the so 
called Colony Collapse Disorder (CCD). Research indicates that only 
for year 2008 45% of bee families in the USA and 29% of bee families 
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in Canada for the year 2007 have disappeared. In recent years this 
phenomenon has appeared in Europe too – in Spain, Greece, France, 
Switzerland, Germany and other countries [11].

The varroosis is the most important invasive honey bee disease 
caused by mites from Varroa genus. It inflicts seriously economy loses 
worldwide [12]. It is considered that varroosis became a problem after 
the invading of A. mellifera colonies by the V. destructor mite. The 
V. jacobsoni was the first described agent that causes the mentioned 
above disease in Eastern honey bee A. cerana and switches its host 
with Western honey bee A. mellifera. The V. destructor was previously 
considered to be V. jacobsoni species, but molecular based on mtDNA 
proved the presence of separate species [13]. For understanding the 
phylogeny and taxonomy status of Varroa species multiple geno- and 
haplotyping investigations were performed using different molecular-
biological approaches: RAPD [14], PCR-RFLP of cox1 mitochondrial 
gene [12,15], as well as direct sequencing analysis [16]. Except cox1 
gene other mitochondrial markers were also utilized for haplotypes 
determination of Varroa representatives - cox3, atp6 and cytb 
[16,17]. Genetic variability detection was performed also based on 
microsatellite marker profiles [15,18]. Varroa species are the main 
vectors for horizontal transfer of viruses in bee colonies [19-21] 
and a possible vectors for horizontal transmission of some bacteria 
(Wolbachia) [22]. Because of that most of the researches are focused 
on molecular identification of viral infection and their association with 
mites as vectors. 

Up to date there are no molecular methods included in beekeeping 
industry for genotyping of Varroa genus, neither for their viral diseases 
relations.

Viral diseases affecting the honey bee also inflict heavy losses on the 
beekeeping industry. To the present moment at least 19 viruses infecting 
the honey bee are known, most importantly such as Acute Bee Paralysis 
Virus (ABPV), Kashmirbee Virus (KV), Cloudy Wing Virus (CWV), 
Black Queen Cell Virus (BQCV), Chronic Paralysis Virus (CBPV not 
fully taxonomically classified) [13], and Israeli Acute Paralysis Virus 
(IAPV). They are all picornalike (RNA) viruses belonging to families 
Iflaviridae and Dicistroviridae, and it is believed that their most 
important vectors are the ecto- (Varroa) and endoparasites (Nosema) 
of bees. Other viruses infecting the honey bee belong to the families 
Iridoviridae [23] and Secoviridae [24]. Some of these viruses (especially 
in coinfections with parasites are linked to the CCD).

There is neither available data for Bulgaria about the extent of the 
spread of viral pathogens in bee colonies nor data about the presence of 
co infections in bee colonies.

Global data demonstrates that mainly 3 viruses are connected 
with significant bee colony losses – CWV, ABPV and IAPV. The first 
one was initially connected to CCD [25], but at a latter stage it was 
concludes that the reasons for CCD are more complex. In Europe 
ABPV and IAPV are indicated as one of the reasons for the reduction 
of bee families in post winter season [23]. Both viruses are transmitted 
by the varroosis causative agent – the varroa mites invading the pupae 
or adult bees. ABPV is highly virulent, because it’s located in the 
hemolymph. IAPV is less virulent, causes deforming of the wings and 
is observed in colonies with more severe varroa infestation. Despite its 
lesser virulence, IAPV infects different tissues of the honey bee, which 
impacts negatively the physiological functions of A. mellifera [26].

The European foulbrood is a bacterial disease affecting the brood, 
caused by the gram-positive bacterium Melissococcus plutonius. In 
infects mainly larvae at 3 or 4 day age. Often the infection is in fact a co 

infection since other microorganisms are reported also - Enterococcus 
faecalis, Achromobacter euridice, Paenibacillus alvei and Brevibacillus 
laterosporus. The disease has a worldwide distribution with significant 
economic importance in the Americas, Europe, Australia, India and 
South Africa [27].

Diagnosis of this disease is carried mainly through microscopic 
examination of the brood, cultivation of the pathogen in vitro, ELISA 
and LFI methods. 

Molecular methods are also developed for the identification of M. 
plutonius, and the most often used are 16S DNA markers.

The American foulbrood is highly contagious disease affecting the 
brood, which inflicts severe economic losses on the beekeeping industry 
worldwide. The pathogen is a gram positive, spore forming bacterium 
Paenibacillus larvae [28]. Traditionally the diagnosis of this disease is 
based of its specific clinical manifestation. The American foulbrood 
is highly contagious disease affecting the brood, which inflicts severe 
economic losses on the beekeeping industry worldwide. The pathogen 
is a gram positive, spore forming bacterium Paenibacillus larvae 
[28]. Traditionally the diagnosis of this disease is based of its specific 
clinical manifestation and cultivation of the pathogen from infected 
bee colonies. In the recent years as alternative to the classic approach, 
molecular methods start to come into use and characterization and 
quantitative assessment of P. larvae. Conventional PCR (16S rDNA) 
for detection of the pathogen is the most widely used method in this 
kind. Real-time PCR is also a widely used technique for quantitative 
analysis of the causative agent within the honey or in the brood. For the 
epidemiological studies it is obligatory not only to assess the vegetative 
form of the pathogen, but also the spores in different biological material 
– honey, brood, bees and beeswax. Because of this molecular methods 
are developed for the isolation of genetic material from the endospores 
of P. larvae [29].

To the present moment mainly two species of microsporidia are 
known to infect the honey bee - Nosema apis, which parasitizes on the 
European (western) honeybee (A. mellifera), while Nosema ceranae 
is a pathogen found infecting the Asiatic (eastern) honeybee (A. 
cerana). Recently Nosema ceranae was introduced to different regions 
of Europe, the Americas, and North Africa and assumes the role of a 
dominant species [28].

Owning to its high virulence N. ceranae is causing severe economic 
losses on the beekeeping. Different geographically distinct strains of 
N. ceranae are in existence and it’s assumed that they have different 
degrees of pathogenicity on the bee colonies [30]. On the Balkan 
Peninsula N. apis was considered the only Nosema species parasitizing 
on the honey bee until year 2007 [24].

There is no available data about Bulgaria concerning the occurrence 
of the two agents of nosematosis. It is not known if the highly virulent 
N. ceranae had replaced N. аpis or if a mixed invasion has developed in 
some the bee colonies. Owning to the fact that the clinical manifestation 
of the disease is not always specific, several approaches are developed 
for its diagnosis. Both classical (microscopic examination of the 
spores) and molecular methods are applied. For the identification and 
differentiation of the two nosema species, and also for their quantitative 
determination are used PCR, PCR-RFLP, Real-time PCR and multiplex 
PCR method [31,32].

The detection and the determination of the genetic diversity, 
virulence and the pathological effects of parasitic, viral, fungal and 
bacterial honey bee diseases by means of molecular methods are not 
widely used and integrated in Bulgaria, with the exception of the 
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invasive Korea and Japan type of Varroa destructor, ectoparasitic mites of the 
Western honey bee (Apis mellifera), are two partly isolated clones. Proc Biol 
Sci 272: 411-419. [PubMed]

16. Navajas M, Anderson DL, Guzman LID, Huang ZY, Clement J, et al. (2010) 
New Asian types of Varroa destructor: a potential new threat for world apiculture
Apidologie, 41: 181-193.

17. Gajic B, Radulovic Z, Stevanovic J, Kulisic Z, Vucicevic M, et al. (2013) 
Variability of the honey bee mite Varroa destructor in Serbia, based on mtDNA
analysis. Exp Appl Acarol 61: 97-105. [PubMed] 

18. Solignac M, Vautrin D, Pizzo A, Navajas M, Conte YL, et al. (2003) 
Characterization of microsatellite markers for the apicultural pest Varroa
destructor (Acari: Varroidae) and its relatives. Molecular Ecology Notes 3: 556-
559. 

19. Bakonyi T,  Farkas  R,  Szendroi A,  Dobos-Kovács M,  Rusvai M (2002) 
Detection of acute bee paralysis virus by RT-PCR in honey bee and Varroa 
destructor field samples: rapid screening of representative Hungarian apiaries. 
Apidologie 33: 63-74.

20. Chen Y, Pettis JS, Evans JD, Kramer M, Feldlaufer M (2004) Transmission of
Kashmir bee virus by the ectoparasitic mite Varroa destructor. Apidologie 35: 
441-448.

21. Tentcheva D, Gauthier L, Bagny L, Flevet J, Dainat B, et al. (2006) Comparative
analysis of deformed wing virus (DWV) RNA in Apis mellifera and Varroa
destructor. Apidologie 36: 41-50. 

22. Mahesh P, Dorothea B, Reddy MS (2011) Horizontal transmission of Wolbachia
in the honeybee subspecies Apis mellifera carnica and its ectoparasite Varroa
destructor. International Journal of Environmental Sciences 2: 514-523.

23. Berthoud H, Imdorf A, Haueter M, Radloff S, Neumann P (2010) Virus infections
and winter losses of honey bee colonies (Apis mellifera). Journal of apicultural
research 49: 60-65.

24. Klee J, Besana AM, Genersch E, Gisder S, Nanetti A, et al. (2007) Widespread 
dispersal of the microsporidian Nosema ceranae, an emergent pathogen of
the western honey bee, Apis mellifera. J Invertebr Pathol 96: 1-10. [PubMed]

25. Cox-Foster DL, Conlan S, Holmes EC, Palacios G, Evans JD, et al, (2007) 
A metagenomic survey of microbes in honey bee colony collapse disorder. 
Science 318: 283-287. [PubMed]

26. Boncristiani HF, Di Prisco G, Pettis JS, Hamilton M, Chen YP (2009) Molecular 
approaches to the analysis of deformed wing virus replication and pathogenesis
in the honey bee, Apis mellifera. Virol J 6: 1-9. [PubMed]

27. Matheson A (1993) World bee health report Bee World 74: 176-212.

28. Stevanovic J, Stanimirovic Z, Genersch E, Kovacevic S R, Ljubenkovic J, et al. 
(2010) Dominance of Nosema ceranae in honey bees in the Balkan countries
in the absence of symptoms of colony collapse disorder. Apidologie 42: 49.

29. Ryba S, Titera D, Haklova M, Stopka P (2009) A PCR method of detecting 
American foulbrood (Paenibacillus larvae) in winter beehive wax debris. Vet
Microbiol 139: 193-196. [PubMed]

30. Dussaubat C, Sagastume S, Gómez-Moracho T, Botías C, García-Palencia P, 
et al. (2013) Comparative study of Nosema ceranae (Microsporidia) isolates
from two different geographic origins. Vet Microbiol 162: 670-678. [PubMed]

31. Tapaszti Z, Forgách P, Kövágó C, Békési L, Bakonyi T, et al. (2009) First
detection and dominance of Nosema ceranae in Hungarian honeybee colonies. 
Acta Vet Hung 57: 383-388. [PubMed]

32. Bourgeois AL, Rinderer TE, Beaman LD, Danka RG (2010) Genetic detection
and quantification of Nosema apis and N ceranae in the honey bee. J Invertebr
Pathol 103: 53-58. [PubMed]

33. Elus JD, Munn PA (2005) The worldwide health status of honey bees Bee world
86: 88-101.

species identification of the nosematosis causative agents (N. apis and 
N. ceranae).

The adaptation of similar approach in Bulgaria will contribute to
a wide spectrum of monitoring, diagnosis and management of these 
diseases [33].

The current project is aimed at widening the deepening of the 
existing knowledge about the biodiversity of the bee populations and 
monitoring of the honey bee diseases of economic importance. Project 
results will contribute to the integration within the beekeeping practice 
of molecular and genetic methods for the diagnosis and control of 
diseases causing losses to the bee families. Breeding programs will 
be implemented aimed at specific bee colonies, resistant to certain 
pathogens.
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