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ABSTRACT
Allergic rhinitis as an IgE mediated inflammatory
response of the nasal mucosa to specific allergens has
continued to be investigated. The prevalence has been
on the increase. This review article is a summary of
documented current perspectives on the aetiology and
pathogenesis of allergic rhinitis. The aim is to update
practitioners on the current concepts and stimulate
research in this field in sub Saharan Africa. The role of
genetic predisposition and environmental exposure to
allergens as documented in many research articles is
highlighted. Their interactions in the development of
allergic rhinitis have shown that immunological cell
modulation is a key factor. These are due to induced
molecular changes in the regulation of production of
enzymes that influence the expression of
immunological cells.
In the pathogenesis of allergic rhinitis, sensitization
through antigen presenting cells is an important initial
process. This process makes the individual susceptible
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INTRODUCTION
Abnormal skin reactions to foods and insect bites have
been noted for centuries. Clemens von Pirquet in 1906
first used the word 'allergy' to describe abnormal
reactions to horse serum antitoxin. Earlier in the 19th
century, John Bostock provided the first detailed
account of hay fever and Charles Blackley was able to
prove that pollen was the cause of hay fever1. Thus,
nasal allergy had been recognized as hay fever which
occurs during the pollen season. It has also been noted
that although the term hay fever was a misnomer, it still
appears to be in use. During the 20th and early 21st
centuries, a lot of studies have been done to elucidate
the mechanism through which this condition develops.
It is now a disease entity known as allergic rhinitis.2, 3
This review is a synopsis of the current state of
knowledge about the aetiology and pathogenesis of

on re – exposure to the allergen. The roles of the T
lymphocyte cells and their different phenotypes are a
major factor in the pathogenesis of allergic rhinitis. The
complex interactions between these T cell phenotypes
through the secretion of different inter leukins are
discussed. The contributory role of many mediators in
the propagation of cellular mechanisms such as the
activation and differentiation of various cell types,
prolongation of their survival, the further release of
mediators and the neural reflex actions are highlighted.
Studies in Nigeria have documented the allergenic
potentials of pollen grains from plants. However, these
have not been purified as allergen extracts that can be
used for clinical studies. The role of air pollution in the
urban cities in Nigeria as adjuvants needs to be
investigated. The need for multi-disciplinary
collaborative studies among the various stakeholders
in Nigeria is advocated.

allergic rhinitis. Allergic rhinitis (AR) is an
inflammatory disease of the nasal mucosa induced by
an IgE-mediated reaction, following exposure to an
allergen. The inflammation of the nasal mucosa may
extend into the paranasal sinuses. The concept of
Allergic Rhinosinusitis derives from this as the nasal
mucosa is in continuity with the mucosa of the
paranasal sinuses
Allergic rhinitis (AR) is now recognized as referring to
two significant clinical entities:
1. Rhinitis – inflammation of the nasal mucous
membranes;
2. Allergy - the specific cause of the rhinitis.
Current research efforts have focused extensively on
these two entities. This has resulted in improved
knowledge on the aetiology, pathophysiology and
clinical aspects the disease. Allergic Rhinitis manifests
through nasal symptoms of sneezing, rhinorrhoea
(runny nose), nasal itching and nasal congestion or
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blockage. There may be accompanying ocular
symptoms of itching, watering and red eyes. The
diagnosis is made on a good clinical history, physical
examination and confirmed by skin prick tests and
other investigations. Allergic rhinitis is now regarded
as a major chronic respiratory disease because of its
prevalence, impact on quality of life, and its link with
asthma. A major issue is that this condition has been
noted to be under diagnosed, misdiagnosed,
4, 5, 6
undiagnosed and under-estimated.
A study in
Europe reported that over half of AR sufferers do not
seek medical treatment.7 Another study in France
showed that 19% of 230 patients with typical
symptoms of allergic rhinitis had never consulted a
physician for their nasal problem.8 These research
works provide evidence that the prevalence of the
disease is underestimated. The situation in Africa is
likely to be worse.

PREVALENCE OF ALLERGIC RHINITIS.
Allergic rhinitis has been shown to pose a global health
problem and the prevalence has been noted to be on
the increase. Studies have shown that patients from all
countries, all ethnic groups and all ages suffer from
AR. Bousquet et al in 2001 estimated that 10 – 25% of
the world population is affected.9 In the USA AR is
estimated to affect 10 - 30% of adults10. In Europe AR is
estimated to affect 17 – 29 % of adults.7 The ISAAC 1998
study report from Ibadan, Nigeria showed an
incidence of 39.7 %.11 There is paucity of population
based studies in Nigeria. Most studies have been
mainly on a selected group or hospital based and so do
not give the true prevalence of allergic rhinitis in
Nigeria.12, 13 Katelaris CH et al in 2012 reported a rising
prevalence of about 50%.14 Thus, it is now estimated
that over 400 million people suffer from this disease
worldwide.
Time trends in Prevalence of AR
There is evidence that the prevalence of AR is
increasing worldwide. There is also direct and very
clear evidence that IgE responses against common air
borne allergens are also rising.15 The reasons that have
been adduced for the increasing prevalence are
changing global climate conditions, improvements in
hygiene, changes in diet and changes in
environmental exposure in early life. Recent studies
have also shown the presence of new adjuvants
enhancing sensitization and the progressive absence
of factors inducing tolerance.16

Clear evidence was shown in the study by Wutrich et
al on the prevalence of AR in Switzerland over the
period between 1926 and 1995. They noted an increase
in the prevalence of AR from 0.82% in 1926 to 8.25% in
1958 which they attributed to the industrial revolution
in Europe during the period, increase in the number of
specialist Doctors, improved diagnostic ability, and
increased awareness. However, it is noteworthy that
there was about 40% increase in the prevalence
between 1985 (9.6%) and 1995 (14.2%).17 There are
other studies that have clearly shown an increase in the
incidence of AR over time.18
AETIOLOGY OF ALLERGIC RHINITIS
Genetic predisposition
Genetic predisposition is a major factor in the
aetiology of AR. The clinical evidence include: the fact
that a family history of allergic rhinitis is often present
and the association of Allergic rhinitis with other
atopic diseases that possess a genetic basis, such as
allergic asthma or atopic dermatitis.19 It has been
reported that Allergic Rhinitis has a hereditary
component but does not exhibit a Mendelian
hereditary pattern. The evidence has been
demonstrated by studies in twins. It has been reported
that in monozygous twins, a 45-60% concordance for
AR was observed, while this concordance drops to
25% in dizygous twins. Based on such studies, it has
been estimated that AR exhibits an inheritability of
0.33-0.75.20
Genetic studies in AR appear to be complex. This is
largely due to the finding that the disease derives from
the global effect of a series of genes. It was noted that
there are interactions among these genes that influence
the final outcome. Also noted is the fact that there are
interactions between the causal genes and a range of
environmental factors. Epigenetic effects which are
inheritable changes in gene expression which occur
without actual modification in the DNA sequence
have also been found.21-24 Studies have shown
associations between allergic rhinitis and certain
chromosomes.21 The main chromosomes implicated
are 3 and 4. It has been shown that chromosome 3 has
three regions linked to allergic rhinitis, 3q13, 3q13.31,
and 3p24 and one region on chromosome 4, 4q24q27.In addition, Single-nucleotide polymorphism
(SNP) of genes encoding for molecules implicated in
the pathogenesis of allergic rhinitis have also been
established. These molecules include chemokines and
their receptors, interleukins and their receptors,
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eosinophil peroxidase and leukotrienes.25
Environmental allergens
Allergic rhinitis occurs when there is exposure to
allergens in the environment in which the individual is
present. There are specific allergens that have been
found to induce the onset of allergic rhinitis. The types
and physicochemical properties of these allergens
have been identified. Also other environmental factors
have been found to play a role in the antigenicity of the
allergens. The commonest forms of allergens that
induce AR are aeroallergens.26, 27 Other allergens
include food and drugs. The environments of exposure
can be classified as Indoor, Outdoor and Occupational
environments.
Indoor Allergens
Indoor allergens have been shown to be the major
causes of perennial allergic rhinitis.
The main indoor allergens are:
1. House dust.
House dust is a heterogeneous mixture, which
varies according to the environmental location, the
region and house. It has been found to consist of
various somatic and metabolic substances of mites
and allergenic substances derived from particles in
the air. These include scales from human skin,
domestic insects, fungal spores or mycelia, other
products of animal or vegetable origin such as
feathers, wool, and natural fibers.28, 29
2. House dust mites
House-dust mites (HDM) have been reported as
the most common indoor allergens for allergic
diseases such as allergic rhinitis and asthma. There
are reports that Dermatophagoides pteronyssinus
and Dermatophagoides farinae are the most
common mite species worldwide.13, 29, 30 However,
others have reported that in some tropical regions,
Blomia tropicalis (B. tropicalis), another dust mite
species, was found to be the most prevalent.31, 32
These reports were based on skin prick tests using
different allergen extracts. HDM have also been
demonstrated to be commonly found in
association with house hold beddings, fabrics and
carpets. Studies have shown that HDM
hypersensitivity causes persistent allergic
rhinitis.33
3. Fungal spores
The first observation that fungi could cause allergy

dates back 300 years. However, for a long time
fungi were neglected as an allergen source. Data
from many studies have provided evidence for the
important role of fungi in nasal allergy in the
indoor as well as in the outdoor environment. The
common fungi identified are Cladosporium,
Aspergillus fumigatus and Alternaria alternate.34, 35
4. Ownership of Pets
Mousawi et al in 2004 reported that ownership of
animal pets was found to significantly increase the
risk of sensitization to pets.16 Also Bener et al in 2004
reported that the prevalence of asthma, rhinitis,
and skin allergy was significantly more common in
families with animals than in those without. Cats
and dogs were shown to be the main culprits
particularly if they are allowed to enter and remain
in the indoor. It was found that proteins secreted
from these animals contain allergens which were
capable of causing hypersensitivity reactions.36-38
Luczynska et al in 1990 had found that the major cat
allergen was a glycoprotein that is transported in
the air by particles smaller than 2.5ìmand that
these particles could remain airborne for long
periods.39
Outdoor Allergens
Individuals are exposed throughout life to outdoor
allergens either outdoors or after the allergen bearing
particles penetrate indoors. They are usually
responsible for seasonal nasal allergy and sometimes
perennial allergies. Outdoor allergens include pollen
grains and spores from trees, grasses, weeds and
fungi.40
Pollen Grains
Pollen grains are the male gametophyte in the sexual
reproduction of plants and conifers. Pollination is the
mode of transfer of pollen grains from male to female
reproductive structures. It can be accomplished
through wind, water, or by insects. In wind-pollinated
plants, pollen grains are released into the atmosphere
to passively find their way onto an appropriate
receptive female stigma. Because this is a less efficient
method than in insect pollination, wind-pollinated
plants produce large amounts of pollen to ensure
successful fertilizations. Thus, pollen from these plants
is abundant in the atmosphere with a high tendency of
human exposure. It has been documented that a pollen
grain can be transported for long distances at a high
velocity. The pollinating seasons of different plants
vary but it is constant from year to year. Thus,
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susceptible individuals have seasonal exposures.41
Allergens isolated from pollen grains have been
identified to be water-soluble low-molecular-weight
proteins or glycol proteins. Studies have shown that
there are structural and biochemical properties that
determine the potency these proteins as allergens.
Immunogold labeling experiments have localized
allergens of pollen grains in the cytoplasm. A moderate
amount of allergen is also found associated with their
apertures. Allergenic particles are expelled from the
cytoplasm of pollen grains by two proven mechanisms.
In the first mechanism, allergens passively diffuse
when the pollen grain is in direct contact with the nasal
mucosa in an isotonic medium. In the second
mechanism a hypotonic medium (such as rain water)
allows rapid hydration of the pollen grain to a level that
there is spontaneous expulsion of the cytoplasmic
allergens into the atmosphere.42-44 The released
allergens are inhalable. In addition, pollen grains have
been reported to also release a variety of enzymes,
including proteases. These proteases are unique as
they are not inactivated by endogenous protease
inhibitors and they cause rupture of epithelial
junctions, facilitating protein transport.45 This may
explain the reason for the observed rise in allergic
rhinitis during the raining season. Behrendt et al. in
their studies showed that pollen grains activate the
nasal epithelium by the secretioneicosanoid-like
substances which cross-react with leukotriene B4 and
prostaglandin E2.46 These are pro-inflammatory
mediators.
Fungal Spores and Their Allergens
Fungi are saprobic organisms that occupy a kingdom
of their own. They are responsible for most of the
aerobic decay of plant materials like dead wood, grass,
leaves, etc. Fungal spores are dispersed by wind
leading to their abundance in the air. Several fungal
genera have been associated with allergic respiratory
symptoms but few fungal allergens have been
characterized to date. The allergens from A. fumigatus,
C herbarum, and Alternaria alternata have been the
best characterized. It has been reported that Fungal
allergens are proteins which are enzymes released
from the fungal spore during germination. Thus these
allergenic proteins have to be released from the cell
before they can be active. Dague et al in 2008 and
Aimanianda et al in 2009 noted that a pathway occurs
during spore germination which enables the allergens
to be released and this makes it imperative for these
fungal spores to be alive.47,48

The Role of Air pollution
Utell and Samet in their study noted that exposure to
high levels of pollutants such as oxides of nitrogen,
ozone, sulfur dioxide, black smoke, carbon monoxide,
and volatile organic compounds are important
contributing factors in both exacerbation and etiology
of nasal allergy.49 Von Mutius et al reported on an
epidemiological study of a total of 7653 children in two
cities in Germany. The cities were Munich (5030
children) and Leipzig (2623 children). Leipzig had a
high degree of air pollution, with sulfur dioxide
produced by coal. In Munich, there was a high level of
an “automobile type” of pollution. The study showed
that the prevalence rates of allergic rhinitis, asthma,
and positive skin tests to aeroallergens were
significantly lower in Leipzig (2.7%, 3.9%, and 18.2%)
than in Munich (8.6%, 5.9%, and 36.7%). This made
them conclude that air pollution with smoke from
diesel and automobiles was a significant factor in
inducing allergic disease.50 Knox et al. were able to note
that carbon particles from diesel engine fumes were
capable of concentrating many allergic molecules in a
single particle. They concluded that the mechanisms of
action of air pollutants were impairment of defense
mechanisms in the respiratory mucosa and
immunological toxicity.51 Riedl and Diaz-Sanchez in
2005 reported that air pollutants may also have a direct
or indirect role in the pathophysiology of allergic
diseases.52 More work is needed to identify more
pollutants that have an impact in the development of
nasal allergy, and the mechanism for the disease
development. This will need to include the pathways of
chemical, molecular, and cellular interactions.
The Hygiene Hypothesis
The hygiene hypothesis of allergy was proposed by
David Strachan in 1989. He had noted from his studies
that the risk of developing allergies was higher in
families with a high number of children. He suggested
that the reduced incidence of early childhood
infections might be responsible for the increasing risk
of developing allergies.53 This hypothesis is premised
on the fact that infections with bacteria, viruses and
perhaps other intracellular organisms in early
childhood influence the developing immune system.
T-cell responses to these infections are believed to
generate Th1-like cytokines such as IL-12 and IFN that
down-regulate Th2 responses. Thus, the hygiene
hypothesis is based on the observations that Th1
responses induced by microbial stimulation down
regulate allergen-induced Th2 responses. This is
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further supported by the principle of “endotoxin
switch”, in which a dose-dependent relationship is
thought to exist between exposure to bacterial
products in early life and the outcome of the immune
response. This affects the balance of the Th1/Th2
cytokine levels.
Hygiene Hypothesis and Old Friends (OF) Theory
The “Old Friends” theory was proposed by Rook in
2003. His studies provided evidence that the vital
microbial exposures for immune regulation were not
the acquired infections in childhood, but are microbes
that are normally present in the environment from
evolution (which he termed “Old Friends”). These
microbes are commensals in the gut, skin and
respiratory tracts of humans. These were proposed to
activate the immune regulatory mechanisms in
childhood. He noted that it was the gradual
elimination of these microbial exposures by various
means that was responsible.54 Other studies have
shown that the vital period of exposure to these
microbes is in early development, during pregnancy,
child birth and the neonatal period.55 A study
reviewing epidemiological data in 2008 shows that
children delivered through Caesarian sections were
more likely to develop allergies.56
The Hygiene Hypothesis and The CounterRegulatory Model.
The reports from studies by Gor et al in 2003 showed
that the prevalence of Thl-dependent autoimmune
diseases and allergyare increasing. Also parasitic
infections which are Th2-associated do not increase the
risk of allergy. These were noted to contradict the
hygiene hypothesis. They opined that the Thl/Th2
balance model should be re-evaluated. Some recent
reviews offer a unifying explanation for the increasing
incidence of both allergy and autoimmunity. This is
known as the "counter-regulatory" model.57,58 Antiinflammatory cytokines, such as IL-10 and
transforming growth factor (TGF)-ß, are the key
players in the counter-regulatory model. The model
proposes that most pathogenic infections have been
shown to up-regulate IL-10 production. This is known
to suppress allergic and autoimmune disease together.
Thus, reduced exposure to pathogenic infections
usually leads to decreased levels of anti-inflammatory
cytokines.57 - 59 This is supported by a previous finding
of decreased IL-10 production in asthmatic patients by
Borish et al in 1996.60

PATHOPHYSIOLOGY OF AR
Allergic rhinitis is an IgE-mediated, type 1
hypersensitivity reaction to an inhaled allergen. A
series of immunological and biochemical reactions
occur to elicit the clinical manifestation of the disease.
Studies have shown that Genetic predisposition,
allergen exposure, environmental adjuvants and
immune response inhibitors are important factors in
the pathophysiology.21
Three distinct phases in the pathophysiology of Nasal
Allergy / allergic rhinitis are well recognized. These
include:
1. Sensitization
2. Early / Immediate reaction
3. Late / delayed reaction
Sensitization
The process of sensitization has been the subject of
many research works that have elucidated the complex
nature and thrown light on why some individuals
have allergy while others do not. It has explained why
allergies may develop at some point in people's lives
and abates in others. A background of the current state
of knowledge of human immunology is necessary
before the complex nature of the process of
sensitization is further discussed.61 - 63
The major cellular components of adaptive and
specific immune system are the T cells and B cells. The
B cells have been shown to recognize antigens as a
whole via their B cell receptors while the T cells
recognize only the processed form of antigens. Thus
for T cells to recognize an antigen (which are proteins),
it has to be broken down into short peptides. These
short peptides have the ability to become bound to the
proteins of the major histocompatibility complex
(MHC) class I or class II. The T cells are of two types, the
cytotoxic T cells (Tc) and helper T cells (Th). The former
have the proteins of MHC class I on their cell
membranes, and function by killing their targets. The
helper T cells (Th) have the proteins of MHC class II on
their cell membranes. They function by producing
cytokines that activate B cells into producing specific
antibodies. The antibodies are immunoglobulins (Ig)
and there are five major classes which are IgA, IgD,
IgE, IgG and IgM. The class of Ig produced is
dependent on the cytokines induced which is also
dependent on the type of Th cells.64
Helper T-cells are divided into 3 broad classes: effect or
T-cells, memory T-cells, and regulatory T-cells (Treg).
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Effect or T-cells are further divided based on the
cytokines they produce as TH1, Th2, and Th17 cells.
Th1 cells produce interferon-gamma and interleukin-2
(IL-2) which promote a cell-mediated immune
response. Th2 cells produce IL-4 and IL-13, which act
on B-cells to promote the production of antigenspecific IgE. Th17 cells produce IL-17, IL-21, and IL-22.
They have been shown to have effect on extracellular
pathogens, produce antimicrobial peptides and
promote neutrophil inflammation which is essential
for immunity at the skin and mucosal surfaces. The
memory T-cells can rapidly differentiate into effect or
T-cells in secondary immune responses. The regulatory
T cells are essential in peripheral tolerance by their
ability to suppress dysregulated immune responses.
They can inhibit Th2 cytokine production through the
secretion and action of IL-10 and transforming growth
factor-beta(TGF-â). The Treg cells have been shown to
be important in the tolerance of allergens.64 - 66
The Process of Sensitization
Inhaled allergens are trapped by the nasal mucus.
Antigen-presenting cells (APC) are the dendritic cells
and macrophages on the epithelium and submucosa of
the nasal cavity. These have the affinity to engulf the
allergens which are mainly proteins and glycoproteins.
They biochemically break down the proteins into
specific peptides. These peptides become
immunologically active due to interaction with specific
proteins of the major histocompatibility complex class
II (MHC class II). Studies have shown that the APCs,
especially the dendritic cells have an efficient
mechanism of processing allergens after engulfing
them.67 Within the cytoplasm of the APCs, the allergen
proteins are endocytosed by phagocytosis and
processed through a vesicular pathway consisting of
progressively more acidic and proteolytic active
compartments known as early endosomes, late
endosomes and the lysosomes. Through this pathway
the allergenic protein is broken down into
immunologically active short peptides that bind to
MHC molecules on the cell membrane of the APCs. The
APCs are known to have one or more epitopeson their
cell wall where an allergen can fit specifically in the
groove of MHC class II with good stability. An
epitopeis the part on the allergen that is recognizable
by the immune system which is the allergenic
determinant. Molecular studies have shown that the
peptide-binding groove is highly flexible and collapses
in the absence of a bound peptide. This makes it an
efficient site.68, 69

The activated APC then migrates to the lymph nodes
where they present these allergen peptides to the naïve
('never exposed to antigen') helper T lymphocytes
(Th0). The Naive helper T cells (Th0 cells) with
appropriate stimulus can differentiate into Th1, Th2 or
Th17 phenotypes. The Th2 subset mediates allergy and
Interleukin 4 (IL-4) is the required stimulus. The IL-4 is
released from innate lymphoid cells (ILC) and is
important in the initiation and clonal expansion of a
Th2 response. In nasal allergy, Th 2 lymphocytes and
memory Tcells production is stimulated. The Th2
lymphocytes further release cytokines (IL-4 and IL-13)
and interact with B lymphocytesby isotype switching
to induce the synthesis of allergen- specific IgE and
development of IgE B cell memory and IgE-secreting
plasma cells. Allergen-specific IgE binds to the high
affinity receptor for IgE (FcåRI) on the surface of mast
cells. This binding results in sensitization.70, 71
The regulatory T cells (Treg) have been shown to play a
role in the regulating the differentiation into Th1, Th2
or Th17 lymphocyte phenotypes. It is at the phase of
sensitization that Genetic factors and immunologic
change reactions play a role in nasal allergy. It is
important to note that recent research works have led
to the concepts of polysensitization, co-sensitization,
co-recognition, cross-sensitization, and poly allergy.72, 73
These have been shown to affect disease severity.
Early Phase (Immediate) Response
After sensitization, there is usually a latency period.
When there is a re – exposure of an IgE-sensitized
individual to the allergen, the early or immediate phase
response is triggered off within minutes. The allergen
binds to the Fab portions of two or more IgE antibodies
on the mast cells leading to cross - linking. Upon
allergen cross-linking of specific IgE bound to the
surface high affinity receptors (FcåRI) of mast cells,
signaling pathways are induced that lead to
degranulation of the mast cell. Mast cell degranulation
is the main occurrence in the early phase response.
Studies have shown that a crucial process that precedes
mast cell degranulation is an increased influx Ca++
into the mast cell cytoplasm. This is supported by
studies that have demonstrated that ionophores that
increase cytoplasmic Ca++ also promote
degranulation, whereas agents that deplete
cytoplasmic Ca++ suppress degranulation.74 -76
Mast cell degranulation results in the release of
preformed inflammatory mediators mainly histamine,
neutral proteases, and proteoglycans. The proteases
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are mainly tryptase, chymase and carboxypeptidase
A. The proteoglycans are heparin and chondroitins.
Also, the mast cells are activated to secrete newly
synthesized lipid mediators such as prostaglandin D2,
leukotriene C4, and platelet-activating factor (PAF) as
well as numerous pro inflammatory cytokines,
chemokines and growth factors, including TNF-a, IL4, IL-13, and eotaxin. Studies have shown that Mast
cells are abundant in the epithelial compartment of the
nasal mucosa and can be easily activated upon reexposure to the allergens.77 -79
Effects of the Mediators
These mediators are responsible for the early phase
allergic reactions and progression to the late phase
response. Histamine, the major mediator of AR,
stimulates the sensory nerve endings of the trigeminal
nerve and induces sneezing and itching. Histamine
also directly stimulates the mucous glands to cause
secretion of mucous and nasal discharge. It also causes
vasodilatation and increased capillary permeability
leading to mucosal oedema and nasal congestion.80, 81
The leukotrienes and prostaglandins act on the blood
vessels causing vasodilatation which leads to nasal
congestion. The proteases and proteoglycans have
been shown to play a major role in mucosal tissue
injury that leads to exposure of sensory nerve endings
and penetration of more allergen into the nasal
mucosa. They also act as chemo attractants thereby
stimulating more cell recruitment and other activities
that promote the initiation of the late phase reaction.82 84

Late Phase Response
The early phase response is usually followed by the
late phase response. The late phase response lasts for
about 24 hours or more. It is characterized by influx of
T lymphocytes, basophils and eosinophils into the
nasal submucosa. Several mediators such as
leukotrienes, kinins, histamine, chemokines and
cytokines, result in the continuation of the symptoms.
Released cytokines such as IL-4, IL-5, IL-9 and IL-13
from mast cells, basophils and Th2 cells play major
roles in the prolongation of the late phase response.
The exact mechanisms of action of these mediators are
still areas of continued research efforts.85
Recent findings have proven that IL-4 and IL-13 up
regulate the action of vascular cell adhesion molecule 1
(VCA-1) on endothelial cells thereby facilitating the
infiltration of the nasal mucosa with eosinophils, Th2
lymphocytes and basophils. The chemokines, such as

eotaxin, monocyte chemoatractant protein (MCP)-4,
and thymus-and activation regulated chemokine
(TARC) released from epithelial cells have also been
proven to be chemo attractants for eosinophils,
basophils and T lymphocytes. Other cytokines like
granulocyte macrophage colony-stimulating factor
(GM-CSF), released largely by the epithelial cells, and
IL-5 from Th2 lymphocytes prolong the survival of the
infiltrating eosinophils in the nasal mucosa. Mediators
released from the eosinophils such as the eosinophil
cationic protein, platelet-activating factor, have
additional roles in the late phase response.85 - 87 This late
phase response is characterized by a prolongation of
symptoms of sneezing, rhinorrhea and sustained nasal
congestion. Apart from this local inflammation, the
mediators can trigger a systemic inflammation which
may involve the eyes, the lower airways and the skin.
CONCLUSION
Allergic rhinitis has been established as an IgE
mediated inflammatory disease of the nasal mucosa
induced by specific allergens. The prevalence has been
on the increase and theories have been enunciated to
explain this. Genetic predisposition and
environmental exposure to allergens have been
documented as being causative in research studies.
Immunologic cell modulations have been shown to be
induced by molecular changes in the regulation of
production of enzymes that influence the expression of
immunological cells. The pathogenesis of allergic
rhinitis has been extensively studied and the immune
mechanisms have been identified. Sensitization has
been documented as the important initial process. This
process makes individuals susceptible to subsequent
interactions on re – exposure to the allergen. The
complex interactions between T lymphocyte
phenotypes namely Th1/Th2 and the regulatory T
cells through the secretion of different interleukins
have thrown more light in the pathogenesis of allergic
rhinitis. High affinity receptors have also been shown
to be important determinants of binding sites on
various immune cells as these induce signaling
pathways for degranulation and release of mediators.
Many mediators have been identified that contribute
significantly to the propagation of cellular
mechanisms such as the activation and differentiation
of various cell types and prolongation of their survival.
Cytokines, chemokines, neuropeptides and adhesion
molecules are the mediators that act on the tissues.
This results in the onset of specific and non- specific
symptoms of allergic rhinitis. The role of neural reflex
actions has also been implicated.
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The molecular properties of allergens have been

6.

characterized as proteins or glycoproteins that have
ability to produce enzymes. Physical and biochemical
properties of the inhalant allergens play a role. Buoy-

7.

ant and sticky antigens with low molecular weight
(10–50 kDa) may be carried by particles and remain

8.

airborne for long periods. The biochemical properties
implicated are proteases, lipid-binding ability, actinbinding, Ca++-binding etc. Biochemical properties
which enhance the activation of Th2-immune
responses are characteristic of allergens. The capacities
of an allergen to carry immunologically active

9.

substances also increase the allergenicity. The role of
air pollution with from automobile fumes has been

10.

shown to be contributory.
In Nigeria, palynological studies have shown that
there is abundance of pollen grains from plants and
spores from fungi that are potential allergens.

11.

However, purification of their extracts into
standardized forms for clinical trials needs to be done.
The role of air pollution in the urban cities of Nigeria in
the pathomechanism of allergic rhinitis needs to be

12.

studied. Also studies are needed to understand the
interplay between epidemiology and
moleculargenetics that cause sensitization among
Nigerians. This has implications for developing

13.

preventive strategies. Thus there is need for multidisciplinary collaborative study teams involving
appropriate stakeholders in Nigeria.
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