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Abstract


Tree Pollen are significant sources of clinically relevant outdoor aeroallergens, a major cause of allergic respiratory diseases, yet little is known about their prevalence in New Zealand. This study reports concentrations of airborne allergenic tree pollen measured in central Dunedin during October and November 1992. Four tree pollen taxa were prominent during these spring months, all from introduced species. Of these, Fraxinus (ash) and Pinus (pine) are not considered to be important aeroallergens, but Betula (birch) and Cupressus (cypress) have reported high allergenic potency in other regions. These results indicate that allergenic tree pollen of birch and cypress can reach significantly high levels in Dunedin during spring, often in association with strong northwesterly winds. It is likely that tree pollen and in particular birch and cypress are making an important contribution to the total pollen allergen load and to the increasing prevalence of allergic rhinitis and asthma in New Zealand. More comprehensive and up-to-date information on allergenic pollen levels is needed to help understand the growing prevalence of respiratory disorder in New Zealand.
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Introduction



New Zealand is among the countries with the highest prevalence and morbidity of allergic rhinitis and asthma in the world [1,2], especially amongst children [3]. The high and increasing prevalence in New Zealand and elsewhere remain unexplained but high levels of allergenic pollen and spores are likely candidates. For example, [4] reported comparatively high rates of sensitization to birch pollen as measured by skin tests of adults aged 20-44 years in New Zealand in comparison to other developed countries. Surveys of airborne allergenic pollen in New Zealand to date have largely targeted the summer months and the pollen season for the grasses, the presumed major aeroallergen. As a result, comparatively little is known about the prevalence or allergenic properties of tree pollen in New Zealand, despite their significance in many other regions.




Here, we present daily airborne pollen counts obtained in Dunedin, southern New Zealand during the spring of 1992, showing high levels of cypress (Cupressus) and birch (Betula) pollen from introduced European species with known allergenic properties. These trees have long been established in many regions of New Zealand, particularly in the South Island, and are likely to be important contributors to the comparatively high rates of allergic rhinitis and asthma in New Zealand.


Previous monitoring of airborne pollen in New Zealand



Despite the high prevalence of respiratory disorder, comparatively few studies of airborne pollen have been undertaken in New Zealand. Early work consisted of single season or single site observations of pollen deposition using rudimentary methods [5-7]. A 15-month survey of airborne pollen in Auckland, was used to compile a pollen calendar portraying the seasonal timing of key allergenic pollens in that city, but recommended that airborne pollen be monitored routinely and at other major population centres [8]. A survey of Pinus pollen dispersal in Palmerston North over a period of three years (1988-1990) showed a distinctive season spanning late July to mid- September, and peaking 2-3 months before the typical grass pollen season in the area [9]. To date, the only geographically-extensive pollen survey was conducted at seven locations simultaneously across New Zealand during the austral summer of 1988/89, but with monitoring primarily restricted to grass pollen [10]. The same data were used subsequently to explore climatic influences in spatiotemporal patterns in these grass pollen data to reveal a latitudinal lag in the timing of season onset [11]. With the exception of the Palmerston North study of pine pollen, none of these papers focused on tree pollen. Recently, a series of publications have reviewed the available information about allergenic pollen levels in Australia and New Zealand and highlighted the emphasis placed to date on grass pollen [12-15]. As such, little is known about the levels of tree pollen in New Zealand, nor the extent to which such pollens could be contributing to the burden of allergenic rhinitis in New Zealand. This study uses data collected in Dunedin to help fill this research gap. 



Methods




A survey of airborne pollen and spores in Dunedin, New Zealand was undertaken during the spring of 1992 (October 1st to November 30th). This time period was targeted because, although there was regional-scale information available about grass pollen levels during the summer months [16], no monitoring of the spring flowering phase of the main trees in the region had previously been undertaken. Birch pollen was of particular interest due to its known allergenic properties. The study aimed to identify those plant species which make a significant contribution to Dunedin's airborne pollen levels during the spring period.




An Intermittent Cycling Impaction (Rotorod) sampling device Chapman [17] was installed on the roof of the main cafeteria at the University of Otago campus, in central Dunedin, sited approximately 10 meters above ground level. The device was set up to sample air content for six minutes every hour, with air particles adhering to greased plastic rods. The rods were replaced every 24 hours (72 hours on weekends), stained with Colberla's solution, and examined under a transmitted light microscope at x400 magnification. Raw pollen counts for each of the pollen/spore types identified were converted to the volumetric index (grains/m3 of air) using a standard formula that takes into account the sampling period and volume of air sampled Chapman [17].



This was the same methodology that had been used recently to record grass pollen levels at seven New Zealand cities [16], thus enabling direct comparison with those results. Pollen identifications were made using the author's reference collection and standard palynological texts. As a general guide to the significance of the pollen levels reported here, a standard used in North America sets a "low" pollen count at up to 15 grains/m3 air, "moderate" between 15 and 90, and "high" at greater than 90 for all tree pollen (American 90 Academy of Allergy, Asthma and Immunology website).



Results and Discussion
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Figure 1: Airborne pollen levels for the four most prominent taxa monitored at Dunedin from October 1st to November 30th 1992.











Of the many pollen types (taxa) observed, most occurred at low and intermittent levels and only four reached moderate levels on any of the days of observation. The daily levels for these four taxa are presented in Figure 1. The figure shows that pollen counts fluctuated markedly from one day to the next, with the highest levels recorded on days when strong northwesterly winds prevailed. Distinct and relatively short pollen seasons are apparent for Fraxinus (mostly F excelsor) and Betula with longer seasons for the conifers Pinus and Cupressus, likely to be dominated by Pinus radiata and Cupressus macrocarpa (Figure 1).




Of these, according to a European study [18], Fraxinus excelsior rarely induces allergic symptoms and this, combined with the moderate levels of Fraxinus pollen reached suggest that it is unlikely to be a major source of allergic rhinitis in Dunedin. Similarly, pine pollen (Pinus and in this case, mostly P. radiata) is not generally considered to be an allergy hazard, despite high levels of pollen production [9,19].




The genus Cupressus, including C. macrocarpa, is widespread in the Mediterranean region where it can contribute a large part of the total annual amount of airborne pollen, due to high rates of pollen production [20]. In the Mediterranean region, the sensitization rate and exposure level to Cupressaceae pollen antigens is highly variable with over 30% of pollinosis patients reported to be sensitized to Cupressaceae pollen, whilst in the general population, the rate varies from 2.4 to 9.6% [21]. Interestingly, Cupressus in the Mediterranean is responsible for winter pollinosis when no other allergenic plants are flowering [20,22]. Betula is the major tree pollen allergen in northern and central Europe, where it is one of the principal causes of hay fever and asthma during the spring [23]. A recent European-wide compilation of airborne pollen data (ranging from Iceland to Greece) showed that birch pollen was the most dominant pollen allergen on a European scale for the period 1990-2009 [24]. This status is due to the abundance and widespread distribution of birch trees, their high pollen productivity and, most importantly, their high allergenic potency. Skin-prick tests show the percentage of subjects with positivity to birch allergens ranging from 5% in the Netherlands to 54% in Switzerland [20]. Betula pollen is also capable of long-distance transport and so can potentially originate from a broad region [25-27].




Returning to the Dunedin pollen counts, of particular note is that the two taxa recorded in high levels are also those with strong allergy potential. Another interesting feature is that the high levels of Cupressus (mostly C. macrocarpa) are recorded in the New Zealand spring whereas in the Mediterranean region C. macrocarpa pollen is produced and dispersed in the winter months. As New Zealand airborne pollen monitoring to date has largely ignored the winter months, it remains to be seen whether Cupressus pollen in winter is also important. The high, and occasionally, excessively high, levels of Betula and Cupressus pollen levels are not surprising given that both taxa are high pollen producers and are widely established in cities and in rural districts of New Zealand. Cupressus spp., and in particular, C. macrocarpa are commonly grown as shelter-belts on farms throughout New Zealand, or cultivated as ornamentals in gardens. Two species of Betula are common in New Zealand: B. pendulum (silver birch) and B. papyfera (paper birch). Silver birch is especially common in South Island cities such as Dunedin and Christchurch where it has been planted in gardens, parks and along roadsides.



These results indicate that tree pollen allergy is likely to be significant in New Zealand with Betula and Cupressus important contributors to the total allergenic pollen load. Both are recognized as potent allergens in Europe, and their impact on pollinosis levels in New Zealand could be just as strong, if not stronger, due to their widespread abundance. The excessively high levels of Betula pollen recorded on October 19th 1992 are comparable to the highest levels recorded in three UK cities (where birch is the most important tree pollen allergen) over a 15-year period (Figure 2).
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Figure 2: Maximum daily birch pollen counts (grains m-3) recorded in three UK cities between 1995 and 2010 compared with the maximum Betula pollen count (dashed blue line) recorded from a single season in Dunedin.













It is interesting to note that the Betula pollen maximum level that occurred on November 19th, was an order of magnitude higher than the next highest level, and occurred in association with strong northwesterly winds. The 'Nor-Wester' occurs frequently in the eastern districts of the South Island during spring and summer, bringing hot, dry, windy conditions that have been linked to increased morbidity in the region [28]. These results indicate that the source area and the long-distance dispersal of allergenic pollen can be greatly enhanced by Nor-Westers, adding significantly to the allergenic pollen load in eastern South Island cities and contributing to the cumulative health impacts in those communities (Figure 2).






In Europe, increasing sensitization to both Cupressus and Betula in recent years has been reported [20,29,30] and attributed to a number of factors, including climate change promoting pollen production and dispersal and an earlier seasonal onset [10], as well as their growing popularity as ornamental, garden and landscape plants. The same factors apply in New Zealand [31]. The cross reactivity between these taxa and the other tree pollen allergens and with food allergens is also well documented for Europe [20,24, 31] and for New Zealand [19].




Conclusion



a.	Tree pollen levels, including the allergenic taxa birch and cypress, can reach significantly high levels in Dunedin during the spring months.



b.	It is highly likely that this tree pollen is making an important contribution to the total pollen allergen load and to the increasing prevalence of allergic rhinitis and asthma in New Zealand.


c.	Allergenic pollen can be increased to very high levels during periods of strong northwesterly winds, a pervasive feature of the spring and summer months in eastern South Island districts.


d.	This study shows that more comprehensive and up-to- date information on allergenic pollen levels is needed to help understand the growing prevalence of asthma and allergic rhinitis in New Zealand and to help facilitate advances in the clinical and public health management of these diseases.
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