Nosema infections in Apis mellifera scutellata
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Abstract

Nosema apis has been found on all continents where there is beekeeping using Apis mellifera. However, there is very little data on the prevalence and impact of Nosema apis in honey bee colonies in tropical climates. Furthermore, the development of N. apis has not been documented in tropical races of honey bees. We have sampled honey bees from five different colonies in two apiaries on a weekly basis for a full year in Zimbabwe and investigated the samples for N. apis. In infection experiments the development of the parasite has been monitored. Molecular results demonstrate that the Zimbabwean isolates of microsporidia are N. apis. Sampling results and infection experiments show that N. apis may occur at high levels of prevalence at colony level under tropical conditions and develop similar to European records in individual bees. The investigated parasite probably carries no further risks to beekeeping if transported with live bees between different regions.

Keywords: africa, nosema apis, Apis mellifera scutellata 

Introduction 

Nosema apis has a world-wide distribution (Matheson, 1993) but is not considered an important problem in tropical and sub-tropical climates (Wilson & Nunamaker, 1983). However, there is not enough information available to evaluate the impact of the parasite in warm climates. The lack of available information on the prevalence of nosema disease in tropical climates makes it impossible to evaluate the seriousness of infections by this pathogen in the tropics. We have investigated the seasonal prevalence of N. apis in one sampling site in tropical Africa where beekeeping is practiced using Langstroth hives. Further, we investigated whether sequence variations occur in the 16S ribosomal RNA gene (SSUrRNA) in an African isolate compared to isolates of N apis from temperate climates. 

Material and Methods 

Live honey bees were collected weekly for a full year from a population of A. mellifera scutellata in five managed colonies located northwest of Harare, Zimbabwe. Bee samples were collected from the top of the bee cluster from each colony and kept frozen before further investigations. From each frozen sample, 60 bees were investigated as a composite sample for nosema spores. The bees were squashed thoroughly in 1 ml water per bee and the fluid was examined in a haemacytometer at 400X to determine the average number of spores per bee (Cantwell, 1970). To monitor parasite development spore solutions (105 and 106 spores per ml) were prepared in sucrose:water solution (1:1 w:v). Each spore solution was individually fed to 60 bees using a 10-µl constriction pipette, yielding spore doses of 104 and 103 per bee respectively. Similarly, 60 bees were fed sugar solution only. After feeding, each group of bees was incubated at 30 °C, 50% RH and supplied with sugar solution and water ad lib. Four live bees from each group were extracted daily for 10 days and examined for N. apis. In each bee to be investigated, the ventriculus was removed and squashed in 0.5 ml of water and the resulting fluid was examined with a compound light microscope at 400X using a haemocytometer to make spore counts. Microsporidia spores for genetic analysis were collected from infected bees and stored in 70% ethanol and sent to Dr. Norman Pieniazek, CDC, Atlanta, Georgia USA for genetic analysis. 

Results 

Prevalence Nosema infections (presented as average number of spores per bee each week) were quite variable and generally ranged about 10 fold through the year. Infections tended to be greater in some colonies and infections were at or near zero on about half of the sampling dates. There was a tendency of higher spore counts in some colonies during the rainy season, but this was not so for all colonies. Infected bees were found in all colonies at least at some sampling occassion. Parasite development Spore production increased logarithmically from about 10 4.5 to 10 6.5 spores per bee during the period from three days to 10 days post infection. This occurred for each of the two spore doses used. Emptied spores occurred within the host cell cytoplasm this often is seen in European infections of N. apis and is interpreted as means of intercellular spread of the parasite (Fries et al., 1992). DNA analysis Comparisons with GenBank entries demonstrated that there was a single base pair substitution of A for G at position 45 of the SSUrRNA coding region when compared to an American and a Swedish isolate of N. apis (GenBank Accession number U26534). The SSUrRNA coding region from an isolate from New Zealand (GenBank Accession number U97150) was identical to the Zimbabwean isolate. 

Discussion 

The prevalence of N. apis clearly may be quite high under tropical conditions. The general perception of N. apis epidemiology is that of a disease primarily spread through bee feces soiling wax combs (Bailey, 1953). Although there are periods of confinement for the bees during rainy periods in the tropics, it is unusual for the experimental sites that bees are confined completely more than a few days due to weather conditions. Even during the rainy periods, the mornings are usually sunny before rain falls in the afternoon. Under the circumstances of the present experiment, it seems unlikely that soiled comb would have been the primary source of infection because bees may fly and defecate outside the hives most days of the year. Whether there is a seasonal variation in nosema disease prevalence in the experimental area of the tropics, as there is in temperate climates, (Bailey & Ball, 1991), can not be elucidated by the presented data. It is clear from the results that the quantitative parasite development is similar to what is recorded in European honey bee races but the impact on the individual bee remains unknown so far. Although prevalence of N. apis can be quite high also under tropical conditions, there is still no information to the potential effects from infections on colony viability or productivity. Impact on colony fitness may be completly different compared to temperate climates where the effects from infection is manifested primarily during the spring after long periods of confinement. The sequence of the 16S small subunit ribosomal RNA coding region was identical to a New Zealand isolate and differed by only one base pair from Swedish and American isolates. Together with other information this is enough to conclude that it is likely that the species N. apis occurs throughout the world where A. mellifera beekeeping is practiced. Thus, there is no indication that any microsporidia other than N. apis can be found in adults of A. mellifera, and species designation using light microscopy observations of microsporidia in this host species should be correct when there is a match in gross morphology. 
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