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ABSTRACT 
Exposure to irritating pollutants make some people react with nasal symptoms and asthma, even if traditional 
clinical tests show no remarkable values. To extend the study of this, data from a prospective study of teachers in a 
renovated, earlier moisture damaged school and a control school without moisture problems were used. 

28 teachers from the target school and 18 teachers from the control school were examined rhinoscopically and 
thereafter exposed to a nasal histamine provocation test. The rhinoscopic examination of  all teachers showed that 
15 subjects had a dry and crusty mucosal appearance and 31 did not. The prevalence of this rhinoscopic finding 
was similar in both schools. Those with a dry and crusty appearance reacted significantly more in the histamine 
provocation test compared to the other teachers (p=0.0004). The teachers with a rhinoscopically dry and crusty 
mucosal appearance complained more frequently about skin symptoms (53% and 7%, respectively, p< 0.01) and 
reported somewhat more irritative mucosal symptoms (33% and 16% respectively) than those without this 
appearance 

In conclusion a similar prevalence of teachers with dry and crusty nasal membranes in both the target and the 
control school, might indicate a constitutional factor and the existence of a subgroup in the total population, 
reacting more strongly to environmental factors. 
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INTRODUCTION  
Patients with upper and lower airway symptoms and with pronounced sensitivity to chemical odours, such as 
perfumes, flower scents and tobacco smoke, have been supposed to have sensory hyperreactivity (SHR) (Millqvist 
et al.1998). The symptoms have been difficult to identify with physiological measurements and the effects of 
various medications are doubtful. However, persons reporting nasal irritation, coughing, asthma etc. when exposed 
to perfumes, smoke and car exhaust gases, have shown to react with cough in a provocation test with capsaicin, 
indicating that there are different subgroups in the society reacting differently (Johansson et al.2002). In our study, 
data from a prospective study of teachers in a renovated, previously moisture damaged school and a control school 
without moisture problems were used. The aim of the study was to examine if a rhinoscopically dry and crusty 
mucosal appearance is tantamount to a more reactive nasal mucosa and a higher frequency of symptoms from the 
upper respiratory tract. 

RESEARCH METHODS 
Twenty-eight teachers from the target school and 18 teachers from the control school were examined 
rhinoscopically and thereafter tested in a nasal histamine provocation test with increasing histamine concentrations 
(1mg/ml, 2mg/ml and 4mg/ml) 10 minutes apart from each other (Hallen et al. 1993). Recordings of the mucosal 
swelling were made with rhino-stereometry in both nasal cavities 5 and 10 minutes after each challenge. 
Rhinostereometry 

is an optical method for studying changes in congestion of the nasal mucosa. It is not invasive and allows direct 
inspection of the nasal mucosa (Juto and Lundberg 1982). The method permits standardization of the nasal 
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mucosal reaction, without interference from secretion or stenosis. 

Anterior rhinoscopy was done before provocation. The findings were divided by the examiner, a physician with 
considerable experience, into two groups i.e., with or without a dry and crusty appearance of the nasal mucosa. The 
anterior rhinoscopy was primarily performed to decide a suitable nasal cavity (right or left) for the histamine 
provocation in a previously performed study (Rudblad et al. 2001). All teachers were also answering a validated 
standardized questionnaire (Andersson 1998). It contained questions about the perceived indoor climate, 
symptoms often referred to in indoor climate research, allergic manifestations, and some background factors. 

A skin prick test with a standardized panel of allergens, often used in Scandinavia (ALK, Copenhagen), was 
performed after the histamine challenge. The following allergens were tested: pollen (birch, timothy and mugwort), 
mites (d. pteronyssinus and d. farinae), furry animals (cat, dog and horse) and moulds (claudosporium, alternaria 
and aspergillus fumigatus). Skin prick test positivity (SPT+) was defined as a wheal with a mean diameter of at 
least 3 mm (Dreborg 1987). 

For the continuous outcome variables we used an analysis of variance model for repeated measurements (an 
ANOVA model). The basic formulation of this model aimed at modelling the growth curves for swelling as a 
function of the provocation concentrations of 1, 2 and 4 mg/ml of histamine solution. The model was applied with 
somewhat different specifications but the core specification had one main exploratory factor i.e. the study group 
factor. This factor was teacher (rhinoscopically crusty or not crusty appearance). The binary outcome variables 
were analysed with Chi-2-analysis (two-sided tests) or Fisher´s exact test. 

RESULTS 
The rhinoscopic examination of all teachers showed that 15 subjects had a dry and crusty mucosal appearance and 
31 did not. No significant difference was found between teachers in the target school and those in the control 
school (10/28 and 5/18 respectively, p>0.50). Fig. 1 shows the histamine provocation curves for teachers with and 
without a rhinoscopically dry and crusty mucosal appearance. A definite statistical significance for the crusty 
appearance was found among the teachers in the analyses of baseline values (p=0.002), as well as in the analysis of 
the histamine provocation curves (p=0.0004). Furthermore, the teachers with a rhinoscopically dry and crusty 
mucosal appearance complained more frequently of irritative mucosal symptoms (33% (n=5) and 16%(n=5), 
respectively) and skin symptoms (53%(n=8) and 7%(n=2), respectively) than those without this appearance. The 
difference between the two groups was significant regarding skin symptoms (p= 0.004).  

Table 1 shows the proportion of teachers with a dry and crusty nasal mucosa regarding different factors. SPT+ or 
reported allergic diseases did not differ between the two groups. Skin symptoms dominated among the 
rhinoscopically dry and crusty mucosal group. However, teachers with skin symptoms reported experience of a dry 
skin (face and hands) rather than eczema. 
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Figure 1. Histamine provocation curves for teachers with a rhinoscopically dry and crusty appearance compared 
with those without this appearance. 

 
Table1. The divergence between different factors regarding the proportion of teachers with a rhinoscopically dry 

and crusty mucosal appearance.  
   Number Dry and crusty 

mucosa (%) 
p-value 

school target school 28 36  
 control school 18 28 0.58 
sex men 25 32  
 women 21 33 0.92 
smoking habits smokers 3 67  
 non-smokers 43 30 0.19 
prick test positive 8 38  
 negative 38 32 0.75 
asthma/hay fever yes 9 33  
 no 37 32 0.96 
skin symptoms* yes 10 80  
 no 36 19 < 0.001 
 eczema yes 15 27  
 no 30 37 0.50 
 dry facial skin yes 5 27  
 no 40 3 < 0.05 
 dry hands yes 5 27  
 no 41 3 < 0.05 
 scaling/itching scalp yes 5 27  
 or ears no 40 3 < 0.05 
mucous membrane  yes 10 50  
irritation** no 36 28 0.19 
poor indoor air  yes 17 35  
quality*** no 29 31 0.77 

     * The frequency of teachers often troubled by facial dry- or redness, scaly and itchy  
  hairbottom/ears or dry,itchy skin on the hands (eczema on the hands) 
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  ** The frequency of teachers often troubled by irritation from eyes, nose, throat or cough the 
 preceding three-month period 

*** The frequency of teachers often troubled by stuffy bad air, dry air or an unpleasant smell 
 
DISCUSSION 
Among the teachers in the two schools with a rhinoscopically dry and crusty appearance the histamine provocation 
curves for mucosal swelling showed a marked significant increase compared to the remaining teachers. The 
prevalence of this dry and crusty mucosa was not significantly different between the teachers in the two schools. 
The development of such a dry mucosa may be constitutional, but it may also be age dependent, and predispose to 
an increase in mucosal reactivity to histamine. 

One explanation could be an age dependent mucosal lower water content with lack of protecting mucus layer 
which makes the mucosal sensory nerve endings more sensitive to unspecific stimulation (Sanico and Togias 1998, 
Toppozada 1988). We think, however, that the dry and crusty mucosal appearance is a constitutional variant which 
may indicate an increased risk to develop nasal hyperreactivity when exposed to various mucosal irritants. It is also 
interesting that the teachers with a dry and crusty mucosal appearance and increased mucosal histamine reactivity 
also presented a higher frequency of skin symptoms and mucosal irritative symptoms. This fact makes us believe 
that there is a relationship between measured mucosal reactivity and mucosal and skin symptoms, but it needs a 
larger study population to support this. 

The connection between a dry mucosal appearance and skin symptoms, especially complaints of a dry, itchy and 
scaly skin, is interesting. This might strengthen the assumption that these persons are constitutional variants with a 
lower reaction threshold to environmental pollutions. There is also a possibility of an age-dependent factor. The 
mean age of the teachers were around 50 years with an incipient reduced secretory ability (Sanico and Togias 1998) 
and a lack of protective mucus layer which would make the mucosal sensory nerve endings more sensitive to 
non-specific stimulation. 

CONCLUSIONS AND IMPLICATIONS 
We have found that there was a highly significant increase in nasal histamine reactivity and skin symptoms, and a 
tendency to increased mucosal irritative symptoms among teachers with a dry and crusty mucosal appearance as 
compared with the remaining teachers. 

This finding might be one of many factors that contribute to identify predisposed people to certain risk 
environments. 
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