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SUMMARY

Rhinitis and rhinosinusitis (with/without polyposis), either allergic or non-allergic, represent a major medical problem. Their associated
comorbidities and relationship with family history have so far been poorly investigated. We assessed these aspects in a large population of
patients suffering from rhinosinusal diseases. Clinical history, nasal cytology, allergy testing and direct nasal examination were performed
in all patients referred for rhinitis/rhinosinusitis. Fibre optic nasal endoscopy, CT scan and nasal challenge were used for diagnosis, when
indicated. A total of 455 patients (60.7% male, age range 4-84 years) were studied; 108 (23.7%) had allergic rhinitis, 128 (28.1%) rhinosi-
nusitis with polyposis, 107 (23.5%) non-allergic rhinitis (negative skin test); 112 patients had associated allergic and non-allergic rhinitis,
the majority with eosinophilia. There was a significant association between non-allergic rhinitis and family history of nasal polyposis
(OR =4.45; 95%CI = 1.70-11.61; p = 0.0019), whereas this association was no longer present when allergic rhinitis was also included.
Asthma was equally frequent in non-allergic and allergic rhinitis, but more frequent in patients with polyposis. Aspirin sensitivity was more
frequent in nasal polyposis, independent of the allergic (p = 0.03) or non-allergic (p = 0.01) nature of rhinitis. Nasal polyposis is signifi-
cantly associated with asthma and positive family history of asthma, partially independent of the allergic aetiology of rhinitis.
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RIASSUNTO

Le riniti allergiche e non allergiche, le rinosinusiti (con / senza poliposi), rappresentano un importante problema medico. La loro comorbilita,
e il rapporto con la familiarita sono stati finora poco studiati. Abbiamo valutato questi aspetti in un’ampia popolazione di pazienti affetti da
patologie rino-sinusali. Tutti i soggetti sono stati sottoposti ad indagine anamnestica, citologia nasale, test allergologici, rinomanometria an-
teriore attiva (RAA) ed endoscopia nasale a fibre ottiche. Quando indicata ¢ stata eseguita TC naso-sinusale. Sono stati studiati 455 pazienti
(60,7% maschi, di eta compresa trai4 e 84 anni). 108 di essi (23,7%) presentavano rinite allergica, 128 (28,1%) avevano rinosinusite con po-
liposi, 107 (23,5%) rinite non allergica. 112 pazienti avevano una rinite allergica associata ad una forma non allergica (riniti “sovrapposte”),
prevalentemente a cellularita eosinofila. Abbiamo riscontrato una significativa associazione tra le forme di riniti non allergiche “cellulari” e
la familiarita per poliposi nasale (OR = 4,45, 95%CI = 1,70-11,61, p = 0,0019), mentre questa associazione non é stata rilevata nelle forme
allergiche. L’asma era ugualmente frequente nella rinite allergica e non allergica, maggiore nei pazienti con poliposi. La sensibilita all’aspiri-
na era piu frequente nella poliposi nasale, indipendente dalla presenza di associate allergie (p = 0,03) o riniti non allergiche (p = 0,01). Infine,
la poliposi nasale é significativamente associata ad asma e familiarita per asma, indipendentemente dalla rinite allergica.

PAROLE CHIAVE: Rinite allergica  Rinite non allergica * Poliposi nasale * Citologia nasale » Familiarita * Atopia
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Introduction remain unclear. In fact, if for allergic rhinitis (AR) and
chronic rhino-sinusitis without nasal polyposis, the epi-
demiology and immunological mechanisms are relatively
well known >1°, but few data are available for non-allergic
(i.e. asthma, hearing disorders, sleep disorders) severely hinitis (NAR), in particular for the forms called “cellu-
impair the quality of life of patients, and represent impor-  Jar” which include non-allergic rhinitis with neutrophils
tant challenges to the physician both from diagnostic and  (NARNE), non-allergic rhinitis with eosinophils (NAR-
therapeutic points of view '*. For years, scientific efforts  ES), non-allergic rhinitis with mast cells (NARMA), non-
have been made to identify and distinguish the patho-  allergic rhinitis with eosinophils and mast cells (NARES-
physiology of these diseases, but to date many aspects still  MA) (Fig. 1A-D) !4, and the overlapping forms .

Allergic and non-allergic rhinitis, rhinosinusitis (with/
without nasal polyposis, NP) and other associated diseases
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Fig. 1. Nasal cytology: A) non-allergic rhinitis with eosinophils (NARES);
B) non-allergic rhinitis with mast cells (NARMA); C) non-allergic rhinitis with
neutrophils (NARNE); D) non-allergic rhinitis with eosinophils and mast cells
(NARESMA) May-Griinwald- Giemsa staining, original magnification x1,000.

To date, no precise pathogenic link among these diseases
has been demonstrated, although it would be of enormous
benefit in establishing appropriate medical/surgical man-
agement, and to prevent the onset of complications.

In this study, we evaluated a large number of patients suf-
fering from nasal disorders (AR, NAR, NP, overlapping
rhinitis), assessing the occurrence of selected comorbidi-
ties (allergy, asthma, aspirin sensitivity), and their possi-
ble correlation with family history of atopy, asthma and
nasal polyposis.

Materials and methods

Patients referred to our ENT unit for nasal diseases be-
tween January 2010 and December 2012 were evaluated.
Thorough medical history was always obtained, and all
patients underwent skin prick test, flexible nasal endos-
copy and nasal cytology.

The family history primarily focused on asthma, aspirin
sensitivity, nasal polyposis and atopy, investigating at
least four degrees of relationship (1* degree: parents and
children; 2™ degree: siblings, grandparents and grandchil-
dren, 3 degree: aunts and uncles; 4" degree: cousins).
This aspect was detailed as best as possible, since the usu-
al response to the question “Do any of your family mem-
bers and/or relatives suffer from nasal polyposis, asthma
or atopy?” was vague or negative.

Nasal endoscopy was carried out by mean of a flexible
fiberscope (Vision Science ENT 2000, diameter 3.4 mm).
None of the patients received local anaesthesia or nasal
decongestion. Allergic sensitization was assessed by a
skin prick test that was carried out and read according to
guidelines. Results were considered positive if the ma-
jor wheel diameter was 3 mm or greater '6. The panel of
commercial allergens used (Stallergenes, Milan, Italy) in-
cluded: house dust mite (Dermatophagoides farinae and
pteronyssinus), cat, dog, grass mix, Compositae mix, Pa-
rietaria judaica, birch, hazelnut, olive, Alternaria tenuis,
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Cladosporium and Aspergilli mix. A CAP-RAST assay
(Phadia, Uppsala, Sweden) was carried out as a second
line test when indicated, and a specific IgE concentration
> (.35 kU/I was considered positive.

Nasal cytology was performed obtaining a nasal scraping
from the middle portion of the inferior turbinate, using a
Rhino-Probe® 7 8, Samples were placed on a glass slide,
fixed by air drying and stained by May-Grunwald Giemsa
method (Carlo Erba®, Milan, Italy). The slides were read
under a Nikon E600 light microscope (Nikon, Canada)
equipped with a digital camera. For the rhinocytogram
analysis, 50 microscopic fields were read at a magnifica-
tion of 1,000x to assess the presence of normal and ab-
normal cellular elements, or other pathologic microscopic
features. Cell count was carried out by a semi-quantita-
tive grading, as proposed by Meltzer and Jalowayski .
In particular, bacteria and fungal spores were quantified
as follows: Grade 0 (not visible); Grade 1+ (occasional
groups); Grade 2+ (moderate number); Grade 3+ (easily
visible); Grade 4+ (entire field).

Patients were classified as having AR or NAR based on
skin prick test results. The cellular forms of rhinitis were
further subdivided based on their cytotype into NARNE
(neutrophils > 50% with absent spores and bacteria); NAR-
ES (eosinophils > 20%); NARMA (mast cells > 10%);
NARESMA (eosinophils > 20% and mast cells > 10%) .
All data were recorded in a dedicated database (FileMak-
er Pro) and analyzed using STATA software MP11. For
proportions, the chi-square test was used. To evaluate the
association between the disease and the investigated de-
terminants, the OR with confidence intervals was calcu-
lated and the chi-square test was performed. For all tests,
a p < 0.05 was considered statistically significant.

Results

In the present study, 455 patients (60.7% male, mean age
38.7 = 18.3 years, age range 4-84 years) were studied. Of
these, 108 (23.7%) had AR (30.5% monosensitized), 128
(28.1%) had nasal polyposis (32.8% with concomitant aller-
gy), 107 (23.5%) had cellular rhinitis, of which 53 (49.5%)
NARES, 54 (50.5%) NARESMA. Finally, 112 (24.6%) pa-
tients were classified as “overlapping” AR+NAR, of whom
39 (34.8%) with NARES, 8 (7.1%) with NARMA and 65
(58%) with NARESMA. These overlapping patients had a
positive skin test/IgE assay, but also positive cytology for
eosinophils and/or mast cells outside the pollen season.

Within IgE positive patients, the most frequent sen-
sitizations were for mite (57.4%) followed by cypress
(46.3%), olive (44.4%), grasses (38.9%), Parietaria
(36.1%), dog/cat epithelium (30.5%) and fungi (6.5%).
The distribution of patients by gender was not different
for any of the diseases (chi-square = 4.12, p = 0.38). Ta-
ble I summarizes the occurrence of the various diseas-
es, the frequency of positive family history for allergy/
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asthma, nasal polyps and acetyl-  Table I. Occurrence of family history of atopy, asthma, nasal polyps and clinical signs such as: allergies,

salicylic acid sensitivity. asthma and acetylsalicylic acid (ASA) sensitivity.

Positive family history for allergy AR NAR AR+NAR NP
had the same prevalence in AR and 0=t f =1 w0 f =2;12 NISkZD
NAR groups (p =0.79), and in the Family history of allergy (8.8%) (9393/0) (19.6%) (6.285%)
AR and NP groups (p = 0.37). A o 21 % 43 21
positive family history of allergy ~ Family history of asthma g o, (24.3%) (38.4%) (16.4%)
was more frequent in the overlap-  Family history of nasal 5 19 22 21
ping forms of rhinitis compared  Polyposis (4.7%) (17.8%) (19.6%) (16.4%)
to the pure AR group (p = 0.03),  Allergy - . - (32‘%0/)
and when compared with NAR 16 g 59 4 5 ’
(P =0.02) and nasal polyposis pa-  Asthma (14.8%) (7.5%) (25.9%) (32.8%)
tients (p = 0.002). Table II shows Sensitivity to : A . 6
the frequencies for family history acetylsalicylic acid (4.6%) (3.7%) (4.5%) (12%)
of allergy at different degrees of ~_(ASA syndrome) ' ' '

relationships. AR: allergic rhinitis; NAR: non-allergic rhinitis; NP: nasal polyposis.

Table Il. Frequency of family history of allergy, asthma and nasal polyposis in different degrees of relationship.
DEGREE OF RELATIONSHIP

2" DEGREE
Brothers, grandparents/
grandchildren

31/4" DEGREE
Aunts, uncles and cousins

1¢t DEGREE
Parents and offspring

FAMILIARITY FOR ALLERGY

Allergic rhinitis (n = 12) 7 (58.3%) 4 (33.3%) 1(8.3%)
Non-allergic rhinitis (n = 11)

NARES 2 (18.1%) 2 (18.1%) -
NARMA - - -
NARESMA 6 (54.5%) - 1(9%)
Allergic rhinitis + non-allergic rhinitis (c.n. 24)

NARES 5 (20.8%) 2 (8.3%) 3(12.5%)
NARMA 1(4.1%) 1(4.1%) -
NARESMA 6 (24%) 4(16.7%) 2 (8.3%)
Nasal polyps (n = 9) 4 (44.4%%) 4 (44.4%%) 1(11.1%)
FAMILIARITY FOR ASTHMA

Allergic rhinitis (n = 21) 10 (47.6%) 6 (28.6%) 5 (23.8%)
Non-allergic rhinitis (n = 30)

NARES 8 (26.7%) 8 (26.7%) 2 (6.7%)
NARMA - - -
NARESMA 5(16.7%) 4 (13.3%) 3(10%)
Allergic rhinitis + non-allergic rhinitis (n = 45)

NARES 4 (8.9%) 2 (4.4%) 4 (8.9%)
NARMA 1(2.2%) 2 (4.4%) -
NARESMA 12 (26.7%) 11 (24.4%) 9 (20%)
Nasal polyps (n = 22) 12 (54.5%) 6 (27.3%) 4 (18.1%)
FAMILIARITY FOR NASAL POLYPS

Allergic rhinitis (n = 6) 2 (33.3%) 3 (50%) 1(16.7%)
Non-allergic rhinitis (n = 20)

NARES - 1 (5%) 3 (15%)
NARMA - - -
NARESMA 9 (45%) 4 (20%) 3(15%)
Allergic rhinitis + non-allergic rhinitis (n = 25)

NARES 2 (8%) 3 (12%) 5 (20%)
NARMA - 1 (4%) -
NARESMA 5 (20%) 4 (16%) 5 (20%)
Nasal polyps (n = 22) 10 (45.5%) 7 (31.8%) 5(22.7%)
TOTAL (n = 247) 111 (44.9%) 79 (31.9%) 57 (23%)
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A positive family history for asthma was found with the
same prevalence in the AR group and NP (p = 0.54), in
AR and NAR (p =0.41) and in NAR and NP (p = 0.68). In
contrast, overlapping rhinitis showed a higher frequency of
familiarity both for AR (p = 0.002) and for NP (p = 0.02).
Comparing NAR and overlapping rhinitis, asthma was
associated with a greater risk for the overlapping forms
(OR =1.96, 95%CI = 1.06-3.68, p = 0.02) (Table II).
Comparing the frequency of family history for nasal
polyps in NAR and AR patients, a statistically signifi-
cant association emerged in favour of NAR (OR = 4.45,
95%CI = 1.70-11.61, p = 0.0019). No significant differ-
ence in the frequency of family history of nasal polyps be-
tween NAR and NP (p = 0.46), and between overlapping
rhinitis and NP (p = 0.31) was found (Table II).

The difference in the frequency of asthma in the AR and
NAR groups remained borderline (p = 0.06). In addition,
asthma had a comparable frequency between overlapping
rhinitis and NP groups (p = 0.15), but asthma was more
common in the NP group compared with the AR group
(p =0.001) and the NAR group (p < 0.0001).

ASA sensitivity had the same prevalence in the AR vs.
NAR group (p = 0.5), in the AR group vs. overlapping
rhinitis group (p = 0.6) and in the NAR vs. overlapping
group (p =0.5). ASA sensitivity resulted more frequent in

O @)
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the NP group than in AR (p = 0.03), as compared to NAR
(p = 0.01) and overlapping rhinitis (p = 0.02).

Discussion

In daily clinical practice of an ENT-Allergology centre, dif-
ferent forms of rhinitis, such as allergic, non-allergic, rhino-
sinusitis with or without nasal polyposis are seen. Therefore,
the specialist must adopt increasingly complex diagnostic
and instrumental methods for diagnosis and management.
In fact, only a detailed diagnosis allows to characterize and
optimally treat nasal diseases. Nonetheless, the identifica-
tion of more complex and less characterized entities still
poses diagnostic and therapeutic challenges * 172!,

To receive the most accurate diagnosis, the patient should
undergo thorough diagnostic work-up, where family his-
tory must not be excluded, and accompanied by imaging,
functional and immunological evaluations (Fig. 2).By per-
forming a broad investigational procedure, in the present
study we observed that there was a high “global” familial
incidence of allergy, asthma and nasal polyposis, not only
between first and second degree relatives (44.9 and 31.9%),
but also in third and fourth degree ones (23%). These data
confirm the fact that, for some diseases, genetic background
plays a crucial role and should be taken into consideration.
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Fig. 2. For more accurate diagnosis, the rhinological patient must be able to follow a precise diagnostic work-up, where family history must not be excluded,
in addition to careful and thorough clinical history, and at least four levels of analysis should be provided: “macroscopic” investigation (by anterior rhinoscopy
and nasal endoscopy); “microscopic” investigation (by nasal cytology); allergy investigation (by skin prick tests) and “functional” investigation (by basic active
anterior rhinomanometry and after decongestion).
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Table Ill. When to suspect “overlapping” of different rhinopathies (allergic rhinitis+NARES, NARMA or NARESMA).

When to suspect “overlapping” of different rhinopathies
(allergic rhinitis + NARES, NARMA or NARESMA)

Clinical criteria

e Chronic “vasomotor” rhinitis symptoms (nasal congestion, rhinorrhoea, volley of sneezing) present even outside the pollen season, in a patient skin prick

test and/or RAST test positive.

e Increased “vasomotor”- type nasal reactivity to non-specific stimuli [sudden changes in temperature, light stimuli, strong smells, cigarette smoke,

exposure to chlorine (swimming), etc.].
e Disturbances of taste and smell (suspect onset of nasal polyposis).

o Positive family history of nasal polyposis, NARES, NARMA, NARESMA, asthma, sensitivity to acetylsalicylic acid, hypo-anosmia, vasomotor rhinitis labelled
“non-specific”, previous turbinate surgery for nasal congestion which gave poor medium- to long — term results.

e Recurrent use of nasal decongestants.

e Little or no clinical benefit following turbinate surgery for nasal congestion.
e Little or no clinical benefit following a cycle of specific immunotherapy (SIT).

Cytologic criteria

e |n the forms with “persistent” symptoms, overlapping should be suspected in all patients with rhinocytogram showing a cell profile different form that
associated with “persistent minimal inflammation” (i.e. different from that characterized by numerous neutrophils, some lymphocytes and occasional
eosinophils, with rare signs of degranulation), where there are eosinophils > 20% and/or mast cells > 10%.

e |n the forms with “intermittent” symptoms, overlapping should be suspected in all patients with a positive rhinocytogram (eosinophils > 20% and/or mast
cells > 10%.) outside the pollen season for the allergen/s identified by allergy testing (skin prick test and/or RAST test).

¢ |n rhinocytology, November tends to be preferred for “unravelling” overlapping rhinopathies, as this is the month in which most airborne pollens are absent.

e The presence of immuno-inflammatory cells (eosinophils and/or mast cells) associated with rhinitis symptoms confirms the presence of overlapping

diseases.

In particular, “cellular” rhinitis such as NARES, NARMA
and NARESMA had a high percentage of positive family
history for asthma and nasal polyposis, similar to patients
with NP (24.3 vs. 16.4% and 17.8 vs. 16.4%); while aller-
gic rhinitis (although with a familial incidence of asthma
slightly higher than in patients with NP [19.4 vs. 16.4%])
presented a lower positive family history for nasal poly-
posis (4.7 vs. 16.4%), approaching the epidemiological
data of the general population?.

Patients with “overlapping” rhinitis (AR+NAR) showed a
familial incidence of asthma and nasal polyps greater than
the NAR forms, of 38.4 and 19.6%, respectively. The data
describing the familial incidence of NP, both in “cellular”
and “overlapping rhinitis” (17.8 and 19.6%, respectively)
demonstrate a clear link between these diseases and NP
(OR =4.45; 95%CI = 1.70-11.61, p = 0.0019), further con-
firming the confusion of numerous aetiopathogenetic theo-
ries on the formation of nasal polyps described in the last 20
years*, and from time to time the denial of the theory of “ep-
ithelial breaking” %, fungal aetiology %, superantigens, etc. *®
We propose a hypothesis based on “familial-inheritance”
that leads to the formation of nasal polyps as the “hyperplas-
tic” evolution of a vasomotor cellular type rhinopathy. If this
occurs in association with allergy, the IgE component would
seem not determinant to lead to hyperplasia. Nonetheless,
longitudinal studies of patients with NARES, NARMA and
NARESMA are necessary to confirm this hypothesis.
Concerning AR, our data confirm those of the available lit-
erature ” that exclude a common aetiology with NP, with an
incidence of 32.8% in the group of patients with NP, simi-
lar to that found in the general population. Concerning the
prevalence of asthma in rhinitis, our data are also consistent
with that reported in epidemiological studies for both AR
(14.8%) and NP (32.8%) '6. On the other hand, our find-
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ing of a large difference in incidence of asthma between
cellular NAR (7.5%) and “overlapping” rhinitis (22.3%)
is more difficult to interpret. Undoubtedly, the presence of
two diseases (AR + NAR) in the same patient could justify
an increased damage to respiratory epithelium 3! 32 3436,
Remaining within the rhino-allergic diagnostic realm, we
suggest that “overlapping” rhinitis should always be diag-
nosed, since it has a different clinical evolution from the
“pure” forms of AR. Its diagnosis would also avoid er-
roneous epidemiological estimates, such as: i) indicating
that AR increases the incidence of asthma, or increases
comorbidities such as sinusitis, otological diseases, sleep
disorders and nasal polyps; ii) treatment failures (e.g. the
failure of specific immunotherapy), and iii) preventing
complications such as asthma, nasal polyps, etc.).

In this regard, the important role of nasal cytology is para-
mount, as it is the only laboratory investigation capable
of diagnosing ‘“cellular” NAR, to expose “overlapping”
rhinitis (Table III), and to confirm the IgE-mediated rhini-
tis and monitor treatment. Therefore, although little used
and valued, in our opinion this very useful method should
systematically be used as a tool for diagnosis of rhinitis.
Rhino-allergic diagnosis is an articulate and complex
procedure, and detailed patient history is mandatory. The
instrumental diagnostic tools play a crucial role in clini-
cal diagnosis, especially in the “cellular” forms of non-
allergic vasomotor rhinitis and ‘“overlapping” rhinitis,
diseases that are not always diagnosed correctly and for
many still unknown. Our results reasonably suggest the
existence of a direct link between non-allergic rhinitis
and nasal polyposis, based on hereditary-familial aspects.
More systematic and larger cohort studies will be of help
in understanding the pathogenetic mechanisms of both
nasal polyposis and its comorbidities.
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