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Abstract

In the literature numerous recommendations are given for the treatment of honeybees against American foulbrood, but most methods use the antibiotic’s treatments or the destruction of disease founded hives and the infected equipment. In this work we have studied the possibility of a easier, faster and safer isolation of the etiologic agent of the disease from the products of the infected and healthy hives and a possible method for the equipment’s sterilization. We have studied the growth characteristics of bacteria Paenibacillus larvae var. larvae (known for his problematic growing „in vitro“) in many of the growth media mentioned in the literature: BHI, agar modified, broth and agar with egg yolk, broth and agar with 10% horse serum, broth and agar with 10%-30% ox or sheep serum, customary broth and agar etc., and other media purpose by us: broth and agar with 10– 30% physiological serum, broth with 0.5–2% honey, broth with thiamine with a concentration of 0.0002% active substance. We have also studied the growth characteristics depending on different media and on time passed since insemination. The results showed that the growth media used now for this bacteria isolation are harder to manipulate and expensive. There was used a low ph simple growth media, from the usually ones, with addition of honey which was better then the ones before as regards the acquired cultures from a low density of germs from the environment and growth media. Also the Paenibacillus spores were irradiated with UV radiation at 125W and µ radiation using a source with 100 µCi in activity. Our results have proved that after 300 minutes exposure at UV radiation the Paenibacillus spores did not contaminate the growth media.
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Introduction

American foulbrood (AFB), the disease that seriously infecting brood of the honey bee and wasp, has been known since Antiquity (Calumella, 1st century AD), but has recently become a major infectious disease of honeybees, next to European foulbrood and Ascospherosis. In many areas the incidence of the disease increased because of intensive exploitation and the resulting larger circulation of the infected material, reaching 10% [5] or even more. Nowadays, the incidence of foulbrood varies worldwide as follows: in New Zeeland–from 11% AFB in 1990 to 0.38% in 2000; in Great Britain – 1.6%AFB and 9.8%EFB in 2001; in West Australia – AFB between 0.5% and 3% in 1990-2000 [8]. The countries with a continental climate have a much higher incidence of the disease during hot summers. Many authors shows that the use of sulphonamides and antibiotics for treatment has reduced effect, as the etiologic agent of the disease became resident to the majority of the antibiotics used extensively against it [3] and others, and of course there is the problem of its accumulation in the apiarian products. The economic losses are fairly high, especially because it is necessary to destroy and sterilize the entire infected equipment due to extreme contagiousness and high resistance of the spores, infected families of Paenibacillus larvae var. larvae show a less than 20-80% profitability followed by death [16], also the economic damage of the farmers due to the restriction of the transport of the bee stocks to the pollination are ten times higher than the apiarian sector.

Purpose of the experiments

1. Establishing the requirements and media for the favorable growth of the Paenibacillus colonies in order to make possible a fast, easy and safe diagnosis even in the stage when symptoms do not manifest.

2. Finding a simple, efficient, cheap, ecological method of sterilizing the bee stock and most importantly the combs, bearing in mind that: sterilization using rays, high-speed accelerated electrons, paraffin dipping is too expensive and difficult to use [7], [4]. The use of antibiotics and chemotherapeutical substances has proved inefficient: the disease reappears if the treatment stops, the substances used can be found in the final bee products and samples that do not respond to antibiotics may appear. Considering that the spores of Paenibacillus larvae var. larvae are the most resistant among all the germs infecting bees, the implementation of this treatment will probably also destroy Melissococus pluton, Ascosphaera apis, Nosema apis, bees viruses etc.

Materials and Methods

The biological material (colony of Paenibacillus larvae var. larvae) was harvested from more independent sources using different methods of isolating the bacteria. Among them: 

1. Insemination direct from the pathological material (with microbiological wire loop).

2. The insemination of liquid media with the sediments of the centrifuged honey from the : 

a. Clinically ill apiaries

b. Apiaries where the disease was reported 4 –5 years before but, due to the energetic measures taken, not reported since. The growth media tested were: 

The media mentioned in the literature: BHI [8],[6] broth and agar with egg yolk [17], broth and agar with 10% horse serum (V. Bica, Al. Popa 1957), broth and agar with 10%-30% ox or sheep serum [17],[12]. All these media proved little favorable because of the long growth period (2 - 3 - 4 days) and the low percentage of germination and sporulation.

 The media tested in addition: broth and classic agar, broth and agar with 10– 30% physiological serum, broth with 0.5–2% honey, broth with thiamine with a concentration of 0.0002% active substance. For all the media used, we had in view the growth characteristics, the biochemical and morphological features of the colonies and their evolution in time. The morphological features were observed by executing smears with the help of colorations: Gram, Fuxine, and Malachite green. 

The Study of Resistance to UV and ( Radiation. The study was carried out by irradiating the spore suspension in physiological serum, laid on glass slides. For the UV irradiation a 125W source was used; the slides were exposed to radiation for different periods and then introduced in different growth media. The gamma rays irradiation was performed in a similar way, using a 100 µCi source for a period of 1, 2, 3, 4 days.

Results and discussion

Morphology

Paenibacillus larvae var. larvae (synonyms: Bacillus larvae (White, 1906), Paenibacillus larvae (Heyndrickx, 1996), Paenibacillus larvae var. larvae) [10] has two variants:

the vegetative form–bacillus (fig. 1), which is Gram positive in fresh colonies and Gram unstable in old colonies (fig. 6) it has a straight shape with slightly rounded edges, a length of 2(–5( and 0.7-0.8( width. In growth media broth and 0.5-2% honey it reaches a length of 10( (fig. 1), is little mobile, having all around long cilia that detach at sporulation. In colonies it may be found isolated in the shape of short (fig. 6, fig. 1) or long concatenations (fig. 3) (particularly on solid media and at the surface layer of liquid media). Pp

The spore has an ovoid or oval shape, a length of 1.0( – 1.9( and width of 0.6( – 0.7( (fig. 2). This is the shape the bacillus maintains in the surrounding environment for a very long period of time (50-60 years). The passing of the vegetative form through the sporulated form is absolutely indispensable for the extension of the infectious chain, in practice the experimental infection of the healthy colonies with vegetative forms succeeding neither with doses that exceeded 300 times the minimum spores dose that caused the infection (Tarr 1938). In cultures there could be noticed often agglomerations of spores, but these do not characterize by regularity. In the moment of formation, the bacillus shortens, thickens forming inside a bright corpuscle, the time needed for sporulation is different depending on the environmental conditions in which this takes place. In laboratory we obtained the rapid sporulation (5-10 hours) by withdrawing the cultures from the thermostat and exposure to temperatures around 18 0C. In the thermostat, the sporulation of the bacteria from the liquid environments took place a longer period of time (several days), the sporulation percentage being influenced positively also from the quantity of CO2 from the environment. When the spore forms, the bacillus shortens and thickens, creating inside a bright corpuscle. The spore is usually situated in the center of the bacillus or laterally and when the process starts (fig. 4),we can notice the remains of the vegetative form at its ends. At the beginning of the sporulation process, the spore is large and it is formed laterally (fig. 5) but due to dehydration, its diameter becomes smaller and the remains of the vegetative stage disappear.
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Cultural features

After the bacterium develops on the liquid media, these become thick turning yellow-brown or whitish forming a clear sediment (without the disappearance of the turbidities) of a dirty white color (greyish), displaying at the beginning displays a slight fluffy consistency, and after the growth of the bacterium stops, changes this appearance becoming light to homogenize and settles, but the medium does not lose its turbidity. In some growth moments (especially on the honey media), one can notice sometimes the release of reduced amounts of gas, in these media on the surface a thin, white pellicle is often formed that can settle if stired up. The presence of the pellicle is a feature securing the positive identification of the Paenibacillus larvae var. larvae. Due to the continuous dehydration of the medium, this chain becomes often attached to the tube’s wall lying several mm far from the surface of the medium. On media that are less favorable for growth (agar, agar with egg yolk, agar with physiological solution), the rare colonies that appear are R-forms, seldom S-forms and sporulate in proportion of less than 1%. The percentage of blood serum used influences directly proportional to the density of the bacilli and spores from cultures, as well as the serum from small and big ruminants appears to be more favorable to the growth than the horse serum in the same concentration. In all the culture media (except that made of broth with honey 0.5-2%) we noticed a large number of spores that do not germinate. 

The solid media are characterized by a slower growth of the bacterium (compared to the liquid media) due to insufficient hydration, on these media there are necessary inoculations with very large amounts of spores to obtain cultures, on media less favorable to growth (agar, agar with egg yolk, agar with physiological solution, BHI) the rare colonies that appear are R-forms, seldom S-forms and sporulate in a very small proportion. The cultures resulting from successive inoculations can adjust to less favorable media growing normally in all (for inoculation with very large amounts of spores).
Biochemical properties

Paenibacillus larvae var. larvae is optionally anaerobic, it peptones and slowly coagulates milk and it liquefies gelatin. It highly decomposes glucose but it does not decompose mannite, galactose, saccharose, lactose and maltose. It releases traces of H2S and NH3, in the literature is specified the existence of some strains that do not produce indole, however samples isolated by us are indole-positive. According to Lochhead the nitrates are restored by the nitrites, even if they are found in the medium in very small concentrations (0,001%). According to Startvent (1924) Paenibacillus larvae var. larvae does not grow on media containing more than 3% reduced sugars, while Tarr (1937) achieved satisfactory growth on a medium with mashed chicken embryos and with a 12.5% concentration of sugars [16]. We have obtained the best growth results using media with 0.5–2% honey. One particularity of the bacillus is the property of eliminating the bacteriostatic substances in the media where they develop, therefore in the dead larvae AFB is in pure state, according to our observations such an action has the colonies of Paenibacillus larvae var. larvae that are growing, especially on the solid media (or on media with a higher density of bacilli), whereas at the beginning of the germination the growth of the bacillus is inhibited very strongly by other rival species: yeast, micella, cocci. The bacillus releases also endotoxins in the moment of its lysis by the phagocytes, as well as other harmful factors [14]. Most of the strains do not produce gas at the fermentation of the carbonates with a very weak production of acid. The catalysis test is negative at the majority of the cultures, the glycogen is hydrolyzed. 

The antibiotic test proved that the germ responds to: chloramphenicol , streptomycin, and has moderate response to cephalotin, penicillin and oxacillin. It is resistant to ampicillin and nalidixic acid. These data concord with the ones in the literature [1], [3], [7], which mentions frequent isolations of the samples resistant to a series of antibiotics. This resistance could be explained by the existence of type “R” plasmides at this species [5].

Results of irradiation tests: UV irradiation has highlighted that the spore germination and, respectively, the growth of bacteria in media made of broth and thiamine was negatively influenced by an initial exposure of 300 minutes (tab. 1). The same type of sample, exposed to the same irradiation source but then introduced in a medium made of broth and 0.5-2% honey, showed a greater resistance to radiation; the results are given in tab. 2. The reaction to (  irradiation was prompt: no colony could be grown on the glass slides that were irradiated for 1, 2, 3, 4 days and then introduced in the same medium.
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Conclusions

1. We have observed growth on customary media, especially in the case of re-insemination (although this is denied in the specialized literature); a medium of broth and 0.5 – 2% honey yields excellently to isolating the bacteria, particularly the medium with a pH around 6, (tab. 3), which gives better results than the media currently used (broth and horse serum, BHI, etc). This precise medium and this method of verifying the presence of Paenibacillus larvae var. larvae in the products and in the honey is clearly superior to all the other methods which are now customary. Its superiority is given by the safe nature of the obtained data, easiness, rapidity (a result in 24 hours maximum) and a much lower level of the costs involved. 
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2. The tested growth media that are most favorable to the development of the bacteria are in the following order: broth and 0.5 – 2% honey, broth and thiamine (0.0002% active substance), broth or agar and 30% blood serum, agar and  10% blood serum (the serum from ruminants is more favorable than serum from horse), BHI solid, plain broth and agar (particularly for successive colonies) .

3. It is easily possible to trace out the bacteria and respectively the disease affecting bee families long before the break out of the epizooty and without the check up of the apiaries; this can be done by cultivating the centrifuged sample of the bee products taken from the acquisition centers and by using the better and less expensive media we have suggested. 

4. The sterilization method using UV radiation is the most efficient and simple and also the least expensive among the methods on study but it needs further research regarding the power of UV radiation to penetrate bee products and the percentage of spores likely to resume their normal growth after irradiation because of the photo restoration phenomenon (this may have happened with the data in tab. 2). This phenomenon has been noticed ever since 1967 [9] in the case of samples that were irradiated with ( radiation at a level now seen as satisfactory for disinfections in spite of the fact that lab tests have shown the presence of spores which resumed their growth. 
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