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A b s t r a c t

Three types of allergy component, i.e., Type I (immediate), Type III (late) and Type IV (delayed),
can be involved in allergic rhinitis. Patients with nasal allergy, when challenged with an allergen during
the nasal provocation tests, may develop different types of nasal response: immediate (INR), late (LNR)
or delayed (DYNR). LNR occurs in 41% of the rhinitis patients. The clinical course of LNR, as recorded
by rhinomanometry, is as follows: onset within 4 to 8 h, maximum within 6 to 12 h and resolving within
24 h of the challenge with an allergen. LNR occurs either in an isolated form or in combination with
INR. LNR is accompanied by severe nasal obstruction, while hypersensitivity, sneezing and itching
appear to a lesser degree. LNR is regularly associated with other diagnostic parameters, such as, positive
disease history (in 23%), rhinoscopic changes (in 90%, violaceous nasal musoca, in some cases also
small mucosal haemorrhages), positive late skin response (in 65%, mostly induration), increased serum
concentration of the total IgG (in 51%), increased blood oesinophilia (in 23%) and increased blood
leukocyte counts (in 13%). LNR can also be accompanied by secondary responses of other organs
(headache, palpebral oedema, conjunctivitis, otitis media, sinusitis, bronchial obstruction and general
malaise symptoms). Positive LNR is accompanied by changes in the counts of various cell types in
nasal secretions, such as, neutrophils (84%), eosinophils (58%), epithelial cells (73%), goblet cells
(63%), basophils (8%) and lymphocytes (6%). Nasal mucosa biopsy during positive LNR reveals an
oedematous epithelium with damaged integrity, sporadic breaches filled with fluid, irregular
compactness of the basement membrane, an oedematous lamina propria containing eosinophil-
neutrophil infiltrates, perivascular oeadema and dilatation of mucosal capillaries. LNR may also be
accompanied by the appearance of total IgG in nasal secretions (46%) and an increase in concentrations
of some compounds in nasal secretions (kinins, TAME-esterase, LTB4, LTC4, LTD4, LTE4, MBP, ECP,
NCF, PGF2α, histamine and eosinophil-derived neurotoxin) LNR has also been recorded after food
ingestion challenge. Positive LNR can significantly be prevented by topical (intranasal) application of
disodium cromoglycate, glucorticosteroids or nedocromil sodium, whereas H1- and H2-receptor
antagonists and immunotherapy have no significant effects on LNR. A possible involvement of various
components on the late hypersensitivity mechanism(s) (Type III) in clinical LNR cannot be excluded.
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A b b r e v i a t i o n s  u s e d

AB, asthma bronchiale; Ab, antibody; Ag, antigen; AR, allergic rhinitis; BALT, bronchus-
associated lymphatic tissue; BDA, beclomethasone dipropionate; BPT, bronchial provocation tests;
BS, basophil; BUD/BSA, budesonide; Da, Dalton; DSCG, disodium cromoglycate; DYAR, delayded
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asthmatic response; DYSR, delayded skin response; EALT, ear-associated lymphatic tissue; ES/EO,
eosinophil; FEV1, forced expiratory volume in 1 second; FICH, food ingestion challenge; H-receptors,
histamine-receptors; IAR, immediate (early) asthmatic response; IC, immune complex; i.c.,
intracutaneous; Ig, immunoglobulin; IH, immediate hypersensitivity; i.m., intramuscular; INR/ENR,
immediate (early) nasal response; ISR, immediate (early) skin response; IT, immunotherapy; i.v.,
intravenous; LAR, late asthmatic response; LH, late hypersensitivity; LNR, late nasal response; LSR,
late skin response; MC, mast cell; NALT, nose-associated lymphatic tissue; NAR, nasal airway
resistance; NE, neutrophil; NPG, nasopharyx-nostrilpressure gradient; NPT, nasal provocation test;
NR, nasal response; NS, nasal secretions; A-SH, non-specific hyper-reactivity; PRIST, paper-radio-
immuno-sorbent terst; RADT, radio-allergo-sorben test, SALT, skin-associated lymphatic tissue;
SBT, Salbutamol.

INTRODUCTION

The chronic, non-infectious rhinitis is characterised by nasal symptoms, such
as obstruction due to mucosal swelling, hypersecretion, sneezing and itching
(1,2). These symptoms can be caused by two different mechanisms, an allergy
component and a non-specific hyper-reactivity component. They both can
participate to various degrees in the nasal complaints of a particular patient (1–4).

The allergy component is, due to the immunological mechanism(s),
initiated by an antigen-antibody (or antigen-T-cell) interaction, influencing
the immuno-competent or target cell(s) (which can be changed, damaged or
stimulated for selective secretion), a process which leads to the release of
mediators acting  either directly on various effector organs (e.g., smooth
muscles, mucosal glands, goblet cells, epithelial cells, endothelial cells,
capillary network, neurosynapses, receptors etc.) or indirectly through 
the effects on other cell types. A combined response of the effector organs
results in a variety of clinical symptoms representing the particular allergic
disorder (1,2).

The allergy mechanism may be of a seasonal or non-seasonal (perennial)
character, depending on the kind of allergens involved. Of the four basic types of
hypersensitivity (= allergy) reaction, as proposed by Coombs and Gell (5), three
types can be involved in the production of symptoms in the rhinitis patient (Type
I, Type III and Type IV) (2,3,6–19). These types of nasal response can be
demonstrated by provocation tests with allergens (Figs 1,2) (2–4,6–37).

The non-specific hyper-reactivity component may lead to a spectrum of nasal
symptoms which can partly be similar to the symptoms caused by an
immunological mechanism but without any initial antigen-antibody interaction.
The non-specific agents, mainly low-molecular weight chemical compounds,
physical factors, such as temperature differences, vapours, smoke, perfumes,
etc., or mechanical factors, such as non-organic dust, may have the following
effects: i) they may influence the immuno-competent or target cell directly,
causing a non-specific release of mediators, or indirectly, e.g., through the
stimulation of nasal mucosal sensory nerves and/or a variety of mucosal
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Fig. 1
Basic types of hypersensitivity (allergy) reactions
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receptors, resulting in the activation and release of various neuropeptides which
then affect the immuno-competent cells; ii) they may act via the stimulation of
mediator precursors, firstly leading to the stimulation of mediator production,
which then acts directly on the effector organs, and secondly leading to the
feedback-inhibition of these mediators or immuno-competent cells; iii) they may
also act on the effector organs and their receptors directly, thus causing the
clinical effects (Fig. 2). A nasal challenge with histamine (or serotonin,
acetylcholine, methacholine, cold air, etc.) may simulate and confirm the
involvement of the non-specific hyper-reactivity and its degree in the nasal
complaints of rhinitis patients (3,4,25,38,39).
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Fig. 3
Immediate nasal response to an allergen challenge and protective effects of disodium cromoglyate

and budesonide



A positive nasal response of any of the basic types to an allergen challenge is
an indicator of the involvement of an allergy component (ALL) in nasal
symptoms, whereas a decreased nasal threshold of histamine (methacholine Br or
Cl, cold air, etc) is an indicator of the involvement of a non-specific hyper-
reactivity component (N-SH) in nasal complaints (4,25,39).

These two components (ALL and N-SH) may be considered to be two
independent processes, each based on a principally different mechanism (25,39).
They both can participate, to various and variable degrees, in the nasal
complaints of rhinitis patients (25,39). They both can exist one beside the other
in the same patient, but neither can be regarded as a necessary condition for the
other (25,39). Both components have been confirmed in approximately 39% of
the patients with chronic rhinitis; the allergy component alone has been found in
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Fig. 4
Late nasal response to an allergen challenge and protective effects of disodium cromoglyate and

budesonide



47% and the non-specific hyper-reactivity component in only 14% of the rhinitis
patients (25,39).

NASAL PROVOCATION TEST

Nasal provocation tests with allergens, also called nasal challenges, are widely
accepted as an important research technique and they are also considered to be
ones of the most important in vivo diagnostic tests for the detection of the allergic
component, for confirmation of the role of a particular allergen in nasal
complaints of patients with rhinitis and for confirmation of the causal role of the
nasal mucosa (allergy) and/or nasal response in disorders and/or responses of
related organs (2–4,6–24,26–33).
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Fig. 5
Delayed nasal response to an allergen challenge and protective effects of disodium cromoglycate

and budesonide



Nasal challenges with histamine (or serotonin, methacholine, cold air etc.) may
then confirm the role of non-specific hyper-reactivity in these patients (3,4,25,38,39).

NPT should be regarded as a model technique and as a simulated reproduction
of the patient’s complaints and symptoms caused by exposure to a certain allergen
or non-specific agent (3). The nasal provocation test is the only technique that can
demonstrate the particular type of nasal response caused by a certain allergen
(2–4). Moreover, the nasal provocation test is also the only technique for
confirming the participation of an allergy component and a non-specific hyper-
reactivity component in a certain patient and for discriminating between these
components (2–4,9,40,41). 

Patients with nasal allergy who are challenged with an allergen during NPT,
may develop different types of nasal response: immediate response (INR) or non-
immediate types of response, i.e., late (LNR) and delayed response (DYNR) (Figs
3,4,5) (2,6–19,22–24,26,31,40).

The immediate hypersensitivity (Type I allergy) reaction causing the
immediate nasal response (INR) has been studied most frequently and is
described in the literature (Fig. 3) (2,3,10,17,24,31,41).

The existence of non-immediate nasal responses was first suggested by Taylor
and colleagues (22). The first controlled investigation of non-immediate types of
nasal response has been carried out by us (Figs 4,5) (6).

Since then LNR has been studied extensively by us from various points of
view (2,7–9,11–16,18,19,20,21,26–31,40), in relation to other organs
(14,15,18–21,31) and with respect to various antigens (6,16,20); its
pharmacological modulation has also been investigated (11,12,20,26–29,31).

This response may play an important role in patients with chronic allergic
rhinitis, but is often overlooked in practice and may be responsible for failure of
the usual treatment in these subjects (2,6,11,20,31,34). LNR occurs in
approximately 41% of the rhinitis patients. (6,11)

The clinical course of LNR, as recorded by rhinomanometry, is as follows:
onset within 4 to 8 h, maximum within 6 to 12 h and resolution within 24 h after
the allergen challenge (Table 1) (2,6–9,11,14–16,27–31,34–37).

LNR occurs in two sub-forms, either as an isolated late response (ILNR) or as
a dual late response (DLNR) in which the immediate response appears first
(within 2 h) and is followed, after a symptom-free period of 3 to 7 h, by the late
response (2,6,9,11,14,16,27–29,31,40).

Our results suggest that the dual late nasal response, analogically to the dual
late asthmatic response, may in reality be the simultaneous appearance of two
independent responses (an immediate/early and a late response) due to different
mechanisms, both of them caused by the same allergen (48–55).

LNR is usually accompanied by a variety of acute nasal complaints appearing
simultaneously with the course of the clinical response. A severe nasal obstruction
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due to a distinct swelling of the nasal mucosa is the most prominent symptom,
while the other nasal symptoms, such as hypersecretion, sneezing and itching, are
present to a lesser degree (Table 2) (6,9,11). 

A definite confirmation of the existence of the particular types of nasal response
(immediate, late, delayed) due to exposure to a certain allergen, and their participation
in nasal complaints of an individual patient, can only be provided by the nasal
provocation test (nasal challenge) with an allergen (2,6–14,16–19, 20–24,27–29).

The most important aspect of the provocation test is a comparison of objective
parameters and subjective complaints before and, repeatedly, after the challenge
with a particular allergen (or non-specific agent) (3).

NPT can be supplemented with a recording of various in vivo as well as in vitro
diagnostic parameters and functions, such as clinical symptoms (pulse rate, blood
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Table 1

Time course of specific clinical types of nasal response to allergen challenge

Nasal response Onset Maximum Resolving 

Immediate (INR) < 10 20–45 < 90–120 minutes

Late (LNR) 4–8 6–12 < 24 hours

Delayed (DYLR) 24–30 30–40 < 60 hours 

Table 2

A survey of nasal complaints accompanying the nasal responses

Nasal Nasal response 
complaints 

Immediate (INR) Late (LNR) Delayed (DYNR) 

Obstruction ++ +++ +++

Hypersecretion +++ + ±

Sneezing +++ + 0

Itching +++ ± 0

0, absent; ±, very slight; +, slight; ++, moderate; +++, severe



pressure, body temperature), functions of other organs (tympanometry,
conjunctival appearance, sinus X-ray or echography, lung functions, etc.)
(14,18,19,21,31) or some other parameters (nasal biopsy, biochemical,
cytological, and immunological investigation of nasal secretions and nasal
mucosa, estimation of mediators, immunoglobulins and other compounds in nasal
secretions and/or serum, physical and chemical properties of nasal secretions,
such as consistency, pH, viscosity, etc.) (6–14,16–21,23–37,42–47,56–65).

The nasal response to allergen challenge can be recorded and assessed by
various methods and techniques. There are two basic methods: (1) recording of
subjective complaints (obstruction, hypersecretion, sneezing, itching) by means
of various scores and (2) recording of objective parameters. The objective
parameters are related to changed aerodynamics in the nose due to an increased
nasal obstruction caused by swelling of the nasal mucosa and hypersecretion;
these are due either to the antigen-antibody (antigen-T-cell) interaction or to the
direct effects of non-specific agents (3,6,57,65,66).

The recording of objective parameters, mostly nasal airway resistance (NAR),
by means of which the nasal mucosa response can be assessed, is preferred
(3,4,65). NAR can be measured by means of recording air-pressure, air-flow or
air-volume parameters or their derivatives, such as air-passage or conductance,
which is a reciprocal value of nasal resistance (2,3,4,41,65).

Techniques used for NPT can be divided into 5 groups: (1) nasal peak-flow
measurement, (2) plethysmography, (3) rhinomanometry (anterior, posterior,
combined and/or modified techniques, performed either in an active or a passive
manner), (4) acoustic rhinometry and (5) non-rhinomanometry (recording of nasal
blood flow using Doppler velocimetry, the 133 Xenon washout method, or
nasometry) (6–19,22–23,41,58,65–70).

We use a balloon method, one of the combined rhinomanometry techniques
(recording of nasopharynx-nostril pressure gradients (NPG), expressed in cm of
H2O) described in detail in our previous papers (3,4,6–19,65), as a standard
method. Passive anterior rhinomanometry is used for children, while volume-flow
and volume-pressure diagrams (active posterior and active anterior
rhinomanometry) are used for research purposes or as arbitrary tests.

The basic schedule of NPT used by us is as follows: (1) Baseline values are
recorded at 0, 5, and 10 min. (2) Control values, after a 3-minute application of
control solutions (PBS, Coca’s solution or saline) are also recorded at 0, 5, and 10
min. If there are no significant changes in NPG control values, as compared with
the baseline NPG values, the test may be continued. (3) Post-challenge NPG values
(after an allergen challenge usually for 3 min) are recorded at
0,5,10,20,30,45,60,90 and 120 min, and then every hour up to the 11th (12th) hour
and, if necessary (the response has not resolved or a delayed response is expected),
every hour on the second or third day. A control challenge with the control solution
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is performed in the same way on another day and NPG parameters are recorded at
the time intervals used for the allergen challenge (2-4,6–21,65).

ASSOCIATION OF LNR WITH IMMUNOLOGICAL AND CLINICAL PARAMETERS

A positive history of reactivity to the allergen causing LNR has been found in
37% of the LNR cases; in 23% of them the history was indicative of the late onset
of nasal complaints. During LNR, the nasal mucosa (± 90%) has been found to be
violaceous and rather dry due to diminished secretions in the majority of patients.
Solitary, small mucosal haemorrhages may sometimes be observed on the middle
and/or inferior turbinate (Table 4) (2,6,11,65,71).

The immediate skin response (weal) to the same allergen as that causing LNR has
been found in 11% of the LNR cases (6,11,65,71). The late skin response (induration)
has been found in 51% (Table 3) and 65% (Table 4) of the LNR cases, without any
significant differences in relation to the two LNR sub-forms (Table 3,4).

The concentration of total IgE antibodies in serum (PRIST) has been found to
be significantly increased (>500 IU/ml) in only 6% of LNR cases, most of them
being a part of the dual late nasal response (Table 4) (6,11,65,71).

The specific serum IgE antibodies (RAST) to the same allergen as that
causing the clinical LNR have been positive (score grade 3 or 4) in 9% of the
LNR cases, most of them being a part of the dual late nasal response ( Table 4)
(6,11,65,71).

The serum concentration of total IgG immunoglobulins has been found to be
increased in 51%, the concentration of total IgM immunoglobulins in 8% and that
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Table 3

A survey of the specific types of skin responses recorded after intracutaneous skin tests with the
same allergen as that causing the corresponding type of nasal response (in %).

Skin response 

Immediate Late Delayed No response 
Nasal response (< 20 min) (4–24 h) (> 36 h) 

Immediate (n=246) 63 8 0 29

Late (n=225) 11 51 1 37

Delayed (n=93) 15 2 42 41

No response (n=182) 18 12 2 68
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Table 4

The association of the particular types of nasal responses with other diagnostic parameters (in %)

Nasal mucosa response to allergen challenge 

Response-related Immediate Late Delayed Negative
parameters (n=148) (n=131) (n=63) (n=205) 

Positive skin response

Immediate 70 31

Late 65 9

Delayed 67 3

Increased total IgE in

serum (PRIST) 17 6 5 9

Positive specific IgE in 

serum (RAST) 27 9 2 11

Increase in the serum

Total IgG 19 51 1 3

IgG1 0 2 0 1

IgG2 0 0a 0 4

IgG3 2 19 0 1

IgG4 0 16 1 2

Total IgM 0 8 0 0

Total IgA 1 1 0 1

Increase in blood leucocytes 4 20 11 3

Increase in blood eosinophils 5 43 0 1

Increase in body temperature

(more than 37°C = 98.6°F) 0 2 2 0

General malaise complaints 0 6 12 2

Aspects of the nasal mucosa

Hyperaemia 34 10 0 18

Violaceous aspect 59 90 100 1

Nasal mucosa haemorrhages 0 24 43 0

Patient-related parameters 

Increased reactivity of the

nasal mucosa to histamine 31 23 2 89

a, IgG2 in serum decreased in 16% of the LNR cases.



of total IgA immunoglobulins in 1% of the LNR cases. The serum concentration
of individual IgG sub-classes has been recorded during LNR as follows: elevation
in IgG1, IgG3 and IgG4 was found in 2%, 19% and 16% of the LNR cases,
respectively, and a decrease in IgG2 was observed in 11% of the cases (Table 4)
(6,11,16,65,71).

An increase in blood eosinophil counts (more than 300 x 106/L) has been
recorded during 23% of the positive dual late nasal responses and during 20% of
the isolated late nasal responses (Table 4) ( 6,11,16,65,71).

An increase in blood leukocyte counts (more than 10 x 109/L) has been
recorded during 13% of the isolated, and during 7% of the dual late nasal response
(Table 4) (6,11,16,65,71).

An increase in body temperature (> 37 °C or 98.6 °F, measured in the armpit)
has been recorded during 2% of the LNR cases (Table 4) (6,11,16,65,71).

The normal value for the nasal histamine threshold (NHT) is > 4.0 mg/ml 
(12 mmol/ml). Increased nasal mucosa responsiveness to histamine (PD20) or its
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Table 5

A survey of allergy and non-specific hyperactivity components in 166 patients with chronic rhinitis

Non-specific hyper-reactivity in the nose, i.e.,
nasal responsiveness to histamine (counter-

value is the nasal histamine threshold)

Patients with nasal
response (NR) to allergen Increased Non-increased
challenge (n=166) (normal) 

Positive NR (n=142) 45 97

– isolated immediate NR (n=42) 23 19

– dual late NR (n=41) 15 26

– isolated late NR (n=37) 6 31

– dual delayed NR (n=12) 1 11

– isolated delayed NR (n=10) 0 10

Negative NR (n=24) 23 1
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Table 6

A survey of nasal complaints and other organs’ response accompanying the specific types of nasal
response to allergen challenge (in %)

Nasal response to allergen challenge 

Immediate Late Delayed Negative
(n=148) (n=131) (n=63) (n=205) 

Nasal complaints 100 100 100 0

Obstruction 69 16 9 8

Sneezing 93 18 0 10

Hypersecretion 52 3 0 0

Itching 27 46 5 1

Conjunctival injection/chemosis 12 13 3 0

Palpebral oedema

Middle ear response (otalgia,

decrease in hearing, changes

in middle ear pressure) 30 23 6 7

Pressure in the sinuses

(maxillary and frontal) 37 18 22 7

Acute oedema of sinus 

mucosa (X-ray; echography) 3 11 14 1

Cephalgia 26 47 11 2

Bronchial complaints (mostly

secondary bronchoconstriction, 

sometimes also wheezing 

and/or cough) 5 4 6 2

General malaise complaints 3 1 0 0

contra-value, the so-called decreased nasal histamine threshold, has been
recorded by us in only 15–20% of the patients developing LNR. The NHT mostly
ranged between 2.0 and 4.0 mg/ml, i.e., 6.0 to 12.0 mmol/ml (Table 4,5)
(25,65,71,73,74).
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Table 7

Middle ear response to the nasal allergen challenge (NPT) in patients with secretory otitis media
A survey of otological complaints during nasal responses

n Changes in MEP

accompanied by Otalgia 
only 

Patients Otalgia Decrease Secretions 
N=38 in hearing

76 positive NRs 61 56 35 13 4
21 isolated immediate 19 18 6 4 2
24 isolated late 17 17 13 5 1
15 dual late 17 10 9 1 0
11 isolated delayed 9 9 4 2 0
5 dual delayed 4 2 3 1 1

33 negative NRs 13 6 2 1 1 

NR, nasal response; MEP, middle ear pressure recorded by tympanometry; secretions, rapid increase
in the middle ear effusions through the mono– or bilateral ventilation tube(s)

Table 8

The specific types of nasal and paranasal sinus responses induced by the nasal challenge with an
allergen and their relationship

Sinus response 

Nasal 
response Maxillary (n=135)a Frontal (n=17)b

N=193 ESR LSR DYSR ESR LSR DYSR 

149 positive NR
51 immediate/early 44 3 1 3 3 0
15 immediate + late 6 4 0 1 2 0
67 late 0 61 3 0 5 0
7 immediate+delayed 1 0 4 1 0 1
9 delayed 0 0 8 0 0 1

Maxillary (n=13)c Frontal (n=4)d

44 negative NR 5* 7* 1* 3* 1* 0 

NR, nasal response; ESR, early sinus response; LSR, late sinus response; DYSR, delayed sinus
response; a, 135=121+14; b, 17=3+14; c, 13=4+6+1+2; d, 4=1+1+2; *, primary or „non-associated“
form of sinus response; the remaining responses are of the secondary or so-called „associated“ form.
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Table 9

A review of asthmatic responses induced by nasal provocation tests with allergens in 27 patients
suffering from bronchial asthma with a low compliance to the usual anti-asthmatic treatment

NPT (n=133) Secondary induced asthmatic responses 

Nasal response Isolated Dual late Isolated Dual Isolated Negative
positive (n=119) immediate late delayed delayed

Isolated immediate 
(n=28) 20 1 2 0 0 5
Dual late (n=19) 1 13 1 0 0 4
Isolated late (n=46) 0 0 36 0 0 10
Dual delayed (n=9) 0 0 0 7 0 2
Isolated delayed (n=17) 0 0 0 0 11 6

Negative (n=14) 2 0 0 0 0 12 

Total 23 14 39 7 11 39 

NPT, nasal provocation test

Fig. 6
Middle ear response recorded during the late nasal response to an allergen challenge
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Fig. 7
Isolated late (n=39) and dual late (n=15) asthmatic responses induced by an allergic reaction

originating primarily in the nasal mucosa

The normal value of nasal methacholine chloride threshold (NMCT) and that
of the nasal methacholine bromide threshold (NMBT) are >8.0 mg/ml and 
>4.0 mg/ml, respectively. An increase in nasal mucosa responsiveness to
methacholine chloride and/or bromide or its contra-value, the so-called decreased
NMCT, has been recorded by us in 11% and the decreased NMBT in 9% of the
patients developing LNR (25,39,73,74).

Histamine has been detected in the blood plasma of patients developing the
positive LNR only sporadically and without any significant changes in its
concentration (74–76). Histamine has been detected in nasal secretions during
LNR only sporadically and without any significant changes in its concentration
(74,75).
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Precipitating antibodies, usually of the IgG class, can be determined by double
immunodiffusion in gel (Ouchterlony & Nilsson technique) (77). LNR due to
certain kinds of antigens, such as bird faeces and serum (16), wool (65,71), old
paper (71), cardboard (71), flour (6,11,71) and moulds (6,11,71) has been found
to be significantly associated with an increased concentration of the circulating
precipitating antibodies of IgG and/or IgM classes in blood serum.

LNR can also induce a secondary response in related organs. A survey of the
secondarily induced responses is presented in Tables 6 to 9 and Figs 6 and 7. LNR
can be caused by various inhalant allergens. No differences in the occurrence of
LAR in relation to different allergens have been found (65,71).

NASAL HYPERSENSITIVE REACTION

Hypersensitivity reactions in the nasal mucosa leading to the development of
different types of nasal response to allergen exposure (challenge) are dynamic
processes caused by specific allergens, where various types of cells, mediators,
compounds and mechanisms may be involved in various steps and at various
levels (1,2,4,7–9,13,42–45,71,74). 

The hypersensitivity reactions are also exfoliative processes leading to the
influx and release of various cell types as well as various factors, compounds and
chemical derivates into nasal secretions (1–3,7–10,13,17,24,27–29,32,34–37,
42–47,57,59,61–63,71,72,80,81).

Cellular characteristics of nasal secretions

A positive LNR in nasal secretions has been accompanied by significant
changes in neutrophil counts in 84% of the cases (an increase immediately before
and a decrease during the appearance of LNR, followed by an increase during the
resolution of LNR), eosinophils in 58% (an increase immediately before and
a decrease during the appearance of LNR), epithelial cells in 73% (an increase
followed by a decrease), goblet cells in 63% of the cases (an increase followed
by a decrease), basophils in 8% and lymphocytes in 6% (both cell types
demonstrated a slight increase in their counts during LNR). No significant
changes in the counts of other types of cells (monocytes, plasma cells, mast
cells) have been recorded in nasal secretions during most of the LNR cases
(Table 10, Fig. 8). 

Cytologic changes in nasal secretions, recorded during LNR, are clearly
different from those found by us during both the immediate nasal response (INR)
(2,7–10,28,42–45,80) and the delayed nasal response (DYNR) (13,44).

These results and conclusions can be supported by another aspect. The cells
appearing in nasal secretions before the allergen challenge, during the PBS
control and during the negative nasal response have mostly been intact, whereas
those migrating and/or being released into nasal secretions during a positive LNR
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Table 10

Presence of cell types in nasal secretions and changes in their counts during the late nasal
response in %

LNR (n =104) Changes in cell counts

NNR (n= 83) between the start and the end

PBS (n= 187) Presence of the cells of challenge 

LNR NNR PBS LNR NNR PBS 

Eosinophils 61 19 49 58* 5 1

Neutrophils 96 17 45 84* 3 2

Basophils 15 9 10 8* 0 0

Epithelial cells 100 23 41 73* 4 1

Goblet cells 82 13 35 63* 3 0

Lymphocytes 18 4 9 6* 0 0

Mast cells 3 2 1 0 0 0

Plasma cells 4 2 1 0 0 0

Monocytes 1 0 0 0 0 0

LNR, late nasal response; NNR, negative nasal response; PBS, phosphate buffered saline (control);
*, statistically significant changes (p<0.05)

and shortly after its resolution, have demonstrated distinct intracellular changes,
including changed cytoplasmic granules (degranulation) (8,9,27,29,42,45).

In most of the cells appearing in nasal secretions during the positive LNR, various
cellular, intracellular and other changes, such as degranulation, disappearance of
cytoplasmic granules, vacuolisation, diminished intake of stain, wrinkling of the
cellular membrane and, sometimes cellular disruption, have been recorded (29,45).
Neutrophils degranulated in 94% of the positive LNR cases, eosinophils in 49% and
basophils in 3%, while during the negative nasal response, neutrophils degranulated
in 7% of the cases, eosinophils in 7% and basophils in 0% (29,45).

Bascom et al. (82) and Togias et al. (80), using the nasal lavage technique,
have observed a significant increase in the count of what they called „alcian-blue-
stained positive cells“, most probably basophils, but also of eosinophils and
neutrophils, a slight increase in mononuclear cells and a decrease in the count of
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Fig. 8
Cytological changes in nasal secretions during the non-pretreated late nasal response

epithelial cells in nasal secretions during LNR to allergen challenge. Walden and
colleagues (59) have recorded increases in total cell counts of eosinophils,
neutrophils and „alcian blue cells“ (probably basophils) in nasal secretions during
LNR, which correlated with an increased release of some mediators (kinins,
TAME-esterase activity, histamine, sulfidopeptide leukotrienes) and albumin into
nasal secretions. Iliopoulos et al (36) have also observed an increased count of
eosinophils and neutrophils in nasal secretions during LNR. However, they have
found a significant increase only in the eosinophil count. The significant
differences in cell influx into nasal secretions accompanying LNR and those
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recorded during INR, as described by these authors (36,59,80,82), are generally
consistent with our results (7,42–45,65).

Immunological characteristics of nasal secretions

A positive LNR may be accompanied by an appearance of total IgG antibodies
in nasal secretions in 46% of the cases and by a decrease in IgG concentration in
nasal secretions during LNR in 33% of the cases. Neither significant
concentrations nor significant changes in concentrations of the immunoglobulins
of other classes have been recorded in nasal secretions and blood serum during
the positive LNR (Table 11) (9,65,71,83).

Table 11

Presence of immunoglobulin classes and changes in their concentrations in nasal secretions during
the late nasal response, negative nasal response and PBS controls.

Changes in immunoglobulin
Presence of immunoglobulins concentrations during the

nasal response 

LNR NNR PBS
(n=24) (n=20) (n=24) LNR NNR PBS 

Total IgE 2 (8.4%) 0 1 (4.2%) 0 0 0

Antigen- 

specific IgE 3 (12.5%) 1 (5.0%) 1 (4.2%) 0 0 0

Total IgG 11 (45.0%) 1 (5.0%) 6 (25.0%) 8 (33.3%) 0 0

– IgG1 0 0 0 0 0 0

– IgG2 7 (29.1%) 0 2 (8.4%) 0 0 0

– IgG3 5 (20.8%) 0 1 (4.2%) 0 0 0

– IgG4 0 0 0 0 0 0

Total IgM 1 (4.2%) 0 1 (4.2%) 0 0 0

Total IgA 1 (4.2%) 1 (5.0%) 1 (4.2%) 0 0 0

LNR, late nasal response; NNR, negative nasal response; PBS, phosphate buffered saline
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LNR may be accompanied by an increase in concentration of some mediators
and compounds in nasal secretions, such as kinins, TAME-esterase (N-α-tosyl-L-
arginine methylester), leukotrienes B4 (LTB4), C4 (LTC4), D4 (LTD4), E4
(LTE4), major basic protein (MBP), eosinophil-derived neurotoxin (EDN),
bradykinin, lysylbradykinin, eosinophil cationic protein (ECP), neutrophil
chemotactic factor (NCF), prostaglandin (PGF2α) and histamine. However,
controversial results have been reported concerning the detectable amounts of
histamine and significant changes in its concentration in nasal secretions during
the positive LNR (9,24,36,37,56,57,59,65,71,84–88).

Finally, Skoner et al. (88) have measured an increased concentration of the
neutrophil chemotactic factor (NCF), histamine and prostaglandin (PGF2α)
metabolites in serum during LNR. In contrast to the results of other investigators
(24,36,37), we have not detected histamine in nasal secretions during most of the
LNR cases (65,71,74,83).

Biochemical and biophysical characteristics of nasal secretions

The biochemical and biophysical characteristics of nasal secretions during
a positive LNR have not yet been studied sufficiently. There is little knowledge
on this topic (9,65,71,83).

Biopsy findings

A positive LNR, as compared with the „pre-challenge“ baseline, may be
accompanied by the following histological changes in biopsy specimens of the
nasal mucosa: (1) oedematous epithelium with damaged integrity, enlarged
intercellular spaces, sporadic holes filled with fluid, sporadic empty holes on the
epithelial surface due to the release of some epithelial and goblet cells from the
epithelial layer; (2) basement membrane with irregular structure and single
breaches; (3) oedematous sub-epithelial layer of the lamina propria containing
mixed eosinophil-neutrophil infiltrates and, sporadically, single mast cells,
basophils, monocytes and lymphocytes; (4) perivascular oedema, dilatation of the
terminal parts of capillaries and sporadic ruptures of small capillaries with
erythrocyte expulsion. Histological changes recorded in the nasal mucosa during
positive LNR may be qualified as slight, reversible tissue damage to the nasal
mucosa with some inflammatory components (Fig. 9) (35,46,47,62,64,72,83).

LATE NASAL RESPONSE TO FOOD

The role of food allergy and of food in general, in subjects with various
allergic disorders and in patients with nasal symptoms and complaints, has
been repeatedly reported. Three basic types of nasal response, following a food
ingestion challenge, have been recorded (20,26,30,31,34, 65,89,90,92,93,100):
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Fig. 9
Histology of the nasal mucosa during the late nasal response
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Fig. 10a
Late nasal response to the food ingestion challenge and accompanying cytological changes in

nasal secretions

(1) an immediate/early response (INR/ENR), appearing within 70 min, peaking
within 105 min and resolving within 180 min; (2) a late response (LNR),
beginning within 6 h with a peak within 10 h and resolving within 24 h; (3)
a delayed response (DYNR), starting within 24–28 h, peaking within 32–36
h and resolving within 48–52 h of food ingestion (20,26,30,31,65,71).

LNR caused by „adverse reactions to food“ (i.e., food allergy is suspected to
be one of the mechanisms involved), should be regarded as a special form of LNR
(Fig. 10a) (30). 
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Table 12

An association of the particular types of nasal response to food ingestion challenge with other 
in vivo and in vitro diagnostic parameters

Nasal mucosa response to food ingestion 

Immediate Late Delayed Negative
(n=267) (n=203) (n=164) (n=309) 

Positive skin response – immediate 146 48

– late 98 11

– delayed 69 3

Increase in total serum IgE (PRIST) 11 1 0 3

Increase in specific serum IgE (RAST) 38 3 1 4

Increase in blood eosinophils 14 17 2 2

Increase in blood leukocytes 10 38 11 3

Aspects of the nasal mucosa:

hyperemia 197 48 1 5

violaceous aspect 70 155 163 0

Nasal mucosa haemorrhages 0 42 72 0

Nasal secretions

Changes in counts of:

eosinophils 201 128 53 21

mast cells/basophils 53 30 6 0

neutrophils 108 142 151 15

goblet cells 39 103 114 2

lymphocytes 9 5 146 0

epithelial cells 17 93 158 3
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Table 13

Nasal and other complaints accompanying the particular types of nasal response to food ingestion
challenge

Nasal mucosa response to food ingested 

Immediate Late Delayed Negative
(n=267) (n=203) (n=164) (n=309) 

Nasal complaints

obstruction 267 203 164 0

sneezing 19 1 0 1

hypersecretion 193 166 39 16

itching 181 75 175 13

General malaise complaints 22 54 49 1

Conjunctival irritation 35 18 6 0

Middle ear response (otalgia,
decrease in hearing, changes
in middle ear pressure) 31 19 13 10

Pressure in the sinuses (maxillary 
and frontal, acute oedema
of sinus mucosa) 45 32 33 7

Cephalgia 56 91 125 42

Urticaria 4 7 8 5

Angio-neurotic oedema (labial, 9 6 3 3
palpebral or elsewhere)

Increase in body temperature 4 21 1 0

Bronchial complaints 13 15 12 18

Other complaints 2 1 2 0
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LNR to food occurs in approximately 47% of the patients with allergic rhinitis
and is associated with a variety of other in vivo and in vitro diagnostic parameters,
such as a positive disease history in 29%, a positive late skin response in 48%, an
increase in total serum IgG antibodies in 24%, an increased blood eosinophil
count in 8%, an increased blood leukocyte count in 9%, nasal symptoms,
predominantly nasal obstruction, in 96%, which was followed by itching in 51%
and hypersecretion in 14% of the patients; the nasal mucosa was hyperaemic in
23% or violaceous in 76% of the patients; changes in the count of eosinophils in
nasal secretions were in 63%, neutrophils in 89%, epithelial cells in 46%, goblet
cells in 51% and basophils in 15% of the patients (Table 12) (9,20,30,71).

Similarly to LNR caused by inhalant allergens, LNR due to food ingested can
be accompanied by symptoms and responses in other organs, such as headache,
migraine, conjunctival symptoms, middle ear response, bronchial obstruction,
paranasal sinus response, gastro-intestinal symptoms, and general malaise
complaints (Table 13) (9,20,26,30,89–94).

A positive LNR due to food ingested can be effectively prevented by oral
administration of disodium cromoglycate (DSCG, Cromolyn, Nalcrom®),
glucocorticosteroids (GCS) and partly prevented by intravenous administration of
GCS. On the other hand, oral administration of H1- or H2-receptor antagonists
and nasal topical administration of GCS have not been able to affect this form of
LNR in any significant way (Figs 10a, 10b) (9,20,26,65,89,92,93).

PHARMACOLOGICAL MODULATION OF LNR

A positive LNR due to inhalant allergens can significantly be prevented by
topical (intranasal) disodium cromoglycate (DSCG, Cromolyn), topical
glucocorticosteroids (GCS), oral corticosteroids and topical nedocromil sodium
(NDS/NS), whereas most of the H1- and H2-receptor antagonists (antihistamines)
have not demonstrated any significant effects on the LNR (Fig. 4,11 and Table 14)
(2,9,18,19,21,27,29,31,44,65,71,83,95–100).

DSCG, GCS and NDS have also demonstrated significant protective effects on
the cell types appearing in nasal secretions during LNR by decreasing their counts
(or preventing an increase in their count) and by preventing the development of
various cellular and/or intracellular changes in these cell types (7–9,11,27,29,31,
43–45,47,65,71,96–98).

Disodium cromoglycate and glucocorticosteroids

LNR pretreated with DSCG and GCS has been accompanied by distinctly
decreased counts of all cell types in nasal secretions, as compared with a non-
pretreated LNR, and by non-significant changes in the counts of particular cell types,
as compared before and after the allergen challenge (27,29,65). LNR pretreated with
beclomethasone dipropionate (BDA) or budesonide (BSA/BUD) has also been
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Table 14

Protective effects of basic drugs on the immediate, late, and delayed nasal response to a nasal
challenge with inhalant allergens and protective effects on non-specific nasal hyper-reactivity

represented by the nasal response to histamine challenge

INR LNR DYNR N-SH 

Antihistamines

H1-receptor antagonists ±* – – +

H2-receptor antagonists – – – 0

H1- + H2- receptor antagonists – – – 0

Anticholinergics

systemic (oral)a – – – +

topicalb – – – +

Calcium channel blockers 0 0 0 0

Acetylsalicylic acid 0 0 0 0

cAMP modulators 0 0 0 0

Alpha2-sympathomimetics – – – ±

Disodium cromoglycate +++ ++ – ±

Nedocromil sodium +++ +++ ±** 0

Corticosteroids

systemic - oral – – – –

- injection (i.v., i.m.) ± ± ± –

topical – +++ +++ +

Immunotherapy ± – – –

-, no effect; ±, slight or partial effects (without significance); +, positive effects (p<0.05); 
++, significant effects (p<0.01); +++, highly significant effects (p<0.001); 0, lack of data.
* In this category, some drugs demonstrated significant protective effects on the immediate nasal
response (e.g., Cetirizine, Clemastine, Chlorphenamine, Mebhydroline and recently also
Loratadine), whereas others did not (e.g., Ketotifen, Astemizole, Terfenadine and Levocabastine). 
** Recent preliminary data suggest some protective effects of this drug on the delayed nasal response. 
a Thiazinamium hydrochloride, Oxyphenonium; b Ipratropium bromide.
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Fig. 10b
Late nasal response to the food ingestion challenge pretreated with oral disodium cromoglycate

(Cromolyn), and accompanying cytological changes in nasal secretions

accompanied by the counts of all cell types in nasal secretions that were distinctly
lower than those recorded during the non-pretreated LNR, and no significant changes
have been found by us in the counts of the cell types studied (27,29,65).

DSCG treatment has significantly reduced degranulation and other
intracellular changes in eosinophils, basophils and mast cells, and partly also in
neutrophils. BSA treatment has effectively reduced degranulation and other
intracellular changes in neutrophils, partly in eosinophils and basophils, but not in
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Fig. 11
Protective effects of topically administered nedocromil sodium on the late nasal response to an

allergen challenge

mast cells. These results may again suggest a possible involvement of different
mechanisms or, at least, different sub-mechanisms in LNR (7–9,11,27,29,31,
43–45,47,65,71,96,97,99). 

Bisgaard et al. (86), studying timothy grass pollen-sensitive subjects who had
developed a dual late nasal response to challenge with this allergen, have recorded
an increase in concentration of the eosinophil cationic protein in nasal lavage fluid
during LNR, but not during INR. The increase in eosinophil cationic protein has
been completely inhibited by pretreatment with intranasal Budesonide, in a daily
dose of 400 mg, for 2 weeks prior to the nasal allergen challenge.
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Other investigators studying predominantly mediators and other factors in
nasal lavage fluid have found that pretreatment with topical glucocorticosteroids
(flunisolide) significantly reduced both the late nasal symptoms and the levels of
histamine, TAME-esterase activity and kinins in nasal secretions, during the
allergen-induced LNR (80,101).

Walden et al. (59) have studied subjects with pollen-related rhinitis, who
developed a dual LNR to allergen challenge that consisted of an early and a late
phase. The early-phase was accompanied by an increase in concentration of
histamine, TAME-esterase, kinins and PGD2 in nasal secretions and by an influx
of alcian blue-stained positive cells, probably basophils, into nasal lavage fluid,
whereas the late phase was accompanied by an increase in histamine level,
TAME-esterase, kinins, sulfidopeptide leukotrienes and albumin, but not PGD2,
in nasal secretions, and by an influx of alcian blue-stained positive cells,
eosinophils and neutrophils into nasal lavage fluid. A 2-day pretreatment with oral
corticosteroid (prednisone) has prevented the symptoms of LNR, significantly
decreased the concentration of histamine, TAME-esterase, kinins and albumin in
nasal lavage fluid and significantly reduced the influx of eosinophils, but not of
neutrophils or mononuclear cells. This group of investigators has reported
a significant role of topical corticosteroids in reducing the symptoms as well as
the levels of histamine, TAME-esterase activity and kinins during both the early
and the late phase of nasal responses. 

Bascom et al. (32) have reported similar suppressive effects of oral
corticosteroids on the influx of eosinophils, but not of neutrophils or mononuclear
cells, into nasal-lavage fluid during LNR. In another study, Bascom et al. (102)
have recorded a significant increase in the concentration of major basic protein in
nasal lavage fluid during both INR and LNR to allergen challenge, a significant
increase in the concentration of eosinophil-derived neurotoxin during the late
phase, and finally a significant increase in the influx of eosinophils into nasal
secretions during the late phase. Treatment with oral prednisone has reduced
significantly not only the eosinophil influx, but also the concentration of both
major basic protein and eosinophil-derived neurotoxin in nasal lavage fluid.

H1-receptor antagonists and anticholinergic drugs

Neither antihistamines nor anticholinergics have demonstrated significant
protective effects on LNR (65,71,96–98,100).

Nedocromil sodium

Nedocromil sodium has significantly prevented INR (p < 0.01) and highly
significantly LNR (p < 0.001). Moreover, during INR, nedocromil sodium has
significantly reduced the influx of eosinophils, neutrophils, mast cells and
basophils into nasal secretions whereas, during LNR, it has almost completely
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prevented the influx of neutrophils, eosinophils, and basophils into nasal
secretions and significantly decreased the count of epithelial and goblet cells in
them (Fig. 11) (103,104).

Other drugs

Possible protective effects of other drugs, such as beta2-sympathomimetics,
anticholinergic drugs (ipratropium bromide), calcium channel blockers
(Nifedipine, Verapamil), non-steroidal, anti-inflammatory agents (acetylsalicylic
acid and its derivatives, indomethacin, flurbiprofen, ibuprofen, prostaglandin-
suppressing compounds), cAMP modulators, H2-receptor antagonists
(Cimetidine, Ranitidine), eicosapentaenoic acid, antiserotonin, or new,
experimentally synthesized, anti-mediator compounds (kinin-, bradykinin-,
leukotriene-, PAF-, neurotoxin-, neuropeptide-antagonists, inhibitors of 
5-lipoxygenase-pathway products or thromboxane-synthesis inhibitors) on LNR
have not yet been sufficiently investigated (9,44,65,83,105).

Immunotherapy

Until now no convincing evidence has been provided for any effects of
immunotherapy on the clinical LNR and/or on the mechanisms underlying this
response. Immunotherapy should therefore be considered as a non-established
and unproved treatment for LNR (9,44,83,105).

DIFFERENTIAL DIAGNOSIS

LNR differs substantially from the immediate/early nasal response
(INR/ENR) and the delayed nasal response (DYNR) in the following features: i)
clinical characteristics, such as the time-course, symptomatology, appearance of
the nasal mucosa, association with other in vivo and in vitro diagnostic
parameters and appearance of symptoms in other organs accompanying the
particular response type; ii) morphological characteristics, such as cytological
changes in the nasal secretions and histological changes in nasal mucosa
associated with the particular type of nasal response; iii) immunological
characteristics, such as appearance of the particular classes and sub-classes of
immunoglobulins in nasal secretions and blood serum and/or blood plasma and
changes in their concentrations, and an appearance of particular mediators and/or
other compounds and factors in nasal secretions and/or blood and changes in
their concentrations during the particular types of nasal response; iv)
pharmacological modulation and control of the particular types of nasal response
as well as the effects of individual drugs (pharmacological agents) on the
particular nasal response types (2,7–13,20, 23,24,27,29,31,32,34,36,42–47,
49,59,61,64,65,71–75,88,99,100,103,104).
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POSSIBLE MECHANISM/S UNDERLYING LNR

LNR should be regarded as a clinical phenomenon, defined by the appearance
of nasal symptoms and complaints, predominantly nasal obstruction,
accompanied by other symptoms and changes, within 4 to 12 h of allergen
exposure (antigen-antibody interaction or challenge), which can be induced by
a complex mechanism (2, 6–9, 20, 23, 31, 46, 47, 49, 61, 65, 71, 83, 88). Although
the pathogenetic and immunological mechanisms leading to LNR can be
different, the late type hypersensitivity should be regarded as one of the possible
mechanisms involved in the clinical LNR, but is far from being the only one 
(Fig. 12) (20,23,29,31,34,37,46,49,59,65,71,80,83,88,100).

The possible role and involvement of various components of the late
hypersensitivity mechanism(s), either through the complex pathways or their
participation as individual and single components in the pathological mechanism
leading to the development of clinical LNR, cannot be excluded. The potential
components are as follows: i) immune complexes (49,65,108,110,111);
ii) complement system and its parts, such as classical complement pathway,
alternative complement pathway, membrane attack complex, receptors for
complement components on the membrane of various cell types
(49,65,83,108,110–112); iii) IgG and/or IgM antibodies (9,20,31,34,49,65,71,
83,113); iv) particular cell types, such as neutrophils, platelets, eosinophils, mast
cells and basophils, including histamine-releasing factors, cytokines, stem cell
factors, neuropeptides, prostagladins, thromboxanes, leukotrienes and various
compounds activating these cell types (9,20,31–34,37,46,49,62,65,83,114–121).

Moreover, innervation and neurogenic control of the nasal mucosa, including
neuropeptides as neurotransmitters in the human nasal mucosa, could, under
certain circumstances, be involved in the development of general conditions of
the nasal mucosa, thus allowing expression of some steps of the immunological
pathways in the human nasal mucosa (65,114–121).

On the other hand, a possible role and involvement of various components of
the immediate hypersensitivity mechanism(s), either through the classical
pathways or as single components in the development of late-phase reactions, has
already been suggested by some investigators. The potential components are as
follows: i) antigen-specific IgE antibodies; ii) mast cells and basophils (23,34,37,
49,59,61,64, 65, 80,87,105–107, 109). However, our results would not support the
proposed unequivocal role of either IgE antibodies, mast cells or basophils in the
development of a clinical LNR (9,31,65,71,120,121). 
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Z. Pelikan:

NOSNÍ ALERGICKÁ REAKCE OPOÎDùNÉHO TYPU

S o u h r n
V patogeneze alergické rhinitidy se mohou uplatÀovat tfii typy reakcí pfiecitlivûlosti: ãasná,

opoÏdûná a pozdní. Nosní reakce opoÏdûného typu (LNR) se vyskytuje u 41% nemocn˘ch
s alergickou rhinitidou buì isolovanû nebo v kombinaci s reakcí ãasnou. Pfii rhinomanometrickém
vy‰etfiení je zaãátek této reakce patrn˘ za 4–8 hodin, maximální nález b˘vá mezi –12 hodinou
a reakce odeznívá do 24 hodin po intranasální provokaci alergenem. LNR byla pozorována i po
perorálním podání potravinov˘ch alergenÛ. Na LNR upozorní anamnestické údaje (v 23%),
rhinoskopick˘ nález fialové nosní sliznice s nepravideln˘mi drobn˘mi krevními v˘rony (v 90%)
a opoÏdûná koÏní reakce na pfiíslu‰n˘ alergen (v 65%). U 51% pacientÛ je zv˘‰ená koncentrace
IgG v séru, u 13% leukocytóza a u 23% eozinofilie. Klinicky se LNR projevuje nosní obstrukcí.
Hypersekrece, k˘chání a svûdûní jsou pfiítomny v men‰í mífie. LNR v‰ak b˘vá provázena
i reakcemi v jin˘ch orgánech – bolestmi hlavy, otoky víãek, projevy na spojivkách, v stfiedou‰í,
v sinusech, bronchiální obstrukcí i pfiíznaky celkov˘mi. V biopsiích nosní sliznice se pfii LNR
nachází porucha celistvosti epitelu s trhlinami a edémem, po‰kození bazální membrány, lamina
propria je infiltrována neutrofilními a eosinofilními granulocyty, slizniãní kapiláry jsou dilatovány
a jejich okolí je prosáklé.V nosním sekretu  jsou pfii LNR pfiítomny IgG i fiada mediátorÛ, napfi.
leukotrieny, prostaglandiny, bradykinin, produkty eosinofilních granulocytÛ, histamin. Vzniku
a rozvoji LNR lze zabránit kromoglykany a glukokortikoidy; antihistaminika jsou neúãinná.
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