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Abstract

One of the most serious bee diseases is American foulbrood (AFB). It is caused by the spore forming bacterium Paenibacillus larvae larvae. Investigations suggest that stress factors can provoke clinical symptoms of the disease in infected susceptible honey bee colonies. Larvae younger than 24 hours are the most susceptible to P. l. larvae infection.

Varroa destructor is a parasitic mite of the honey bee. Infested bee colonies will die if the mite is not controlled. It has been shown that the immune response is altered in varroa infested bee larvae and suggested that varroa can play a part as inducer of viral, bacterial and fungal infections in honeybees. However, it is not established if varroa infestations merely stress the honey bee colonies to such extend that the colonies become more susceptible to latent infections. In this study Glutathione-S-Tranferase (GST) is used as biomarker for stress induction caused by infestation of varroa mites or infection with P. l. larvae.

The protein contents in the young imagines in the population of honey bees infected with P. l. larvae was lower than in the control group, which can be a sign of attenuation due to infection. This assumption is supported by the high activity of GST in the sensitive early larval instars suggesting physiological stress in these surviving – but possibly sublethally infected young larvae.
The newly emerged bees from colonies infested with V. destructor had a significantly higher GST activity than the control group indicating stress. Furthermore, the low GST activity and the lower protein content in the young larvae from infested colonies might reflect the general poorer feeding conditions often experienced in varroa infested colonies.
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Introduction
Honey bees are eusocial insects with a well-developed caste structure. Temporal worker castes exist within the colony. Under normal circumstances, worker bees perform in-hive duties such as feeding brood, cleaning cells, and storing food when they are young, and perform foraging tasks outside the colony when they are older, generally beginning at 18 to 25 days of age (Smirle 1993). 

 

One of the most serious bee diseases is American foulbrood (AFB). It is caused by the spore forming bacterium Paenibacillus larvae larvae. Investigations suggest that stress factors can provoke clinical symptoms of the disease in infected susceptible honey bee colonies. Larvae younger than 24 hours are the most susceptible to P. l. larvae infection (Hansen & Brødsgaard 1999).

Varroa destructor is a parasitic mite of the honey bee. Infested bee colonies will die if the mite is not controlled (Ritter 1981). It has been shown that the immune response is altered in varroa infested bee larvae and suggested that varroa can play a part as inducer of viral, bacterial and fungal infections in honeybees. However, it is not established if varroa infestations merely stress the honey bee colonies to such extend that the colonies become more susceptible to latent infections (Brødsgaard et al. 2000). In this study Glutathione-S-Tranferase (GST) is used as biomarker (Nielsen et al. 1997) for stress induction caused by infestation of varroa mites or infection with P. l. larvae.

 

Materials and Methods

Two honey bee colonies were inoculated with P. l. larvae spores counted and prepared as described in Brødsgaard et al. 2000. Each colony received 200 g honey by feeding (Hansen & Brødsgaard 2002) containing 1.5 × 109 spores in order to provoke clinical symptoms of AFB in the colonies (Hansen & Brødsgaard 1997). Varroa infestation: Two years prior to the experiment a colony placed in a separate apiary received 4 dl bees with totally 100 phoretic mites. At the sampling the infestation was monitored to 1.4 mites/day. Two uninfected and uninfested colonies placed in another apiary served as controls. In preparation for examination of the detoxifying enzyme systems (Nielsen et al. 2000) samples of different larval instars, the pupal stage, newly emerged worker adults and foraging workers were taken from colonies which were non inoculated/infested, inoculated with P. l. larvae or infested with varroa mites. Furthermore, total protein content of the different instars was investigated (Nielsen et al. 2000). Totally 12 individuals of each instar (not showing clinical symptoms of disease) from each experimental group were sampled.

 

Results

Figure 1 shows the specific activity of Glutathione-S-Tranferase (GST) in different honey bee instars infected with P. l. larvae or infested with V. destructor and controls. 33 days after inoculation with P. l. larvae the GST activity differed from the control group, as the activity was significantly higher in young larvae but significantly lower in the prepupae and pupae. The varroa-infested group also differed from the control, as the GST activity was significantly lower in all larval instars but significantly higher in the nurse bees.
 

The protein content of the different honeybee instars in the experimental groups and control is shown in figure 2. Both in larvae infected with P. l. larvae or infested with V. destructor the total protein content of instars L4-5 was significantly lower than the control. Furthermore, the protein content was significantly lower in the nurse bees 14 and 33 days after inoculation with P. l. larvae compared with the control.
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Figure 1. Specific activity of Glutathione-S-Tranferase (+SEM) in different honey bee instars (L1-5: Larval instars, LS: prepupae, PUP: Pupae, QAD: Nurse bees, TAD: Foragers) infected with Paenibacillus larvae larvae or infested with Varroa destructor and controls. The data in each plot were analysed with Kruskal-Wallis analysis of variance. Results of multiple pair wise comparison are indicated below graphs; bars with the same letter are not significantly different. The black bars indicate the group(s) significantly different (P< 0.05) from the control group in the different age groups.
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Figure 2. Total protein content in mg (+SEM) in different honey bee instars (L1-5: Larval instars, LS: prepupae, PUP: Pupae, QAD: Nurse bees, TAD: Foragers) infected with Paenibacillus larvaelarvae or infested with Varroa destructor and controls. The data in each plot were analysed with Kruskal-Wallis analysis of variance. Results of multiple pair wise comparison are indicated below graphs; bars with the same letter are not significantly different. The black bars indicate the group(s) significantly different (P< 0.05) from the control group in the different age groups.

 

Discussion

In the population of honey bees infected with P. l. larvae the low protein contents in the young imagines can be a sign of attenuation due to infection. This assumption is supported by the high activity of GST in the sensitive early larval instars (Brødsgaard et al. 1998) suggesting physiological stress in these surviving – but possibly sublethally infected young larvae. However, earlier studies in vitro did not suggest that sublethal infection with P. l. larvae changed larval development time or adult weight (Brødsgaard et al. 1998). In the honey bee population infested with V. destructor the mites will stay on the pupae until emergence. Therefore, a part of the newly emerged bees are parasitized by varroa imagines. The high GST activity in these young imagines of honey bees support this assumption. Furthermore, the low GST activity and the lower protein content in the young larvae from infested colonies might reflect the general poorer feeding conditions often experienced in varroa-infested colonies (Eberle 1988, Ponten 1992). 
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