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3. ABSTRACT

Ascosphaera apis i1s a fungus which causes a disease known as "chalkbrood" in
the honey bee (4pis mellifera) larvae. The disease has a widespread incidence in Israel
and other countries causing economic damage to the beekeeping industry, so the
development of a method for treatment is a matter of highly practical importance. No
efficacious chemical treatment for chalkbrood exists in beekeeping practice. Even if such
methods were developed, problems with chemical residues in bee products might
preclude the use of such substances in the commercial sector. Therefore we focused on
developing a practical biological control preparation using Bacillus sp., such as are found
naturally in beehives.

The “Biological control of chalkbrood in honey bees” scientific project was
carried out in Israel, Thailand and Germany. A Bacillus sp. was initially isolated in Israel
and used for the biological control of chalkbrood. The in vitro activity of the Bacillus sp.
was found to be fungistatic, and this action was found to be related to a diffusible
substance. The growth of 4. apis strains isolated in Israel, Thailand and Germany was
inhibited. The efficacy of three biological treatments with the Bacillus sp. was proved
both in Thailand and Germany, countries widely differing in climatic conditions and
beekeeping techniques.

In vivo, the Bacillus sp. was found to be harmless to the bees while significantly
reducing the levels of infestation with the fungus to levels low enough to permit the
restoration of the natural host-parasite balance. Positive results were obtained both by
applying the Bacillus sp. by spray or in the feed (in a 50% sugar solution). The most
effective result was obtained by the feeding treatment with Bacillus sp. and the results
were confirmed in Israel, Thailand and Germany in repeated trails over a three year
period

By comparing the results of the epidemiological surveys in Thailand and Israel
and the data obtained in Germany, significant differences in the severity and as well as
seasonal variations of chalkbrood were observed. In Israel, chalkbrood was considered
by the beekeepers to be the most important brood disease. In Germany levels of
chalkbrood infection were generally low (1-15%) probably due to the favourable climatic
conditions and nectar availability. In Thailand a high variability in infection rates with 4.
apis in the examined colonies in different seasons was observed, even in small areas (30
m?). The highest infection rates were observed in the hot and humid months between
June and October.

Resistance to most bee diseases in Israel (with the exception of chalkbrood and
Acarapis woodi infestation) was found to increase in F1 generations resulting from
queens imported to Israel from Australia and New Zealand.

The comparison between A. apis strains isolated from Israel, Thailand and
Germany indicated that, although several differences exist in their enzymatic activity and
growth rate, sexual stages were produced by suitable mating types of all strains.
Zymograms showed a variability between strains. The variability was, however, more
pronounced between strains originating in different countries than the one observed
between strains from the same region .

Virulence tests on A. apis indicated the Thai strain to be significantly more
virulent than the South German strains but it differed less when compared to the
virulence of the Israeli and North German strains. Marked differences were observed
between North and South German strains

Nosematosis protozoa disease in Apis mellifera and Apis cerana bees in Thailand
was diagnosed within this project. Our survey indicates the possibility of a correlation



between chalkbrood and nosematosis, whereby colonies affected by nosematosis might
become more susceptible to chalkbrood. Our observations indicated that certain
chemotherapeutic drugs also increase bee susceptibility towards chalkbrood. Treatment
of larvae of Apis melifera with oxytetracycline in vitro enhanced their susceptibility to an
experimental infection with 4. apis. Virological examinations showed the existence of a
correlation between viral bee diseases and chalkbrood . This correlation was proved for
Acute Paralysis Virus and Sacbrood Virus. A phenomenon of natural resistance of A.
mellifera towards chalkbrood was observed by cross infection of bee colonies with
different genotypes.

It was shown that actively growing A. apis hyphae are able to invade larvae
percutaneously. When nurse bees were fed on chalkbrood mummies, this material
appeared to be more infective than the A. apis spores cultivated in laboratory.

4. OBJECTIVES OF THE RESEARCH PROJECT

1. To develop a biological control preparation for the treatment of
chalkbrood.

2. To isolate bacteria from bee larvae, that have inhibitory activity on 4.
apis and to identify isolates with the most potent activity.

3. To control A. apis by treating hives with the above-mentioned bacteria.

4. To study any interaction between 4. apis and other bee pathogens (viruses
and protozoa).

5. To compare the virulence to bees and susceptibility to the bacteria of A.
apis strains isolated in Israel, Germany and Thailand.

4.1. Evaluation of research achievements

The principal objective of the research work was to attempt the biological control
of chalkbrood. Additional objectives were the study of the epidemiology of bee diseases
in the 3 countries involved and to examine various aspects of the host-parasite interaction
between A. apis and the honey bee.

All these objectives were achieved during the research period. Our success in
limiting 4. apis infestation in hives by means of biological control with a Bacillus sp. is
likely to provide a practical method to control the disease. The use of this microorganism
is likely to be particularly suitable for use in Third World countries with limited cooling
facilities, due to its ability to form spores. In addition, the cultivation of the Bacillus sp.
is straightforward and requires neither sophisticated equipment nor highly trained
personnel. Preparation and transport of the microorganism should pose no problems. The
biological control of chalkbrood found in this work bodes well for its use in the
development of organic farming.

The epidemiological information gathered in the 3 countries as well as the
information regarding the host-parasite relation between the bees and 4. apis is likely to
contribute to the development of appropriate and rational treatment protocols,
minimizing expenses and maximizing results. This is especially important considering
the seasonal variations and the importance of environmental factors found in this study to
predispose bees to chalkbrood.

The evidence here found of natural genetic resistance of bees to chalkbrood
indicates that selection of suitable material may limit the spread and the economical
damage caused by chalkbrood.

The biological control preparation containing the Bacillus sp. is now at the stage
of development for large-scale manufacturing protocol.



4.2. Evaluation of results
Differences between treated and untreated hives were statistically analyzed by the
2
chi” test.

4.3. Practical importance of the research
The problem of A. apis infestation in honeybee colonies is of the utmost practical
and economic importance in many countries. The work showed that:

1. High percentages of beehive mortality have been observed due to
chalkbrood infection.

2. Excessive treatment with antibiotics increases susceptibility of bee

larvae to 4. apis and therefore must be reduced.

Attempts of chemical control did not give the expected results.

4. The risks of drug residues in honey, wax and other honeybee
products make the research involving possibilities of biological
control important and realistic.

5. There is a potential for selection of honeybees to be more tolerant
to chalkbrood.

(98]

4.4. Approbation of the research results

The research has been conducted in the Pathology Department of Kimron
Veterinary Institute, Israel in the framework of a scientific project supported by a
German-Israel Agricultural Research Agreement for the Benefit of Developing Countries
(GIARA, Project No.: 93-4) during the years 1993-1997.

The progress of the work and the results has been presented on a regular basis in
the scientific conferences of the Koret School of Veterinary Medicine, Hebrew
University of Jerusalem.

During the research period several project-exclusive symposia were conducted in
Israel and international workshops were organized in Thailand, Germany to present and
discuss the results (Workshop on Bee Diseases and Research Progress of GIARA
Project, 1995; Annual Beekeeping Symposium on Chalkbrood, Bet Dagan, 1997; Annual
Beekeeping Symposium on Chalkbrood conrol, Rupin, 1999). The results were published
in an article in the Israeli Journal of Veterinary Medicine, American Bee Journal 1991,
1997, 2000; Eksperimental And Applyied Acarology 2000 and presented at international
conferences in Belgium, Canada, Cyprus, Chech Republic, Egypt, USA, Thailand,
Yugoslavia, and Latvia with publication in the proceedings.

From 1988 —2000 the author taught the honeybee pathology course in the Koret
School of Veterinary Medicine of the Hebrew University of Jerusalem and he was a
scientific adviser of an MSc student. In addition the results were presented during three
International Courses on Beekeeping and Honeybee Pathology in Latvia, Vietnam and
the Kyrgyz Republic.

This activity in honeybee pathology resulted in 28 journal publications and
presentations published in the proceedings.



5. SCIENTIFIC REPORT

5.1. Introduction

A. apis is a fungus which causes a disease known as "chalkbrood" in the honey
bee (Apis mellifera). The spores of the fungus are the infectious stage of the
microorganism. Infection of the larva results mainly by ingestion of spores but can also
occur by the growth of the fungus through the cuticle. The larvae are most susceptible to
infection by the fungus when they are 3 to 4 days old (Illustration 1).

I11. 1. Chalkbrood infested mummies in comb
1 att. Ar kalku periem infic€ts ramitis

The spores usually germinate in the hind gut. After the cells are capped, mycelia from
the spores develop in the hind gut of the larva or prepupae and eventually engulf the
whole bee (Illustration 2).
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I11. 2. Electron-microscopy of an A. apis infected larva (bottom left), the fungus’ hyphae
(bottom right) and fruiting bodies
2. att. Ar 4. apis inficéta pera elektrongrammas fotografija (pa kreisi apaksa sénisu
micélijs; pa labi augsa sporu lodites (auglkermeni)

The dead bee first becomes covered with a fluffy white growth of mycelium. Later the
mummified larva dries, becomes hard, shrunken and chalklike (Illustration 3).
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I11. 3. Drone and worker brood larvae infected by 4. apis: sexual (black) and asexual
stages (white)
3. att. Ar 4. apis inficéti tranu un darba biSu peri (melna — sporu dzimumvairo$anas
stadija, balta — mic€lija bezdzimumvairoSanas stadija)

These mummies remain white or turn grey to black in color. The whitish
mummies indicate that the larva have been infected by only one sexual type of the
fungus, whereas the colored mummies indicate invasion by both sexual types. The dark
color is caused by the spore producing (fruiting) bodies that result from the two mating
types (Illustration 4).

I11. 4. Mating of 4. apis: Sexual fruiting bodies (black areas) formed between different
but not between equal mating types
4. att. A. apis dzimumvairoSanas stadija: sporu lodites veidosanas (melna zona)

Bees detect the dead larvae under the cupping and chew small pink holes in it. These
holes are commonly the first clinical sign of infection with A. apis. Later bees remove
the cuppings and the dead larvae from the cells. The mummies are usually removed from
the cells in less then ten days (Illustration 5), although the colonies seem to vary in their
ability to detect and remove mummies. A genetic factor which influences the hygienic
behaviour of bees has been suggested.

11



I11. 5. Chalkbrood infested mummies, removed by bees, at the entrance to the colony
5. att. Ar kalku periem inficéta stropa skreja izmestas miimijas

Studies indicate that many factors are involved in the infection, maintenance and
spread of the chalkbrood disease. These factors include spore contaminated pollen,
genetic patrimony of the queens, cool and moist environment, drifting of bees from
infected colonies, spore levels in combs of previously infected colonies and a spore
contaminated food source such as water, nectar and honey. An upset microbial
equilibrium, cause by extensive use of antibacterials has been suspected to be a
predisposing factor as well.

Chalkbrood appears to be a stress-related disease as infections have been noted
when one or more of following conditions exist: excessive hive moisture, cool and wet
weather, poor foraging conditions, weak colonies, poor management or as a condition
secondary to other bee diseases such as sacbrood and nosema.

Spores of A. apis are resistant to environmental conditions and endure in the
infected hives for as long as 15 years.

The economic impact of chalkbrood to the beekeeping industry in the world has
been increasing in recent years. Nevertheless, although well investigated, there is still, to
the best of our knowledge, no efficient agent for the control of A. apis. The only means
of control today is an improvement of management, including destruction of combs
containing a large number of mummies, strengthening of badly-diseased colonies by
adding bees and brood, and requeening by stock that is less susceptible and has better
cleaning behavior for removing diseased brood. Furthermore, transfer of combs from
infected to uninfected colonies should be avoided as should be the use of contaminated
pollen.

An increase in the incidence of chalkbrood has been reported from Canada and
the USA. In Thailand the steep increase in the incidence of chalkbrood, noted in recent
years affects mainly the production of royal jelly. In Israel the first case of chalkbrood
was reported in 1984. While no significant change in the low incidence of chalkbrood
was noted until 1989, today practically every apiary is affected to some level by 4. apis,
some with 50% of the hives showing clinical signs of the disease. The decline of honey
production in 1991 was estimated to be about 10% - 15%. In Germany chalkbrood is
becoming more and more a problem. Although losses of colonies are quite low at the
present time, the nature of the disease process shows an increasing virulence.

In spite of having a large distribution around the world, differences and
similarities between A4. apis isolated in various countries have only rarely been studied.
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Strains from Thailand, Israel and Germany have not been, to the best of our knowledge,
compared as to their interfertility, morphology and biochemical characteristics.

Microorganisms, including bacteria and fungi, having an in vitro inhibitory
activity on A. apis have been investigated. /n vivo experimentation with fungal
antagonist is presently being conducted in France (Gilliam, M. 1990). Similar
experiments with bacteria or their metabolites have not been made so far. We have
isolated a Bacillus sp. which was able to inhibit 4. apis growth in vitro, but lost this
capacity after several passages. This change in the characteristics of the isolate might be
due to the fact that the inhibitory factor(s) are plasmid dependent. The isolation of this
Bacillus sp. as well as results obtained by other researchers with similar bacteria and
moulds., makes investigation of the possibility of biological control of chalkbrood
promising. If successful, this research could lead to the isolation of a microorganism
and/or its metabolite which could be spread in the hive or be incorporated into the bees'
food and lead to the reduction of infection by A. apis.

Several factors, such as (temperature changes, elevated moisture) seem to be
predisposing to chalkbrood. The importance of other bee pathogens such as Nosema apis
and viruses is however not clear. Hence there is great importance in investigating the
connection between these microorganisms and 4. apis.

5.2. MATERIALS AND METHODS
5.2.1. Biological inhibition of A. apis

5.2.1.1. In vitro

5.2.1.1.1. Screening of apiaries for bacteria with inhibitory activity on A. apis

Twenty apiaries located in different parts of Israel were inspected to identify
infected beehives to be included in the research. Hives with various levels of infection
were chosen. Seven apiaries were chosen because clinically infected and uninfected
hives were found in them. Healthy L3 to L5 instar larvae, from 5 clinically uninfected
and 5 infected hives, were sampled from each apiary. Twenty larvae from each hive were
submitted for laboratory examination. A total of 1400 larvae representing 35 uninfected
and 35 infected hives were examined. 4. apis infection was ascertained by mycological
methods.

Larvae with no clinical signs of 4. apis infection were examined bacteriologically
to isolate bacteria to be evaluated as inhibitors of the fungus' growth. The larvae were
immersed in 70% alcohol for 1 minute and air-dried. Each larva was crushed and
inoculated onto nutrient agar, blood agar, McConkey agar and Sabouraud dextrose agar
(SDA). The agar plates (except for the SDA plate) were then incubated at 37°C for 48
hours. The SDA plate was incubated for 7 days at 28°C. All the cultures were examined
daily. Bacteria isolated from the larvae were cultured on nutrient agar and kept for
further examinations at 4°C.

5.2.1.1.2. Inhibitory activity

The activity of the bacterium was assessed on six Israeli, 1 Thai and 3 German
strains of 4. apis isolated from various honey bee (Apis mellifera) apiaries and 1 strain
isolated in Israel from a bumble bee (Bombus terrestris). Asexual and sexual
(sporulating) stages of the fungi were examined.

To assess the strains' mode of action, whether by direct contact with the fungus or
by diffusion of metabolites, the two isolates were evenly distributed with a sterile cotton
swab on SDA. The plates were then incubated at 28°C for 7 days following which the
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agar was inverted into another sterile Petri dish, exposing the uninoculated surface. This
surface was sterilized by UV irradiation in a Biohazard Laminar Flow Unit for 20
minutes. Subsequently, a square measuring 0.5x0.5 cm. of a culture of A. apis was
deposited onto the exposed surface. Similarly treated SDA plates, not inoculated with the
bacteria served as controls.

To examine whether the bacterial isolates' action upon A. apis was mycostatic or
mycocidal, the fungus was exposed to the bacteria as described in paragraph 6.2.1.1.1.
for 3, 5 or 7 days. Subsequently the A. apis isolates were transferred to SDA plates,
incubated at 28°C and examined daily for fungal growth.

In addition to the experiments described above, the direct activity of the
bacterium upon the fungus in the presence of the larva (possible inactivation of the
inhibitory activity by the decomposing larva) was assessed. Larvae sampled in 6 Israeli
apiaries, infected with the sexual stage (black) or asexual stage (white) of the fungus
were divided in two parts. One part was deposited on the inverted SDA plates, prepared
as described above, whereas the other part was deposited on a normal SDA plate.

Two bacterial isolates showing the strongest antimycotic activity were chosen for
further investigation. To avoid eventual changes in the original antimycotic activity of
the isolates (such as plasmid loss) the strains were lyophilized.

Fourteen Bacillus sp. strains isolated in Thailand showed anti-A .apis activity.
The strain most active in his inhibitory activity on 4. apis was chosen for further
investigations. The in vitro inhibitory activity of this strain and the Israeli isolate against
4 Israeli and 4 Thai isolates of 4. apis was assessed.

5.2.1.1.3. Characterization of the bacterium

One Israeli Bacillus sp. and one Thai isolate were analyzed by gas
chromatography on a MIDI System at the Plant Protection Division of the Ministry of
Agriculture. Only the Israeli isolate could be identified (at an intermediate level of
probability — see results) and consequently, further identification was attempted only for
this isolate. Further attempts to identify the species of the isolate were made by the API
(bioMZ%rieux, France) 50 CHB’’ system and the Biolog (Biolog, Inc. Hayward, CA,
USA)™.

Due to the possibility that the bacteriocins produced by the Bacillus sp. isolate are
plasmid determined, the Israeli strain was examined for the presence of
extrachromosomal genetic material by the method described by Birnboin & Doly®. The
susceptibility of the Bacillus sp. isolate was assessed by a standard method (NCCLS).

5.2.1.2. In-vivo. Assessment of the anti-A. apis activity of the Israeli isolate of
Bacillus sp. in honey bee colonies

5.2.1.2.1.1. Healthy bee larvae

In the first experiment, serial dilutions of bacteria ranging up to 10°CFU
suspended in 20ul distilled water (5*10°CFU/ml) were applied by micropipetor to 150
cells of 3-4 days old living larvae. Untreated cells and cells to which distilled water was
applied were used as negative controls. The cells were mapped on celluloid foils and the
larvae were examined once every two days.

5.2.1.2.1.2. Spray treatment of A. apis infected hives

Nine hives, naturally infected with 4. apis, located in the Kimron Veterinary
Institute (KVI) were divided in 2 groups: 5 hives were treated and 4 hives served as
controls. Lyophilized Bacillus sp. where rehydrated and their vitality assessed by colony
counts. Consequently, the bacteria were suspended in 50 ml. water to a final dilution of
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4x10* colony forming units (CFU)/ml. This suspension was sprayed on the combs with
brood and bees of each hive. Control hives were sprayed with an equal amount of water.
Colonies were sprayed on days 1, 7, 14 and 21 of the experiment.

5.2.1.2.1.3. Oral treatment of 4. apis infected hives

This experiment was conducted between May and June 1996 (Series 1). Fourteen
hives, naturally infected with 4. apis, located in the Kimron Veterinary Institute (KVI)
were divided in 2 groups: 7 hives were treated and 7 hives served as controls.
Lyophilized Bacillus sp. where rehydrated and suspended in 1000 ml. of a 60%
commercial sugar solution, to a final dilution of 4x10* CFU/ml. In addition to the vitality
counts described in the previous paragraph, colony counts in the 60% sugar solution
were performed to assess the capability of the Bacillus sp. to survive in the suspension.
The suspension was contained in sealed plastic bags, with 25 perforations made with an
18-gauge syringe needle. The plastic bags were placed on the top of the combs, under the
roof. Colonies were fed with these solutions on days 1, 7, 14 and 21 of the experiment.
Control hives were given an equal amount of the sugar solution alone.

This experiment was repeated in 1997 (Series 2). Hives were treated 4 times with
an interval of 10 days between treatments. The hives were examined at time 0 and 3, 6
and 7 weeks after the first treatment. In addition to the parameters assessed in Series 1,
we examined the population of the colonies by counting populated combs, and the
number of infected frames.

5.2.1.2.1.4. Evaluation of results

The colonies were examined clinically and the total number of mummies per hive
was counted before the first treatment, on day 21, 42 and 63. In addition to the clinical
examination, 50 larvae chosen randomly were transferred to ELISA plates (Illustration
6), incubated at 35°C until pupation. Brood that developed to the pupal stages was
considered healthy, whereas 4. apis infection was recognized by the appearance of
mycelia on the prepupal body (Illustration 7). Differences between treated and untreated
hives were statistically analyzed by the chi® test.

I11. 6. ELISA plates with healthy larvae
6. att. ELISA plates ar veseliem periem
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I11. 7. ELISA plates with chalkbrood infested
larvae (white wells)
7. att. ELISA plates ar kalku peru inficétiem
periem (baltas bedrites)

5.2.4. Characterization of A. apis isolated in Thailand, Germany and Israel

5.2.4.1. Enzymatic characterization

The rate of growth and the behavior of growing of A. apis stains from the
different countries (2 strains from Germany and 1 strain each from Israel and Thailand)
were examined.

Male and female myceliae of the different A. apis strains were separately grown
and bred. The biochemical characteristics of the isolated was assessed by examining the
presence and titer of the following 18 different enzymes with the API ZYM (Bio
Merieux, France) alkaline phosphatase kit:

1. esterase (C 4) 10.  naphthol-AS-BI-phosphohydrolase
2.  esterase lipase (C 8) 11.  galactosidase

3. lipase (C 14) 12. B galactosidase

4.  leucine arylamidase 13. B glucuronidase

5. valine arylamidase 14. o glucosidase

6.  cystine arylamidase 15. B glucosidase

7.  trypsin 16.  N-acetyl-B-lucosaminidase

8. chymotrypsin 17. o mannosidase

9.  acid phosphatase 18. o fucosidase

The examination was performed on individual sexes as well as mated mycelium.

Three isoenzymes were examined: esterase, leucine arylamidase and alkaline
phosphatase. This was done by separating the proteins in 10% native acryl- amid-gel and
staining them afterwards. However, only a few protein bands could be made visible.
Thus, for a better separation of the proteins, isoelectric-focussing was applied.

The results of the APIZYM enzyme test showed that the APIZYM method is
suitable to screen test materials regarding different enzymes. The different A. apis strains
were also characterized by means of zymogrammes received by isoelectric focusing.

The isoenzyme characteristics of 4. apis strains were specified by means of
zymograms obtained by isoelectric focusing (IEF). Mycelia and spores of all fungus
strains were harvested and homogenized. Solid particles were eliminated from the
homogenate by cooled centrifugation of 10000g. After determining the protein
concentration, protein solutions from different isolates were put on ampholine focusing
gels with a focusing range of pH 4.0 to 6.5. Focusing lasted three hours and than
individual enzymes were indentified from specific color reactions. Preliminary tests
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showed that only the examination of the esterases was suitable to differentiate between
starins by producing differnt band patterns.

5.2.4.2. Mating experiments

A. apis is a fungus which has a sexual stage. Therefore, hybridization capacity
can be tested in order to verify if the A. apis strains from different origins are sexually
compatible.

The unmated mycelia of 12 originally different strains were separately cultured
and identified by means of an unmated minus test strain. The mycelia of different sexes
were classified as mating type + and mating type -. The mating capacity was tested in
Petri dishes. The mating type was determined on the basis of development of ascocarps.

5.2.4.3. Virulence tests

Bee larvae were infected with the various fungal strains. The larvae were
cultivated in an incubator according to the method of Rembold (Rembold et. al. J.Insect.
Physiol. 20:307-314). The larvae were transferred from the combs to the artificial cells at
the L2 instar to L3 instar stage. The larvae were fed and their growth was controlled in
regular intervals. At the L3 instar to L4 instar stage the larvae were fed with a diet
contaminated with a defined amount of 4. apis spores. Five concentrations of spores,
from 10 to 10° per ml feeding solution were administered. After pupation, the brood was
controlled periodically to assess whether it developed normally or was mummified. From
these observations the lethal dose (LDso) was calculated.

5.2.4.4. Population dynamics

Thirty chalkbrood-infected colonies, located in 3 beeyards were included in the
survey. For this purpose the estimation method developed at Liebefeld (Switzerland) was
applied. This method, which is based on calculating the number of bees on each single
comb and the measurement of sealed and unsealed brood areas, is rather complex but
yields the most accurate values. The estimation is done 4 times a year.

5.2.5. Host-parasite relations between Apis mellifera and A. apis

5.2.5.1. Effect of tetracycline treatment on the susceptibility of Apis mellifera to
infection by A. apis
Four groups of L4 instar larvae were treated as follows:

a) 5*10° spores of A. apis suspended in a solution of 1% glucose and 1%

yeast extract in distilled water.

b) 0.005% oxytetracycline (OT) was added to the diet described for group a).

¢) Solution of 1% glucose and 1% yeast extract in distilled water.

d) Solution of 1% glucose and 1% yeast extract in distilled water with 0.005% OT.
A fifth group served as untreated control and was fed normally with no additives.
Each larva was fed with 10ul suspension. Before and after the feeding, the larvae were
kept at 33°C in 80% relative humidity (RH) to ensure that they cleared the food
previously present in their cell and would ingest a major amount of the food adminis-
tered before being returned to the center of the nursing colony. Consequently the cells
were observed for 3 days after waxcapping. At the development stage of white eyed
pupae the brood was considered as not affected by chalkbrood. Four successive
repetitions of the experiment were performed.
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5.3. RESULTS

5.3.1. Biological inhibition of A. apis

5.3.1.1. In vitro
5.3.1.1.1. Screening of apiaries for bacteria with inhibitory activity on 4. apis

Several bacterial strains isolated from healthy bee larvae in Israel and Thailand
showed inhibitory activity in vitro on the growth of 4. apis. The most active strains were
chosen for the in vivo experiments (Illustration 8).

I11. 8. Various inhibitory activity levels of different Bacillus sp. isolates. The topmost
strain was used throughout the experiments
8. att. Dazadu Bacillus sp. kulttiru atSkirigais nomacosas iedarbibas aktivitates Iimenis.
Augsgjais celms tika izmantots eksperimentos

5.3.1.1.2. Assessment of the in vitro activity of the isolates

Growth of 4. apis on the test plates was totally inhibited whereas normal fungal
growth was observed on the control plates (Illustration 9-12). Fungal growth was
inhibited by a diffusable metabolite of the Bacillus sp. (Illustration 13-14). All the
isolates of A. apis grew normally after transfer to SDA plates which have not been
exposed to the bacterium. Inhibition of fungal growth by the Bacillus sp. was not
influenced by the presence of decomposing larvae.

II. 9. Left: direct inhibitory activity of the
Bacillus sp. Day 5, right - control

9. att. Pa kreisi: Bacillus sp. tieSa nomacosa
iedarbiba péc 5 dienam; pa labi — kontrole
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I11.10. Left: direct inhibitory activity of
the Bacillus sp. Day 6.

Note: onset of degenerative process of 4.
apis hyphae in vicinity of the Bacillus
sp.; right - control

10. att.: Pa kreisi: Bacillus sp. tiesa
nomacoSa iedarbiba péc 6 dienam; A.
apis degeneracija; pa labi — kontrole

I11.11. Left: direct inhibitory activity of the
Bacillus sp. Day 7.

Note: advance of the degenerative process of
A. apis hyphae in vicinity of the Bacillus sp.;
right — control

M. 11. att. Pa kreisi: Bacillus sp. tieSa
nomacoSa iedarbiba péc 7 dienam; A. apis
degeneracijas progress; pa labi — kontrole

I11.12. Left: direct inhibitory activity of the
Bacillus sp. Day 8.

Note: destruction of 4. apis hyphae; right -
control

12. att. Pa kreisi: Bacillus sp. nomacosa
iedarbiba péc 8 dienam;

A. apis pilniga sabrukSana; pa labi —
kontrole

II.13. Right: indirect inhibition by the
Bacillus sp. Day 1. Right: plate with inverted
medium. Note: layer of the Bacillus sp. on
the bottom side of medium; left - control

13. att. Pa labi: Bacillus sp. netieSa nomacosa
iedarbiba 1. diena; Bacillus sp. slanis atrodas
barotnes apakSpusée; pa kreisi — kontrole



Il.14. Right: indirect inhibition by the
Bacillus sp. Day 7. No fungal growth on
plate with the Bacillus sp. cultured on the
bottom side of the medium; left - control

14. att. Pa labi: Bacillus sp. netieSa nomacosa
iedarbiba péc 7 dienam. Bacillus sp. slanis
atrodas barotnes apakSpusé€. 4. apis augSanu
nenovéro; pa kreisi — kontrole

==

5.3.1.1.3. Characterization of the bacterium

MIDI system: The Israeli isolate had characteristics similar to Bacillus
amyloliquefaciens, whereas the Thai isolate could not be significantly related to any of
the bacteria included in the system’s database although B. amyloliquefaciens was the
most likely identification. A similarity index higher than 0.5 is considered as a positive
identification. The index for the Israel isolate was 0.457 and for the Thai strain 0.156.

BIOLOG system: Only the Israeli isolate was submitted. The strain could not be
identified, although B. amyloliquefaciens was the most likely identification (0.326).

API 50 CHB system: The isolate was identified after 48 hours incubation at a
“Very good identification” level (%ID=99%, T=0.71) as B. licheniformis. The only test
against was the Urease test, which was positive but should be so in only 3% of B.
licheniformis strains.

No indication of the presence of plamids was found.

The isolate was found to be susceptible to penicillin, ampicillin, cephalothin,
amoxicillin/clavulanic acid, sulphonamides with and without trimethoprim, tetracyclines,
ciprofloxacine, gentamicin and streptomycin. The isolate was resistant to cefotaxime.

Both the Israeli and the Thai Bacillus sp. isolates inhibited all the 4. apis strains
independently of the fungus’ country of origin.

5.3.1.2. In-vivo: Assessment of the anti-A. apis activity of the Israeli isolate of
Bacillus sp. in honey bee colonies

5.3.1.2.1. Israel

5.3.1.2.1.1. Healthy bee larvae

No differences between the test and the control groups were observed. The results
of this experiment were confirmed by repeating it twice using the highest concentration
of the Bacillus sp. suspension. The results are presented in Table 1.
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Table 1
1.tabula

Assessment of the effect of the Bacillus sp. isolate upon healthy bee larvae

Bacillus sp. ietekmes noveértéjums uz veseliem biSu periem

Group Number Alive day 2 Alive day 4 Alive day 10
Grupa Skaits 2. dzives 4. dzives 10. dzives
diena diena diena
Experiment 1 . eksperiments
Control 150 143 142 138
H;O 150 140 138 137
10 CFU* 150 135 134 131
10° CFU 150 134 134 134
10° CFU 150 131 129 127
Experiment 2 . eksperiments
Control 100 93 93 92
H,O 100 86 86 84
10° CFU 164 134 134 133
Experiment 3 . eksperiments
Control 100 100 100 100
H;O0 100 52 50 49
10° CFU* 116 100 100 100
*CFU — kolonijas veidojosas vienibas
5.3.1.2.1.2. Spray treatment of A. apis infected hives

The results of the clinical examination and mummy count indicate a decrease of
the infection level in the treated hives while no change was observed in the control hives
(Table 2 & Figure 1): while pretreatment count averages showed a similar infection level
in the 2 groups, at the end of the experiment (9 weeks) the average of the treated groups
decreased and was only 41.4% of the control group. Interestingly, after 4 weeks, a
temporary decrease in infection levels of both groups was observed (Table 2 & Figure 1).
This might be the result of cleaning behavior stimulation by the spraying.
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Table 2
2. tabula

Spray treatment with Bacillus sp. of honey bee colonies naturally infected with

Ascosphaera apis. Count of infected mummies/colony

Ar A. apis dabigi inficétu biSu koloniju apsmidzinasana ar Bacillus sp.
Inficeto mumiju skaits saime

Control group / Kontroles grupa

Hive no. Time 0 4 Weeks 6 Weeks 9 Weeks
Stropa nr. Sakums Péc 4 nedélam | Péc 6 nedélam | Pec 9 nedélam
1 15 9 14 13
2 10 4 17 19
3 17 10 20 23
4 44 12 27 32
Average 21.5 8.75 19.5 21.75
Videji
S.D. S.N 15.29 3.40 5.57 7.97
Treated group / Skarta grupa
Hive no. Time 0 4 Weeks 6 Weeks 9 Weeks
Stropa nr. Sakums Péc 4 nedélam | Péc 6 nedelam | Pec 9 nedélam
1 12 3 6 5
2 10 2 10 10
3 14 5 7 5
4 21 7 13 11
5 38 10 15 10
Average 20.75 6 11.25 9
Vidéji
S.D. S.N. 11.40 3.21 3.83 2.95
30,00
20,00 +
10,00 +
0,00 -

9 Weeks

Fig.1: Spray treatment with Bacillus sp. of honey bee colonies naturally infected with
A. apis. Count of infected mummies/colony
1. grafiks: Ar A. apis dabigi infic€tu biSu koloniju apsmidzinasana ar Bacillus sp.;
infic€to miimiju skaits saimé
The results of the ELISA plate counts support the clinical findings that while the

infection levels decreased in the treated group, they increased in the control group (Table
3 & Figure 2). The differences observed at 4, 6 and 9 weeks were statistically significant.
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The statistical significance increased with time (Table 3), indicating that the efficacy of
the treatment does not decrease for at least 5 weeks after the last administration of the

Bacillus sp.

Table 3
3. tabula

Spray treatment with Bacillus sp. of honey bee colonies naturally infected with
Ascosphaera apis. Count of infected mummies/larvae (ELISA plates)
Ar A. apis dabigi inficétu biSu koloniju apsmidzinasana ar Bacillus sp.
Inficéto miumiju skaits peros (ELISA plates)

Control group / Kontroles grupa

Hive no.
Stropa nr.

Time 0
Sakums

4 Weeks
Péc 4 nedélam

6 Weeks
Péc 6 nedélam

9 Weeks
Péc 9 nedélam

1

6/ 50 (12.0%)

7/ 49 (14.3%)

8/ 46 (17.4%)

7/ 45 (15.5%)

14/ 50 (28.0%)

16/ 50 (32.0%)

13/ 50 (26.0%)

14/ 48 (29.1%)

17/ 48 (35.4%)

15/ 50 (30.0%)

14/ 49 (28.6%)

16/ 50 (32.0%)

2
3
4

12/ 46 (26.0%)

9/ 48 (18.8%)

11/ 50 (22.0%)

13/ 49 (26.5%)

Total Kopa

49/194 (25.4%)

47/197(23.8%)

46/195 (23.5%)

50/192 (25.7%)

Treated group / Skarta grupa

Hive no.
Stropa nr.

Time 0
Sakums

4 Weeks
Pec 4 nedélam

6 Weeks
Pec 6 nedélam

9 Weeks
Pec 9 nedélam

1

5/ 49 (10.2%)

5/ 49 (10.2%)

3/ 49 ( 6.1%)

3/ 49 (6.1%)

13/ 47 (27.6%)

7750 (14.0%)

6/ 49 (12.2%)

8/ 47 (17.0%)

17/ 50 (34.0%)

12/ 49 (24.5%)

10/ 50 (20.0%)

7/ 50 (14.0%)

14/ 50 (28.0%)

8/ 50 (16.0%)

9/ 49 (18.4%)

10/ 46 (21.7%)

2
3
4
5

12/ 48 (25.0%)

6/ 47 (12.8%)

8/ 48 (16.7%)

5/ 48 (10.4%)

Total Kopa

61/244 (25.0%)

38/245 (15.5%)

36/245 (14.7%)

33/240 (13.8%)

Significance / Datu buitiskums

| p=0.96

p=0.036

p=0.024

p<0.002

The temporary decrease after 4 weeks observed at the direct examination of the
hive, was not observed in the ELISA plate counts, confirming the assumption that this
phenomenon was related to stimulation of the bee’s cleaning behavior.
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Time 0

Fig. 2. Spray treatment with Bacillus sp. of honey bee colonies naturally infected with

A. apis. Count of infected mummies/larvae (ELISA plates)

2. grafiks. Ar A. apis dabigi infic€tu biSu saimju apsmidzinasana ar Bacillus sp.; inficéto
mimiju skaits peros (ELISA plates)

5.3.1.2.1.3. Oral treatment

Series 1

The results of the clinical examination and mummy count indicate that while
infection levels were similar at the onset of the experiment, they decreased in the treated
hives and increased in the control hives (Table 4 & Figure 3).

Table 4
4. tabula

Oral treatment with Bacillus sp. of honey bee colonies naturally infected with A.
apis. Count of infected mummies/colony
Ar A. apis dabigi inficétu biSu koloniju iebaroSana ar Bacillus sp.
Inficeto mumiju skaits uz saimi

Control group / Kontrole grupa
Hive no. Time 0 4 Weeks 6 Weeks 9 Weeks
Stropa nr. Sakums Pec 4 nedélam | Péc 6 nedélam | Péc 9 nedelam
1 12 17 26 37
2 14 28 36 108
3 8 32 36 84
4 108 96 145 132
5 129 150 138 112
6 94 64 115 145
7 70 96 121 102
Average Vidgji 62.14 69 88.14 102.86
S.D S.N 50.68 47.95 52.94 35.19

24




4. tabulas nobeigums

Treated group / Skarta grupa
Hive no. Time 0 4 Weeks 6 Weeks 9 Weeks
Stropa nr. Sakums Péc 4 nedélam | Péc 6 nedelam | Peéc 9 nedélam
1 15 12 6 5
2 17 17 5 4
3 11 4 6 4
4 117 36 22 4
5 106 54 17 6
6 108 64 32 12
7 38 12 6 4
Average 58.86 28.43 13.43 5.57
S.D 49.02 23.25 10.55 2.94

Time 0 4 Weeks 6 Weeks 9 Weeks
[ lcontrol T Test

Fig. 3. Oral treatment with Bacillus sp. of honey bee colonies naturally infected with 4.
apis. Count of infected mummies/colony
3. grafiks. Ar A. apis dabigi infic€tu biSu saimju iebaroSana ar Bacillus sp.;
inficéto miimiju skaits uz saimi

The inhibitory activity of the Bacillus sp. upon A. apis infection was confirmed at
the ELISA plate count (Table 5 & Figure 4). The differences between treated and control
group averages was statistically highly significant (p<<0.001) at all the observation points.
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Table 5
5. tabula

Oral treatment with Bacillus sp. of honey bee colonies naturally infected with
Ascosphaera apis: count of infected mummies/larvae (ELISA plates)
Ar A. apis dabigi inficetu biSu saimju iebaroSana ar Bacillus sp.
Inficeto mumiju skaits peros (ELISA plates)

Control group / Kontroles grupa

Hive no. Time 0 4 Weeks 6 Weeks 9 Weeks
Stropa nr. Sakums Péc 4 nedélam | Péc 6 nedelam | Pec 9 nedélam
1 8/ 48 (16.6%) | 10/ 50 (20.0%) 7/ 46(15.2%) 15/ 50 (30.0%)
2 7/ 50 (14.0%) 9/ 50 (18.0%) | 10/ 47 (21.2%) | 20/ 50 (40.0%)
3 6/ 50 (12.0%) 7/ 48 (14.5%) 6/ 47 (12.8%) 14/ 50 (28.0%)
4 14/ 50 (28.0%) | 16/ 46 (34.7%) | 18/ 50 (36.0%) | 20/ 47 (42.5%)
5 21/ 50 (42.0%) | 20/ 49 (40.8%) | 17/ 50 (34.0%) 16/ 46 (34.7%)
6 17/ 46 (36.9%) | 14/ 50 (28.0%) | 19/ 49 (38.7%) | 21/ 49 (42.8%)
7 16/ 47 (34.0%) | 20/ 50 (40.0%) | 22/ 47 (46.8%) | 25/ 46 (54.3%)
Total 89/343 (26.2%) | 96/343 (28.0%) | 99/336 (29.2%) | 131/238 (38.9%)
Kopa
Treated group / Skarta grupa
Hive no. Time 0 4 Weeks 6 Weeks 9 Weeks
Stropa nr. Sakums Péc 4 nedélam | Péc 6 nedelam | Pec 9 nedelam
1 7/ 50 (14.0%) 5/ 50 (10.0%) 5/ 50 (10.0%) 5/ 50 (10.0%)
2 6/ 47 (12.7%) | 2/ 46 ( 4.3%) | 2/ 47( 4.4%) | 2/ 48 ( 4.1%)
3 9/ 50 (18.0%) 1/ 50 ( 2.0%) 3/ 50 ( 6.0%) | 4/ 50 ( 8.0%)
4 14/ 48 (29.1%) 3/ 46 ( 6.5%) 3/ 47 ( 6.4%) 3/ 50 ( 6.0%)
5 17/ 49 (34.7%) 9/ 50 (18.0%) 8/ 49 (16.3%) 6/ 50 (12.0%)
6 25/ 46 (54.0%) | 10/ 46 (21.7%) 8/ 50 (16.0%) 8/ 49 (16.3%)
7 12/ 47 (25.5%) 9/ 50 (18.0%) 6/ 49 (12.2%) 6/ 50 (12.0%)
Total 90/337 (26.8%) | 39/338 (11.5%) | 35/342 (10.2%) | 34/347 ( 9.8%)
Kopa

Significance / Datu biitiskums

p=0.83

p<0.001
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30,00 -

20,00 -

10,00 -

Time 0 9 Weeks

Fig. 4. Oral treatment with Bacillus sp. of honey bee colonies naturally infected with
Ascosphaera apis. Count of infected mummies/larvae (ELISA plates)
4. grafiks: Ar A. apis dabigi infic€tu biSu saimju iebaroSana ar Bacillus sp.;
infic€to miimiju skaits peros (ELISA plates)

Series 2

The results of these experiments are presented in Table 6 and Figures 5-8. A t-test
analysis of the observation show that there were no differences between the control and
test groups at the onset of the experiment.

Three weeks after the first treatment a significant decrease (p<0.05) in the
number of mummies and percent of infected larvae was observed. Changes in the
number of populated combs and percent of infected frames were not significant.

Six weeks after the first treatment all the parameter showed a significant change:
the number of populated combs increased (p<0.01), whereas the number of mummies,
the percent of infected larvae decreased (p<0.01), as did the percent of infected frames
(p<0.05).

Seven weeks after the first treatment the mean number of mummies and percent
of infected larvae in the treated group was 27.36 and 14.45% respectively whereas in the
control groups the values were 67 and 31.9% respectively. In both cases the differences
between the 2 groups was highly significant (p<0.01). The significance of the decrease in
the percentage of infected frames increased to p=0.01. Although the number of populated
combs in both groups decreased, the bee population was significantly higher in the
treated group (p<0.01)
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Fig. 5. Oral treatment with Bacillus sp. of honey bee colonies naturally infected with 4.
apis.; % of populated combs
5. grafiks. Ar A. apis dabigi infic€tu biSu saimju iebaroSana ar Bacillus sp.; apdzivoto
ramisSu procents

Time 0 3 Weeks 6 Weeks 7 Weeks
est

Fig. 6. Oral treatment with Bacillus sp. of honey bee colonies naturally infected with
A. apis.; % of infected frames
6. grafiks. Ar A. apis dabigi infic€tu biSu saimju iebaroSana ar Bacillus sp.; infic€to
ramisSu procents
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Fig.7. Oral treatment with Bacillus sp. of honey bee colonies naturally infected with 4.
apis.; Count of infected mummies/colony
7. grafiks. Ar A. apis dabigi infic€tu bisu saimju iebarosana ar Bacillus sp.; inficéto
mumiju skaits uz saimi
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Fig. 8. Oral treatment with Bacillus sp. of honey bee colonies naturally infected with 4.
apis. % of infected larvae
8. grafiks. Ar A. apis dabigi inficétu bisu saimju iebarosana ar Bacillus sp.; inficéto peru
procents
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5.3.1.2.3. Thailand

Series 1: The percentages of infested bee brood in the experimental groups are
presented in Table 7 and Figure 9. The infestation rate of brood was calculated from a
random sample of 48 bee larvae per colony. Repetitions were conducted consecutively
with different colonies during a period of three month.

Table 7
7.tabula

In vivo activity of the Bacillus sp. following 2 modes of application in Thailand.
% chalkbrood infected brood

Bacillus sp. in vivo aktivitate péc 2 veidu apstrades Taizemeé:

procentos

ar A. apis inficétie peri

Colony A | Colony B | Colony C | Average | STD | Treatment average
Strops A | StropsB | Strops C | Videji | Stan Vidgji
dart
novi
rze
Treatment group 1 (combined oral & spray treatment)
1. apstrades grupa (kombinéta baroSana un apsmidzinasana)

Repetition 1 8.30 8.30 354 17.3 | 15.6 13.4

Repetition 2 12.5 10.4 12.5 11.8 1.2

Repetition 3 18.8 6.3 8.3 11.1 6.7

Treatment group 2 (oral treatment)
2. apstrades grupa (barosana)

Repetition 1 2.1 16.7 20.8 13.2 | 9.8 153

Repetition 2 10.4 18.8 14.6 14.6 | 4.2

Repetition 3 12.5 18.8 22.9 18.1 5.2

Control group
Kontroles grupa

Repetition 1 438 35.4 37.5 38.9 4.4 34.5

Repetition 2 313 18.8 354 28.5 8.7

Repetition 3 333 43.8 31.3 36.1 6.1

Number of colonies examined: 27
Izmekleto stropu skaits

Number of larvae examined: 1296
Izmekléto peru skaits
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Fig.9. In vivo activity of the Bacillus sp. following 2 modes of application in Thailand. %
chalkbrood infected brood
9. grafiks. Bacillus sp. in vivo aktivitate pec 2 veidu apstrades Taizeme: ar 4. apis
infic€tie peri procentos

Chi square tests (o = 0.1 %) between treatment and control groups revealed
significant differences between the treatment groups and the controls in each repetition
when compared to an expected equal distribution of infestations. When the results from
single colonies in the treatment group were compared to controls only 2 out of 9 colonies
per treatment group had no significant difference to the control colonies (Chi* a = 5 %;
treatment group 1, Repet. 1C; 2B ; treatment group 2, Repet. 2B; 3C). No significant
differences occurred between the two treatment groups in 5 out of 9 colonies per group
(Chi* a =5 %).

Series 1 clearly shows that the bacterial treatment reduces larval infestations with
chalkbrood by about 50 %. The artificial infestation pressure by feeding A. apis spores to
the adult bees resulted in a loss of up to 43.8 % of the bee brood in the control colonies.

Series 2: The percentages of larval infestation with chalkbrood are presented in
Table 8. The infestation rate of brood in series 2 was calculated as percentage from a
random sample of 40 bee larvae per colony.

Table 8
8. tabula

In vivo activity of the Bacillus sp. following oral application in Thailand.
% chalkbrood infected brood (%)
Bacillus sp. In vivo aktivitate péc biSu baroSanas Taizemé: ar A4. apis inficétie peri

procentos
Colony 1 2 3 4 5 6 7 8 9 10 | Av. | STD
Treated 35.0 | 40.0 | 20.0 | 37.5 | 425 | 225 | 17.5 | 20.0 | 27.5 | 45.0 | 30.8 | 10.4
Control 70.0 | 47.5 | 875 | 77.5 | 625 | 475 | 675 | 80.0 | 45.0 | 57.5 | 64.3 | 14.9
Kontrole

Number of colonies examined: 20 Izmekléto stropu skaits
Number of larvae examined: 800 Izmekléto peru skaits

The difference between treatment and control colonies is very significant (Chi* o
= 0.1 %, U-test on significant difference of medians a = 0.1 %). The second trial
reconfirms the results from trial I but on a remarkably higher level of infestation that was
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experimentally induced by feeding 4. apis spores to adult bees. While in the first trial
(March -May) the feeding of spores resulted in an average infection of 34.5 % of the bee
brood, the bee brood of the control group in series 2 suffered from an average of 64 %
infested brood.Series 2 experiments confirmed that the method of oral application of the
bacteria solution is sufficient for a significant reduction of chalkbrood infections in the
A. mellifera colonies.

5.3.4. Characterization of A. apis isolated in Thailand, Germany and Israel

Rate of growth: The biggest differences could be stated at a pH value of 6.
Extremely considerable differences were found at the A. apis strain from Israel, which
grew the fastest, followed by, in this order, the Thai and the German isolates.

5.3.4.1. Enzymatic characteristics

Differences between the isolates were found in 9 enzymes: Esterase, Lipase,
Leucine arylamidase, Valine arylamidase, Naphthol-AS-BI-phosphohydrolase, B
glucosidase and N-acetyl-B-glucosaminidase. The most significant differences were
found to be an extremely low titer for the Israeli strain for  glucuronidase and N-acetyl-
B-glucosaminidase and the Thai strain for cystine arylamidase and N-acetyl-B-
glucosaminidase, when compared to the German strains.

The isoelectric-focussing assay revealed that the protein bands of the isoenzymes
leucine and aminopeptidase are identical in all strains examined. Differences were
minimal with the alkaline phosphatases. Different protein patterns were observed with
the esterases. Those differences were found not only between the strains from Germany
and Thailand but also within the ones from Germany. Concerning the strain from Israel
the protein patterns of some individual fungus strains were similar to those from
Thailand and Germany.

The enzyme patterns of the teleomorphs was also quite similar. However, when
the enzyme patterns of anamorphs and teleomorphs were compared, clear differences
could be recognized: while teleomorphs produced lipase's, the anamorphs did not. On the
other hand, valin-arylamidase was produced by anamorphs but not by teleomorphs.

These results confirmed the study of Gilliam® that valin-arylamidase is the best
marker for the determination of the mycelial forms of A. apis. B-galactosidases and
a-mannosidases, produced by all strains examined and most of the strains tested by
Alonso et al (1993)* and Gilliam and Lorenz (1993)*, can also serve as marker enzymes
to differentiate 4. apis from other mold fungi of the honey bee, as these enzymes are
produced only by few hyphomycetes present in the hive.

Upon examining the isoenzyme-characteristics of the different isolates, 3-6 bands
could be observed by focusing within a narrow acid range. Two protein bands of high
concentration were seen in each isolate. All the variations could be identified by the
additional bands marked with esterases A, B and C.

These polymorph main groups were partially classified even more precisely
because of slight variations in the band pattern. So, for example, main group A showed 2
dominating bands. Two isolates, however, showed 4 main bands with moderate
variations in the auxiliary bands (B1, B2, B3). Main group C differed from this pattern
again. There were no, or only small differences in the band pattern of the different strains
from the same region like all strains from South Germany which were very similar and
all strains from Northern Thailand which showed certain similarities.

The polymorphism of the esterase isoenzymes patterns of different A. apis strains
could be classified in 3 main groups. The differences of these zymograms showed that
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the method is suitable for the differentiation of the individual strains of 4. apis (Figure
12).

5.3.4.2. Mating experiments

The examinations showed that the different sexes of all 4. apis strains tested were
able to mate with each other. These results confirm the results of Christensen and
Gilliam (1983) regarding A. apis strains from Europe and North America.

5.3.5. Host-parasite relations between Apis mellifera and A. apis

5.3.5.1. Virulence tests

The LDs values varied from 136 spores for the strain “Thailand 3” to 1144 with
the strain "South Germany 1". This difference was significant at the 5% level (PROC
Probit-analysis). Generally, the virulence of A. apis strains from Thailand tended to be
higher than that of the other ones. The LDsy values of the strains "Israel" and "Northern
Germany 2" were close to the LDsg values of all strains from Thailand (Table 9).

Table 9
9. tabula
Virulence (LDsg) of A. apis strains
A. apis celmu virulence (LDs).

Strain Spores/10pl
Celms

North Germany 1 526
Ziemelvacija 1

North Germany 2 378
Ziemelvacija 1

Middle Germany 600
Vidussvacija

South Germany 1144
Dienvidvacija

Israel 250
Izracla

Thailand 1 225
Taizeme 1

Thailand 2 209
Taizeme 2

Thailand 3 136
Taizeme 3

It is extraordinary that the LDsy values of the strains from Germany varied quite
considerably whereas the LDsy values of all strains from Thailand, originating from
different apiaries but from the same region, were similar.

5.3.5.2. Effect of tetracycline treatment on the susceptibility of Apis mellifera to
infection by A. apis

Mortality was highest in group b) (spores+OT): 25%-36%, followed by group a)
(spores alone): 12%-26.7%. Mortality in all control groups was bellow 10%. The
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detailed results of this experiment are presented in Table 24. Statistical analysis of the
results (chi-square) indicate highly significant differences (P<0.0001) between the group
given spores alone and the group given spores and OT. Moreover, significant (P<0.0001)
differences were found between these two groups and the control groups.

5.4. DISCUSSION

The main goal of this research was to develop a method of biological control of
chalkbrood disease caused by A. apis. We have achieved this goal by isolating a
microorganism a Bacillus sp. that was able to combat this fungal disease. Moreover, we
demonstrated that this microorganism could be successfully used as a practical antifungal
agent under field conditions. Our results also show that antifungal activity of the Bacillus
sp. is highly efficacious under different climatic and epidemiological conditions existing
in three different countries in two continents, and also under different beekeeping
management practices. In addition, this therapeutic method was equally effective against
genetically different strains of 4. apis. Attempts to use microorganisms for chalkbrood
control have been carried out by several investigators (Gilliam, 1978, 1990 and Gilliam
et al., 1978). However, despite isolating and testing almost one thousand different
microorganisms from hives and honeybees, no single agent has been shown to be
effective against the disease under field conditions (Heath, 1982).

Since this work is the first and so far the only one that describes an effective
control of chalkbrood disease by a biological method, this discussion will consider the
different parameters within the new experimental system. The only systems employing
microorganisms for fungal disease control have been described in plants (Howarth, 1991;
Gibert et al., 1991; Osburn et al., 1995; Cook, 1993 and Limsden et al., 1995).

The main feature of our biological method of control is the inhibitory activity of
the Bacillus microorganism against 4. apis. After isolating a number of strains exhibiting
anti- 4. apis activity in vitro the most active strain for subsequent in vivo experiments
was chosen. For precise identification of this isolate, gas chromatographic analysis was
employed to establish a characteristic spectrum of lipids. Further identification was
carried out by the API 50 CHB (Goor, et al., 1984) and Biolog systems (Bochner, et al.,
1996). Both these systems discriminate between different spp. of microorganisms
according to their characteristic spectra of enzymatic activities. As a result it was
possible to identify our strain as a Gram positive Bacillus sp, most close to (at a 99%
identification level), but not identical to, Bacillus amyloliquefaciens. It was also
determined that the anti-fungal activity of our strain is not plasmid borne and therefore is
apparently stably chromosomally inherited. Most of the known anti-fungal antibiotics are
episomaly encoded (Murray, et al., 1999). The stable, apparently chromosomal,
inheritance is a very useful feature expressed during the multiplication in honeybee
hives. The genetic stability of this strain is a prerequisite for any large-scale fermentation
that will be required for development and potential commercialization of this novel
biological means of control. This was recently demonstrated convincingly in plants by
using Bacillus thuringiensis (Powell and Jutsum, 1993), Bacillus subtilis (Turner and
Backman, 1991) and Bacillus cereus (Osburn et al., 1995, Handelsman et al., 1990, He
et al., 1994 ) to control fungal spp.

An additional advantage of this Bacillus sp. strain as a candidate for developing
into a marketable and stable product is its ability to form heat and desiccation resistant
spores. These spores can be readily formulated as products. This situation is in marked
contrast to that when non-sporulating Gram-negative bacteria, such as Pseudomonas
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spp., are considered as fungicides (Slininger et al., 1996). The only way bacteria such as
Pseudomonas can be formulated is as a frozen cell pellet that must be kept on dry ice
until application.

There is a substantial base of industrial experience over many decades with
Bacillus sp. that have been used for insect biocontrol, industrial enzyme production, and
antibiotic production. This experience can be applied to of members of the same genus
for biocontrol to overcome potential obstacles to successful fermentation, formulation,
and storage. Some of these organisms have been the subject of intense study at the
genetic and biochemical level, providing a basis for study of them as biological control
agents. Moreover, a few biological control systems involving Gram-positive bacteria
have been studied intensively in the field and laboratory, providing a knowledge base
that can be used to develop the bacteria into effective products and to identify potential
sources of failure.

Gram-positive bacteria have received less attention by scientists compared to the
fluorescent pseudomonads for biocontrol, in part because the Gram-positive organisms
have been less tractable for genetic study and less is known about the mechanisms by
which they suppress disease (Handelsman, and Stabb, 1996). However, their efficacy is
striking. Many surveys of soil bacteria have identified strains of Streptomyces and
Bacillus as potential biocontrol agents (Crawford et al., 1993; Michereff et al., 1994;
Korsten et al., 1995; Mari et al., 1996).

An important factor determining the clinical efficacy of a given biocontrol
method is its mode of application (Lumsden et al., 1995). This study compared two
methods, one being spraying of hive combs with lyophilized Bacillus sp. spores in
aqueous solution, and the second, feeding an equal amount of spores in a sugar solution
vehicle. While the spraying method initially produced good results, in the long term the
feeding method was deemed superior, being significantly less laborious, better adapted to
field conditions and almost as effective as the spraying method. It is concluded that
application by feeding should the method of choice in beekeeping practice.

It should be noted that we have frequently observed an increase in honeybee
colony strength and vigor. This could be a consequence of either inhibition of the
pathogenic effect of A. apis or some probiotic effect of the Bacillus sp. microorganism
on Apis mellifera, or both. A similar effect was described recently with Bacillus subtilis
(Montesinos et al., 2002). This property of Bacillus sp. may therefore be used for
developing honeybee colony strength-enhancing probiotic products.

An essential aspect of this study is its wide geographical scope. It was shown in
this study that this biocontrol method was equally effective in different geo-climatic
conditions and under various beekeeping practices. The efficacy of the method was
sustained over the period of three consecutive years in countries as different as Thailand,
Germany and Israel. Such robustness of the method suggests its potential for world-wide
application.

In order to obtain maximum efficacy of a biocontrol agent, the application
protocol should be tailored to specific epidemiological, climatic and honeybee
management practices existent in a given locality. Therefore, we have also focused on
epidemiological aspects of chalkbrood in Thailand, Germany and Israel. This study
revealed, for example, that co-infecting agents such as mites (Varroa and Tropilaelaps),
viruses (acute paralysis virus) and microsporidia (Nosema) exert differing effects on the
severity of A. apis disease and efficacious Bacillus sp. treatment.

Another factor to be considered is the wide use of acaricides and antibiotics to
combat these mites, protozoa and bacterial brood diseases. This results in a significantly
higher larval susceptibility towards chalkbrood infestations as shown in the experiments
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carried out in Thailand. Mites induce a considerable stress in Apis mellifera, e.g. loss of
nutrition, irritation by phoresy, shortened life span, and changes in behavior with loss of
brood and multiplied cleaning efforts of combs and bees.

It is believed that valid success of a biocontrol approach can be only achieved
when it is accompanied by avoidance of feeding with antibiotics. Alternative methods to
confront brood diseases should be adopted.(Goodwin and Van Eaton, 1999; Hansen and
Brodsgaard, 1999).

Apis mellifera colonies vary considerably in their susceptibility towards
chalkbrood infestations. This variation in susceptibility may be interpreted as being due
to the presence of bee-associated bacteria or due to genetic properties of a colony, or
both.

Bees can be selected with greater than average resistance towards brood and mite
diseases in general, and towards chalkbrood in particular (Spivak and Gilliam, 1998;
Boecking and Spivak, 1999; Gilliam ef al. 1983, Oldroy, 1996; Thompson, 1994; Palacio
et al., 2000). The efficacy of the hygienic behavior of adults in removing diseased larvae
was further divisible into a factor for uncapping the cells and a factor for removing the
larvae (Spivak and Gilliam, 1998; Spivak and Downey, 1998; Spivak and Reuter, 1998).

In experiments designed to examine the hygienic behavior of honeybees, colonies
that removed significantly more freeze-killed brood had significantly less chalkbrood
(Taber, 1982; Taber and Gilliam, 1993).

We suggest that the combination of honeybee selection towards disease
resistance together with utilization of the Bacillus sp. biocontrol approach may result in
an almost total control of chalkbrood.

This study uncovered a previously unknown aspect of chalkbrood disease
pathogenesis. We have shown (Results 5.3.5.6) that feeding of chalkbrood mummies is
more infective than the spores of 4. apis themselves. The contamination of young brood
stages with premummy material had an almost immediate lethal effect. In the light of this
finding it is strongly recommended that hives be thoroughly cleaned manually, and that
mummies be removed as thoroughly as possible from the bottom board of the hive
before each biocontrol application.

This work has revealed a significant heterogeneity of 4. apis strains isolated in
Thailand, Germany and Israel regarding their biochemistry and virulence. Similar results
were reported in USA (Gilliam, 1996). Despite this heterogeneity, all strains tested
exhibited approximately the same susceptibility to the antifungal activity of the
biocontrol Bacillus sp. agent.

The elimination of A. apis infected larvae from the hive is part of the
housekeeping function of bees. Infestation beyond a certain level will weaken the
colony, decrease its ability to remove infested larvae, and thus worsen the infestation.
The use of biological control, as shown in this research, although unable to completely
eliminate the fungus from the hive, is expected to decrease the infestation level, thus
reversing the above-mentioned vicious circle and, supplemented by the housekeeping of
the bees, will bring about a significant reduction of the infestation.
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CONCLUSIONS

. Ascosphaera apis is a fungus which causes a disease known as
"chalkbrood" in the honey bee (A4pis mellifera). The disease has a
widespread incidence in Israel and other countries causing economic
damage to the beekeeping industry, so the development of a method for
treatment is a matter of highly practical importance.

. Analysis of the literature showed that no efficacious chemical treatment
for chalkbrood exists. Even if such methods were developed, problems
with chemical residues in honey, wax and others bee by-products might
preclude the use of such substances in the commercial sector. Therefore
we focused on developing a practical biological control preparation using
Bacillus sp., such as are found naturally in beehives. The Bacillus sp. was
identified as B. amyloliquefaciens with a probability of 99%. The activity
of the Bacillus sp. was found in vitro to be fungistatic

Several isolates of Bacillus sp. having inhibitory activity on 4. apis were
isolated and identified (in Israel and Thailand), but only one of them, the
most potent one, was used for in vitro and in vivo experiments.

The most efficacious technique found for application of the Bacillus sp. to
the beehive was by feeding the colony the bacterial preparation suspended
in a sugar syrup. The optimal way to store the Bacillus sp. preparation is
to keep the lyophilized bacterial culture frozen at -20°C.

Successfully reintroduction of Bacillus sp. to a beehive is preferable to
trying to limit the fungus using an active substance isolated from the
Bacillus sp. In addition to having a longer-lasting effect, this will also
restore the natural microbial balance of the hive without reducing bee
product quality.

The Bacillus sp. isolated and used in this research was shown to be
susceptible to two of the most widely used antibiotic drugs in apiculture,
i.e. streptomycin and tetracycline, strengthening our assumption that
higher levels of chalkbrood infestation are related to an altered microbial
balance in the hive.
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3. KOPSAVILKUMS

Sénites Ascosphaera apis izraisita biSu kalku peru infekcija Izra€la un citas
valstis ir plaSi izplatita un rada nozimigus zaud€umus biskopiba, lidz ar to tas
apkaroSanai ir liela praktiska nozime. Biskopibas prakse pierada, ka kimisko arstniecibas
lidzeklu un antibiotiku pielietoSana §is slimibas apkaroSana nav efektiva, pie tam
biskopibas produkti tiek piesarnoti ar cilvékiem kaitigam atliekvielam. Tapéc saviem
petijumiem izvirzijam uzdevumu izstradat jaunu kalku peru apkaroSanas metodi,
izmantojot uz Bacillus sp. bazes raditu biopreparatu.

Zinatniski — pétniecisks darbs “Bisu kalku peru biologiska apkaroSana” veikts
Izragla, Taizemé, un Vacija.

Bacillus sp. izoléta no medus biSu kapuriem Izra€la un izméginata kalku peru
biologiskaja arstésana.

Petijumu agrinaja stadija izdalita Bacillus sp. in vitro aizturja un nomaca s€nisu
A. apis celma augSanu, kas iegiits Izragla, Vacija un Taizem&. P&c misu pétijumiem
Bacillus sp. aktivitati in vitro nodroSina difuizijas substance.

Biologiskais preparats (Bacillus sp.) kliniski parbaudits arT Vacijas un Taizemes
apstaklos, kuri atSkiras ka klimata, ta arT bisSkopibas tehnologiju zina.

Pieradits, ka in vivo preparats nav bistams bit€m un iev€rojami pazemina
inficéSanas Iimeni ar séniti uz biSu saimes dabiska mikroorganismu lidzsvara
atjaunoSanas pamata. Pozitivie rezultati iegiiti, izsmidzinot preparatu tiesi uz karém ar
bitém un biu periem, ka ari to izbarojot 50% cukura $kiduma. Ertakais un efektivakais
Bacillus sp. preparata aplikacijas veids ir izbarot to biSu saim&€m ar cukura strupu, ko
apstiprina triju gadu laika veikti eksperimenti Izragla, Vacija un Taizemg.

Kalku peru epidemiologisko izmeklgjumu salidzinoSa analize, kas veikta trijas
valstis, liecina, ka pastav atSkiribas slimibas intensitaté un slimibas sezonalitate. Izragla
bisu kalku peri ir visnozimigaka medus bisu peru slimiba. Vacija miisu petjjumu perioda,
dravu inficéSanas procents ar A. apis bija zems (1-15%), dro$i vien bitem labveligie
klimatiskie apstakli mingtaja perioda nomaca Sis slimibas manifestaciju. Taizemg,
atseviski npemta 30 m’ izvietotaja drava, ar kalku periem bojato saimju pétijumi
demonstré ievérojamas saimju infic€Sanas Itmena atskiribas (neatkarigi no gada laika).
Taizemé visaugstakais infic€Sanas Iimenis ar kalku periem konstatéts mitra un karsta
laika - no junija Iidz oktobra mé&nesim.

Noskaidrots, ka pirmas pakapes (F1) biSu mates, kuras importétas Izra€la no
Australijas un Jaunz€landes, vairak izturigas pret biSu pamatslimibam, iznemot kalku
perus un akarapidozi (Acarapis woodi).

Izragla, Vacija un Taizemé izol€to A4. apis celmu salidzinoSa analize parada
zinamas atskiribas séniSu fermentu aktivitateé un séniSu augsanas intensitaté uz barotném.
Eksperimentos konstat€ta So s€nisu celmu krustosanas iesp&ja. Zigmogrammu statistiskie
izmeklgjumi uzrada lielas atSkiribas starp Izra€las, Vacijas un Taizemes celmiem,
salidzinajuma ar viena geografiska rajona celmiem.

Virulences pétijumi parada, ka celmi, kas izdaliti Taizem€, ievérojami vairak
lipigi biSu kapuriem, neka Vacijas dienvidos izdalitie, bet ievérojami mazak lipigi, neka
celmi no Vacijas ziemeliem un Izraglas.

Taizeme konstatgjam, ka tajos gadijumos, kad medus bites Apis mellifera un
Apis cerana bija infic€tas ar Nosema apis, kalku peru infekcija noritéja smagak.

Dazadu Kkimioterapeitisko preparatu pielietoSana paaugstina biSu jutibu uz
infic€Sanos ar 4. apis. Eksperimentali to apstiprina Apis mellifera kapuru apstradasana ar
oksitetracikltnu in vitro.
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Darba bisu un biSu peru virusologiskie pétijumi parada pozitivu sakaribu starp
kalku peru slimibas izpausmi, akiitas paralizes virusiem (APV) un maisinu peru puvi
(SV).

Ar dazada genotipa biSu saimju krustveidigo infic€Sanu apstiprinajas Apis
mellifera dabiskais izturibas fenomens pret infic€Sanos ar 4. apis.

P&tot eksperimentali biSu kapuru infic€Sanas patogenézi, konstatgjam, ka ir
iesp&jama kapuru infic€Sana caur apvalku (kutikulu).

Barojot jaunu darba biti ar kalku peru kapuru miimijam, konstatéts, ka tas ir vairak
infic€t sp&jigas neka sénisu sporas, kas iegiitas laboratorijas apstaklos.

4. PETNIECIBAS PROJEKTA MERKI

1. Izstradat biopreparatu bisu kalku peru infekcijas apkarosanai.

2 Noteikt no biSu periem izdalito baktériju sp&ju nomakt 4. apis un
izdalit aktivako Bacillus sp. celmu.

3. Veikt A. apis infekcijas profilaksi un arstéSanu, apstradajot
stropus ar izdalito Bacillus sp. kulttru.

4. Noskaidrot A. apis un citu slimibu ierosinataju (€rces, virusi un
viensiinu organismi) mijiedarbibu.

5. Salidzinat izdalita A. apis celmus Izra€la, Vacija un Taizemé.

4.1. Zinatniska pétijjuma izveértéjums

Galvenais pétijjuma mérkis bija méginajums cinities ar kalku peru infekciju.
Papildus uzdevums - pétit biSu slimibu epidemiologiju 3 izm&ginajumos iesaistitajas
valstis un aplikot saimnieka - parazita mijiedarbibas un dazadus savstarp&jus 4. apis un
bisu aspektus.

Petijumu gaita tika sasniegti visi Sie merki. Bacillus sp. saturoSa biopreparata
pielietosana A4. apis infekcijas ierobezosana ir efektiva metode cina ar So slimibu.
Mikroorganisma izmantoSana acimredzot bus 1pasi lietderiga TreSas pasaules valstis ar
ierobezotam iesp&jam. Bacillus sp. kultivéSana ir tieSa un tai nav nepiecieSamas ne
sarezgitas iekartas, ne augsti kvalific€ts personals. Biopreparata sagatavoSana un
transport€Sana arT nerada TpasSas problémas.

Epidemiologiska informacija, kas iegiita 3 valstis, ka arT informacija, kas saistita
ar saimnieka - parazita (biSu un 4. apis ) savstarpgjam attiecibam dos ieguldijumu
racionalu arst€Sanas programmu izveid€ un A. apis apkaroSana. Tas ir seviski svarigi,
nemot vera sezonalas atskiribas un vides faktoru nozimi, kas raksturigas bisu kalku peru
infekcijai.

Bisu dabiga izturiba pret kalku peru infekciju norada uz to, ka piemérota
genctiska materiala izvéle var ierobezot §is slimibas izplatiSanos un tas raditos
ekonomiskos zaudgjumus.

A. apis Dbiologiskas apkaroSanas metode T1pasi nozimiga biologiskas
lauksaimniecibas attistibas aspekta.

Dotaja bridi Bacillus sp. biopreparats atrodas ripnieciskas izstrades stadija.

4.2. Rezultatu matematiska apstrade

Atskiribas starp apstradatiem un neapstradatiem stropiem tika statistiski
analizetas ar chi? testu.
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4.3. Petijumu praktiska nozime
A. apis infekcijai medus biSu kolonijas ir liela praktiska un ekonomiska nozime

daudzas valstis. Darbs paradija, ka:

1. Loti augsts biSu bojaejas procents stropos ir noveérojams tie$i kalku peru
infekcijas rezultata.

2. Parmeriga antibiotiku lietoSana palielina peru uzgpe€mibu pret A. apis un tade]
to lietoSana biitu jaierobezo.

3. Mg@ginajumi apkarot slimibu ar kimiskiem lidzekliem nav devusi gaidamos
rezultatus.

4. Biologiska arstéSanas metode novers risku, ko rada zalu atliekvielu esamiba
medi, vaska un citos bisu produktos.

5. Selekcijas rezultata iesp&jams izveidot pret kalku peru infekciju izturigas
medus bites.

4.4. Petijjumu rezultatu aprobacija

Petfjumi tika veikti no 1993.g. Iidz 1997.g. Vacijas — Izrag€las zinatniska projekta
ietvaros (GIARA, Project No. 93-4) Kimrona Veterinara institiita Patologijas nodala
Izragla.
Petjumu rezultati regulari  atspoguloti  zinatniskajas  konferencés Koretas
Veterinarmedicinas skola, Jeruzalemes Ebreju universitaté, ka ari starptautiskajas
konferencés (Dienvidslavija, Egipte, Belgija, Taizemé, Kipra, Kanada, ASV, Cehija un
Latvija). Zinatnisko darbu saraksta autoram ir 100 publikacijas, atbilstosi t€mai publicéti
26 darbi, tai skaita starptautiski atzitos zurnalos (American Bee Journal 1991, 1997,
2000; Eksperimental And Applyied Acarology 2000).

5. ZINATNISKAIS ZINOJUMS

5.1. Ievads

A. apis ir séntte, kas izraisa medus bites (Apis mellifera) peru slimibu pazistamu
ar nosaukumu “kalku peri”. Sénites sporas ir mikroorganisma infekcioza stadija. Peri
inficgjas galvenokart norijot sporas, bet inficéSanas var notikt arT sénitei izaugot cauri
kutikulai. 3 lidz 4 dienu veci peri ir visuznémigakie pret séniSu infekciju (1.att€ls).
Sporas parasti digst zarnas. P&c tam, kad Siinas tiek aizvakotas, sporu micélijs attistas
peru vai priekSkiininas aizmugures zarna un galu gala infic€ visu biti (2.att€ls).

Boja gajusie peri sakuma parklajas ar pukainu, baltu, augoSu mic€liju. Velak
mumific€tie peri izZust, klust cieti, saraujas un kliist kalkim lidzigi (3.attels).

Mumificgtie peri paliek balti vai arT klist peleéki un pat melna krasa. Balas
nokrasas miimijas norada uz to, ka peri tika inficéti tikai ar viena dzimuma séniti, turpreti
krasainas miimijas liecina par abu dzimumu invaziju. Melna krasa rodas sporam, razojot
sporu lodites, kas ir divu dzimumu parosanas rezultats (4.attels).

Bites sajiit boja gajuSos perus aizvakotajas $Unas un izgrauz tajas mazus
cauruminus. Sie caurumini parasti ir pirma kliniska inficé$anas pazime ar 4. apis. Vélak
bites aizvac aizvakojumu un boja gajusos perus no §inam. Parasti miimijas tiek aizvaktas
no $tinam mazak ka desmit dienu laika (5.att€ls), lai gan Skiet, ka atsevisko saimju spgja
sajust un aizvakt miimijas ir at$kiriga. Tas tomér vedina uz domam, ka genétiskie faktori
ietekme biSu uzvedibu attieciba uz higiénu.

Pettjumi liecina, ka infic€Sanas, inkubacijas un infekcijas izplatiSanas procesa ir
iesaistiti daudzi faktori (ar sporam saindéti ziedputeksni, biSu masu genétiska iedzimtiba,
v€sa un mitra vide, no inficétam kolonijam iekliduSas bites, ieprieks infic€to koloniju
sporu limenis $tnas, ka ar7 ar sporam infic&ti tidens, nektars un medus).
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Domajams, ka parliecku plasas antibakterialo preparatu lietoSanas rezultata
izjauktais mikrobiologiskais lidzsvars ir arT infic€Sanas prieksnoteikums.

Izradas, ka kalku peru infekcija ir stresa izraisita slimiba, jo infekcija tika
konstateta, kad eksisté viens vai vairaki sekojosi apstakli: parmeérigs mitrums stropa, vesi
un mitri laika apstakli, nabadzigi baroSanas apstakli, vajas saimes, slikta apriipe vai ar1
sekundari pievienojas citas biSu slimibas (maisinu peru puve un nozematoze ).

A. apis sporas ir izturigas pret vides apstakliem un saglabajas infic€tos stropos pat
lidz 15 gadiem ilgi.

Pedéjo gadu laika kalku peru infekcijas ekonomiskie zaud&umi biskopiba visa
pasaulé ir palielinajuSies. Lai gan ST slimiba ir plasi pétita, Sobrid nav izdevies atklat
efektivu lidzekli cina ar 4. apis. Vienigie apkaroSanas Iidzekli patreiz ir biSu apkopes
uzlaboSana, infic€tu saimju stiprinaSana ar jaunam pret So slimibu neuzpemigakam
biteém, ka arT biSu mates nomaina. V&l art jaizvairas no $iinu parvietosanas no inficétam
saimém uz neinficétam saimém, ka ari inficétu ziedputekSnu izmantoSanas. Ari Kanada
un ASV kalku peru infekcijas gadijumu skaits ir palielinajies. Taizemé Sis slimibas
gadijumu skaits ir krasi palielinajies ped€jo gadu laika, kas ietekmé galvenokart peru
pienina razoSanu. Izra€la pirma zina par §1s slimibas gadijumu konstatéta 1984.gada. Ja
lidz 1989.gadam tika noverota neliela §is slimibas izplatiba, tad pasreiz praktiski katra
drava ir zinama mera inficéta ar A. apis, bet dazas dravas 50% stropos konstate $is
slimibas kliniskas pazimes. Vacija kalku peru infekcija klust par arvien lielaku problému.

Lai gan slimiba ir plasi izplatita pasaule, tomér dazadas valstis izdalita 4. apis
atSkiribas ir loti maz izpétitas. Taizeme, Izra€la un Vacija sastopamas dzimtas nav
salidzinatas neauglibas, morfologijas un biokimisko Tpasibu aspektos.

Ka liecina literaturas dati, pasaulé tiek veikti petijumi par mikroorganismu,
bakteriju un sénu nomaksanas 1pasibam in vitro. In vivo eksperimenti ar s€niSu
antagonistiem pasreiz notiek Francija (M.Gilliam 1990). Lidzigi eksperimenti ar
bakterijam vai to metabolitiem v&l [idz §im nav veikti. M&s esam izdalijusi Bacillus sp.,
kas ir sp&jigs nomakt 4. apis augSanu in vitro un in vivo. Bacillus sp. izdaliSana, ka ari
citu petnieku iegiitie rezultati, stradajot ar lidzigam bakteérijam un pel&juma sénitem rada
iesp&ju perspektivai biologisku apkarosanas lidzeklu izstradei.

Dazadi  faktori (temperatiras izmainas, palielinats mitrums) rada
priekSnoteikumus kalku peru infekcijai. Citu biSu slimibu ierosinataju (Nosema apis un
virusi) nozime slimibas attistiba v€l tomér nav pietickami skaidra, tap&c svarigi turpinat
petijumus par sakaribu starp Siem mikroorganismiem un 4. apis.

5.2. MATERIALS UN METODES
5.2.1. A. apis biologiska nomaksana
5.2.1.1. In vitro

5.2.1.1.1. Dravu izvéle noliika pétit baktérijas, kuram piemit 4. apis nomakSanas
ipasiba

Apsekotas divdesmit dravas dazadas vietas Izra€la, lai identificEtu infic€tos
stropus ar dazadu inficéSanas pakapi. Septinas dravas atradas gan infic&ti, gan neinficéti
stropi. Katra drava tika nemti paraugi no 5 kliniski neinficétiem un 5 kliniski infic€tiem
stropiem 3 I1idz 5 dienam veciem periem. No katra stropa laboratoriski izmekl&ti 20 peri.
Kopa izmekleti 1400 peru (35 infic€ti un 35 neinficéti stropi). A. apis infekcija konstateta
ar mikologiskajam metodem.

42



Peri, kuriem nebija klinisko 4. apis infekcijas pazimju, bakteriologiski izmekl&ti,
lai izdalitu baktérijas ar antifungalam pasibam. Peri tika iegremd@ti 70% alkohola uz 1
miniiti un tad ar gaisu nozavéti. Katru peru sasmalcinaja un uzs€ja uz barojosa agara,
asins agara, Makkonki agara (McConkey) un Saburo dekstrozes agara (SDA). Agara
plates (iznemot SDA plati) péc tam ievietoja inkubatora uz 48 stundam 37°C
temperatiira, SDA plates turéja 7 dienas 28°C temperatiira. Visas kultiras parbaudija
katru dienu. No periem izdalitas bakt€rijas audz€ja barojo$a agara un turgja talakai
izmekl&sanai 4°C temperatiira.

5.2.1.1.2. Nomaksanas darbiba

Bakteriju iedarbiba izvertéta uz 6 Izraglas, 1 Taizemes un 3 Vacijas A. apis
celmiem, kuri izdaliti no dazadu medus biSu (4pis mellifera) dravam un viena celma,
kur$ izdalits no Izraglas kamenes (Bombus terrestris). Tika pétitas sénites bezdzimuma
un dzimuma (sporu veidoSanas) stadijas.

Lai izvértétu celma iedarbibas modeli tiesa kontakta ar séniti, vai arT vielmainas
produktu difuziju, Bacillus sp. tika vienmerigi izsmeréts ar sterilu vati uz SDA plates.
Plati p&c tam ievietoja inkubatora 28°C temperatiura uz 7 dienam, pec tam agaru apgaza
cita sterila Petri trauka, atklajot neuzséto virsmu. So virsmu steriliz&ja ar UV starojumu
(20 Biohazard Laminar Flow ieric€). P&c tam 0,5 x 0,5 cm izmé@ra A. apis kultiru uzlika
uz atklatas virsmas. Lidzigi rikojamies arm ar SDA platém, bet plates bez bakteriju
uzs€juma kalpoja par kontroli.

Lai izpétitu vai izolétas kultiras iedarbiba uz 4. apis ir mikostatiska vai
mikocidiska, sénite tika paklauta baktériju iedarbibai 3, 5 vai 7 dienas. P&c tam izol&tas
A. apis kultiiras parvietoja uz SDA platém, ievietota inkubatora 28°C temperattira un
katru dienu izmekl&ja uz s€nites augSanu.

Papildus augstakminétajiem eksperimentiem tika izvert€ta bakterijas tiesa
iedarbiba uz A. apis peru kapuriem (iespgjama nomaksanas iedarbibas dezaktivacija
peru sadaliSanas iespaida). Izra€las 6 dravas pemtie peru paraugi, inficéti ar sénites
dzimuma stadiju (melno) vai bezdzimuma stadiju (balto), tika sadaliti divas dalas. Vienu
dalu novietoja uz apgaztam SDA platém, kas sagatavotas augstakmingtaja veida, turpreti
otra dala tika novietota uz parastas SDA plates.

Divas izdalitas baktérijas, kuras uzradija stiprako pretséniSu iedarbibu tika
izveletas talakai izp€tei. Lai izvairitos no turpmakajam izmainam izdalito kulttru
pretsénisu iedarbiba celmus liofilizgja.

Cetrpadsmit Taizemé izdalitie Bacillus sp. celmi uzradija 4. apis nomaco$u
iedarbibu. Talakajiem pétijjumiem tika izveléts A. apis nomakSanas iedarbiba
visaktivakais celms. Bez tam izvert€ja §1 celma in vitro un Izragla izdalitas kultiiras
nomaksSanas iedarbibu uz 4. apis 4 1zra€la un 4 Taizemé izdalitajam kulttram.

5.2.1.1.3. Bakteriju raksturojums

Viena no Izra€la un Taizemé izdalitam Bacillus sp. kultiram tika izmekl&ta ar
gazes hromatografu (MIDI system). Tikai Izragla izdalito kultiru vargja identificét
(vidgja varbiitibas Itmeni) un tapéc identifikacija veikta tikai attieciba uz So izol&to
kulttru. Talakie méginajumi identificét izolétas kultiras sugu veikti pielietojot API 50
CHB un Biolog sistémas.

lesp&jams, ka Bacillus sp. izdalitas kulturas raditie bakteriocini ir plazmidu
izraisiti. Izra€las celms tika parbaudits uz arpus hromosomu genétisko materialu ar
Birnboina metodi. Bacillus sp. izdalitas kultiiras uzpémiba tika izvertéta ar
standartmetodi.
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5.2.1.2 lIzraela izdalitas Bacillus sp. kultiras iedarbibas izvertéejums uz A. apis
medus biSu saimes in vivo

5.2.1.2.1 Veseli biSu cirmeni

Pirmaja izm&gindjuma Bacillus sp. suspensija (10° CFU) un 20 ml destiléta adens
(5x10° CFU/ml) daudzumu ar mikropipeti uzpilindja uz 150 bidu cirmeniem 3-4 dienu
vecuma. Veseli bisu cirmeni kalpoja ka negativa kontroles grupa. Uz ramiSa novietoja
caurspidigu plastikatu, tadejadi iezZim&jot cirmenus, kurus parbaudija vienu reizi divas
dienas.

5.2.1.2.2. Ar A. apis inficeto stropu apstrade ar izsmidzinasanu

Kimrona Veterinaraja instittita devinus dabigi ar 4. apis infic€tus stropus sadalija
divas grupas. Piecus stropus apstradaja ar Bacillus sp., bet Cetri kalpoja kontrolei.
Liofilizeta Bacillus sp. rehidrataciju un bakteriju dzivotsp&ju noverteja ar koloniju skaitu.
Bacillus sp. suspensiju atskaidija ar 50 ml destiléta tdens (4x10* CFU/ml). So suspensiju
izsmidzindja uz stropu karém, Sinam un bit€m. Kontroles grupa izsmidzinaja tikai
ekvivalentu destileta tdens daudzumu. Izsmidzinasanu veica 1., 7., 14. un 21.
eksperimenta diena.

5.2.1.2.3. Ar A. apis inficéto stropu apstrade ar piebarosanu

Eksperiments veikts 1996. gada maija - jinija ménesos (1. izm&ginajums).

Kimrona Veterinara institita 14 dabigi infic€tus ar 4. apis stropus sadalija divas
grupas - 7 stropos pielietoja piebaroSanu, bet 7 stropi kalpoja ka kontroles grupa.
Liofilizeta Bacillus sp. suspensija un 1000 ml 60% cukura $kidums (4x10* CFU/ml)
veidoja galigo Skidrumu. Lidzigi ka ieprieksgja izméginajuma Bacillus sp. rehidrataciju
un bakteriju dzivotsp&ju noveértéja ar koloniju skaitu. Suspensiju ievietoja plastmasas
maisina, kam bija 25 atveres 18. izmera S§lirces adatas lieluma. Plastmasas maisinu
novietoja virs karém. BiSu kolonijam izbaroja So suspensiju 1., 7., 14. un 21
eksperimenta diena. Kontroles grupa izbaroja lidzigu cukura Skiduma daudzumu.
Eksperimentu atkartoja 1997. gada (2. izm&ginajums). BiSu saimes apstradatas 4 reizes
ar 10 dienu intervalu un parbauditas eksperimenta sakuma, tad 3., 6. un 7. ned€la pec
pirmas apstrades. Otraja eksperimenta papildus noteica biSu skaitu kolonijas, ka ari
inficéto ramisu skaitu.

5.2.1.2.4. Iegiito rezultatu novertejums

BisSu kolonijas izmeklg&ja kliniski un noteica kop&jo mimiju skaitu saimé, kuras
izskaitTja pirms pirmas apstrades, 21., 42. un 63. diena.

Papildus kliniskajiem izmekl&jumiem brivi izvél&tos 50 cirmenus parvietoja Elisa
platgs (6.attels) un inkubgja 35°C lidz tie ickiinojas. Peri, kuri attistijas kiininas stadija
bija veseli, bet péc infic€Sanas ar A. apis novéroja mic€lija veidoSanos priekskiininas
kerment (7. att€ls). Bitiskas atSkiribas starp apstradatajam un neapstradatajam saimém
tika analizétas ar chi® testu.
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5.2.2. Taizemeé, Vacija un Izraela izdalita A. apis raksturojums

5.2.2.1. Fermentativais raksturojums

Dazadas valstis iegiita 4. apis augSanas tempa un augoso celmu uzvedibas izpéte
(2 celmi no Vacijas, 1 celms no Izraglas un 1 no Taizemes).

Dazadu A. apis celmu sieviskie un viriSkie miceliji tika audzeti atseviski. 1zoleto
kulttiru biokimiskie raksturojumi tika izvertéti, petot 18 dazadu fermentu klatbiitni un
titru ar API ZYM diagnostikumu:

Izméginajumus veica atseviSkiem dzimumiem un saparotiem micélijiem. Tika
izmekl@ti tris izofermenti (esteraze, leicins, aminopeptidaze) un skaba fosfotaze. To
veica, atdalot proteinu 10% dabiga akril-amid-gela un péc tam iekrasojot. Tomer
noveroja tikai dazas proteina saites. Tadejadi labakai proteina atdaliSanai pieméroja
izolektrisko fokus€Sanu.

API ZYM fermentu tests paradija, ka $T metode ir piemérota testéSanas materiala
izverteéSanai dazadiem fermentiem.

A. apis celmu izofermentu raksturojums precizets ar izolektriskas fokus€Sanas
(IEF) rezultata iegiito zimogrammu palidzibu. Visu sénu celmu micéliji un sporas tika
savaktas un homogenizétas. Cietas dalinpas no homogenizétas masas atdalitas ar
centrifugé€Sanu zema temperatira. P&c proteina koncentracijas noteikSanas, dazadas
izoletas kultiiras saturoSie Skidumi tika uzlikti uz amfolina fokus€Sanas gg€la, kura pH
fokuséSanas diapazons ir no 4.0 — 6.5. FokuséSana ilga tris stundas un tad fermentus
individuali identific€ja p&c specifiskam krasu reakcijam. Ieprieksgjie testi paradija, ka
esterazes parbaude ir pielietojama celmu atSkirSanai ar dazadiem saiSu modeliem.

5.2.2.2. ParoSanas eksperimenti

A. apis ir sénite, kurai ir dzimuma stadija. Tadel var testet hibridizacijas sp€ju, lai
parbauditu vai dazadas izcelsmes 4. apis celmu dzimumi ir savienojami. Neparoti,
sakotngji 12 dazadu celmu miceliji tika kultivéti atsevisSki un identific€ti ar minus
neparotu celmu. Dazada dzimuma micéliji tika klasificeti ka parosanas tips(+) un
paroSanas tips(-). ParoSanas sp&ju noteica Petri traukos. Parosanas tips tika noteikts
balstoties uz A. apis sporu lodisu attistibu.

5.2.2.3. Virulences tests

BiSu peri inficgjas ar dazadiem séniSu celmiem. Perus kultiv§ja inkubatora
saskana ar Rembolta metodi. Perus parvietoja no §tinam uz maksligam Siinam L2 1idz L3
vecuma stadija. Perus baroja un vinu augSana kontrol&ta ar regulariem intervaliem. No
L3 lidz L4 vecuma stadijas perus baroja ar baribu, kas infic€ta ar noteiktu daudzumu 4.
apis sporu. Piecas sporu koncentracijas ( 10 lidz 10° uz ml ) tika pielietotas ka baribas
Skidumi. P&c iekiinoSanas, peru attistiba tika periodiski parbaudita. Balstoties uz Siem
noverojumiem aprékinata letala deva (LD50).

5.2.2.4. Saimes dinamika

Tika noveérotas trisdesmit ar kalku peru infekciju aptvertas kolonijas ( 3 dravas).
Saja noluka piemérota Libefelda (Sveice) izstradata aprekina metode. ST metode, kas
balstas uz vienas atseviskas medus kares biSu skaita aprékina un aizvakoto un
neaizvakoto peru telpu izmériem, ir diezgan sarezgita, bet nodroSina Joti precizu lielumu
iegiisanu. Sadus aprékinus veica 4 reizes gada.
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5.2.3. Saimnieka (A. mellifera) un parazita (4. apis) savstarpejas attiecibas

5.2.3.1. Tetraciklina pielietoSanas ietekme uz A. mellifera uznemibu pret A. apis
infekciju

Cetras L4 vecuma stadijas peru grupas tika arstétas §adi:

a) 5% 10 °A. apis sporas ievietotas §kiduma, kas sastav no 1% glikozes un 1%
rauga ekstrakta destiléta iiden.

b) 0.005% oksitetraciklina (OT) tika pievienots ieprieks§ sagatavotajai baribai .

¢) Skidums, kas sastav no 1% rauga ekstrakta destiléta den.

d) Skidums, kas sastav no 1% glikozes un 1% rauga ekstrakta destiléta idenT ar
0.005% OT.

e) Piekta grupa kalpoja par nearste€tu peru kontroles grupu un tika barota ka
parasti bez piedevam.

Visiem periem izbaroja 10 ml skiduma. Pirms un p&c &dinasanas peri tika turéti
33°C, 80% relativa mitruma apstaklos, lai nodrosinatu to, ka tie ir iz€dusi ieprieks doto
baribu un vargs tas lielako dalu sagremot, pirms tie tiks nogadati atpakal uz peru
izcelsmes saimi. Siinas novérotas 3 dienas péc to aizzimogosanas ar vasku. Attistibas
stadija, kad paradas baltacainas kiininas, peri tika uzskatiti ka neinficéti ar kalku peru
infekciju. Veica Cetrus secigus eksperimentu atkartojumus.

5.3. PETIJUMU REZULTATI
5.3.1. A. apis biologiska nomaksana
5.3.1.1. In vitro

5.3.1.1.1. Dravu apsekoSana noluka izdalit baktérijas ar nomaksanas iedarbibu uz
A. apis.

Dazi bakteriju celmi, kas izdaliti no veseliem biSu periem Izra€la un Taizeme
uzradija nomaksanas ietekmi in vitro uz A. apis augSanu. Tika izv€leti visaktivakie celmi
eksperimentiem in vivo (8.attéls).

5.3.1.1.2. Izdalito kultairu iedarbibas noveértejums in vitro

A. apis augSana uz test€Sanas platém tika pilniba nomakta, turprett novérota
normala sénites augSana uz kontroles platem (9.-12.att€ls). Sénites augSanu nomaca
Bacillus sp. difuzijas vielmainas produkti (13.-14.att€ls). Visas izdalitas 4. apis kultiras
auga normali péc to parvietoSanas uz SDA platém, kuras nebija paklautas bakterijas
iedarbibai. Bacillus sp. radito nomaksSanas ietekmi uz s€nites augSanu neiespaidoja
sadaliSanas procesa esoSo peru klatbiitne.
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5.3.1.1.3. Bakteriju raksturojums

MIDI sistema: Izragla izdalitas bakterijas raksturojums ir lidzigs Bacillus
amyloliquefaciens (ar varbiitibu 99%) , turpreti Taizemes analogu nevar kaut cik
nozimigd méra attiecinat uz nevienu no sist€mas datu baze ietvertajam bakterijam.
Lidzibas indekss, kas ir augstaks par 0.5 tiek uzskatits par pozitivu identifikacijas
raditaju. Izragla izdalitas kultiiras indekss bija 0.457, bet Taizemes celmam — 0.156.

BIOLOG sistema: Izragla izoléta celma kulturas identifikacijas Iidzibas indekss
B. amyloliquefaciens bija 0.326.

API 50 CHB sistema: Izdalita kultiira tika identificéta péc 48 stundu ilga
inkubacijas perioda “loti laba identifikacijas “ limeni (%ID=99%, T=0.71) ka B.
licheniformis. Vienigais ar pret€ju iedarbibu bija ureazes tests, kas bija gan pozitivs, bet
tikai B. licheniforms celmam 3% gadijumos.

Petijumos netika konstatétas nekadas plazmidu klatbiitnes pazimes.

Tika atklats, ka izdalita kultira ir uzpnémiga pret penicilinu, ampicilinu,
cefalotinu, amoksicilinu, klavulanikskabi, sulfanilamidiem ar un bez trimetoprima,
tetracikliniem, ciprofloksacinu, gentamicinu un streptomicinu. Izoléta kultira bija
izturiga pret cefotaksinu.

Gan Izragla, gan Taizemé izdalita Bacillus sp. kultira nomaca visus 4. apis
celmus neatkarigi no sénites izcelsmes valsts.

5.3.1.2. In vivo: lIzraéela izdalitas Bacillus sp. kulturas iedarbibas izveértéjums ar A.
apis medus biSu kolonijas

5.3.1.2.1. Izraela

5.3.1.2.1.1. Veseligi biSu peri

Netika novérotas nekadas atSkiribas starp eksperimentalajam un kontroles
grupam. Si eksperimenta rezultati tika apstiprinati, tos divas reizes atkartojot un
piemérojot vislielako Bacillus sp. suspensijas koncentraciju. Rezultati atspoguloti
1.tabula.

5.3.1.2.1.2. Ar A. apis inficéto stropu arstéSana pielietojot izsmidzinasanu

Klinisko izmekl&jumu rezultati un miimiju kopskaits norada, ka apstradatajos
stropos infekcijas Itmenis samazinas, turpreti nav nekadu izmainu kontroles stropos
(2.tabula un 1. grafiks). Pirms stropu apstrades vid&jais infic€to peru kopskaits liecinaja
par lidzigu infic€Sanas Ilimeni abas grupas, tacu eksperimenta beigas (9 nedé€las)
apstradatajas grupas vidgjais kopskaits samazinajas un sastadija tikai 41,4% no kontroles
grupas inficéto peru kopskaita. Interesanti atzimét, ka péc 4 nedelam, islaicigs infekcijas
Iimena samazinajums bija novérojams abas grupas (2.tabula un 1.grafiks). Tas varétu bt
tadel, ka izsmidzinaSana ir stimul&jusi bites labak attirit stropus kalku periem (stimulé
tirianas uzvedibu).

ELISA plaSu bakteriju kopskaits apstiprina kliniskos rezultatus, ka laika, kad
infekcijas Itmenis apstradataja grupa samazinajas, tas palielinajas kontroles grupa
(3.tabula un 2. grafiks). AtSkiribas 4., 6. un 9 nedg€las bija statistiski ticamas. Statistiska
ticamiba laika gaita palielinajas (3.tabula un 2. grafiks), noradot, ka apstrades efektivitate
nesamazinas vismaz 5 nedélas péc Bacillus sp. pielietosanas.

Islaicigs samazinajums péc 4 nedélam tika novérots tiesa veida izmeklgjot stropu,
ko nevargja konstateét ELISA plates, tadejadi apstiprinas pienémums, ka $is paradibas
c€lonis ir attiecinams uz biSu tiriSanas uzvedibas stimul&Sanu.
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5.3.1.2.1.3. BiSu saimju piebaroSana

1.sérija

Kliisko izmekl&jumu rezultati un miimiju kopskaits norada, ka infekcijas Iimeni
bija lidzigi eksperimenta sakuma, bet tie samazinajas apstradatajos stropos un
palielinajas kontroles stropos (4.tabula un 3. grafiks).

Bacillus sp. nomaksSanas iedarbiba uz A. apis izraisito infekciju tika apstiprinata
ar ELISA plates bakteriju kopskaitu (5.tabula un 4. grafiks). Atskiribas starp apstradatas
un kontroles grupas bakteriju kopskaitu bija statistiski nozimigas (p<0.001) visos
noverojumu punktos.

2.sérija

So eksperimentu rezultati sniegti 6.tabula un 5.-8. grafiki. Novérojumu t-testa
analizes norada, ka nav nekadu atSkiribu starp kontroles un eksperimentalo grupu
izméginajuma sakuma.

P&c tris nedélam péc pirmas apstrades tika noverots nozimigs miimiju skaita un
inficéto peru procentualais samazinajums. Apdzivoto Stnu skaita izmainas un infic€to
karu procents bija nenozimigs.

Pec sesam ned€lam péc pirmas apstrades visi parametri paradija nozimigas
izmainas: apdzivoto Stnu skaits palielinajas (p<0.01), turprett miimiju skaits un inficéto
peru skaits samazinajas (p<0.01), ka arT % samazinajas infic€to karu skaits (p<0.05).

Péc septinam nedélam peéc pirmas apstrades miimiju skaits un infic€to peru
procents apstradataja grupa bija attiecigi 27.36 un 14.45%, turprett kontroles grupas Sie
lielumi bija attiecigi 67 un 31.9%. Abos gadijumos atSkiribas starp 2 grupam bija
bitiskas (p<0.01). InficEto karu procentualais samazinajums bija statistiski ticams
(P<0.01). Lai gan apdzivoto Siinu skaits abas grupas samazinajas, apstradataja grupa bisu
populacija bija ievérojami lielaka (p<0.01).

5.3.1.2.3. Taizeme

1. serija

Infic€to peru procents eksperimentalaja grupa atspogulots 7. tabula un 9. grafika.
Peru infic€Sanas apjoms tika aprékinats no brivi izv€l&ta parauga, ko veidoja 48 peri no
katra stropa. Izmeklgjumu atkartojumi tika izdariti secigi dazados stropos tris ménesu
perioda.

Pielietojot Chi® testu (a = 0.1%) apstradatajas un kontroles grupas konstatja
ievérojamas atSkiribas infekcijas izplatiba starp apstradatam un kontroles grupam katra
atkartojuma. Salidzinot atseviSkus apstradato un kontroles grupu stropus tikai 2 no 9
stropiem apstradajama grupa nebija ieve@rojamu atSkiribu salidzinajuma ar kontroles
stropiem (Chi*> o = 5%; 1. apstradajama grupa , atkartojums 1C; 2B; 2.apstradajama
grupa, atkartojums 2B; 3C). Nebija nov€rojamas ar1 atSkiribas divas apstradajamas
grupas (Chi* o = 5%).
1.sérija skaidri parada, ka bakteriologiska apstrade samazina peru inficé$anos ar kalku
peru infekciju par aptuveni 50%. Maksligi infic€jot (izbarojot A. apis sporas
pieaugusajam bit€m), kontroles stropos boja aizgaja 43% peru.
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2. serija

Peru inficéSanas procents atspogulots 8.tabula. Peru infic€Sanas apmers 2.sérija
aprékinats no nejausi izvel€ta parauga, kuru veidoja 40 peri no katra stropa.

Atskiriba starp apstradajamo un kontroles stropu ir loti ievérojama (Chi* o =
0.1%,U-tests a = 0.1%). Otrais izm&ginajums apstiprinaja pirma izméginajuma rezultatus
par ievérojami augstaku infic€Sanas [imeni, kas tika eksperimentali izraisits, izbarojot A.
apis sporas pieaugu$ajam bitém. Ja pirmaja izmégindjuma (marta - maija) sporu
izbaroSana izraisija vidgji 34.5% peru infic€Sanu, tad 2.sérija kontroles grupa videji 64%
biSu peri bija infic€ti. 2.s€rijas eksperimenti apstiprinaja, ka biopreparata Skiduma
izbaroSana ir pietiekoSa kalku peru infekcijas ievérojamai samazinasanai Apis mellifera
stropos.

5.3.4. Taizemé, Vacija un Izraela izdalita 4 .apis raksturojums

Augsanas temps: Lielakas atSkiribas var konstatét pie pH 6. Ipasi ievérojamas
atSkiribas tika konstat€tas A. apis Izra€las celma, kas auga visatrak, tam sekoja Taizemé
un Vacija izdalitas kulttras.

5.3.4.1. Fermentativais raksturojums

Atskiribas izdalitajas kultiiras konstat€ja 9 fermentiem: esterazei, lipazei,
leictnarilamidazei, valinarilamidazei, naftol-AS-BI-fosfohidrolazei, B glikozidazei un N-
acetil-B-glikozaminidazei. Visnozimigakas atSkiribas konstatétas attieciba uz 1pasi zemo
Izraglas celma titru B glikozidazei un N-acetil-B-glikozaminidazei un Taizemes celmam -
cistinarilamidazei un N-acetil-B-glikozaminidazei, tos salidzinot ar Vacijas celmiem.

Izoelektriskas fokus€Sanas raudze atklaja, ka izofermenta Ileicina un
aminopeptidazes proteina saites ir identiskas visos izmekl€tajos celmos. Minimalas
at$kiribas bija sarmainajai fosfotazei. Esterazes tika novéroti dazadi proteina modeli. Sis
atSkiribas tika konstatetas ne tikai Vacijas un Taizemes celmiem, bet ar1 starp Vacijas
celmiem. Jaatzime, ka Izra€las celmiem, dazu atsevisku séniSu celmu protetna modeli
lidzinajas Taizemes un Vacijas analogiem.

Teleomorfu fermentu modeli arT bija diezgan Iidzigi. Tomer, kad tika salidzinati
anamorfi un teleomorfi fermentu modeli, vargja redzet skaidras atSkiribas: ja teleomorfs
radija lipazes, tad anamorfs to nedarija. Un otradi - anamorfs un nevis teleomorfs veidoja
valinarilamidazi.

Sie rezultati apstiprindgja M. Dziliama (M. Gilliam, 1983) pétijumus, ka
valinarilamidaze ir labakais markieris A. apis micéliju formu noteikSanai. B-
galaktonizidazes un a-mannozidazes, kuras veidoja visi pétitie celmi un lielaka dala
autoru (Alonso et al., 1993; Lorenz, 1993) uzskata, ka pétitie celmi ar1 var kalpot ka
mark&jamie fermenti 4. apis atskirSanai no citam medus biSu peléjuma sénitém, ta ka Sos
fermentus veido tikai dazas hyphomycetes séniSu grupas, kuras atrodas stropa.

Petot dazado izdalito kultiru izofermentu ipasibas var noverot 3-6 saites tas
fokusgjot Saura skabes diapazona. Divas augstas koncentracijas proteina saites bija
redzamas katra izdalita kultira. Visus variantus vargja identificet ar papildu saisu
palidzibu, kas markétas ar A, B un C esterazém.

Polimorfas pamatgrupas dal&ji klasificetas nemot vera to, ka saiSu modelos bija
nelielas atSkiribas. Ta pieméram, galvenaja A grupa domingja 2 saites. Divas izdalitajas
kultiiras tomér bija 4 saites ar nelielam izmainam papildsaités (B1, B2, B3). Galvena C
grupa atSkiras no §1 modela. Taja nebija vai ari tika noverotas nelielas izmainas dazadu
celmu lidzigo regionu sai$u modeli - lidzigi visiem Dienvidvacijas celmiem .Sie celmi
savukart bija loti [idzigi visiem Ziemeltaizemes celmiem.
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Dazadu A4. apis celmu esterazes izofermentu modelu polimorfismu var klasificét 3
galvenajas grupas. Zimogrammu atSkiribas paradija, ka minéta metode ir piem&rota A.
apis individualu celmu diferenciacijai.

5.3.4.2. Parosanas eksperimenti

Izmekl&jumi paradija, ka visu testé€to A. apis celmu atSkirigie dzimumi bija
spejigi paroties. Sie rezultati apstiprina M. Dziliama (M. Gilliam, 1983) iegiitos
rezultatus attieciba uz A. apis celmiem, kas iegiiti Eiropa un Ziemelamerika.

5.3.5. Saimnieka (Apis mellifera) un parazita (A. apis) savstarpéjas attiecibas

5.3.5.1. Virulences raudze

LD50 lielums svarstljas no 136 sporam “Taizeme 3” celma Iidz 1144
“Dienvidvacija 1” celma. ST atkiriba bija nozimiga 5% limeni (PROC Probit-analize).
Kopuma Taizemes A. apis celmu virulencei ir tendence parsniegt pargjos celmus. LD50
lielumi celmiem “Izragla” un “Ziemelvacija 2” bija tuvu visiem Taizemes celmu LD50
lielumiem (9.tabula).

Parsteidzosi, ka LD50 lielumi Vacijas celmiem diezgan ieverojami atSkiras
viens no otra, turpreti LD50 lielumi Taizemes celmiem, kuru izcelsme bija dazadas
dravas, bet viena regiona, bija lidzigi.

5.3.5.2. Tetraciklina pielietoSanas iedarbiba uz Apis mellifera uznémibu pret A. apis
radito infekciju

Augstaka peru bojaeja grupa B (sporas+OT) sastadija 25%-36%, bet grupa A
(tikai sporas) - 12%-26.7%. Peru bojaeja kontroles grupas bija zemaka par 10%.
Eksperimenta detalizéti rezultati sniegti 24.tabula. Rezultatu statistiska analize (Chi?)
norada uz nozimigam atSkiribam (P<0.0001) starp grupu, kas radija tikai sporas un
grupu, kas radija sporas un OT. Bez tam nozimigas atSkiribas tika konstatetas starp STm
divam grupam un kontroles grupam.

5.4. DISKUSIJA

P&tijuma galvenais mérkis bija izstradat biopreparatu A. apis izraisitai biSu kalku
peru slimibas apkaroSanai. To sasniedzam, izol€jot Bacillus sp. ar antifungalam
ipasibam. P&tijumi pieradija, ka So preparatu var sekmigi izmantot ka praktisku
antifungalu Iidzekli dabigos apstaklos. Iegiitie rezultati parada, ka Bacillus sp.
antifungala iedarbiba ir augsti efektiva dazados klimatiskos un epidemiologiskos
apstaklos tris dazadas wvalstis divos kontinentos, ka ar1 atSkirigas biSkopibas
saimniekoSanas prakse: Izra€la, Taizemé&, Vacija. Terapijas metode bija vienadi efektiva
pret genétiski dazadiem A. apis celmiem.

Izmantot mikroorganismus kalku peru slimibas ierobezosanai ir mé&ginajusi
vairaki pétnieki (Gilliam, 1978; 1990; Gilliam et al., 1978). Tomér, neraugoties uz to, ka
no stropiem un medus biteém tika izol&ti un parbauditi gandriz tikstotis dazadu
mikroorganismu, neviens mikroorganisms nav bijis efektivs pret slimibas ierosinataju
dabigos apstaklos (Heath, 1982, u.c.).

Misu darbs ir pirmais un lidz §im vienigais, kura izstradata efektiva kalku peru
arstéSana ar biologisku metodi. Mikroorganismu izmanto$ana sénisu slimibu apkaroSanai
ir apraksttta tikai augiem (Howarth, 1991; Gibert et al., 1991; Osburn et al., 1995; Cook,
1993; Limsden et al., 1995).
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Misu biologiskas apkaroSanas metodes galvena Tipatniba ir Bacillus sp.
mikroorganisma nomacosa iedarbiba uz 4. apis. P&c tam, kad bija izol&ti vairaki Bacillus
mikroorganismu celmi ar iedarbibu pret 4. apis in vitro, tika izvélets aktivakais celms
eksperimentam in vivo. ST izolata identificéanai, lai noteiktu lipidu raksturigo spektru,
tika izmantota gazes hromatografijas analize. Turpmaka aktivaka celma identifikacija
veikta ar API 50 CHB (Goor et al. 1984) un Biolog sisttmam (Bochner et al., 1996), kas
diferencé dazadas mikroorganismu sugas péc fermentu darbibas raksturiga spektra.
Rezultata bija iespgjams noteikt izveleéto mikroorganisma celmu ka grampozitivu
Bacillus sp., kas ir loti tuva (ar 99 % identifikacijas limeni), bet ne identiska Bacillus
amyloliquefaciens. Tika konstatéts, ka sugas antifungala darbiba nav plazmidu izcelsmes
un ir, acimredzami, stabili parmantota ar hromosomam. Vairums lidz §im zinamas
antifungalas antibiotikas ir episomali kodétas (Murray et al.,, 1999). Stabila,
hromosomala iedzimtiba ir loti v€lama Tpasiba, kas izpauzas vairo$anas procesa medus
bidu stropa. ST celma genétiska stabilitate ir priek$nosacijums jebkurai plasa méroga
fermentacijai. Tas nepiecieSams jauna biopreparata izstradasanai un potencialai
ripnieciskai razoSanai. Nesen, augu séniSu slimibu arstéSana parliecino$i pieradita
izmantojot Bacillus thuringiensis (Powell un Jutsum, 1993), Bacillus subtilis (Turner un
Backman, 1991) un Bacillus cereus (Osburn et al., 1995; Handelsman et al., 1990; He et
al., 1994).

Bacillus sp. celmu saturoSa biopreparata riipniecisku raZzoSanu nodroSina ta sp&ja
veidot pret karstumu un izz@iSanu izturigas sporas. Ta ir S§1 preparata papildus
priekSrociba, kas nepiemit nesporulgjosam gramnegativam bakterijam, pieméram, tadam
ka Pseudomonas sugas (Slininger et al., 1996). Vienigais veids, ka Pseudomonas
bakterijas var izmantot ka preparatu ir sasald@ti zirnisi, kas jauzglaba uz sausa ledus lidz
aplikacijai.

Daudzu gadu laika ir uzkrata razoSanas pieredze un izveidots zinams pamats
darba ar Bacillus sugam, kuras izmantotas insektu nomaksanai, riipnieciskai enzimu un
antibiotiku razosanai. So pieredzi var izmantot tas pasas gints parstavju nomaksanai, lai
parvarétu iesp&jamos SkerSlus sekmiga fermentacija, izveidoSana un uzglabasana. Dazi
no organismiem ir bijusi daudzu pétijjumu subjekts genétikas un biokimijas Iiment,
veidojot pamatu arstniecisko lidzeklu pétisanai. Zinatnieki mazaku uzmanibu pieversusi
grampozitivam bakterijam biopreparatu izstradé salidzinajuma ar fluorescentam
pseidomonam. Tas ir dal&ji tap&c, ka grampozitivie organismi ir bijusi mazak izsekojami
genétiskiem pétijumiem un ir mazak zinams par mehanismiem, ar kuriem tie nomac
slimibas ierosinataju (Handelsman un Stabb, 1996). Tomer to efektivitate ir parsteidzosa.
Daudzos parskatos ir identificétas augsnes baktériju Streptomyces sp.un Bacillus sp.
sugas ka iesp&jamie arstéSanas lidzekli (Crawford et al., 1993; Michereff et al., 1994;
Korsten et al., 1995; Mari et al., 1996).

Svarigs faktors, nosakot arst€Sanas efektivitati ar biopreparatu, ir tas pielietoSanas
veids (Lumsden et al., 1995). Pétijuma salidzinatas divas metodes — viena, izsmidzinot
stropos liofilizétas Bacillus sp. sporas idens §kiduma, un otra — izbarojot sporas cukura
Skiduma vienada daudzuma. Ja sakuma izsmidzinasanas metode deva labus rezultatus,
tad velak ilglaicigd baroSanas metode izradijas paraka. Ta, biidama iev@rojami mazak
darbietilpiga, labak pielagojama dabigos apstaklos un ir gandriz tikpat efektiva ka
izsmidzinasanas metode. Izdarits secinajums, ka biskopibas praks€é izbaroSanas
pielietosanai jabiit ka izv€les metodei .

Jaatzimé, ka miisu pétijumu gaita biezi novérojam bisu saimes spéka un energijas
pieaugumu. Ta varétu but ka A. apis patogenetiska efekta nomakSana vai kada
probiotiska Bacillus sp. ietekme uz Apis mellifera, vai abi $ie faktori. Nesen ir aprakstita
Bacillus subtilis (Montesinos et al., 2002) Iidziga iedarbiba.
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Pétijuma batisks aspekts ir ta rezultatu plasas geografiskas izmantoSanas iespéjas.
Konstatéts, ka pielietota biologiskas arstéSanas metode bija vienlidz efektiva dazados
geoklimatiskos apstaklos un dazadas biskopibas praksés. Izstradatais biopreparats tris
gadus péc kartas efektivi pielietots tik atSkirigas valstis - Taizemé&, Vacijé un Izraéla.
Metodes vienkarSiba dod iesp&ju to plasi izmantot pasaulg.

Lai iegiitu biopreparata maksimalu iedarbibu, jaizstrada ta izmantoSanas kartiba,
kas bitu piemérota epidemiologiskiem, klimatiskiem apstakliem un biskopibas praksei,
kas pastav noteikta apvida. Tapec ar1 pieversta uzmaniba kalka peru epidemiologiskiem
aspektiem Taizemé, Vacija un Izra€la. Petijumos atklats, ka blakus infekcijas ierosinata;ji
tadi ka erces (Varroa un Tropilaelaps), virusi (akiitas paralizes viruss) un
mikrosporidijas (Nosema) iedarbojas dazadi uz A. apis slimibas smagumu un terapijas
efektivitati ar Bacillus sp.

Vel viens faktors, kas janem veéra, lai ierobezotu &rces, protozojus un bakterialas
peru slimibas, ir plaSa akaricidu un antibiotiku lietoSana. Tas rezultata, ka noskaidrojas
veiktajos eksperimentos Taizemg, ievérojami paaugstinas kapuru uzpémiba pret kalka
peru infekciju. Erces rada A. mellifera ievérojamu stresu, pieméram, baribas vielu
zudumu, uzbudinajumu forézes rezultata, saisinatu dzives ilgumu, parmainas uzvediba
sakara ar peru zudumu un palielinatam piilém $tinu un biSu tiriSanai.

Janem véra, ka ar biologisku apkar