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ABSTRACT

Most diseases that affect honey bees are just a nuisance, but some are serious
not only to the individual bees but to the whele colony. Te diminish the impact of
diseases in honey bees is of interest not just because of the well-being of the insects
and the value of the honey that they produce for the beekeepers, but. for the value
of pollination that many important crops are dependent on. However, the decline
in the bee populations seen recently had worried the scientific community, the
beekeepers and the general public. Raising awareness about this threat has led to
an extensive development of strategies that target protecting beehives and restore
or increase honey bees population. Breeding for bees hygienic behavior as well as
the use of biocontrol agents seem to be the most promising. The present review
summarizes the various constraints facing honey bees as well as some of the recent.
progresses in controlling them.

Key words: Honey bee diseases, biological control agents, antagonistic bacteria,
natural products

Corresponding Author: Arbia Arfaoui, Institut de la Recherche Vétérinaire de Tunisie, 20 Jebel Lakhdar, La Rabia
1006, Tunis, Tunisia Tel: +216-T1560 250 Fax: +216-71569 692



J KEntomol., 2011

INTRODUCTION

Honey bees (Apis mellifera) are among the most important insects in the ecosystems. They are
not. only important for the honey they produce but also as pellinators of field, horticultural and
vegetable crops. Beekeeping currently faces many challenges including the changes in agricultural
practices (Kremen ef al., 2007, Steffan-Dewenter and Westphal, 2008), the extensive use of
pesticides (Barnett et al., 2007; Desneux et al., 2007) and the development of pathogens.

Honey bee brood and adults are hosts for a number of microorganisms such as bacteria, fungi,
protozea, virus and parasitic mites (Floris et al., 1996; Genersch et al., 2006, Qin ef al., 2006;
Aronstein and Murray, 2010; Forsgren, 2010; Genersch, 2010) that cause serious losses in the
beehives production and a decline in the bee populations. To control these pathogens and parasites
beeckeepers often rely on using antibiotic and pesticide treatments. Several problems associated with
this extended use of antibictics and pesticides is leading to both short-term impacts on beekeepers
and long-term effects on the ability of bees to evolve resistance toward their pathogens and favor
the spread of more virulent pathogen strains {(Cox, 2000; Miyagi ef al., 2000). This diminishes the
lifetime expectancy of honeybees (Martel et al., 2006) and causes disequilibria in the normal
microbiota of the beehive (Charbonneau ef al., 1992), increasing the risks of contamination of hive
equipments and products (Lauro ef al., 2003). For instance, chemical residues can persist in the
honey affecting its quality for human consumption (Martel ef al., 2006). Chloramphenicol has
been detected in honey and other apiary products in numercus countries (Bogdanov, 20086;
Sheridan et al., 2008).

Given the economic importance of the honey bees, it is undeniably necessary to develop
effective, sustainable and eco-friendly strategies to control of bee diseases. These include changing
management strategies, breeding bee lineages showing natural resistance to diseases and/or
hygienic behavior (Spivak and Reuter, 2001) and the use of biolegical control agents (Bastos ef al.,
2008; Lee et al., 2009). The combination of all these strategies will provide a novel way of
controlling honeybee diseases and reducing the use of antibiotics and pesticides in the beekeeping
operations. Such a reduction will guarantee human health and safety by preventing the risk of
contamination of honey and hive products and promoting the well-being of the bees.

ECONOMIC IMPORTANCE OF HONEYBEES

The value of honey bee pollination to worldwide agriculture has been estimated to be about
2156 billion dollars (Gallai et al., 2009). Besides their rele as pellinators of many horticultural,
vegetable and field crops as well as wild flowers, honey bees are the source of honey and other
hives products such as propolis, royal jelly, venom and beeswax. The worldwide production of honey

totals over a million tons, yielding an exchange market worth over UUS$ one billion (FAOSTAT,
2009).

Plant pollination: Pollinators strongly influence the ecclogical relationships, ecosystem
conservation and stability of the genetic variation in plant communities. Over 35% of crops and
60 to 80% of wild plant species rely on the activity of pollinators (Klein et al., 2007). Honey bees
are among the major pollinating insects that play an important rcle in guaranteeing yield and
quality for a number of horticultural, field and vegetable crops. They are also the most economically
impartant pollinators of crop monocultures worldwide (Watanabe, 1994). Without the activity of
these insects, vield of some fruit, seed and nut crops would decrease by over 90% (Southwick and
Southwick, 1992), It is undoubtly clear that any decline in the pollinator populations will
compromise agricultural production and consequently the economy.
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Honey and other hive products: Since, humans first began keeping bees, their principal aim
has been the harvest of honey. In 2005, the worldwide honey production exceeded the 1.4 Million
tons mark (FAOSTAT, 2009) with about 64.5 Million bechives in 2008 (FAOSTAT, 2009). Other
products of the hive include pollen, brood, propolis, royal jelly, venom and beeswax. The world
production of beeswax exceeds 61.2 thousand tons (FAOSTAT, 2009). Less than a half kg of
beeswax, containing about 450,000 wax scales, is enough to make 35,000 hexagonal cells, which
may store up to 10 kg of honey. Beeswax also has many uses worldwide, including the production
of candles, cosmetics, electronics, lubricants, leather and fabric preservatives, polishes, inks and
paints, models for dentistry and beer. Cosmetics represents one of the largest beeswax user industry
while an important portion of the by-product is still recycled within the bee industry te produce the
foundation for new honeycomb and queen cell cups. Propolis is used in the attachment of combs to
the top and sides of the hive, as well as for filling eracks, reducing the size of the hive entrance and
embalming intruders.

The pollen, queen and worker bees jelly has always represented an appreciated nutrition source
in human societies since ancient times. Both by-products are also used in various cosmetics, lotions
and dietary supplements. An interest in collecting and commercializing bee venom for therapeutic
uses has been emerging in recent years. In addition, commercial beekeeping increased the interest,
in other hive products, i.e., the queen and worker honey bees to establish new colonies or replace
those lost to natural or catastrophic causes.

HONEY BEES CONSTRAINTS

Although, their importance in the natural ecosystem and for agriculture, their production of
value-added by-products, for human consumption or commercial and therapeutic uses, honey bees
populations have suffered a dramatic decline in recent years due to a number of abiotic and bictic
constraints. Abiotically, honeybee health is negatively affected by the intensive use of pesticides
and fungicides in agriculture (Fletcher and Barnett, 2003; Barnett et @l., 2007) and the chronic
exposure to pesticides needed to combat the parasitic mite Varroa destructor. Destruction and
fragmentation of natural and semi-natural habitats as well as the intensification of agriculture and
change in landscapes and crops bicdiversity had dramatically affected honeybees and other
pollinators (Larsen ef al., 2005; Cane ef al., 2006). In terms of biotic stress, honey bees are the
targeted host of many bacteria, mites, fungi, protozoa and viruses.

Beekeeping practices: Increased urbanization and suburban sprawl, combined with an
increasingly intensification of agriculture worldwide have decreased available apiary sites. As a
result, the total number of colonies has been decreasing although, difficult to ascertain. Facing this
challenge, beekeepers seek alternative sources of income by leasing their colonies for the pollination
of horticultural, field and vegetable crops that are entirely dependent on the activity of bees. This
practice has tremendous negative impacts on the nutrition of bees and their habitat causing a
variety of stresses related to nutrition, colony staging and transport (Van Engelsdrop et af., 2008).

Pesticides: Most intensive agricultural systems have recourse to the use of a number of pesticides
to control pathogens and pests. When used, insecticides cause major losses in the populations of
honey bees (Liaurent and Rathahao, 2003). In systems, where bees are required for pollination, a
careful management is required to minimize these losses. During growing season, bees poisoning
symptoms due to acute insecticides exposure such as an increase in bee death can be seen at the
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entrance of the colony (Faucon ef al,, 2002). Cther alterations in the bee’s behavior and sense of
orientation can also been detected (Decourtye ef al., 2004). For instance, a wide spread loss in bee
colonies was reported in France in recent years and have been ascribed to the effect of nicotine-like
insecticide i.e., Imidacloprid (Rortais et al., 2005). Because of its low mammalian toxicity, high
effectiveness and high mobility in plant and mammalian tissue, it is often used as systemic
insecticide for the control of sap-sucking insects in crops, as well as blood-sucking insects in
companion animals (Tomzawa and Casida, 2003). There is an ongoing debate about the chances
of this happening teo a degree that bees are being considerably endangered. Some studies report
residues of Imdacloprid in the nectar and pollen at levels that are potentially dangerous to bees
(Chauzat et al, 2006). In the contrary other experimental assays, consisting of feeding
Imidacloprid te bee colonies in syrup or pollen at amounts likely to be found in the field, have
shown no significant differences in terms of development and survival of colonies between the
Imidacloprid-treated and non-treated control. The authors reported also that the exposure of bees
to pollen from corn plants treated with the Imidacloprid did not have any significant effect on their
longewity (Bailey ef al., 2005; Faucon et al., 2005).

Diseases: Honey bees are affected by a large number of parasites and pathogens. The American
foulbrood (AFB), the most economically devastating disease and potentially lethal to infected
colonies and Kuropean foulbrood (KFB) caused by FPaenibacillus larvae and Melissococcus
plutontus, respectively (Forsgren, 2010; Genersch, 2010), are widely distributed. There is also a
fungal disease of the brood that 1s due to Ascosphaera apis (Aronstein and Murray, 2010). All these
microorganisms have a certain preference for larvae and pupae, where they induce distinctive
symptoms, in comparison with adult bees seemingly not-affected.

The parasitic mite Varroa destructor was also reported to infest brood cells and to phoretically
live on adult bees (Rosenkranz et al., 2010). Under heavy mite infestations, an accelerated rate of
death becomes obvicus among the colonies.

A protozoan, Nosema apis, 1s known to infest the guts of adult bees and to cause dysentery and
early decline of adult workers, especially when the infestation is at its highest level. A new Nosema
species, IN. cerana, has been recently identified from the Asian hive bees Apis cerana (Chen ef al.,
2009) and has now been found also on 4. mellifera in Europe (Fries, 2010),

Most adult honey bees carry symptomless viral infections (Chen and Siede, 2007; Ribiere ef al.,
2008; Ribiere, 2010). However, under conditions of stress caused by poor nutrition, inclement
weather, or parasitism by V. destructor or N. apis (Yang and Cox-Foster, 2005; Yue and Genersch,
2005), viral infection can overpass the non-detectable threshold, causing symptoms in adult bees.

CONTROL STRATEGIES

A number of strategies have tentatively been applied in recent years to protect honey bees
against pathogens and parasites. These include a broad range of chemotherapeutic compeunds that
have been tested for their ability to control honey bee diseases. Most of these products were
promising in terms of controlling pathogen growth either in culture or in bee colonies.
Unfortunately none of the tested compounds achieved a complete control of the diseases that could
irradiate them (Lodesani and Costa, 2005),

Facing these challenges of partially active molecules, a series of alternative strategies has been
developed and implemented to control honey bee diseases. These methods include the use disease
resistant bee lines that are currently being deployed by many breeding programs. In recent years,
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the recourse to biological control agents has been gaining ground and seems to be promising. This
relies on the exploration of beneficial microorganisms that antagonize with honey bee pathogens
and/or the eco-friendly natural products.

Antibiotics, fungicides and anti-mites: One of the earliest strategies that have been
implemented to control pathogens and parasites threatening honeybees was the use of antibiotic
and fungicide molecules. Over the course of its development, this strategy faced numerous
limitations including the low number of available molecules, their lack of specificity in terms of
action and the quick development. of resistance.

The first pesticides released for use by beekeepers included pyrethreids and organophosphates
{Milani and Barbattini, 1988). These molecules were used to control hive parasites such as mites.
Their use has substantially increased the cost of production whilst never provided a complete
control of the parasites. In addition, mites developed resistance over time reducing more and more
the efficacy of the used molecules. At present, Apistan, a product containing the synthetic
pyrethroid fluvalinate, completely lost its effectiveness for the control of V. destructor due the
parasite evolvement of resistance. It has been replaced with plastic strips containing the
organophosphate coumophos, the latter efficacy did not last long (Trouiller, 1998; Elzen et al.,
1999) and has currently been substituted by Amitraz, a triazapentadiene compound of an
unknown action. To guarantee efficacy, heekeepers tend to increase doses and rates and to use
various product mixtures. Some chemicals, particularly fluvalinate, may accumulate in wax,
exposing honey bees to levels of chemical residues that are harmful to worker bees longevity
(Chauzat et al., 2009; Johnson et al., 2009) and may pollute the honey and other hive products
(Martel et al., 2007).

Tetracycline antibiotics such as oxytetracycline hydrochloride (OTC) have been used to control
bechive diseases such as AFB. In recent years, tetracycline resistant strains have been emerging
in many countries including USA, Canada and Argentina (Cox, 2000; Miyagi et al., 2000,
Alipp et al., 2007). Hives treatment with oxytetracyline hydrochloride may mask disease signs for
several months while F. larvae spores may be still found in the honey. The OTCs were also used
against M. plutonius infection. The efficacy of other antibictics, such as tylosin and lincomyein and
their derivatives have also been tested against AFB (Fedlaufer et al., 2001; Kochansky ef al., 2001;
Elzen et al., 2002; Alippi ef al., 2005; Pettis and Feldlaufer, 2005). Among these Tilmicosin, a
semi-synthetic macrolide antibiotic synthesized by a chemical medification of a tylosin and
exclusively developed for veterinary use (Reynaldi ef al., 2008). There 1s still a lack of information
regarding its use although, it has been approved to control causal agents of respiratory diseases in
farm animals, including Gram-positive bacteria, mycoplasma and some Gram-negative bacteria
(Shryock et al., 2002), Likewise, the fumagillin fungicide was used against N. apis and was shown
to suppress infection when applied at doses ranging from 0.005 to 0.03 mg mL ™, without detectable
side-effects.

Genetic breeding: In the early 1990s several breeding programs have been implemented to
develop honeybee population with resistanceftolerance to major diseases and/or with the hygienic
behavior (Spivak and Gilliam, 1998). The hygienic behavior consists of selecting and/or training
bred bees to early detect and discard diseased larvae before they become infectious towards the
whole colony. Hygienic behavior in bees is defined as the ability of bees to detect and remove
diseased or parasitized brood. It 1s considered the primary mechanism of honey bee resistance to
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a variety of brood diseases (Spivak and Gilliam, 1993; Spivak, 1996). Hygienic bees have an acute
sense of smell and able to detect affected cells very soon after infection and to remove them before
large numbers of spores have been produced (Spivak et al., 2003). The importance of this behavior
in breeding comes from the fact that bees are able to detect infected brood better than any
beekeeper specialist, hence preventing the spread of the disease to the colony healthy member
bees.

The genetic analysis of the hygienic behavior conducted in the early 1960s (Rothenbuhler,
1964) and in recent years (Spivak and Reuter, 2001; Lapidge ef al., 2002) revealed that this trait
is recessive and under a complex genetic control and involves a number of genes whose products
interact in a complex way and demonstrated that increased genetic diversity in bees may have an
important function in reducing the likelihood of outbreaks of the disease (Tarpy, 2003; Evans and
Spivak, 2010),

Sanitation practices: Management and sanitation strategies are directed toward helping bees
defend against infection or avoiding infection in the first place. These practices include
supplemental feeding to improve the nutritional and health of bees, keeping hives clean and well
ventilated (Gochnauer et al., 1975), replacing storage and brood combs annually and avoiding
transfer of combs between colonies {Malonova and Titera, 1995; Flores et al., 2005). Several
different sterilization methods have been tested in attempts to reduce spores load in beehives.
Fumigation of beehive equipment using various chemicals was performed by Gochnauer and
Margetts (1980) and Faucon et al. (1982), but these were not widely accepted due to residuals
found in both wood and wax. Some beekeepers have also tried fumigation with lactic, formic and
oxalic acid (Caldercone, 1999; Higes ef al., 1999; Dodologlu and Emsen, 2009) to combat the mite.
Although, these approaches do not replace insecticides in the colonies, they are somewhat less
effective in controlling mites and can directly be toxie to the bees. Lactic acid (15%, v/v) 1s sprayed
on combs covered with hees results in 90% decrease in mites population (Rendall, 1996), while
formic acid has been used successfully in Germany by soaking an absorbent pad held in a cradle
over the brood nest (Rendall, 1996). Formic acid is also used on soaked pads in Italy with an
efficacy of up to 98.8%, when used every third day for three weeks (Mutinell ef al., 1994).
Gamma irradiation from a Cobalt-60 source was effectively used to sterilize contaminated
beekeeping equipment (Hornitzky and Willis, 1983). Irradiation was also tested to sterilize wax and
honey (Wooton ef al., 1985). At the optimum level of radiation there were no negative effects
detected on wax composition; though some physico-chemical alterations were cbserved in honey,
including decreases in enzymatic activities and a change in color (Baggio ef al., 2005). However,
the accessibility of radiation facilities is the limiting factor of this technology. Likewise, sterilization
of honey using heat, although efficient shows several limitations. Current research efforts
are focused on other alternative methods such as microwave radiation, infrared heating,

ultra-sonication and ultra-filtration to preserve honey quality (Subramanian et alf., 2007).

Biological Control Agents (BCA): Considering the worldwide spread of honey bee diseases and
the lack of registered and effective molecules to fight them, there is a great interest in developing
alternative control metheds. Non-contaminating natural biccides produced by biclogical control
agents, although still a great challenge will help manage bee disease and improve the quality of

honey and other by-products while avoiding the presence of undesirable residues.
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Antagonistic bacteria and fungi: A broad range of bacteria have been tested on P. larvae in
culture, most of which were antagonistic and exhibited and antibacterial activity against pathogen
found in the gut of 4. mellifera. Most of these bacteria belonged to Baciflus species (Kvans and
Armstrong, 2005, 2008). The bacterial communities, occurring in the digestive tract of the Japanese
honeybee, Apis cerana japonica were also assessed and investigated by in viiro inhibition assays
and their ability to inhibit Paenibacillus larvae was determined (Yoshivama and Kimura, 2009),
Alippi and Reynaldi (2006) investigated the potential use of aerobic spore-forming bacteria isolated
from honey samples and other apiarian sources as biccontrol agents against P. larvae.
Interestingly, species of Bacillus, Faenibacillus and Brevibacillus, frequently isolated from
apiarian sources (Gilliam and Prest, 1978) have been reported to be effective biocontrols by
producing antibiotics and antifungal metabolites (Nielsen and Scrensen, 1997). Most of the isolates
exhibiting very strong activity against the honeybee pathogens were identified as bacillus sp.,
(B. megaterium, B. lichentformis and B. cereus). Furthermore, a new bacterial 1solate identified as
Paenibacillus polymyxa showed a high level of antimicrobial activity against F. larvae sp.
{Lee et al., 2009). Recently, a new study demonstrated the presence of actinomycetes asscciated
with hives of bees from the genus Apis and Trigona. These actinomycetes were able to produce
antibacterial activity against bee pathogens F. larvae and M. plutonius, which provides a new
source of microorganisms able to produce novel antibictics to combat bee diseases in the beekeeping
industry (Promnuan et af., 2009), Likewise, many other microbes associated with honey bees, such
as certain Penictllum and Aspergillus, showed inhibiting effects on growth of A. apis in culture

{Gilliam et al., 1988),

Natural products: Many natural compounds have been tested in honey bee colonies and on the
pathogens in culture in an attempt to control chalkbrood and American foulbrood (Heath, 1982).
Some of them include natural plant-derived antimicrobial/antifungal compounds (Aronstein and
Hayes, 2004; Mourad et al., 2005; Gende et al., 2008), Essential oils containing citral and geraniol,
were reported to have the best inhibiting effect on fungal growth irn vitro (Calderone et al., 1994).
Bailac et al. (2006) showed that cils whose composition has mainly benzenic compounds such as
cinnamon ol (Cinnamomum zeylanicum) presented a good antimicrobial activity against strains
of Paenibacillus larvae subsp. larvae.

Prapolis, another natural proeduct, derived from plant resins and produced by honeybees to seal
the walls and entrance of the hive, contributes to the protection of the colony against different
pathogens and has antimicrobial properties (Ghisalberti, 1979). Propolis has empirically been used
in apiculture for the prevention of AFB and other honeyhbee diseases for years (Mlagan and
Sulimanovie, 1982) and it is well known for its strong inhibitory effects against Gram-positive and
negative bacteria in laboratory cultures (Drago ef al., 2000; Sforcin et al., 2000; Bastos et al,
2008).

The antibacterial activity of propolis could be related to the chemical composition of propolis,
which includes phenolic compounds {flavonoids and aromatic acids) (Arfaoui et al., 2007), terpenes
and essential oils among others (Marcucel, 1995; Kumazawa et al., 2002). Phenolics are well known
as antimicrobial compounds with antibacterial and antifungal activity. The in vitro challenge of

many fungi with these compounds revealed their effectiveness in reducing fungal growth
{Arfaoul et al., 2008),

MECHANISMS OF ACTION OF BIOLOGICAL CONTROL AGENTS

If biological control is to become a viable alternative for honey bees’ protection, a large number
of Biological Control Agents (BCAs) with various modes of action must be isolated and identified.
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Recent studies showed the deployment. of several BCAs with effective methods for the selection of
antagonistic microorganisms, as well as the establishment of in vitro and in vive disease challenge
experiments using adult bees and larvae (Flores ef al., 2004; Bastos et al., 2008).

Multiple modes of action were determined. These include the production of antibiotics,
antibiotic-like compounds, bacteriocins, antifungal metabolites, (Alippi and Reynaldi, 2008), the
stimulation of bee’s immune system (Evans and Lopez, 2004) and the enhancement of the defense
response of honeybees (Antiinez ef al., 2008). Other factor may be implicated in the interaction:
Honey bee-Biclogical control agent-Pathogen.

Antibiosis: Many bacterial species have been shown to inhibit the growth of bee's pathogens
tn vitro as well as to reduce disease symptoms in vive through the production of secondary
metabolites, which are used in direct antagonism with pathogens and pests (Alippi and Reynaldi,
2006; Lee et al., 2009; Yoshiyama and Kimura, 2009). The ability to produce multiple classes of
antibiotics, that differentially inhibit bee pathogens, is likely to enhance biological contrel. Several
biocontrol strains are known to produce multiple antibiotics which can suppress one or more
pathogens. For example, many Bacillus species inhibiting the growth of F. larvae and A. apis by
producing a number of antibiotics were identified (Nielsen and Sorensen, 1997). These species are
known for their high production of a variety of secondary metabolites such as antibiotics,
bicinsecticides, enzymes and lipopeptides (Phister et al., 2004). Sabate et al. (2009) were able to
isolate three different B. subtilis strains that can inhibit two important honevbee pathogens by two
different mechanisms; that 1s surfactin synthesis and fungicide or cell-to-cell interaction.

More recently, a Paentbacillus polymyxa with a high antibacterial activity against P larvae was
isolated from honey (Lee ef al., 2009). This species has been known to produce polymyxins
with broad spectra of activity that includes Gram negative and positive pathogenic bacteria
{(Storm ef al., 1977). Polymyxins are classified as peptide antibiotics synthesized by multienzyme
complexes. More than 15 polymyxins have been identified which are known to bind to lipid A of the
bacterial cell membrane, resulting in membrane disruption and cell death (Martin ef al., 2003).
Actinomycetes, known for their secondary metabolites, which have been successfully used as drugs
in human and veterinary medicines, have been shown to inhibit the growth of F. larvae in viiro
by producing antimicrobial compounds (Promnuan ef al., 2009) yet to be identified. Over more
than 43,000 known bioactives natural products, almost ‘4 are produced by actinomycetes.
(Lazzarini ef al., 2000). The most important genus is Streptomyees with over 500 described species
producing many important antibiotics, including Streptomyecin. Other antibiotics produced by
Streptomyees sp., include spectinomyein, neomyecin, tetracyclines, nystatin, erythromyein and
chleramphenicol.

Stimulation of the bee immune system: Besides their group strategies to combat disease such
as grooming, nest hygiene and other behavioral traits which can reduce the impacts of many
parasites and pathogens (Spivak and Reuter, 2001), honey bees possess also individual defense
mechanismes, including immune responses toward pathogens (Evans, 2004). These involve diverse
set. of actions including the secretion of antimicreobial peptides, phagocytosis, melamization and the
enzymatic degradation of pathogens (Hoffmann, 2003).

Most research on honey bee immune traits has focused on responses toward bacterial
threats, toward which both larval and adult bees are vulnerable (Casteels et al., 1990; Evans et al.,
2006). Kvans and Lopez (2004) showed that non pathogenic bacteria can stimulate the immune

8



J KEntomol., 2011

response of honey bee larvae, helping bees survive exposure to pathogens. They also found that
non-pathogenic bacteria can generate a sustained increase in levels of the antibacterial peptide
abaecin and defensin. The authors proposed then that the mixture of non-pathogenic bacteria could
be presented as a potential surrogate for assaying the immune responses of different honey bee
lineages and that non-pathogenic bacteria can be used as a probictic to enhance honey bee
immunity, helping bee larvae and other life stages, survive attacks from pathogens in the field.

Antinez et al. (2008) proposed a possible indirect effect of the propolis such as the stimulation
of the bee immune system as the same product was able to enhance innate and adaptive immune
responses of mouse, bovines and humans. In vitre and in vive assays demonstrated that propolis
activates macrophages, increasing their microbiocidal activity, enhances the lytic activity of natural
killer cells and stimulates antibodies production {(Sforcin, 2007),

CONCLUSION

With the increasing demand on organic honey and the reduction of increased dependence on
synthetic pesticides and antimicrobial compounds that often lead to a general deterioration of honey
bee colonies and the environment, it is quite ocbvious that an Integrated Pest Management (IPM)
approach is needed to guarantee the sustainability of the beekeeping industry. Several steps are
required for the settlement of such a successful approach, including an appropriate management
and sanitation of the hives and the use of honey bee disease-resistant lineage. The ultimate step
will be to deploy biocontrol agents, introduced to honey bees through varicus method of application
such as spraying, feeding, evaporating or fumigating, to reduce disease levels and prevent the
development and spread of pathogens. Recent findings gathered using biocontrol agents such as
propolis, essential ails, probiotic bacteria, gut microbial communities, seem promising and would be
conceivable to combine them within an integrated IPM strategy to manage honey bee pathogens
and pests. Nevertheless, more research 1s still needed to examine the mechanisms governing their
mechanisms of action and guarantee their safe deployment.

ACKNOWLEDGMENTS
The authors acknowledge Dr. Abdelbasset El Hadrami for helpful comments on the manuscript.

REFERENCES

Alippi, AM., GN. Albo, F.J. Reynaldi and M.R. De Giusti, 2005. In vitro and in vivo susceptibility
of the honeybee bacterial pathogen Paenibacillus larvae subsp. larvae to the antibictic tylosin.
Vet. Microbiol., 109: 47-55,

Alippi, AM. and F.J. Reynaldi, 2008. Inhibition of the growth of Paenibacillus larvae, the causal
agent of American foulbreod of honeybees, by selected strains of asrobic spore-forming bacteria
isolated from apiarian sources. J. Invertebr. Pathol., 91: 141-146.

Alippi, AM., A.C. Lopez, F.J. Reynaldi, D.H. Grassc and O.M. Aguilar, 2007, Evidence for plasmid-
mediated tetracycline resistance in Paenibacillus larvae, the causal agent of American
Foulbrood (AFB) disease in honeybees. Vet. Micrebicl., 125: 290-303.

Antitnez, K., J. Harriet, L. Gende, M. Maggi, M. Eguaras and P. Zunino, 2008. Efficacy of natural
propolis extract in the control of American foulbrood. Vet, Microbicl., 131: 324-331.

Arfaow, A, B. Sifi, A. Boudabous, 1. El-Hadrami and M. Cherif, 2008. Effects of Rhizobium isclates
on isoflavonoids contents in chickpea plants infected with Fusarium oxysporum [, sp. ciceris,
Phytopathol. Mediterr., 45: 24-34.,



J KEntomol., 2011

Arfaoui, A., A, El-Hadrami, Y. Mabrouk, B. Sifi and A. Boudabous et al., 2007. Treatment of
chickpea with Rhizebium isolates enhances the expression of phenylpropancid defense-related
genes in response to infection by Fusarium oxysporum f. sp. ciceris. Plant Physiolo. Biochem.,
45: 470-479.

Aronstein, K. and (G. Hayes, 2004, Antimicrobial activity of allicin against honeybee pathogens.
J. Apicult. Res., 43; 57-59,

Aronstein, K.A. and K.ID. Murray, 2010. Chalkbrood disease in honey bees. J. Invertebr. Pathol.,
103: 520-529.

Baggio, A., A. Gallina, N. Dainese, C. Manzinello and F. Mutinelli ef al., 2005, Gamma radiation:
A sanitating treatment of AFB-contaminated beekeeping equipment. Apiacta, 40: 22-27,

Bailac, P.N.L.GG., A. Gascon, R. Fritz, M.I. Ponzi and M. Eguaras, 2008, Control of Ascosphaera apis
and Paenibacillus larvae subsp. larvae by the use of essential oils for obtaining beehive
products without toxie residues. Mol. Med. Chem., 11: 1-2.

Bailey, J., C. Scott-Dupree, E. Harris, J. Tolman and B. Harris, 2005, Contact and oral toxicity to
honey bees (Apis mellifera) of agents registered for use for sweet corn insect control in Ontario,
Canada. Apidolegie, 36: 623-633.

Barnett, K.A., AJ. Charlton and M.R. Fletcher, 2007. Incidents of bee poisoning with pesticides in
the United Kingdom, 1994-2003. Pest Manage. Sa., 63: 1051-1057.

Bastos, E.MAF., M. Simone, .M. Jorge, A E.E. Soares and M. Spivak, 2008, In vitro study of the
antimicrobial activity of Brazilian propolis against Paenibacillus larvae. J. Invertebr. Pathol.,
97: 273-281.

Bogdanov, S., 2006, Contaminants of bee products. Apidologie, 37: 1-18,

Calderone, N.W., H. Shimanuki and G. Allen-Wardell, 1994. An in viiro evaluation of botanical
compounds for the control of the honeybee pathogens Bacillus larvae and Ascosphaera apis and
the secondary invader B. alvei. J. Kssent. O1l Res., 6: 279-287.

Calderone, N.W., 1999, Evaluation of formic acid and thymol-based blend of natural products for
the fall control of Varroa jacobsoni in colonies of Apis mellifera. (Hymenoptera: Apidae).
J. Econ. Entomoel., 92: 253-260,

Cane, J.H., R.L. Minckley, L.J. Kervin, T.H. Roulston and N.M. Williams, 2006, Complex responses
within a desert bee guild (Hymenoptera: Apiformes) to urban habitat fragmentation. Ecol.
Applied, 16: 632-644,

Casteels, P., C. Ampe, L. Riviere, J. van Damme and C. Elicone ef al., 1990, Isclation and
characterization of abaecin, a major antibacterial response peptide in the honeybee
{Apis mellifera). Eur. J. Biochem., 187: 381-386,

Charbonneau, R., P. Gesselin and C. Thibault, 1992, Irradiation and American foulbrood. Am. Bee
J., 132: 249-251.

Chauzat, M.P., J.P. Faucon, A.C. Martel, J. Lachaize, N. Cougoule and M. Aubert, 2006. A survey
of pesticide residues in pollen loads collected by honey bees in France. J. Econ. Entomol.,
99: 253-262.

Chauzat, M.P., P. Carpentier, A.C. Martel, S. Bougeard and N. Cougoule ef al., 2009, Influence
of pesticide residues on honey bee (Hymenoptera: Apidae) colony health in France. Environ.
Entomol., 38: 514-523.

Chen, Y.P. and R. Siede, 2007, Honey bee viruses. Adv. Virus. Res., 70: 33-80.

Chen, Y.P., J.D. Evans, C. Murphy, R. Gutell and M. Zuker et al., 2009. Morphological, molecular
and phylogenetic characterization of Nosema ceranae, a microsporidian parasite isolated from
the European honey bee, Apis mellifera. J. Eukar. Microbiol., 58: 142-147,

10



J KEntomol., 2011

Cox, R.L., 2000. Incidence of oxytetracycline-resistance Paenibacillus larvae spores in honey
samples from Iowa. Am. Bee. J., 140: 903-903.

Decourtye, A, C. Armengaud, M. Renou, J. Devillers, 8. Cluzeau, M. Gauthier and
M. Pham-Delague, 2004, Imidacloprid impairs memory and brain metabolism in the honeybee
{Apis mellifera 1..). Pesticide Biochem. Physicl., 78: 83-92,

Desneux, N., A, Decourtye and J.M. Delpuech, 2007. The sublethal effects of pesticides on
beneficial arthropods. Ann. Rev. Entomol., 52: 81-106.

Dodologlu, A. and B. Emsen, 2009. The effects of using different organic compounds against honey
bee mite (Varroa destructor anderson and trueman) on colony developments of honey bee
(Apis mellifera L.) and residue levels in honey. J. Anim. Vet, Adv., 8 1004-1009,

Drago, L., B. Mombelli, K. De Vecchi, M.C. Fasina, L. Tocalli and M.R. Gismondo, 2000. In viiro
antimicrobial activity of propolis dry extract. J. Chemother., 12: 390-395,

Elzen, P.J., F.A. Eischen, J.R. Baxter, GW. Elzen and W.T. Wilson, 1999. Detection of resistance
in UUS Varroa jacobsoni Oud. (Mesostigmata: Varroidae) to the acaricide fluvalinate. Apidologie,
30: 13-17.

Elzen, P.J., D. Westervelt, D. Causey, J. Ellis, H.E. Hepburn and P. Neumann, 2002, Method of
application of tylosin, an antibiotic for American foulbrood control, with effects on small hive
beetle (Coleoptera: Nitidulidae) populations. J. Eecon. Entomel., 95: 1119-1122,

Evans, J.D., 2004. Transcriptional immune responses by honey bee larvae during invasion by the
bacterial pathogen, Paenibacillus larvae. J. Invertebr. Pathol., 85: 105-111.

Evans, J.D. and D.L. Lopez, 2004, Bacterial probiotics induce an immune response in the honey
bee (Hymenoptera: Apidae). J. Econ. Entomol., 97: 752-756,

Evans, J.D. and T.IN. Armstrong, 2005. Inhibition of the American foulbrood bacterium,
Paenibacillus larvae, by bacteria isclated from honey bees. J. Apicult. Res., 44: 168-171.

Evans, J.D. and T.N. Armstrong, 2006, Antagonistic interactions between honey bee hacterial
symbionts and implications for disease. BMC Eeol,, 6: 4-4.

Evans, J.D., KA. Aronstein, Y.P. Chen, C. Hetru and J.L. Imler et al., 2006, Immune pathways
and defense mechanisms in honey bees, Apis mellifera. Insect Mol. Biol., 15: 645-656,

Evans, J.D. and M. Spivak, 2010. Socialized medicine individual and communal disease barriers
in honey bees. J. Invertebr. Pathol., 103: S62-572,

FAOBSTAT, 2009. Last access in Mai 2010, http:/ffacstat.fao.org/default. aspx.

Faucon, J.F., J.C. Arvieu and M.E. Collin, 1982, Possibility of utilizing methyl bromide for
disinfection of apicultural material. Med. Vet., 133: 207-210,

Faucon, J.P., L. Mathieu, M. Ribiere, A.C. Martel, P. Drajnudel et af., 2002. Honey bee winter
mortality in France in 1999 and 2000, Bee World, 83: 14-23.

Faucon, J.F., C. Aurieres, P. Drajnudel, L. Mathieu and M. Ribiere ef al., 2005. Experimental study
on the toxicity of imidacloprid given in syrup to honey bee (Apis mellifera) colonies. Pest
Manage. Sci., 61: 111-125.

Fedlaufer, M.F., J.S. Pettis, J.P. Kochansky and G. Stiles, 2001, Lincomyein hydrochloride for the
control of American Foulbrood disease of honeybees. Apidologie, 32: 547-554,

Fletcher, M. and L. Barnett, 2003. Bee pesticide poisoning incidents in the United Kingdom. Bull.
Insectol., 56: 141-145.

Floris, I., C. Carta and M.D.L. Moretti, 1996. Activites in vitro de plusieurs huiles essentielles sur
Bacillus larvae White et essai au rucher. Apidologie, 27: 111-119.

Flores, J.M., I. Gutierrez and F. Puerta, 2004, A comparison of methods to experimentally induce
chalkbrood disease in honey bees. Span J. Agric. Res., 2: 79-83.

11



J KEntomol., 2011

Flores, J., M. Spivak and I. Gutierrez, 2005. Spores of Ascosphaera apis contained in wax
foundation can infect honeybee brood. Vet. Microbicl,, 108: 141-144,

Forsgren, E., 2010, European foulbrood. J. Invertebr. Pathol., 103: 55-59,

Fries, 1., 2010. Microsporidia. J. Invertebr. Pathol., 103: 573-579.

Gallai, N., J.M. Salles, J. Settele and B.E. Vassiere, 2009, Economic valuation of the vulnerability
of world agriculture confronted with pollinator decline. Eecol. Econ., 68: 810-821.

Gende, L.B., I. Floris, R. Fritz and M.J. Eguaras, 2008, Antimicrobial activity of cinnamon
{(Cinnamomum zeylanicum) essential ail and its main components against Paenibacillus larvae
from Argentine. Bull. Insectol., 61: 1-4,

Crenersch, E., K. Farsgren, J. Pentikainen, A. Ashiralieva and 5. Rauch et al., 2006, Reclassification
of Paenibacillus larvae subsp. pulvifaciens and Paenibacillus larvae subsp. larvae as
Paenibacillus larvae without subspecies differentiation. Int. J. Syst. Evol. Microbiaol.,
56: b01-611.

Genersch, K., 2010, American foulbrood in honeybees and its causative agent, Paenibacillus
larvae. J. Invertebr. Pathel., 103: S10-319,

Ghisalberti, E.L., 1979. Propolis: A review. Bee World, 60: 59-84.

Gilliam, M. and D.B. Prest, 1978, Microbiology of feces of the larval honeybee, Apis mellifera.
J. Invertebr. Pathclo., 31: 389-391.

Gilliam, M., S. Taber, B.J. Lorenz and D.B. Prest, 1988, Factors affecting development of
chalkbrood disease in colonies of honey bee, Apis mellifera, fed pollen contaminated with
Ascosphaera apis. J. Invertebr. Pathol., 52: 314-325,

Gochnauer, T A., B. Furgala and H. Shimamuki, 1975. Diseases and Enemies of the Honeybee. In
the Hive and the Honey Bee. Revised Edn., Dadant and Sons, Inc., Hamilton, I11.,USA.,
pp: 615-621.

Gochnauer, T.A. and V.J. Margetts, 1980. Decontaminating effect of ethvlene oxide on honeybee
larvae previously killed by chalkbrood disease. J. Apicult. Res., 19: 261-264.,

Heath, L.AF., 1982, Development of chalk brood in a honey bee colony; chalk brood pathogens:
A review. Bee World, 63: 119-135.

Higes, M., A. Meana, M. Suarez and J. Llorente, 1999, Negative long-term effects on bee colonies
treated with oxalic acid against Varroa jacobsoni Oud. Apidologie, 30: 289-292,

Hoffmann, J.A., 2002, The immune response of Drosophila. Nature, 426; 33-38,

Hornitzky, MLAZ. and P.A. Willis, 1983, Gamma radiation inactivation of Bacillus larvae to control
American foulbrood. J. Apicult. Res., 22: 196-199,

Johnson, R.M., H.S. Pallock and M.R. Berenbaum, 2009. Synergistic interactions between in-hive
miticides in Apis mellifera. J. Econ. Entomel., 102: 474-479,

Klein, A M., B.E. Vaissiere, J H. Cane, I. Steffan-Dewenter, S.A. Cunningham and T. Tscharntke,
2007, Importance of pollinaters in changing landscapes for world crops. Proe. Biol. Sei.,
274: 303-313.

Kochansky, J., D.A. Knox, M. Feldlaufer and J.5. Pettis, 2001, Screening alternative antibiotics
against oxytetracycline-susceptible and resistant Paenibacillus larvae. Apidologie, 32; 215-222.

Kremen, C., N.M. Williams, M.A. Aizen, B. Gemmill-Herren, G. Lebuhn and R. Minckley, 2007,
Pollination and other ecosystem services produced by mobile organisms: A conseptual
framework for the effects of land use change. Ecol. Lett., 10: 209-314.

Kumazawa, S., K. Hayashi, K. Kajiya, T. Ishii, T. Hamasaka and T. Nakayama, 2002, Studies of
the constituents of Uruguayan propolis. J. Agric. Food Chem., 50: 4777-4782.

12



J KEntomol., 2011

Lapidge, K., B. Oldroyd and M. Spivak, 2002. Seven suggestive quantitative trait loci influence
hygienic behavior of honeybees. Naturwissenschaften, 89: 565-568,

Larsen, T.H., N. Williams and C. Kremen, 2005, Extinction order and altered community structure
rapidly disrupt ecosystem functioning. Ecol. Lett., 8: 538-547.

Laurent, F.M. and K. ERathahao, 2003. Distribution of [C-14] imidacloprid in sunflowers
(Heltanthus annuus L.) following seed treatment. J. Agric. Food Chem., 51: 8005-8010.

Lauro, F.M., M. Favaretto, [.. Covolo, M. Rassu and G. Bertoloni, 2003. Rapid detection of
Paenibacillus larvae from honey and hive samples with a novel nested PCR protocol. Int.
J. Food Microbiol., 81: 195-201.

Lazzarini, A., L. Cavaletti, G. Toppo and F. Marinelli, 2000, Rare genera of Actinomycetes as
potential producers of new antibiotics. Antonie van Leesuwenhoek, 78: 399-405.

Lee, H., J.J. Churey and R.W. Worobo, 2009, Isclation and characterization of a protective
bacterial culture isclated from honey active against American Foulbrood disease. FEMS.
Microbicl. Lett., 296: 39-44,

Lodesani, M. and M. Costa, 2006, Limits of chemotherapy in beekeeping: Development. of resistance
and the problem of residues. Bee World, 86: 102-109,

Malonova, D. and D. Titera, 1995. Acrinathrin, an effective varroacide and its residues in stores,
honey and wax. Apidologie, 26: 321-322,

Marcucei, M.C., 1995, Propolis: Chemical composition, biclogical properties and therapeutic activity.
Apidologie, 26: 83-99,

Martel, A.C., S. Zeggane, P. Drajnudel, J.P. Faucon and M. Aubert, 2008. Tetracycline residues
in honey after hive treatment. Food Addit. Contam., 23: 265-273.

Martel, A.C., S. Zeggane, C. Aurieres, P. Drajnudel, J.P. Faucon and M. Aubert, 2007. Acaricide
residues in honey and wax after treatment of honey bee colonies with Apivar or Asuntel_50.
Apidologie, 38: h34-544,

Martin, N.I., H.J. Hu, M.M. Meake, J.J. Churey, E. Whittal, R W. Worcbo and J.C. Vederas, 2003,
Isolation, structural characterization and properties of mattacin (Folymyxan M), a cyclie peptide
antibictic produced by Faenibacillus kobensts. J. Biol. Chem., 278: 13124-12132,

Milani, N. and R. Barbattini, 1988, Effectiveness of Apistan (Fluvalinate) in the control of Varroa
jacobsont Oudemans and its tolerance by Apis mellifera L. Apicoltura, 4; 39-58.

Miyagi, T., C.Y.5. Peng, R.Y. Chuang, E.C. Mussen, M.5. Spivak and R.H. Do1, 2000, Verification
of oxytetracycline-resistant American foulbrood pathogen Paentbacillus larvae in the United
States. J. Invertebr. Pathol., 75: 95-96.

Mlagan, V. and D. Sulimanovie, 1982, Action of propolis solutions on Bacillus larvae. Apiacta,
17: 16-20.

Mourad, A K., O.A. Zaghloul, E.L. Kady, F.M. Nemat and M.E. Morsy, 2005. A novel approach for
the management of the chalkbrood disease infesting honeyhee Apis mellifera L. (Hymenoptera:
Apidae) colonies in Egypt. Commun. Agric. Applied Bicl. Sai., 70: 601-611,

Mutinelli, F., 5. Cremasco and A. Irsara, 1994. Formic acid in the control of varroatosis: A practical
approach. J. Vet. Med., 41: 433-440,

Nielsen, P. and J. Sorensen, 1997. Multi-target and medium independent fungal antagonism by
hydrolytic enzymes in Paenibacillus polymyxa and Bacillus pumilus strains from barley
rhizosphere. FEMS Microbiol. Ecol., 22: 183-192.

Pettis, J.S. and M.F. Feldlaufer, 2005. Efficacy of tylosin and lincomyein in controlling American
Foulbrood in honeybee colonies. J. Apicult. Res., 44: 106-108,

13



J KEntomol., 2011

Phister, T.GG., D.J. O'Sullivan and L.L.. McKay, 2004. Identification of bacilysin, chlorotetaine and
iturin a produced by Bacillus sp. Strain CS93 isolated from pozol, a Mexican fermented maize
dough. Applied Environ. Mierchiol., 70: 631-634.

Promnuan, Y., T. Kudo and P. Chantawannkul, 2009, Actinomycetes isolated from beechives in
Thailand. World J. Micrebiol. Biotechnol., 25: 1685-1689,

Qin, X., J.D. Evans, K.A. Aronstein, K.D. Murray and G.M. Weinstock, 2006, Genome sequences
of the honey bee pathogens Paentbacillus larvae and Ascosphaera apis. Insect Mol. Biol,,
15: 715-718.

Rendall, G., 1996. The world of the bee. Vet. Invertebr. Soc. Microbiol., 10: 5-6.

Reynaldi, F.J.,, G.N. Albo and AM. Alippi, 2008 Effectiveness of tilmicosin against
Paenibacillus larvae, the causal agent of American Foulbreod disease of honeybees. Vet.
Microbicl., 132: 119-128.

Ribiere, M., 2010. Chronic bee paralysis virus. A disease and a virus like no other. J. Invertebr.
Pathol., 103: 5120-5131.

Ribiere, M., V. Olivier, P. Blanchard, F. Schurr and O. Celle ef al., 2008. The collapse of bee
colonies: The CCD case (Colony collapse disorder) and the IAPV virus (Israeli acute paralysis
virus). Yirologie, 12: 319-322,

Rortais, A., G. Arnold, M.P. Halm and F. Touffet-Briens, 2005, Modes of honeybees exposure to
systemic insecticides: Kstimated amounts of contaminated pollen and nectar consumed by
different categories of hees. Apidologie, 36: 71-83.

Rosenkranz, P., P. Aumeier and B. Ziegelmann, 2010. Biclogy and control of Varroa destructor.
J. Invertebr. Pathel., 103: S96-5119.

Rothenbuhler, W.C., 1964, Behaviour genetics of nest cleaning in honey bees. I. Responses of four
inbred lines to disease-killed brood. Anim. Behav., 12: 578-583,

Sabate, D.C., L. Carnllo and M.C. Audisio, 2009. Inhilation of paenibacillus larvae and
ascosphaera apis by Baectllus subtilis isolated from honey bee gut and honey samples. Res.
Mierobicl., 160: 193-199.

Sforein, J.M., 2007, Propolis and the immune system: A review. J. KEtnopharmacol., 113: 1-14.

Sforein, J. M., A. Fernandes, C.A.M. Lopes, V. Bankova and S.R.C. Funari, 2000. Seasonal effect,
on Brazilian propolis antibacterial activity. J. Ethnopharmacol., 73: 243-249,

Sheridan, K., B. Policastro, S. Thomas and D. Rice, 2008. Analysis and occcurrence of
14 sulfonamide antibacterials and chloramphenicol in honey by solid-phase extraction followed
J. Agric. Food Chem., b6: 3509-35186.

Shryock, T.R., J.M. Staples and D.C. De Rosa, 2002, Minimum inhibitory concentration breakpoints
and disk diffusion inhibitory zone interpretive criteria for tilmicosin susceptibility against
Pasteurelle multocida and Aectinobacilius pleuropneumoniae associated with porcine
respiratory disease. J. Vet. Diag. Invest., 14: 389-395.

Southwick, K.E. and L.JR. Scuthwick, 1992. Estimating the economic value of honey bees
{(Hymenoptera: Apidae) as agricultural pollinators in the United States. J. Keon.
Entomel., 85: 621-633,

Spivak, M. and M. Gilliam, 1993, Facultative expression of hygienic behavior of honeybees in
relation to disease resistance. J. Apicult. Res., 32: 147-157,

Spivak, M., 1996, Honey bee hygienic behavior and defense against Varroa jacobsoni. Apidologie,
27: 245-260.

14



J KEntomol., 2011

Spivak, M. and M. Gilliam, 1998, Hygienic behavior of honey bees and its application for control
of brood diseases and varroa mites. Parts I and II: Hygienic behaviour and resistance to
American foulbrood. Bee World, 79: 124-134.

Spivak, M. and G.S. Reuter, 2001, Resistance to American foulbrood disease by honey bee colonies,
Apts mellifera, bred for hygienic behavior. Apidologie, 32: 555-565.

Spivak, M., R. Masterman, K. Ross and KA. Mesce, 2003. Hygienic behavior in the honey bee
{Apis mellifera 1) and the modulatory role of octopamine. J. Neurobio., 55: 341-354.

Steffan-Dewenter, I. and C. Westphal, 2008, The interplay of pollinator diversity, pollination
services and landscape change. J. Applied Ecol., 45: 737-741,

Storm, DLR., K.5. Rosenthal and P.E. Swanson, 1977, Polymyxin and related peptide antibiotics.
Ann. Rev. Biochem., 46; 723-763.

Subramanian, K., U.H. Hebbar and N.K. Rastogi, 2007, Processing of honey. A review. Int. J. Food
Prop., 10: 127-143.

Tarpy, D.R., 2003. Genetic diversity within honeybee colonies prevents severe infections and
promotes colony growth. Proc. R. Soe. B., 270: 99-103.

Tomizawa, M. and J.E. Casida, 2008, Selective toxicity of neonicetinoids attributable to specificity
of insect. and mammalian nicotinic receptors. Ann. Rev. Kntomol., 48: 339-364.

Trouiller, J., 1998, Moenitoring Varroa jacobsoni resistance to pyrethroids in Western Europe.
Apidologie, 29: 537-5486,

Van Engelsdrop, D, J.J. Hayes, E.M. Underwood and J. Petits, 2008, A survey of honey bee colony
losses in the U.S., Fall 2007 to spring 2008. PLosONE, 3: e401-e401.

Watanabe, M.E., 1994, Pollination worries rise as honeybees decline. Secience, 65: 1170-1170.

Wooton, M., M A Z. Hornitzky and M. Beneke, 1985, The effects of gamma-radiation from cobalt-60
on quality parameters of Australian honey. J. Apicult. Res., 24: 188-189,

Yang, X.L.. and D.L. Cox-Foster, 2005, Impact of an ectoparasite on the immunity and pathology
of an invertebrate: Evidence for host immunosuppression and viral amplification. Proe. Natl.
Acad. Seci., 102: 7470-7475.

Yoshivama, M.K. and M.K. Kimura, 2009. Bacteria in the gut of Japanese honevbee, Apis cerana
japonica and their antagonistic effect against Paenibacillus larvae, the causal agent of
American foulbreod. J. Invertebr. Pathol., 102: 91-96,

Yue, C. and K. Genersch, 2005, RT-RCE analysis of defermed wing virus in honeybees
(Apis mellifera) and mites (Varroa destructor). J. Gen. Virol., 86: 3419-3424,

15



