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Abstract

Introduction: The current state of knowledge is that allergic rhinitis can occur in two forms. One is allergic rhinitis
as a manifestation of a systemic allergy with systemic atopy and positive results of skin prick tests or sIgE tests.
The other is local allergic rhinitis (LAR) as a local allergic reaction affecting only the nasal mucosa without systemic
atopy.

Aim: To attempt to assess the usefulness of the nasal allergen provocation test for the purposes of differential
diagnosis and the qualification of LAR patients for therapy.

Material and methods: The subjects in the study were a group of 6 adults diagnosed with LAR on the basis of
their medical history and the results of nasal allergen provocation tests, with the allergens being house dust mites
(Dermatophagoides pteronyssinus, Dermatophagoides farinae). The methods adopted in the study were a point-
based rating scale as a measure of nasal/extranasal complaints and active anterior rhinomanometry.

Results: Significant differences (p < 0.05) were observed, using the subjective rating scale, in relation to registered
nasal and extranasal complaints in the early phase of the allergic reaction. Similarly, the rhinomanometry method
revealed significant differences in nasal resistance values before and after the administration of an allergen.
Conclusions: The nasal allergen provocation test is the only testing tool that objectively measures the degree of the

patient’s allergic reactions and is useful in qualifying LAR patients for further therapy.
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Introduction

The nasal allergen provocation test (NAPT) is defined
as “a method of reconstructing the response of the up-
per airways to natural exposure to allergens or irritants,
and a method of research into the pathophysiology of
diseases affecting the upper airways by testing poten-
tial biochemical mediators” [1] and plays a major role in
the differential diagnosis of rhinitis conditions [2]. The
specificity and sensitivity of the NAPT are high: 83.7%
and 100%, respectively [3]. The NAPT, as a method of
measuring the degree of the allergic reaction of rhinitis
patients, returns a diagnosis of allergic rhinitis (40.2%),
non-allergic rhinitis (38.8%) and confirms local allergic
reaction (LAR) [4]. In the group of patients with idiopath-
ic rhinitis, a positive response in NAPT is manifested by
8.1-69.4% of the subjects [5, 6].

An extremely interesting and relatively new aspect is
a local response (Igk-dependent, but without features of
atopy) to an allergen in the region of the mucous mem-
brane of the nasal cavity as well as its clinical picture
obtained in the NAPT [7-10]. Local allergic reaction is re-
garded, in individual cases, as an early manifestation of
allergic rhinitis or a separate disease in rhinitis patients.
It is estimated that isolated LAR in rhinitis patients ac-
counts for nearly 25.7% of rhinitis cases [6]. Nearly 47%
of the LAR subjects are allergic to birch [11] and 62% are
allergic to the European house dust mite (Dermatopha-
goides pteronyssinus) [12].

Aim
The aim of this paper is to attempt to assess the
usefulness of the nasal allergen provocation test for the
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purposes of differential diagnosis and the qualification
of LAR patients for therapy. The potential risk of patients
developing multimorbidity (bronchial asthma, allergic
conjunctivitis) [13, 14] or their quality of life deteriorating
and, importantly, patients developing atopy, confirms the
need for research into these problems, which is increas-
ingly often emphasised in the literature.

Material and methods

The subjects in the study were a group of 6 adults
(3 females and 3 males, with the average age of 31.8
years) diagnosed with LAR on the basis of their medi-
cal history and the results of nasal allergen provocation
tests, with the allergens being house dust mites (Derma-
tophagoides pteronyssinus, Dermatophagoides farinae).
They were diagnosed at the Unit of Clinical Immunology
and Allergology, University Medical Centre, Medical Uni-
versity of Warsaw. Patients were included in the study
if their medical history confirmed allergy to house dust
mites and if they have had a CT of the paranasal/fron-
tal sinuses that ruled out inflammation, with nasal pa-
tency in the bony part of the nose. The following factors
excluded patients from the study: a history of general
anaphylactic reactions; contraindications to the admin-
istration of adrenaline; exacerbation of an allergic dis-
ease; severe uncontrolled bronchial asthma and/or other
chronic obstructive pulmonary diseases; acute bacterial
or virus infection of the nose and/or the nasal sinuses;
severe forms of systemic diseases (malignant tumour,
autoimmune diseases), systemic immunotherapy; isch-
aemic heart disease; pregnancy; age under 3 years; nasal
deformities; choanal atresia; nasal septal perforation; se-
vere nasal septum deviation; nasal polyps; atrophic rhini-
tis; fewer than 8 weeks after nasal surgery (particularly
correction of the inferior nasal concha); acute infection
of the upper airways within 2—4 weeks before the test;
inflammation of the nasal/frontal sinuses [1, 2, 15].

If the medical history taken from a patient revealed
that the patient had been having nasal complaints, main-
ly severe, persistent nasal obstruction (Allergic Rhinitis
and its Impact on Asthma — ARIA) [16], the patient’s qual-
ity of life deteriorated. Furthermore, the family medical
history taken from the patients confirmed a predisposi-
tion to atopy, including allergic rhinitis.

The differential diagnosis tests based on skin prick
tests (for birch, grasses/corn, Dermatophagoides pter-
onyssinus and Dermatophagoides farinae, moulds 1
(Botrytis cinerea, Cladosporium herbarium, Alternaria
tenuis, Curvularia lunata, Fusarium moniliforme, Hel-
minthosporium), moulds 2 (Aspergillus fumigates, Mucor
mucedo, Penicillium notatum, Pullularia pullulans, Rhizo-
pus nigricans, Serpula lacrymans), dog, cat, Cladosporium
herbarium and Alternaria tenuis moulds) and sIgE tests,
ruled out atopy. No features of bronchial tree obstruction
were revealed in a spirometry test (Lungtest 1000, MES).
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The method used in the study was the NAPT with
a standard dose of the Allergopharma allergen (5000
SBU/ml). The allergen (0.2 ml) was inhaled into both
nostrils at room temperature, by means of an atom-
izer. The patients’ nasal complaints were measured on
a point-based rating scale (for nasal and extranasal
symptoms). Rhinomanometry (Rhinotest, MES) was also
used, in accordance with the test protocol (see appen-
dix) (flow rate: £18 |/s, accuracy of flow rate measure-
ment: < 2%, volume measurement resolution: £10 ml/s,
measured pressure range: +1.25 kPa, accuracy of pres-
sure measurement: +1%, pressure measurement resolu-
tion: 1 Pa, measuring head: MES/type DV 40, dead area:
DV 40 - 40 ml, head resistance: DV 40 < 0.2 cm H,0//s
(with a flow rate of 1 1/s)). The rhinomanometry test in-
cluded an analysis of nasal resistance (using the stan-
dard and Brom’s methods) examination (Rn RSIn kPa/l/s
= standard right-side nasal resistance during inspiration;
Rn RBIn kPa/l/s = Brom’s right-side nasal resistance dur-
ing inspiration, Rn RSEx kPa/l/s = standard right-side
nasal resistance during expiration; Rn RBEx kPa/l/s =
Brom’s right-side nasal resistance during expiration; Rn
LSIn kPa/l/s = standard left-side nasal resistance during
inspiration; Rn LBIn kPa/l/s = Brom’s left-side nasal resis-
tance during inspiration; Rn LSEx kPa/l/s = standard left-
side nasal resistance during expiration; Rn LBEx kPa/l/s
= Brom’s left-side nasal resistance during expiration) for
the measured flow rate values (V, SD), separately for the
right and left sides during normal breathing.

The test was carried out three times: after the pa-
tient’s adaptation to the conditions in the laboratory
(20 min, ambient temperature: 21°C, relative humidity:
40-50%), which was the initial, or baseline measure-
ment; after the administration of control solution (0.9%
NaCl + 0.4% Pheno — the carrier for the test substance);
and after local administration of the allergen. The early
phase of the allergic reaction was evaluated 20 min after
the local administration of the allergen [1, 2]. Patients
with nasal symptoms measured as 5 points on the point-
based rating scale, with an increase by 40% of the air
flow resistance rate before the administration of the al-
lergen, were excluded from participation in the study. The
NAPT was performed on an outpatient basis by qualified
medical personnel, in accordance with all the applicable
safety standards [15].

Statistical analysis

The statistical analysis for the measured values of na-
sal resistance (RnRSIn, RnRBIn, RnRSEx, RnRSEx, RnLSIn,
RnlLBin, RnLSEx, RnLBEx) and for the point-based rating
scale at each stage of the test was performed using the
Shapiro-Wilk test of normality, the Wilcoxon signed-rank
test and analysis of variance (ANOVA), with a significance
level of a = 0.05. Also, box plots were used to depict dif-
ferences in nasal resistance values between the different
stages of the test. Additionally, ROC curves were used

891



Edyta Krzych-Fatta, Konrad Furmarnczyk, Diana Dziewa-Dawidczyk, Oksana Wojas, Katarzyna Retlewska, Bolestaw K. Samolinski

to assess the specificity and sensitivity of the tools for
measuring the response of the nasal mucosa to the al-
lergens administered.

Results

Highly positive values in the NAPT, based on Europe-
an Academy of Allergy and Clinical Immunology (EAACI)
guidelines [15], were recorded for 5 subjects (one subject
demonstrated a moderately positive value; nasal resis-
tance: 25%, 3 points on the point-based rating scale). Sig-
nificant differences were recorded, using the point-based
rating scale, in relation to registered nasal and extranasal
complaints in the early phase of the allergic reaction (Fig-
ure 1). Two of the six subjects demonstrated nasal ob-
struction as early as at the second stage of the test. The
swelling of the nasal mucosa increased significantly after
the administration of the allergen. As regards extranasal
symptoms, two of the six subjects demonstrated cough-
ing in the early phase of the allergic reaction.

Similarly, the rhinomanometry method revealed sig-
nificant differences in nasal resistance values before and
after the administration of an allergen. The average val-
ues and the standard deviation values for the current
value, the variability coefficient (V) and the deviation
(S) values for the different nasal resistance values are
presented in Table 1. In 2 cases, due to technical prob-
lems, i.e. considerable nasal obstruction, it was possible
to carry out the test only at 5-minute intervals. The Wil-
coxon signed-rank test revealed a difference between
the average current values before and after the NAPT;
for RnLSIn, in the first test versus the value after the local
administration of the allergen (p = 0.025970) and in the
second test in relation to the values recorded in the early
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phase of the allergic reaction (p = 0.04113). Similarly, an
analysis of the RnLBIn nasal resistance values revealed
differences between the values measured in the initial
(baseline) test versus those measured after the NAPT
(p = 0.02597) (Table 1).

Additionally, an analysis of a ROC curve (including
the AUC field) for the current value was performed (the
patients were divided into two groups: measurements
in the first and second tests (no complaints measured)
and measurements when complaints occurred (nasal
obstruction after the NAPT). Differences between the
patients included in the study were the most evident in
the case of the following values: RnLSIn (AUC = 0.875),
RnlBIn (AUC = 0.819), RnLBEx (AUC = 0.792), RnLSEx
(AUC = 0.75) (Figure 2).

Discussion

The NAPT, with measurements in the early and late
phases of the allergic reaction made using standardised
techniques including acoustic rhinometry, rhinomanom-
etry, peak nasal inspiratory flow (PNIF), the nasal symp-
tom score scale (VAS) [15] and other techniques: the
content of reaction mediators in nasal lavage fluid (slgE,
tryptase, and eosinophilic cationic protein (ECP) or the
level of nitrogen oxide in the air exhaled), plays a ma-
jor role in the process of qualifying patients for further
therapy. The results of NAPT can sometimes be difficult
to evaluate and interpret, when the wrong nasal patency
measurement technique was used. The most specific
and sensitive techniques include: acoustic rhinometry,
optical rhinomanometry and PNIF. In our report, we have
proved, on the one hand, the specific usefulness and rel-
atively good sensitivity and specificity of the technique
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Figure 1. Subjective assessment of nasal and extranodal ailments in the early phase of an allergic reaction of a nasal
allergen provocation test: A — Nasal symptoms of the early phase of the allergic reaction, B — the extra-nasal symptoms

of the early allergic reaction phase
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employed in our study, namely rhinomanometry,
and, on the other, the fact that it is technically dif-
ficult to obtain the following current values: nasal
resistance in connection with nasal obstruction
(in the case of highly positive results of the NAPT,
nasal obstruction means failure to reach the re-
quired resistance value for the pressure values of
150 or 100 kPA, while watery discharge from the
nose prevents patches from being stuck onto the
nostrils) [16, 17].

The NAPT, which imitates the natural response
observed under natural conditions, objectivises
a number of other accompanying variables, includ-
ing visual symptoms (subjective assessment using,
for example, the VAS scale), plus a spirometry test
before and after the administration of an allergen,
is a source of valuable information on the condi-
tion of the bronchial tree and a precise measure of
the response to the presence of an allergen in the
respiratory system. This is particularly important
given the fact that allergic rhinitis co-exists with
bronchial asthma in nearly 40% of patients [18].
Nearly 30% of LAR patients experience problems
regarding the lower airways, which may indicate
co-existence of bronchial asthma [6, 19, 20]. In
a bronchial provocation test with the Derma-
tophagoides pteronyssinus allergen, 8 of 16 LAR
subjects demonstrated an increase in the content
of eosinophils and ECP in bronchial lavage fluid,
which confirms the hypothesis that LAR co-exists
with bronchial asthma [21]. Similarly, a conjunctival
provocation test in the case of LAR patients deter-
mines a typical picture of sensitivity to the allergen
administered and confirms the presence of ECP in
the fluid discharged from the eye [22].

In differential diagnosis, NAPT is used to decide
whether or not to qualify subjects for therapy in
the case of clinical and diagnostic differences in
the qualification process, e.g. for specific immu-
notherapy (with an allergic disease confirmed by
standard tests) and should be regarded as the gold
standard. However, if skin prick tests or sIgE tests
have confirmed no features of atopy, the NAPT is
not used (Figure 3). Moreover, if the results of tests
are negative, as is the case in LAR, the patient is
often diagnosed with non-allergic rhinitis. Rhinitis
is an inflammation of the nasal mucosa. Symptoms
of rhinitis include water discharge from the nose,
sneezing or a feeling of nasal obstruction. These
symptoms must continue for more than an hour
a day and for many days a year. Rhinitis can be
caused by various factors: allergic or non-allergic,
infection-related, hormonal, pharmacological, oc-
cupational, as well as by irritants. Allergic rhinitis
is an IgE-dependent inflammation of the nasal mu-
cosa. It is caused by exposure to an allergen and

Table 1. Average values of nasal resistance measured by rhinomanometry

Test after control solution Test after allergen administration

Preliminary examination

Parameter
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Akt.
0.832
(0.5529228)

Akt.
0.7505
(0.2332516)

Akt.
0.6565
(0.2579122)

0.08233333
(0.06550318)

8.981
(6.135851)
11.76933
(6.216164)

0.03866667
(0.01575648)

5.7365
(3.347182)

0.06833333
(0.04830183)
0.08933333
(0.07330666)
0.02683333
(0.03140329)

9.444
(4.5074)
15.00717
(6.545954)
4174833
(4.047758)
14.52467
(4.606226)
6.010833
(2.350796)

RnRSIn

0.09883333
(0.08682262)

0.775
(0.6123427)

0.2311667
(0.4262949)

11.18483
(7.348275)

0.684
(0.28007)

0.5923333
(0.1048574)

0.5485
(0.2877886)

RnRBIn

0.0725
(0.05682165)

9.429
(8.39349)
12.50167

(3.015087)

0.029 0.788
(0.5074036)

(0.01987964)

4.644
(3.099324)

0.5346667
(0.2083033)

RnRSEXx

0.08716667
(0.06709223)

0.06 0.4815 16.26033 0.0665 0.7133333
(0.2038615) (0.03153252) (0.5474788)

(0.02180826)

0.4705
(0.239211)
0.6161667

RnRSEx

(7.16174)
9.6855
(4.301907)

0.146
(0.1727762)

0.0575 1.150667 9.784
(0.02450918) (0.708406) (6.187837)

0.5983333

0.0355
(0.02110687)

RnLSIn

(0.1411845)

(0.3488681)

0.1188333
(0.1266166)
0.08733333

(0.07980142)

9.493167
(3.940515)
0.9.218333

1.01.1075
(0.8112397)

0.05116667
(0.02186702)

10.43533
(5.277656)

0.5236667
(0.1367562)

0.04233333
(0.02366995)

9.422833
(3.370044)
10.75267
(9.101685)

0.4936667

(0.4066491)

RnLBIn

0.9205
(0.606565)
0.8973333

(0.6193738)

0.0315
(0.01393915)

9.187
(8.835907)

0.4735
(0.2529496)

0.05116667
(0.05322938)
0.06333333
(0.0439348)

0.5368333

RnLSEx

(4.13812)

(0.4182623)

0.128
(0.09828326)

15.23 0.4328333 13.98433 0.04933333 14.37867
(0.2400653) (8.086178) (0.03196665) (4.683076)

(4.844484)

0.4691667

RnLBEX

(0.4173931)
The correct value of the resistance: if not more than 0.75 kPa/l/s. Akt — current actual value of the parameter, the value obtained as a result of the measurement, SD — standard deviation from the parameters of all curves,

law, Rn RSEx kPa/l/s — nasal resistance standard expiration law/expiratory ??, Rn RBEx kPa/l/s —nasal resistance according to Broms’ expiration law, Rn LSIn kPa/l/s — standard left inspirational/inspiratory? resistance, Rn LBIn

V = coefficient of variation as a standard deviation related to the mean value, Rn RSIn kPa/l/s — nasal resistance standard inspirational law/inspiratory 222 Rn RBIn kPa/l/s — nasal resistance according to Broms, inspirational
kPa/l/s - nasal resistance according to Broms, left inspirational/inspiratory, Rn LSEx kPa/l/s - nasal resistance standard left expiration, Rn LBEx kPa/l/s-nasal resistance according to Broms, left expiratory.
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Figure 2. Selected values of the rhinomanometer curve in the early allergic reaction phase: A — Boxplot for values RnLSIn,
B — the ROC curve for the parameter RnLSin (AUC = 0.875), C — boxplot for values RnLBIn, D — the ROC curve for the pa-
rameter RnLBIn (AUC = 0.819), E — boxplot for values RnLBEXx, F — the ROC curve for the parameter RnLBEx (AUC = 0.792),
G — boxplot for values RnLSEx, H — the ROC curve for the parameter RnLSEx (AUC = 0.75)
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aqueous secretion

Patient’s profile: (+) clinical history: familial clinical
history o atopy coexistence of asthma and allergic
conjunctivitis, blockade of the nasal cavity with leaky

(=) Skin prick test, (-) sIgE

NAPT

Nasal lavage fluid: sIgE, tryptase,
eosinophil cationic protein, BAT

(+) NAPT
Local allergic rhinitis

(=) NAPT
Non-allergic rhinitis

Figure 3. Nasal allergen provocation test in the diagnosis of local allergic rhinitis (adopted from Campo P, Rondon C, et al.

[21, 25))

is the most common form of non-infectious rhinitis [16,
23, 24]. ARIA classifies allergic rhinitis by the duration of
symptoms into: periodic allergic rhinitis (symptoms oc-
curring for fewer than 4 days a week or for fewer than
4 weeks), which is normally caused by plant pollen al-
lergens and/or mould spore allergens, and chronic aller-
gic rhinitis (symptoms occurring for more than 4 days
a week and/or more than 4 weeks). The latter is usu-
ally caused by allergens permanently present in the pa-
tient’s environment (house dust mites, moulds, animal
allergens). By the severity of symptoms, allergic rhinitis
is classified into mild rhinitis (mild symptoms which do
not significantly affect the patient’s quality of life and/
or daily activities; medical advice is not usually sought);
moderate rhinitis (symptoms affecting the patient’s
daily activities (work, school, physical activity) and caus-
ing sleep problems); the patient is usually determined to
seek medical advice); severe rhinitis (symptoms prevent-
ing the patient from going about their daily activities and
causing serious sleep problems; the patient’s quality of
life is clearly worse and the patient is determined to seek
medical advice) [16].

The current state of knowledge is that allergic rhinitis
can occur in two forms. One is allergic rhinitis as a mani-
festation of a systemic allergy with systemic atopy and
positive results of skin prick tests or sIgk tests. The other
is a LAR as a local allergic reaction affecting only the na-
sal mucosa without systemic atopy (known as ‘entopy’).
Local allergic rhinitis is a specific phenotype of rhinitis.
Its symptoms are similar to those of allergic rhinitis, with
a local inflammatory response mediated by Th, lympho-
cytes, the production of allergen-specific Igk antibodies,

Advances in Dermatology and Allergology 6, December/2020

and with a positive response in NAPT and no slgE in se-
rum and on mast cells [20].

Research into LAR began in the 1970s. In 1975, Hug-
gings and Brostoff proved the presence of sigk in the na-
sal lavage fluid in the case of patients with symptoms of
allergic rhinitis and negative results of allergy tests [25].
Avyear later, Johansson and Deuschl described a laborato-
ry method of detecting the presence of slgk in the nasal
lavage fluid in the case of patients with negative results
of allergy tests [26]. In 2003, Powe et al. proposed, in con-
trast to atopy, a new term, “entopy”, which refers to local
production of sIgk in the mucous membrane of the respi-
ratory tract [27]. The definition of LAR was first proposed
by Carmen Rondon, an outstanding researcher into this
condition. Drawing on many years of research into local
allergic rhinitis, Rondon et al. produced a clinical profile
of a LAR patient, i.e. usually a young female non-smoker
living in a large city, with year-round symptoms of severe
rhinitis (with negative results of allergy tests; skin prick
tests and slgE). Her symptoms include, in particular, na-
sal obstructions, sneezing, itching and abundant nasal
discharge. In 36% of patients, the first symptoms oc-
curred in the early childhood. The patient’s family medi-
cal history usually confirms a predisposition to atopy. Lo-
cal allergic rhinitis is very often accompanied by allergic
conjunctivitis and bronchial asthma. The patient profile
based on our review of the literature corresponds with
the profile based on our study. What is important is that
all the subjects demonstrated significant changes in na-
sal patency as measured using rhinomanometry, while
the accompanying symptoms in the upper and lower air-
ways and the eyes emphasise the need to use NAPT in
differential diagnosis for LAR [6, 11, 19, 20].
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It is not certain whether LAR is a separate condition
or merely an “introduction” to the development of the
classic allergic rhinitis. Research by Gelardi et al. suggests
that local production of IgE may be a part of a nonspe-
cific immune response to environmental factors, and the
researchers recommend that great care should be taken
in the diagnosis of LAR [28].

In the case of patients with symptoms of allergic
rhinitis and negative results of skin prick tests and with
slgE in serum, the diagnosis of LAR is based on a positive
result of the nasal allergen provocation test. NAPT nor-
mally involves the use of one allergen. However, Rondon
et al. proposed a NAPT protocol that involves adminis-
tering a few allergens at short intervals. They claim that
this test method is safe, specific, sensitive and takes less
time. Other diagnostic tests for LAR include measure-
ment of the content of sIgE, tryptase and ECP in the na-
sal discharge fluid, and basophil activation tests (BATs)
[11, 19, 20]. It is important to note that the specificity of
different NAPT evaluation tools varies greatly, e.g. for the
nasal discharge fluid evaluation, specificity is 22% and
sensitivity is 40% [25, 29, 30].

On the therapy side, LAR is treated with pharmaceu-
ticals: second-generation antihistamines and nasal glu-
cocorticosteroids. Specific immunotherapy is considered
as an option in the treatment of LAR more and more fre-
quently. However, the latest guidelines do not recommend
this method as scientific research in support of its use is
not sufficient. Based on a randomised double blind place-
bo-controlled study, Rondon et al. presented encouraging
results regarding the use of specific immunotherapy in the
treatment of LAR in patients with allergies to grass and
house dust mites [31, 32]. Similarly, other studies indicate
that allergens are better tolerated in NAPT after a course of
immunotherapy as compared to before such therapy, and
for nearly 50% of the subjects, the results of NAPT were
negative [32]. It seems that the NAPT is the most important
test for qualifying patients for specific immunotherapy. It is
important to stress that current guidelines do not refer to
LAR as an indication for specific immunotherapy, and fur-
ther research is needed before this method can be used.

Conclusions

The NAPTs performed on an outpatient basis or with the
use of mobile allergen challenge chambers provide valuable
information on the severity of the subjects’ allergies to com-
mon environmental allergens, including for patients with
LAR. On the one hand, NAPTs determine whether a subject
should be included or excluded from further therapy. On the
other, it is the only objective method for individualising an
allergic disease if clinical differences occur.
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