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Abstract

Three common honeybee diseases in Korea, European foulbrood (EFB; Melissococcus pluton), chalkbrood (CB; Ascosphaera apis), and nosema disease (Nosema spp.), were examined through different regional apiaries in 2001 and 2002. The number of infected apiaries with EFB and CB examined from 21 apiaries were 9 and 13, respectively. The average percentages of infected colonies in apiaries where EFB and CB occurred were 7.4% and 12.8%. The measures including the application of antibiotics to control each disease were also surveyed. The vortex-extracting method of Nosema spores were modified to evaluate the average number of spores per worker bee. Over 10,000 spores per worker were observed in 10 apiaries from examined 18 apiaries. The average of number of spores per bee in infected with Nosema was 375,300 in the spring of 2002. The 16S rRNA nucleotides from three samples of Nosema spores were sequenced and compared with those in database, which shows the highest nucleotide identity of 98% with Nosema ceranae. 
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Introduction

Since Aristotle (384∼322 B. C.) observed the honeybee larvae which were presumably infected by foulbrood, the diseases of honeybees have been closely related with beekeeping industry (MORSE, 1978). Over ten thousands of honeybees live in a small space of hive, where they store honey and pollen, and nurse immature stages of bees at warm and humid condition. This environment in a hive gives the great opportunity for  infesting bees to many kinds of microorganism. Thus the beekeeper has to diagnose and manage the honeybee diseases for the maintaining their colonies' health and honey productivity.

Severe damages from Varroa destructor, Tropilaelaps clareae, American & European foulbrood, chalkbrood, and nosema disease (WOO et al., 1998; YOON, 2000) were the important causes of low productivity and weakened colony population of honeybees in Korea. For helping beekeepers prevent and manage diseases of their hives properly, it should be very important to understand the trends of honeybee diseases occurrence and beekeeper's control measures against these diseases. Authors visited commercial apiaries in 2001 and 2002, examined bacterial, fungal, and protozoan diseases in each hives, and also heard the beekeeper's strategy against disease.

Material and Methods

Investigation of bacterial and fungal diseases of honeybees, Apis mellifera L., were carried out in 24 apiaries spreaded in South Korea in 2001. Also protozoan nosema diseases was examined in 18 apiaries in 2002. We observed and make a diagnosis of foulbrood and chalkbrood diseases, and estimate the colony infection rates in each apiary. The infected larvae were brought to the laboratory and observed pathogens under the microscope. 

Control measures against these diseases were heard from the beekeepers. To investigate nosema diseases, around twenty foraging worker bees were collected randomly in each apiaries. The spores in the intestine tracts were extracted and observed by the microscope. The 16S rRNA nucleotide sequences were analysed for precise identification.

Result and discussion

European foulbrood and chalkbrood diseases

The European foulbrood (EFB; Melissococcus pluton, Fig. 1-B) usually occurred in weak colonies from spring to late summer. The infected larva with EFB turned yellow and then brown, twisted, and even melted in late stage as shown in Fig. 1-A. The larvae infected with EFB did not exhibit a ropy symptom as those infected with American foulbrood (AFB; Paenibacillus larvae) (SHIMANUKI et al., 1993). American foulbrood disease was not found in this study. 

SEO et al.(1995) isolated and identified Ascophaera apis causing chalk brood disease from honeybee colonies in Korea. The chalkbrood disease have brought out severe damages to the most of all colonies from 1986 to 1990. The dead larvae were covered with a fluffy white growth of mycelia (Fig. 1-A). Later, the dead larvae dry into hard, shrunken, chalklike lumps (GILLIAN, 1978). Fig. 1-C shows hypae (thickness: 4∼5㎛), cyst (50∼100㎛) , and spores(1∼2.5㎛) of Ascophera apis observed by microscope.
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Fig. 1. A: Honeybee comb infected with bacterial European foulbrood (Melissococcus pluton) and fungal chalkbrood (Ascophaera apis) disease. B: M. pluton from larvae. C: Hypae and spore cysts of A. apis

The rate of infected apiaries were 42% with European foulbrood, 62% chalkbrood, 21 % both diseases, and 17% without both diseases (Fig. 2). The colony infection rate in infected apiaries was 0.4%∼27.5% on average 7.4% in EFB, and 1.2%∼50.0% on average 12.8% in CB (Fig. 3).

The beekeepers surveyed in this study applied oxytetracycline (9), penicillin(1), Fumagillin (1), burning-out of  combs infected (1), or hives (1) to control or prevent EFB. They strengthen colony's population by combining hives (7), hypochlorous acid (2), sodium chloride (2), chlorine dioxide (1), oxytetracycline (1), fumigate  naphthalene (1),  destruction of hives by fire (1), respectively.
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Fig. 2. Percentage of apiaries infected with European foulbrood (EFB) and chalkbrood (CB), or non-infected (NI). Total 24 apiaries were examined during July∼October, 2001.
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Fig. 3. Ratio(%) of infected colonies with EFB and CB in each apiary infected with these diseases.

Nosema disease

Cantwell(1970)'s diagnostic method for nosema disease was modified to calculate average number of Nosema spores per bee by extracting spores by voltex-vibrating (Fig. 4). The rice-shaped nosema spores, 2.3∼3㎛ x 4.4∼5.0㎛, could be observed as in Fig. 5. Ten apiaries among nation-wide 18 apiaries examined in 2002 were infected with nosema disease. The distribution according to the infection levels determined by counting spores was shown at Fig. 6. The average number of Nosema spores in infected apiaries was 375,300 per foraging worker bee. 

  Total DNAs were extracted from the spores in intestine tracts of bees, amplified by PCR, and sequenced in its 16S rRNA regions. The sequences were compared with those of Nosema spp. reported in database. The 16S rRNA sequences of Nosema spores from three apiaries in Gangjin, Heanam, and Cheju Island all showed the highest nucleotide identity with Nosema ceranae (Fries, et. al. 1996) (Table 1). The distribution of Nosema spp. infested in honeybees would be found in the successive study.

Remove and collect the intestinal tracts
↓ 
Voltex with 1㎖ dH2O in 1.5㎖ microtube
↓  
Centrifugation at 1,500 rpm for 5min
↓  
Collect supernatant 
↓  
Centrifugation at 10,000 rpm for 10min 
↓  
Discard supernatant and Resuspend the pellet with 100㎕ dH2O
↓  
Observe the Nosema spore 
(Count spores in 10  or 100  dilution on the haemacitometer)

Fig. 4. Diagnostic method of nosema disease from the intestinal tracts of honeybees
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 Fig. 5. Noseama spores (600x) from the worker bees 
collected from Cheju Island, April 2002.
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Fig. 6. Number of apiaries according to the infected levels of Nosema spores.

Table 1. Comparison of 16S rRNA sequences of Nosema spores observed in this study with related organisms from the GenBank.

Organisms
Nucleotide identities(%)

 Nosema ceranae
98%

 Microsporidium 57864 
96%

 Nosema vespula
96%

 Nosema portugal 
95%

 Vairimorpha lymantriae
95%

 Nosema carpocapsae 
95%

 Nosema sp. 3h, KU-9
95%

 Nosema oulemae
95%

 Nosema necatrix 
94%

 Nosema bombi 
94%

 Nosema apis
93%
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