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Nasal allergen challenge – an important 
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ABSTRACT:   The nasal allergen challenge (NAC) is used in the diagnosis of rhinitis. The primary use of NAC is to confirm allergy to a specific 
inhaled allergen. NAC reproduces the allergic reaction of the nasal mucosa under standardized and controlled conditions that 
occurs after direct intranasal administration of allergens. As the only used method for assessing the degree of allergy, it mimics 
the body’s natural response to the sensitizing factor in the early and late stages of an allergic reaction. NAC is used in the diagnosis 
of chronic, occupational and local rhinitis, as well as in the differential diagnosis of rhinitis and ophthalmic symptoms. Under 
conditions similar to natural exposure, it determines the relationship between the allergen and symptoms of allergic rhinitis, 
especially in the case of difficulties in interpreting the results of skin tests and the serum concentration of specific IgE. It is a truly 
valuable tool in determining the indications for immunotherapy and the selection of allergens for desensitization therapy. It also 
serves as a method of monitoring the effectiveness of immunotherapy and pharmacotherapy. For scientific purposes, NAC is used 
to study the mechanisms of an allergic reaction and the influence of various factors on its course. It is considered safe, but requires 
appropriate instruments and qualified personnel.
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STRESZCZENIE:   Donosowa próba prowokacyjna z alergenem (DPPA) jest metodą wykorzystywaną w diagnostyce nieżytów nosa. Podstawowe za-
stosowanie DPPA polega na potwierdzeniu alergii na określony alergen wziewny. DPPA odtwarza reakcję alergiczną błony śluzowej 
nosa w wystandaryzowanych i kontrolowanych warunkach, pojawiającą się po bezpośrednim podaniu donosowym alergenu. Jako 
jedyna ze stosowanych metod oceny stopnia alergizacji, naśladuje naturalną odpowiedź organizmu na czynnik uczulający w fazie 
wczesnej i późnej reakcji alergicznej. Wykorzystywana jest w diagnostyce przewlekłego, zawodowego i lokalnego nieżytu nosa oraz 
diagnostyce różnicowej nieżytów nosa i objawów ocznych. Określa, w warunkach zbliżonych do naturalnej ekspozycji, związki po-
między alergenem a objawami, szczególnie w przypadku trudności w interpretacji wyników testów skórnych i stężenia swoistych 
IgE w surowicy krwi. Jest niezwykle cennym narzędziem w ustalaniu wskazań do immunoterapii i doboru alergenów do odczulania. 
Służy także jako metoda monitorowania skuteczności leczenia: immunoterapii i farmakoterapii. W celach naukowych DPPA wy-
korzystywana jest do badania mechanizmów reakcji alergicznej oraz wpływu różnych czynników na jej przebieg. Uważa się ją za 
bezpieczną, ale wymagającą odpowiedniego instrumentarium i wykwalifikowanego personelu. 
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INTRODUCTION

The history of nasal allergen challenge (NAC) dates back to the 
second half of the 19th century and ties in with the research of 
Charles Blackley. The English scientist conducted experiments 
mainly on himself as he suffered from allergic rhinitis (AR), known 
at the time as “hay fever”. During and outside the pollen season, 
Blackley applied fresh and dried pollen directly to his nose, mo-
uth, tongue and face, and inhaled it, in each case triggering a re-
spiratory response. He also administered pollen extracts to the 

ABBREVIATIONS

ANN – allergic rhinitis 
NAC – nasal allergen challenge 
LAR – local allergic rhinitis 
PNIF – peak nasal inspiratory flow 
sIgE – specific IgE 
SPT – skin prick testing 
TNSS – Total Nasal Symptom Score 
VAS – Visual Analogue Scale
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conjunctiva and performed skin tests by placing pollen on abra-
ded skin and observing the erythema and blisters. He published 
the results of his several years of research in 1873 [1].

Nasal challenge tests are divided into: specific and non-specific [2]:

• specific challenge tests, called NAC (nasal allergen 
challenge), involve a response from the immune system;

• nonspecific tests of mediatorial nature are characterized 
by the lack of involvement of the immune system, while 
there is activation of the sympathetic, parasympathetic 
and sensory systems, as well as nasal mucosa receptors, 
including prostaglandin, leukotriene and histamine 
receptors; nonspecific tests involve the use of substances 
such as histamine, methacholine, bradykinin, leukotriene 
D4 (LTD4), as well as cold or warm air; they are mainly 
used for research purposes. 

NAC represents an important tool in diagnostic approaches in 
allergy and rhinology. Its basic application consists in confir-
mation of allergy to a specific inhaled allergen. NAC reprodu-
ces the allergic reaction of the nasal mucosa under a standard 
environment and controlled conditions that occurs after direct 
intranasal administration of allergen. As the only one among 
the available methods of rhino-allergic diagnostics, it enables 
the assessment of the body’s natural response to the tested  
substance [2, 3–5].

Alongside skin prick testing (SPT) and determination of aller-
gen-specific serum IgE (sIgE), NAC constitutes grounds for the 
diagnosis of AR, and in the case of local AR (LAR), it is the only 
publicly accessible method confirming such a diagnosis [4–8]. 
LAR has been the subject of numerous studies and publications 
for several years, mainly due to a group of scientists from Mala-
ga: Carmen Rondón and her colleagues. It represents a special 
form of AR, where the inflammatory reaction is limited only to 
the nasal mucosa, and skin prick tests or allergen-specific serum 
IgE are negative. It presents the entopic phenomenon. LAR may 
affect up to 26.5% of patients with chronic rhinitis and excluded 
atopy [9]. This AR phenotype clearly seems to be left undiagno-
sed too frequently, and many cases of undiagnosed LAR proce-
ed for years as idiopathic/vasomotor or eosinophilic nonaller-
gic rhinitis [9, 10]. 

Direct supply of the allergen to the nasal mucosa in patients with 
IgE-mediated hypersensitivity causes an immediate type I reac-
tion, with characteristic symptoms such as sneezing, itching, na-
sal congestion and discharge. Additional ocular symptoms could 
occur, but systemic or skin reactions are extremely rare. There is 
no immediate reaction in a small group of allergic patients, but 
we can only observe the late phase associated with eosinophil-
-associated inflammation, where swelling and hyperreactivity of 
the nasal mucosa predominate [2–5, 11]. 

The rules for performing NAC have been presented in detail in 
the Polish “Standards for nasal provocation tests” [2] and “Stan-
dards of allergology” of the Polish Society of Allergology [11] as 
well as international recommendations [4, 5, 12, 13].

INDICATIONS FOR NAC [2–8, 14] 

1. Discrepancy between the patient’s history and the results of 
standard diagnostic tests (SPT – skin prick testing, allergen-
-specific IgE);

2. Diagnostics of chronic and intermittent (allergic) rhinitis;
3. Diagnosis of local allergic rhinitis;
4. Diagnosis of occupational rhinitis;
5. Differential diagnosis of rhinitis;
6. Differential diagnosis of ocular symptoms;
7. Qualification for specific immunotherapy and monitoring its 

effectiveness;
8. In case of allergy to multiple allergens – in order to confirm the 

most clinically important allergens and, if necessary, indicate 
the allergen/allergens to be treated with specific immunothe-
rapy (determining the composition of the vaccine);

9. Monitoring the effectiveness of pharmacotherapy;
10. Scientific goals.

METHOD OF CARRYING OUT AND COURSE OF NAC

NAC is a safe and highly reproducible diagnostic method [15]. 
That said, NAC requires appropriate conditions, standardized 
allergen extracts of qualified personnel and proper tools for mo-
nitoring its course. It can be performed in outpatient centers. 
Proper execution of NAC, taking into account absolute and re-
lative contraindications, reduces the risk of rare side effects or 
complications.

NAC must be preceded by discontinuation of some medications 
that could affect the test result, usually leading to false negative 
results. The required withdrawal periods for individual medica-
tion groups [2, 4–6, 13]:

Intranasal medications

• antihistamine: 2–3 days (according to some authors: 4–5),
• glucocorticosteroids: 2–3 days (according to some authors: 28),
• cromones: 7–21 days,
• intranasal α-mimetics: 2 days,
• intranasal cholinolytics: 3 days. 

Orally used medications

• antihistamine: 7 days,
• ketotifen: 14–21 days,
• glucocorticosteroids: 14–21 days (according to some 

authors: 28),
• antileukotriene medications – 21 days,
• commonly used α-mimetics: 2 days,
• NSAIDSs: 7 days,
• tricyclic and quadricyclic antidepressants: 14–21 days,
• methylxanthines – 2 days,
• antihypertensive medications (centrally acting) – reserpine 

and clonidine: 21 days.
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Clinical course of NAC

Early phase (1–30 minutes after the administration of allergen) 
– typically itching appears in the 1st minute, sneezing and incre-
ased serous secretions begin in minutes 2 and 3, and around the 
10th minute the nasal mucosa becomes swollen (symptoms they 
may also occur a few minutes after the administration of aller-
gen and may be absent in patients without an early phase) [17].

Late phase (4th–12th hour after the administration of allergen) – 
nasal obstruction, nasal hyperreactivity, to a lesser extent, nasal 
discharge and sneezing [18].

Interpretation of NAC results

NAC is considered positive when the following two criteria are 
met simultaneously [2, 4, 5, 11]: 

1. aggravation of nasal and/or ocular symptoms compared to 
baseline,

2. obstruction of airflow through the upper respiratory tract, 
confirmed by objective examination (in the absence of access 
to objective techniques, rhinoscopy and indirect methods are 
necessary, e.g. number of sneezes, simple techniques to assess 
nasal patency, e.g. Glatzel mirror/metal spatula).

The most reliable results are obtained by measuring with the use 
of standardized tests: active anterior rhinomanometry and aco-
ustic rhinometry [2, 4–7, 11, 15]. In the case of other techniqu-
es, standards are often only estimates and the interpretation of 
the results is not so clear. All techniques for assessing nasal pa-
tency evaluate only nasal blockage (as a function of resistance, 
flow, surface area, etc.). 

A comprehensive assessment of NAC requires a parallel analysis 
of other parameters (nasal itching, discharge, sneezing, ocular 
symptoms), resulting from the patient’s self-assessment on the 
VAS or point scale, including TNSS. Assessment of the nasal mu-
cosa by rhinoscopy is also useful. It should not be forgotten that 
the nasal cycle may pose a barrier to interpret the NAC result. 
It is vital to evaluate the course and result of the test holistically, 
taking into account not only changes in nasal patency, but also 
other symptoms that indicate an intensification of the allergic 
reaction, such as itching, sneezing, and serous discharge [11].

The most common causes of false positive NAC results are: nasal 
cycle, medication affecting the test result, abnormal temperature 
of tested allergen (allergen solution), recent exposure to sensi-
tizing allergens, lack of adaptation, non-specific nasal hyperre-
activity, incorrect preparation of control solution or allergen or 
its incorrect application [4].

The most common causes of false-negative NAC results are: lack 
of a sufficiently long withdrawal of medications prior to testing, 
effort, lack of adaptation, nasal polyps, severe nasal blockage at 
the beginning of the test, incorrect substances used in the test, 
incorrect dilutions (too low allergen concentration) [4].

Recommended conditions for NAC [2, 4–6, 11–13, 16]

• temperature 20–22oC in the room,
• humidity 40–60%,
• minimization of exposure to irritants and allergens. 

NAC regime [2, 4–6, 11–13, 16]

1. Initial acclimatization: 20–30 minutes;

2. Baseline subjective and objective evaluation of clinical symptoms: 

• self-assessment– assessment of the severity of 
symptoms (itching, sneezing, discharge, nasal 
congestion, ocular symptoms), using the Visual 
Analogue Scale (VAS: 1–100 mm/1–10 cm) or  
a symptom scale (0–3 points; Likert scale) or Total 
Nasal Symptom Score (TNSS);

• rhinoscopy (if NAC is performed by a doctor);
• assessment of nasal patency using at least one objective 

functional test, plus optional spirometry;

3. Nasal application of a control solution (most often 0.9% NaCl 
solution or a solution in which the tested allergen will be su-
spended);

4. 15 minutes after administration of the control solution: self-
-assessment (VAS, point scale, TNSS), rhinoscopy and objective 
assessment of nasal patency;

5. Nasal application of a standardized allergen with an atomizer 
(or other carrier) to both nostrils;

6. 15 minutes after the administration of allergen: self-assessment 
(VAS scale, point scale) and objective assessment of nasal paten-
cy, optional spirometry;

7. 4 hours after the administration of the allergen: self-assessment 
(VAS scale, point scale, TNSS) and rhinoscopy, objective asses-
sment of nasal patency, optional spirometry;

8. Observation of the patient for at least half an hour after the 
end of the test and informing about possible late consequences/
complications of NAC and their treatment options.

Objective techniques used to monitor NAC

• more frequent: acoustic rhinometry, rhinomanometry, 
Peak Nasal Inspiratory Flow (PNIF), 

• less frequent: rhinostereometry, rhinospirography, 
measurement of the amount of nasal discharge and its 
components or measurement of the concentration of 
nitric oxide in the air exhaled from the upper  
respiratory tract.  

The use of objective techniques allows for the quantitative asses-
sment of NAC [2, 4, 5, 12, 15, 16].
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Some authors share the opinion that it is possible to test several 
allergens one after the other, as long as the results of the prece-
ding NAC tests are negative and a 40–60-minute interval is ma-
intained between the trials [8].

SAFETY, COMPLICATIONS, CONTRAINDICATIONS

NAC is recognized as a safe diagnostic method that can be per-
formed in outpatient centers. That said, due to a certain risk of 
complications, NAC should be performed and supervised only 
by qualified medical personnel, with knowledge of any contra-
indications for its performance, and the laboratory should be 
equipped with an anaphylaxis treatmen kit [2, 4, 5, 11, 15, 16].

NAC complications [2, 4–6, 11]

Complications of early stage of NAC
• itching and swelling in the nasopharynx,
• blocked Eustachian tube, manifested as a feeling of fullness 

in the ear,
• sinus obstruction, symptoms of sinusitis,
• conjunctivitis,
• laryngeal symptoms – hoarseness, swelling,
• cough,
• bronchospasm,
• generalized anaphylactic reaction (urticaria or anaphylactic 

shock).

Complications of the late stage of NAC
• symptoms of the late phase of an allergic reaction: nasal 

and bronchial, i.e. swelling in the nasal mucosa, bronchial 
hyperreactivity and bronchospasm,

• with an extremely positive NAC, there is a potential risk of 
a recurrent nasal reaction in the 3rd–12th hour after NAC.

In the event of complications, the examination should be imme-
diately discontinued and treatment must be initiated depending 
on the severity of the symptoms presented by the patient. Ge-
neral symptoms require treatment and further observation in  
a hospital setting [6, 11].

 Contraindications [2, 4–6, 11]

Absolute contraindications for NAC
• previous generalized anaphylactic reaction, 
• contraindications to the administration of adrenaline, 

treatment with β-blockers and ACEI,
• exacerbation of an allergic disease, 
• severe uncontrolled bronchial asthma or exacerbation of 

milder asthma and other chronic diseases of the lower 
respiratory tract with severe restriction or obstruction, 

• acute bacterial or viral respiratory tract infection (nose, 
paranasal sinuses, bronchi),

• severe forms of systemic diseases (malignant tumors, 
autoimmune diseases), ischemic heart disease, 

• systemic immunotherapy,

Tab. I.  Criteria for a positive NAC [4, 5].

EUROPEAN RECOMMENDATIONS (EAACI – EUROPEAN ACADEMY OF ALLERGY & CLINICAL IMMUNOLOGY)

Method Strongly positive for NAC Moderately positive for NAC

Subjective assessment

VAS scale (1–100) Symptoms ≥ 55 mm Symptoms ≥ 23 mm

Scale of points (0–3) Increase ≥ 5 points Increase ≥ 3 points

TNSS Increase ≥ 5 points Increase ≥ 3 points

Objective assessment

PNIF Decline in flow ≥ 40% Decline in flow ≥ 20%

Acoustic rhinometry CSA-2 decline ≥ 40% CSA-2 decline ≥ 20%

Rhinomanometry Decline in flow ≥ 40% at the level of 150 Pa Decline in flow ≥ 20% at the level of 150 Pa

American recommendations (AAAAI – American Academy of Allergy, Asthma  Immunology)

Method Positive NAC

Subjective assessment

Scale of symptoms’ aggravation Increase ≥ 30%

Objective assessment

PNIF Decline in flow ≥ 40%

Acoustic rhinometry Volume loss/MCA by ≥ 25%

Rhinomanometry Increase in resistance ≥ 100%

MCA (minimal cross sectional area) means the smallest cross-sectional area of the nasal cavity. CSA-2 (cross-sectional area-2) represents the cross-sectional area  
corresponding to the anterior end of the inferior turbinate.
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• non-standardized allergen extracts,
• age below 5. 

SUMMARY

The main advantage of NAC is its extremely significant clinical 
value, allowing to confirm or exclude hypersensitivity to the tested 
allergen under conditions similar to natural exposure. This is even 
more important in the diagnosis of LAR or occupational rhinitis. 

NAC is also a valuable tool in the qualification for specific im-
munotherapy, both at the stage of selecting the composition of 
vaccines and monitoring its course.

A significant constraint of this method is the limited access to 
standardized allergen preparations, the possibility of testing only 
one allergen at a time, the need to maintain a certain time inte-
rval between subsequent allergens/subsequent NACs (depending 
on the results obtained) and the recommended use of objective 
techniques for monitoring nasal patency.

• pregnancy,
• age below 3,
• lack of access to equipment and medications necessary for 

the treatment of anaphylactic reaction.  

Relative contraindications for NAC
• structural disorders (nasal deformities, anatomical defects 

– atresia of the posterior nares, septal perforation, deviated 
septum, significant turbinate hypertrophy, adenoid 
hypertrophy),

• nasal polyps,
• atrophic rhinitis,
• vaccination (1–6 weeks),
• history of acute bacterial or viral infection (2–4 weeks),
• history of surgery on the nose or paranasal sinuses  

(6–8 weeks),
• drinking alcohol or smoking within 24–48 hours  

before NAC, spicy food, coffee,
• use of medications that should be discontinued  

before NAC,
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