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(p = 0.049, p  !  0.001, p = 0.022 and p = 0.007, respectively). 
Nasal resistances were higher in the pollen group (p = 0.001). 
 Conclusions:  This study provides evidence that inflamma-
tory cell pattern and nasal resistance depend on the type of 
allergen sensitization.  Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 Allergic rhinitis is the most frequent immunoglobu-
lin-E-mediated disease. Its prevalence is high in the gen-
eral population and still on the increase  [1–3] .

  Allergic rhinitis is classically subdivided into seasonal 
(SAR) and perennial allergic rhinitis (PAR), depending on 
the type of allergen and the occurrence of symptoms dur-
ing the year  [4] . SAR is caused by outdoor allergens, main-
ly pollens, whereas PAR is due to indoor allergens, includ-
ing house dust mites (HDM), pets and cockroaches. This 
classification has recently been revised by the ARIA (Al-
lergic Rhinitis and its Impact on Asthma) workshop  [5] . 
The new classification into ‘intermittent’ and ‘persistent’ 
forms does not consider the type of allergen, but rather the 
duration of symptoms (days/week and consecutive weeks) 
and the impact on life quality. On the basis of these con-
siderations, we recently performed a study on a large pop-
ulation of subjects who perceived isolated nasal symptoms 
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 Abstract 
  Background:  Allergic rhinitis is characterized by inflamma-
tory cell infiltrate and increased nasal airflow resistance.  Ob-
jective:  The aim of this study was to evaluate the relation-
ship between sensitization type, inflammatory cell pattern, 
and nasal airflow resistance in a group of rhinitics with 
monosensitization.  Methods:  Seventy-seven subjects (40 
males and 37 females, with a mean age of 33  8  4.4 years) 
suffering from allergic rhinitis were studied. Skin prick test, 
nasal cytology and electronic rhinomanometry were as-
sessed in all subjects.  Results:  The number of subjects 
monosensitized to house dust mites was 23, to grasses 20, to 
cypress 17, to  Parietaria  11, and to olive tree 6. Significant dif-
ferences were observed between each type of allergen sen-
sitization concerning both the nasal airflow resistance (p = 
0.002) and the nasal cytology pattern: eosinophils (p = 
0.004), degranulated eosinophils (p = 0.002), mast cells (p = 
0.006) and degranulated mast cells (p = 0.008). Furthermore, 
goblet cells were higher in house dust mite-sensitized sub-
jects compared with the pollen-sensitized group (p = 0.018), 
in which a prevalence of eosinophils, degranulated eosino-
phils, mast cells and degranulated mast cells was observed 
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in order to evaluate the clinical and functional aspects in 
relation to the type of allergic rhinitis and the causal 
allergen(s)  [6] . The large majority of subjects (80%) had a 
mixed allergic rhinitis, being sensitized both to seasonal 
and perennial allergens  [6] . Moreover, a seasonal variabil-
ity of the symptom score was detectable both for SAR and 
PAR patients (SAR patients were more symptomatic dur-
ing the spring-summer season, while PAR patients worsen 
during autumn-winter), whereas mixed allergic rhinitis 
patients did not show seasonal variations  [6] .

  It is well known that allergen exposure activates mast 
cells with a consequent release of preformed mediators, 
mainly histamine and leukotrienes, and cytokines capable 
of inducing the recruitment and activation of inflam-
matory cells, including eosinophils, neutrophils and Th2 
lymphocytes  [7] . These inflammatory events lead to the 
onset of typical nasal symptoms, including itching, sneez-
ing, rhinorrhea and obstruction. Recently, the relationship 
between nasal obstruction, Th2-dependent inflammation 
and nasal airflow limitation was evidenced both in adults 
and children suffering from allergic rhinitis  [8–10] .

  Thus, the primary purpose of this study was to verify 
whether patients with allergic rhinitis monosensitized ei-
ther to HDM or pollen had a different nasal cytology pat-
tern and nasal airflow resistance. Other endpoints were 
to assess the association between nasal cytology and na-
sal resistances and to describe the relationship between 
both the nasal cytology and the nasal resistances with the 
single allergens involved.

  Methods 

 Study Design 
 The study was conducted during the pollen season, corre-

sponding to spring in our region, when patients were symptom-
atic  [6, 8–10] . We included subjects with allergic rhinitis among 
patients seen at the ENT Clinic of Bari (Southern Italy). In this 
observational study, we enrolled only those subjects reporting 
symptoms of rhinitis with monosensitization to one pollen or 
HDM. Subjects with acute upper respiratory infections, anatomic 
nasal defects (i.e. septum deviation), nasal polyps, asthma and/or 
bronchial hyperreactivity, and using nasal or oral corticosteroids, 
nasal or oral decongestants, and antihistamines during the previ-
ous 4 weeks were excluded.

  The diagnosis of allergic rhinitis was made on the basis of a 
history of nasal symptoms and positive skin prick test according 
to validated criteria  [4, 5] .

  On the basis of the sensitizing allergen, we subdivided the pa-
tients further into two groups: pollen-sensitized and HDM-sen-
sitized subjects.

  Skin prick tests, nasal endoscopy and rhinomanometry were 
performed in all subjects. The study was approved by the Institu-

tional Review Board of the University of Bari, and an informed 
consent was obtained from all patients.

  Skin Prick Test 
 Allergy was assessed by the presence of sensitization to the 

most common classes of aeroallergens by performing a skin prick 
test. It was performed as stated by the European Society of Al-
lergy and Clinical Immunology: sensitization was considered 
when the wheal diameter was equal or greater than 3 mm  [11] .

  The allergen panel consisted of the following: house dust mites 
 (Dermatophagoides farinae  and  Dermatophagoides pteronyssi-
nus),  cat, dog, grass mix,  Compositae  mix,  Parietaria judaica,  
birch, hazel tree, olive tree,  Alternaria tenuis,   Cladosporium,  and 
 Aspergilli  mix; the concentration of allergen extracts was 100 IR/
ml (Stallergenes, Milan, Italy).

  Nasal Cytology 
 Cytological samples were obtained by scraping with a Rhino-

Probe TM . The samples were collected from the medial portion of 
the inferior middle turbinate. After fixing with absolute alcohol 
for 3 min and drying, the samples were stained using the May-
Grünwald-Giemsa (Carlo Erba, Milan, Italy) method, then 
mounted on covered slides and examined under a microscope 
(Nikon E600, Nikon, Italy). Cell count was performed on 10 
 microscopic samples at high-power magnification ( ! 1,000) in 
immersion  [12] . Samples were examined blindly by 2 different 
readers.

  Rhinomanometry 
 Nasal airflow resistance was measured by active anterior elec-

tronic rhinomanometry. Patients wore a tight-fitting facemask 
and breathed through one nostril with their mouth closed. A sen-
sor, placed in the contralateral nostril, recorded data on pre- and 
postnasal pressures via airflow and pressure transducers. The in-
strument (Rhinomanometer Menfis, Amplifon, Italy) was con-
nected to a personal computer. The signals of transnasal airflow 
and pressure were amplified, digitalized and saved for statistical 
analysis.

  Nasal resistance was measured in milliliters per second as the 
sum of the recorded airflow through the right and left nostrils at 
a pressure difference of 150 Pa across the nasal passage.

  Four or more airflow measurements were performed for each 
patient, and the mean value was recorded when reproducible val-
ues were achieved. Normal values are  ! 0.50 Pa/ml/s  [13] .

  Statistical Analysis 
 Data were described as medians and 25th–75th percentiles if 

continuous, and as counts and percentages if categorical. For the 
purpose of the analysis, cell levels were dichotomized according 
to the median of their distribution. Continuous variables and cat-
egorical variables were compared between HDM and pollen 
groups by means of the Mann-Whitney U test and the Fisher exact 
test, respectively. The association of the cytologic pattern (dichot-
omized) and baseline nasal resistances (log transformed) was as-
sessed by means of a general linear regression model, while con-
trolling for the presence of seasonal or perennial allergy. Finally, 
cell concentrations were compared between the single allergens 
by means of the Kruskal-Wallis test (nonparametric analysis of 
variance) and the Mann-Whitney U test for post hoc compari-
sons. Due to the explorative nature of this analysis, no correction 
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for multiple tests was applied. Stata 8 (StataCorp, College Station, 
Tex., USA) was used for computation. A 2-sided p value  ! 0.05 was 
considered statistically significant.

  Results 

 Patients 
 Seventy-seven monosensitized symptomatic subjects 

with allergic rhinitis were prospectively and consecutive-
ly evaluated during the pollen season: 40 males and 37 
females, with a mean age of 33  8  4.4 years. All patients 
were monosensitized. They were grouped according to 
the presence of pollen or HDM sensitization for the anal-
ysis of the primary endpoint of the study.

  Association of Pollen or HDM Sensitization and Nasal 
Cytology or Nasal Airflow Resistance 
 Patients with pollen sensitization (n = 54) were mono-

sensitized to cypress, grasses, olive tree or  P. judaica.  Pa-
tients with HDM sensitization (n = 23) were monosensi-
tized to  Dermatophagoides  only.

  Cell concentrations in the pollen group and the HDM 
group are summarized in  table 1 , both on a continuous 
scale and as proportions of patients with increased con-
centrations (above the median value). Goblet cell   concen-
tration was significantly higher in the HDM group (p = 
0.018), with 71% of patients with increased values in the 
HDM group, as compared with 33% in the pollen group 
(p = 0.003), whereas   eosinophil, degranulated eosinophil, 
mast cell and degranulated mast cell levels were signifi-
cantly higher in the pollen group (p = 0.049, p  !  0.001, 
p = 0.022 and 0.007, respectively;  fig. 1 ).

   Fig. 1.   Cell levels according to pollen/HDM sensitization for eo-
sinophils ( a ), degranulated eosinophils ( b ), mast cells ( c ), degran-
ulated mast cells ( d ) and nasal airflow resistance ( e ). In all cases, 
a significant association between cell levels or resistances and sen-
sitization type was present (see text for details). 
   Fig. 2.   Cell levels according to single allergen sensitization for eo-
sinophils ( a ), degranulated eosinophils ( b ), mast cells ( c ), degran-
ulated mast cells ( d ) and nasal airflow resistance ( e ). In all cases, 
a significant association between cell levels or resistances and sen-
sitization type was present (see text for details). Dermatoph. = 
 Dermatophagoides.  

Variables Pollen HDM p value1

Goblet cells 30 [20–60] 60 [35–70] 0.018
>40 18 (33) 17 (71) 0.003

Neutrophils 75 [50–75] 75 [75–90] 0.244
>75 12 (22) 9 (37) 0.177

Eosinophils 75 [50–75] 50 [50–75] 0.049
>75 7 (13) 0 (0) 0.093

Degranulated eosinophils 50 [30–80] 10 [5–40] 0.000
>50 25 (46) 5 (21) 0.044

Mast cells 25 [0–50] 0 [0–50] 0.022
>25 26 (48) 9 (37) 0.463

Degranulated mast cells 10 [0–60] 0 [0–10] 0.007
>10 24 (44) 6 (25) 0.133

Lymphocytes 50 [25–75] 50 [30–75] 0.964
>50 19 (35) 7 (29) 0.795

Activated lymphocytes 10 [0–25] 0 [0–30] 0.407
>0 28 (52) 9 (37) 0.327

Plasma cells 0 [0–0] 0 [0–0] 0.112
>0 12 (22) 2 (8) 0.205

Cell populations are described and analyzed both on a continuous scale and after 
 dichotomization according to their median values. Values indicate medians with 25th–
75th percentiles in brackets for continuous variables, and counts with percentages in 
parentheses for categorical variables.

1 The Mann-Whitney U test was used to compare median values and Fisher’s exact 
test to compare counts.

Table 1. Comparison of the cytologic 
 pattern in patients with pollen and HDM 
sensitization
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  No other cell population appeared to differ signifi-
cantly between the groups, although activated lympho-
cytes and plasma cells were more prevalent in the patients 
with pollen sensitization.

  Finally, nasal resistances were significantly higher in 
the pollen group (p = 0.001), with 33 patients (61%) show-
ing increased values as compared with 4 (17%) in the 
HDM group (p  !  0.001;  fig. 1 ).

  Nasal Cell Population and Nasal Airflow Resistances 
 The association of cell populations and nasal resis-

tance is shown in  table 2 . Higher levels of mucipar cells, 
eosinophils, degranulated eosinophils, mast cells, de-
granulated mast cells and plasma cells   tended to be re-

lated to higher baseline resistances (although a borderline 
nonsignificance was observed for mast cells and a moder-
ate significance was attained for activated lymphocytes 
only),   while the inverse was true for neutrophils.

  Single Allergen Monosensitization 
 To describe this population more thoroughly, details 

on the single allergen and their relationship to cell popu-
lations and nasal resistances were collected. Patients were 
monosensitized to cypress (n = 17), grasses (n = 20), olive 
tree (n = 6),  P. judaica  (n = 11), or  Dermatophagoides  
HDM (n = 23). The levels of cells were compared between 
the single allergens in an exploratory analysis, by means 
of the nonparametric analysis of variance. Significant 
differences were observed for the following cell popula-
tions ( fig. 2 ): eosinophils (Kruskal-Wallis test, p = 0.004; 
 fig. 2 a), where median concentrations were highest for 
grasses (p = 0.006 vs. cypress; p  !  0.001 vs.  Dermatopha-
goides;  p = 0.012 vs. olive tree); degranulated eosinophils 
(Kruskal-Wallis test, p = 0.002;  fig. 2 b), where median 
concentrations were highest for grasses (p = 0.039 vs. cy-
press; p = 0.017 vs.  Dermatophagoides;  p = 0.006 vs. olive 
tree) and lowest for  Dermatophagoides  (p = 0.017 vs. cy-
press), and differences were also observed between  Pari-
etaria  and olive tree (p = 0.046); mast cells (Kruskal-
 Wallis test, p = 0.006;  fig. 2 c), where differences were 
 observed between grasses and cypress (p = 0.031), 
  Dermatophagoides  (p = 0.002) and olive tree (p = 0.001), 
between  Dermatophagoides  and  Parietaria  (p = 0.026), 
and between  Parietaria  and olive tree (p = 0.028); de-
granulated mast cells (Kruskal-Wallis test, p  !  0.001; 
 fig. 2 d), where differences were again observed between 
grasses and cypress (p = 0.001),  Dermatophagoides  (p = 
0.001) and olive tree (p = 0.005), and between  Derma-
tophagoides  and  Parietaria  (p = 0.049).

  Nasal resistance values were also significantly differ-
ent between allergens (Kruskal-Wallis test, p = 0.023; 
 fig. 2 e); specifically, the lowest values were recorded for 
 Dermatophagoides.  Differences were observed between 
 Dermatophagoides  and cypress (p = 0.007), grasses (p  !  
0.001) and  Parietaria  (p = 0.011).

  Discussion 

 Allergic rhinitis is characterized by Th2-dependent 
inflammation that accounts for the occurring nasal 
symptoms, mainly nasal obstruction  [9, 10] .

  This study demonstrated that subjects with HDM and 
pollen monosensitization elicit a significantly different 

Table 2. Association of cell population and nasal airflow resis-
tances (Pa/ml/s) while controlling for the presence of pollen or 
HDM association

Variables Median p value1

Goblet cells 0.333
^40 0.90 (0.53–1.16)
  >40 0.90 (0.58–1.40)

Neutrophils 0.222
^75 0.95 (0.74–1.20)
  >75 0.90 (0.46–1.20)

Eosinophils 0.675
^75 0.90 (0.55–1.20)
  >75 0.98 (0.89–1.35)

Degranulated eosinophils 0.184
^50 0.87 (0.51–1.08)
  >50 0.98 (0.80–1.40)

Mast cells 0.081
^25 0.80 (0.48–1.20)
  >25 0.98 (0.80–1.40)

Degranulated mast cells 0.350
^10 0.88 (0.49–1.20)
  >10 0.98 (0.80–1.37)

Lymphocytes 0.682
^50 0.90 (0.56–1.28)
  >50 0.89 (0.58–1.20)

Activated lymphocytes 0.027
^0 0.90 (0.74–1.40)
  >0 0.89 (0.53–1.12)

Plasma cells 0.916
^0 0.90 (0.58–0.19)
  >0 0.98 (0.51–1.40)

Values indicate medians with 25th–75th percentiles in paren-
theses.

1 Analysis adjusted for pollen/HDM sensitization in a general 
linear regression model.
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pattern regarding both the inflammatory cell concentra-
tions and the nasal resistance measures. In particular, pol-
len-sensitized subjects showed higher levels of inflamma-
tory infiltrate and augmented nasal resistance, while 
HDM-sensitized patients showed a higher number of gob-
let cells which might be attributed to chronic allergic in-
flammation. This finding confirms our previous reports 
indicating that SAR subjects show a more pronounced in-
flammation, with higher levels of inflammatory cells and 
cytokines, and impaired nasal airflow, compared with 
PAR patients  [14, 15] . It is well known that SAR patients 
are different from PAR patients  [16, 17] , but no study in-
vestigated the relationship between allergic inflammation 
and nasal airflow resistance. Therefore, SAR and PAR, ac-
cording to the traditional classification, may be considered 
as two separate entities as they are characterized by a sub-
stantially different inflammatory and functional response. 
On the other hand, persistent rhinitis has recently been 
recognized as a different disease in comparison with inter-
mittent rhinitis, at least from a clinical point of view  [18] .

  Another interesting finding of our study is the obser-
vation of higher nasal cell concentrations with increased 
levels of nasal airflow resistance (after controlling for the 

confounding effect of pollen/HDM sensitization in a 
multivariate analysis), although a statistical significance 
is reached only once.

  Finally, we observed different concentrations of eosin-
ophils, degranulated eosinophils, mast cells and degran-
ulated mast cells between the single allergens. The major 
differences were observed between grasses or  Parietaria  
and the other allergens, though due to the sparseness of 
data, the analysis should be considered exploratory and 
the conclusions drawn should be considered with cau-
tion. However, it is noteworthy that it is not easy to enroll 
a large number of monosensitized patients  [6]   , and it is 
well known that each pollen has a particular calendar of 
pollination  [19, 20] . The duration and the intensity of pol-
len concentration deeply influence the persistence of al-
lergic inflammation  [21] . Moreover, each pollen has spe-
cific biological properties that are reflected in sensitiza-
tion prevalence and the severity of symptoms  [22] . 
Therefore, it is clearly conceivable that each allergen may 
elicit different immunologic and functional responses.

  In conclusion, this study provides the first evidence of 
differing nasal responses when considering the type of 
allergen sensitization.
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