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Abstract: The treatment of allergic conditions presents a challenge for both seasonal allergic rhinitis
and perennial rhinitis sufferers. The increasing prevalence of both of these types of allergic responses
requires the use of a range of treatments which can provide relief. The treatment of allergic rhinitis
has been considered under the ARIA (Allergic Rhinitis and its Impact on Asthma) guidelines. Current
treatment options include medication and avoidance for those with reduced responses, but more
expensive treatments include immunotherapy and the use of monoclonal antibodies (mAb). All
treatments target specific parts of the inflammatory response which includes mast cells, eosinophils
and basophils. Phototherapy can be a useful addition to these treatments, and combinations of UV-B
(5%), UV-A (25%) and visible light (70%) in phototherapy treatments have been shown to reduce the
severity of symptoms. Phototherapy consisting of visible wavelengths and infrared light (660 nm
940 nm) was shown to be particularly effective in treating perennial rhinitis. The use of a range of
wavelengths in the control of allergic responses is described in this paper. Phototherapy can form
part of an effective treatment regime for allergic rhinitis sufferers which can exploit synergies in the
control of the condition elicited through several pathways.
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1. Introduction

Allergic rhinitis symptoms include rhinorrhea, nasal obstruction, nasal itching and
sneezing. Allergic reactions that are IgE-mediated occur where the allergen is, for example,
an outdoor pollen. Seasonal allergic rhinitis (SAR) is the term used by many physicians
and research workers to describe these reactions [1]. The nasal symptoms of pollen allergy
occur because, due to their size, pollen grains are predominantly deposited in the nasal
cavities [2]. There are various indoor allergens which also cause allergic rhinitis. The
occurrence of SAR is low in children but increases in late adolescents/young adults, which
is the age at which SAR is frequently described. The impact of SAR can decline as sufferers
become older.

2. Background to the Mechanism of Allergic Rhinitis
2.1. Symptoms of Allergic Rhinitis

Some symptoms of allergic rhinitis including rhinorrhea, nasal obstruction, nasal
itching, and sneezing are reversible spontaneously or under treatment [1]. Allergic rhinitis
usually peaks in teenagers and those in their twenties. The condition is heritable due
to gene-based determinants of total IgE and specific allergic sensitization. The form of
specific sensitivities is therefore as heritable as simple genetic traits. An association has been
reported between genetic traits, such as the GATA3 gene, which encodes a protein belonging
to the GATA family of transcription factors, and the subsequent risk of developing allergic
rhinitis [1]. This observation was reported in a study using children suffering from atopic
allergic rhinitis followed up until the age of 10. Further studies have identified candidate
genes associated with allergic rhinitis [3,4]
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2.2. Potential for Phototherapy-Mediated Early and Late Phase Allergic Responses

Activated Th2 lymphocytes produce cytokines (interleukins ILs) such as IL-4 [5].
Interleukin-4 (IL-4), which is a member of the γ-chain receptor cytokine family, is produced
mainly by Th2 lymphocytes, basophils, and mast cells in response to receptor-mediated
activation [6]. Light from 380 to 660 nm applied to cultures of human keratinocytes and
macrophage/dendritic cells identified IL-4 as a key effector cytokine released in these
cultures. However, it is not clear whether light from 380 to 660 nm applied to cultures
changes/decreases the production of IL-4 in these cultures. IL-4 was identified as the first
cytokine to be produced by mast cells and is responsible for promoting mast cell IL-13
production. During the allergic response, IL-4 is produced in vivo and rapidly made in
mast cells to stimulate inflammatory responses. Although other pathways exist, IL 4 and
IL 13 are also the most common cytokines associated with the regulation of B lymphocyte
function [7]. B lymphocyte cells play a pivotal role in IgE-mediated allergies as a result of
their unique ability to produce allergen-specific IgE antibodies that sensitize mast cells and
basophils by binding to their high-affinity IgE receptors (FcεRI) [8].

2.3. Characteristics of Early Phase Responses

Sensitized individuals exhibit an early/immediate phase response which lasts for
about 2–3 h after minimum exposure to the allergen. The early phase response comprises the
degranulation of mast cells, which in sensitized individuals are abundant in the epithelial
surfaces in the nose and eyes. They are particularly abundant in the nasal mucosa. When
cross linkage between the allergen-specific IgE and the specific allergen occurs, mast cells
degranulate (release substances). Histamine is a major component of these substances. This
is the classic form of the early phase response. Histamine stimulates the sensory nerve
endings and induces sneezing. Histamine can also stimulate the mucous glands, resulting
in the secretion of mucous (rhinorrhea) and histamine, leukotrienes and prostaglandins,
which act on the blood vessels causing nasal congestion [9].

2.4. Characteristics of Late Phase Responses

The late phase response occurs 4–6 h after antigen stimulation. The late phase has
prolonged symptoms such as sneezing, rhinorrhea and nasal congestion which last for
about 18–24 h. The late phase response is characterized by the inflammation of tissues
and a cellular uptake of T lymphocytes, basophils and eosinophils [9]. Other components
released by these cells include leukotrienes, kinins and histamine, all of which result in the
continuation of the symptoms.

The activity of cytokines and chemokines like IL-4 and IL-13 that are secreted from
mast cells is a key aspect of the late phase allergic response [10,11]. The cytokine IL-4
is particularly important as it regulates the differentiation of CD4+ T cells into Th-2 ef-
fector cells. This represents a marker of type II inflammatory responses. Cytokines also
upregulate the expression systems of vascular cell adhesion molecules such as VCAM-1 on
endothelial cells. This enables the infiltration of eosinophils, lymphocytes and basophils
into the nasal mucosa. Physical inhibition resulting from phototherapy can reduce this
infiltration and reduce the late phase allergic responses. Chemokines (TARC) released
from epithelial cells [12,13] can function as chemo-attractants for eosinophils, basophils
and T lymphocytes [14,15]. Granulocyte macrophage colony-stimulating factors (GM-CSF)
released by epithelial cells prolong the survival of the infiltrated eosinophils in the nasal
mucosa [16].

Other parts of the late phase response include mast cells, which have been found to
contribute to the late phase response through histamine/tryptase-induced upregulation in
nasal epithelial cells. Other mediators released such as eosinophil cationic protein (ECP)
and platelet-activating factor are part of the late phase response. A summary of the early
and late phase responses is shown in Figure 1.
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Figure 1. Allergenic phases and potential sites for intervention [17].

2.5. AR Treatment According to ARIA (Allergic Rhinitis and Its Impact on Asthma) Guidelines

The ARIA guidelines form an important part of decisions regarding the treatment of
AR. These guidelines cover a range of treatment types [18]. Self-management strategies are
an important part of the ARIA guidelines. A system was proposed for a step-up or step-
down of AR treatments from self-administration to emergency hospital admission. The
guideline group aimed to adapt this approach to real-world evidence and the availability of
medicines and resources [19]. Self-administration of AR treatments including phototherapy
forms part of the ARIA guidelines. Pharmacotherapy and other treatments for AR patients
are considered effective in the control of the disease. A range of considerations which
include patient empowerment and preferences, symptom severity and multi-morbidity
determine treatment. Other factors which are included in treatment decisions are efficacy
and safety of the treatment, patient history in response to treatments and quality of life [20].
Applicability of treatment guidelines in the routine care of patients can be adapted based
on the results of randomized control trials (RCTs). This is, however, limited by the methods
used in the clinical trials [21]. Therefore, information from real-world evidence (RWE) is
increasingly being considered in the creation of practice-oriented guidelines. Ideally, both
RCT and RWE approaches will be merged.
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3. Phototherapy Treatment of AR
3.1. Phototherapy Treatment of AR Using Visible Wavelengths

Limitations in the conventional therapies mean that alternative treatments for AR are
required. Intranasal phototherapy has received growing interest as an alternative treatment
to relieve the symptoms of AR patients. AR is often treated using pharmacological products
alone or in combination, depending on the symptoms suffered. Many affected by AR would
like to reduce the requirement for medicines or may have other conditions where there
are other side effects of the medicines. Many allergic rhinitis sufferers wish to reduce the
amount of medication that they take. Many find that medication does not control their
symptoms adequately.

Considerable evidence exists which shows that phototherapy is an effective treatment
for allergic rhinitis. Phototherapy can be used on all AR sufferers as a replacement therapy
or concurrent with traditional medication. It can be an effective treatment for inflammatory
and immune-mediated diseases. Phototherapy has an immunosuppressive effect, and
ultraviolet (UV) and visible light treatment are used as a therapy for inflammatory skin
diseases [22]. Flashed light also induces absorbance changes in cytochrome c oxidase. This
can result in reductions in inflammation associated with mitochondrial dysfunction [23].
The wavelengths used in phototherapy were studied for their effects on antimicrobial
peptides. Antimicrobial peptides such as LL37 can condense with DNA and are then
retained within endosomal compartments. Epidermal expression of antimicrobial peptides
(AMPs) such as cathelicidin LL-37 is downregulated in atopic eczema. UV radiation
(100–400 nm) has no effect on the keratinocyte production of LL37; however, radiation of
280 nm UV induces LL37 formation. This explains why narrowband UVB (280–315 nm) is
more effective against psoriasis compared to broadband UVB treatment.

Combining 25% UV-A, 5% UV-B and 70% visible light as UVAB is a therapeutic
alternative in patients with AR. Apoptosis (programmed cell death) of these cells after
phototherapy could be the underlying mechanism of decreased IL-5 production. T cells
perpetuate and maintain allergic processes. Cell death after phototherapy has a long-term
beneficial effect. Phototherapy treatment decreases eosinophil numbers and eosinophil
cationic protein (ECP) levels in the nasal fluid. This could be attributed to the direct
proapoptotic effect of UVAB on eosinophils and to the decreased IL-5 levels [22]. UV-A
light significantly inhibits histamine release from basophils and mast cells. UV-B light has
also an inhibitory effect on mast cells [24]. Phototherapy has therefore a role to play in the
effective treatment of AR as it has effects on different inflammatory and immune-mediated
mucosal symptoms [25]. It is also shown to be effective where AR symptoms persist.

Like many AR treatments, phototherapy cannot be applied directly to the nasal mu-
cosa, which is the major limiting factor in this treatment. Clinical results may improve
when UVAB is applied to a larger area of nasal mucosa. UV-B laser treatment in combi-
nation with UV-A (25%), UV-B (5%) and visible light (70%) inhibited wheal formation in
skin tests [22,26,27]. Total nasal scores from allergen challenges were also reduced after
application of both mUV/VIS combined with low-intensity visible light (mUV/VIS without
UV) in treated groups [27]. The results were highly significant in the mUV/VIS-treated
group in comparison with the visible light-treated cohort.

3.2. Phototherapy Effects of Red and Infrared Wavelengths

Many studies have been published showing the effect of light therapy as a therapeutic
treatment for tissue repair, as well as its biochemical, cellular, histological and functional
effects on tissues. Allergic symptoms depend on oxygen radical formation, which was
suppressed after red light illumination. Red light or NIR wavelengths with different
mechanisms of action from UV and visible light could be considered as treatments for
AR. Far-infrared irradiation (FIR) therapy can improve blood flow and reduce inflamma-
tion [28]. Applying FIR to the nasal region of AR-affected patients has been shown to
reduce symptoms such as eye itching, nasal itching/stuffiness and rhinorrhea [29]. Pho-
totherapeutic devices which combine wavelengths as a treatment are therefore more likely
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to have a greater impact on allergic rhinitis. Recent studies using the allergy reliever
device [30] showed significantly improved nasal symptoms of allergic rhinitis while using
the device during exposure to indoor and outdoor allergens. The allergy reliever uses
660 nm and 940 nm wavelengths of light. This study was conducted using allergy sufferers
but at the time of year when additional allergen exposure from pollens was absent. This
demonstrated that the reduced allergic reactions resulted from using the allergy reliever, as
all patients in the study were not using pharmacological interventions.

3.3. Evidence for Phototherapy as a Successful Treatment for Allergic Rhinitis

The effectiveness of phototherapy on allergic symptoms has been documented previ-
ously [22,24–26]. The main trials where effects are reported are listed in Table 1. It is not
possible to list all trials in summary as over 2000 trials/reports have been published on the
beneficial effects of phototherapy. Many wavelengths of light used in phototherapy studies
have been shown to be effective. These studies showed that phototherapy (UV-A, UV-B,
visible light wavelengths and near-red and infra-red wavelengths) suppresses the clinical
symptoms of allergic rhinitis. Most trials combined different wavelengths in treatments
and this was shown to have a synergistic effect on the suppression of allergic rhinitis.
Most treatments combined UVA and UVB with visible light; however, some treatments
combined UV and infrared light. This has certain advantages due to the differences in the
mechanism of activity between different wavelengths. Applying a wavelength of 660 nm
and infrared light (940 nm) therapy improved the clinical symptoms of eye itching, nasal
itching, nasal stuffiness, rhinorrhea and sneezing significantly during the period of therapy.
Trials combining these wavelengths resulted in greater control of AR in comparison to
pharmacological interventions [31]. These extensive trials demonstrated that due to the
combination of wavelengths used, there was a greater controlling effect on allergic rhinitis
symptoms (Table 2).

Table 1. Average number of pollen grains in the nostrils (N = 18).

Uncoated
Nostril

Nostril with
Pollen Barrier % Increase

Grass pollen 67.3 185.7 64
Other pollen 5.7 20.3 72
Total pollen 102.4 376.9 73

Table 2. Main clinical trials showing the effect of phototherapy on allergic rhinitis.

Study Criteria Wavelength Main Effects Main
References

Randomized, single-blind,
placebo-controlled study

UVAB (UV-A and UV-B,
visible light)

Decrease in the severity of symptoms of nasal
obstruction, nasal itching, nasal discharge and
sneezing variables
(p < 0.001).

[27]

Double-blind, placebo-controlled study UV-B (5%), UV-A (25%) and visible
light (70%) Decrease in severity of allergic rhinitis. [32]

Randomized, double-blind study
(49 patients) mUV/VIS irradiation

Improvement in clinical symptoms of sneezing
(p < 0.016), rhinorrhea (p < 0.007), nasal itching
(p < 0.014) and total nasal score (p < 0.004).

[22]

A blind, placebo-controlled study
Visible
light (mUV/VIS) and infrared light
(660 nm 940 nm)

Significantly improved nasal symptoms of allergic
rhinitis arising from exposure to indoor and
outdoor allergens.

[30]

Double-blind, randomized prospective
study (50 patients)

Intranasal illumination at 660
nm for 4.4 min three times a day for
14 days

Improvement in symptoms was reported by 72% of
the allergic rhinitis patients. [33]

Randomized study (65 Patients) Visible light, ultraviolet A and
ultraviolet B

Improvements in all variables of the quality of
life—nasal symptom scores and VAS were
statistically significant.

[34]

Randomized, double-blind study Low-dose UVB, low-dose UVA and
visible light

Reduced symptom scores for sneezing, rhinorrhea,
nasal itching and the total nasal score in ragweed
allergic patients.

[25]
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Table 2. Cont.

Study Criteria Wavelength Main Effects Main
References

Randomized into the treatment group
(phototherapy was performed once a
day for 7 days) and control group
(antihistamine once a day for 7 days)

Phototherapy with LEDs consisting
of two wavelengths, 660 and 850 nm

Significant improvements were observed in all of the
symptoms of AR patients. [31]

Double-blind, placebo-controlled grass
pollen challenge

Red and infrared spectra: 652 nm
and 940 nm

Significant reductions in severity of symptom scores
were found for sneezing, running nose, running eyes
and itchy mouth/palate
(p < or =0.05).

[35]

3.4. Safety of Visible and NIR Wavelengths Used in Phototherapy

The evidence shows that nostril-based application of phototherapy improves blood
rheology and cerebral blood flow without needing to puncture blood vessels, indicating
that this treatment may have equivalent results to peripheral intravenous laser irradiation.
A potential problem of NIR light being in contact with skin is the heating effect. NIR light
from an LED produces two types of energy, radiated NIR light energy which is absorbed
by the skin and energy conducted as heat

Radiated energy increases when quantified temperature is less than 0.5 ◦C [36]. NIR
sources of radiating light are LEDs and lasers. Safety regulations of laser applications
are applied to LED sources [37]. Radiated light energy has a high potential to cause
serious injuries. This property is beneficial in surgical operations. The skin damage
threshold depends on the wavelength, spot size and pulse length of the light used [37].
Light absorption by tissues depends on the wavelength of the light radiated. This effect
results from the absorption of light by water. Wavelengths longer than 950 nm are strongly
absorbed by water. Water is virtually transparent to the light in the NIR range. The constant
circulation of blood means that deep tissues do not heat up, as blood pigments mostly
absorb NIR light. NIR light does not present the risk of tissue damage that occurs at
wavelengths longer than 950 nm.

LED light diverges as it leaves the source, and so, it is difficult to focus all energy
into one spot [38]. Spot sizes can be produced by means of additional optics. Therefore,
spot size is not an issue in LED safety considerations [38]. Short time durations cannot be
achieved by LEDs because of the slow response time of the semiconductor junction [39].
For this reason, LEDs do not carry the risk caused by short powerful bursts. It is clear
that the methods of application of these wavelengths is safe and effective for the treatment
of allergic rhinitis. The effects of these wavelengths for the treatment of allergic rhinitis
have been reported by [30,35]. Recently, it has been reported [40] that light of 650 nm
administered to the nasal area was safe and effective for the control of allergic rhinitis when
assessed as part of a clinical trial.

3.5. Use of Phototherapy as a Reliever of Symptoms in Allergic Rhinitis

Combining wavelengths has been shown to be effective not only as background
treatment but also as a reliever [30]. It was also effective in clinical trials conducted by
Emberlin and Lewis [35]. The combination of 660 nm light with visible spectra has been
shown to decrease IL-5 production. This interleukin is a key cytokine in triggering the AR
response (Figure 1). Light (660 nm) has an effect on memory T cells, which is important
as these maintain the allergic process. Decreased numbers of eosinophils and levels of
eosinophil cationic protein (ECP) were observed in nasal lavage after phototherapy. This
is explained by a proapoptotic outcome after treatment with 660 nm/visible light on
eosinophils, with decreases in local IL-5 levels [35]. The allergy reliever is effective in
treating AR because of these effects. Additionally, the allergy reliever utilizes light with
a similar wavelength to 940 nm. Far-infrared irradiation (FIR) therapy (approx. 940 nm)
improves blood circulation and reduces inflammation resulting from thermal and non-
thermal effects [30]. For this reason, a combination of wavelengths used in the allergy
reliever is more effective as a treatment for AR.
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4. Treatments for Allergic Rhinitis Using Pharmacological Intervention
4.1. Approaches to the Use of Allergic Rhinitis Pharmacotherapies

Pharmacotherapies are commonly used to suppress allergic rhinitis. A phased ap-
proach to the treatment of allergic rhinitis was recommended by ARIA, including the
use of second-generation antihistamines and topical nasal corticosteroids. The European
Academy of Allergy and Clinical Immunology (EAACI) collaborated with ARIA to define
a framework of requirements for the pharmacology, efficacy and safety of antihistamines
and nasal corticosteroids [41]. Antihistamine/antileukotriene treatment is effective in AR
suppression. Antihistamines may prevent AR symptoms, while the prophylactic activity
of antileukotrienes remains unclear. When these pharmacotherapies are combined, as in
a 6-week pretreatment with montelukast (oral antileukotriene) and cetirizine (oral anti-
histamine), patients suffered significantly less from sneezing, eye and nose itching, nasal
congestion and rhinorrhea than those in whom the treatment was started at the begin-
ning of the pollen season [42]. The majority of AR drugs, such as many antihistamines,
intranasal corticosteroids, or alpha sympathomimetics or low-effective mast cell stabilizers,
are non-prescription drugs. Nevertheless, there are side effects to the use of these treat-
ments. Antihistamines can be quite sedating due to their ability to cross the blood–brain
barrier. Leukotriene receptor antagonists are not as effective as other treatments and are
often used in combination with other pharmacological interventions [43]. There was 86%
agreement among patients who prefer “not to take any medicine if they can avoid it”,
showing that non-pharmacotherapies were favored by patients [44]. This emphasizes the
need for alternative treatments which are effective for allergic rhinitis.

Phototherapy and other alternatives are considered as complimentary treatments to
pharmacotherapies treatments. However, care must be taken to select complimentary
treatments that have different modes of action compared to pharmacotherapies. Most
pharmacotherapies usually interact with the allergic pathophysiological pathways and
reflect modes of action (Figure 1).

4.2. Leukotriene Receptors (LTRAs)

LTRAs interfere with the activity and secretion of cysteinyl leukotrienes (CysLTs).
CysLTs are powerful inflammatory mediators which affect nasal congestion, mucus produc-
tion and inflammatory reactions in the cell [45–48]. They have anti-inflammatory activities
by inhibiting eosinophil migration/adhesion to vascular endothelial cells [49]. Additionally,
LTRAs under some circumstances can inhibit reactive oxygen species’ generation and the
release of protease and elastase from human eosinophils and neutrophils [50].

4.3. Oral Antihistamines (OAHs)

Oral antihistamines inhibit the interaction of histamine with H1 receptors. OAHs at
elevated concentrations may inhibit histamine-stimulated cytokine release [51–56]. One
problem in using these drugs is that elevated concentrations are not easy to achieve in the
nasal mucosa, which is a common problem with treatments.

4.4. Intranasal Antihistamines (INAH)

One advantage of the application of antihistamines ensures that the drug reaches
directly the nasal mucosa. This enhances antiallergic/inflammatory effects locally while
reducing systemic exposure [57]. These compounds are effective for the treatment of AR.
Mast cells can be stabilized by the application of INAH, which block calcium channels
on mast cells, with positive effects on the release of tryptase, prostaglandins, kinins and
interleukins [58,59]. Intranasal antihistamines reduce inflammatory reactions and media-
tors such as tumor necrosis factor (TNF)α ([60], granulocyte-stimulating factor (GM-CSF),
cytokines (e.g., interleukin [IL]-1β, IL-4, and IL-8) [36,61] and adhesion molecules (e.g.,
intercellular adhesion molecule-1 [62]. These stimulate inflammatory responses and induce
the late-phase responses [58].
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4.5. Intranasal Corticosteroids (INSs)

Intranasal glucocorticosteroids (INCSs) are considered the gold standard in the phar-
macological therapy of AR, as outlined in the results of the 2016 ARIA conference [63].
INSs inhibit the activation of many allergenic pathways and cellular responses. This pre-
vents these cells from finding their way into the nasal mucosa [64–67]. The effect is due
to reduction in ICAM-1 expression on nasal epithelial cells, in both allergenic phases and
after allergen challenge. Experimental studies indicate that INSs reduce IL-13 production
in mitogen-stimulated cells and reduce the production of GM-CSF, TNFα, IL-6 and IL-8
generated by in vitro cultured nasal epithelial cells [68,69]. The anti-inflammatory action
of INSs may affect hyper-reactivity in chronic AR. Treatment with an INS reduces nasal
congestion and nasal histamine hyper-reactivity in sufferers with perennial AR [70].

5. Other Treatments for Allergic Rhinitis Using Non-Pharmacological Interventions
5.1. Avoidance

Avoiding triggering allergic rhinitis has always been an effective treatment for these
reactions. This may be difficult to achieve because avoiding allergens from pollens may not
be possible at certain times of the year. Many sufferers also have mixed allergic and non-
allergic rhinitis, making avoidance difficult. The severity of rhinitis can correlate with the
levels of allergens in indoor and outdoor environments [71]. Using allergen-impermeable
bedding covers for the mattress and pillow can be a useful protection against dust mite,
while vacuums with high-HEPA air filters are also effective. Other precautions include
washing bedclothes and bed sheets in hot water (60 ◦C).

No one method can provide effective treatment, and sufferers should use combinations
of avoidance methods. Animal allergies require removal of the pet from the home, with
careful vacuuming of all carpets and mattresses. Using these methods may take 20 weeks to
reduce cat dander levels to that of cat free homes. Inconsistent results have been shown for
reducing cat dander by regular bathing of cats [63,72]. Reduced numbers of pets correlate
with lower dander levels; however, keeping cats outside does not significantly reduce the
presence of Fel d 1 (the major allergen in cat dander). Reducing the access of dogs to the
home and bedroom correlates with lower amounts of Can f, which is an allergen produced
by dogs [73,74]. Fungal allergen levels in homes can also be reduced by controlling moisture
levels. The control of food debris decreases cockroach infestations, but it may take over
6 months to remove residual cockroach allergen.

5.2. Pollen Barriers and Non-Pharmacotherapies

Pollen barriers are available as a remedy for allergic responses such as hay fever. These
barriers are applied to the nasal cavity and act to reduce the amount of allergens and
allergen carries entering the nasal mucosa [75]. The mechanism includes trapping pollen
grains entering the nostrils. This reduces the amount of allergen in contact with the nose.
Investigations into the numbers of grass pollen grains/total pollen grains collected in the
nostrils coated with pollen barriers showed higher numbers collected on the uncoated
nostrils (Table 1). These studies gave no indication of the amount of reduction in allergens
entering the nose, as many particles including pollen would enter the nose unimpeded.
However, they may have some effect, especially at lower allergen levels.

Artificial tears and compress therapy are often advised for the treatment of seasonal
allergic conjunctivitis. Their efficacy in relieving the signs and symptoms of the ocular
allergic response has been demonstrated [76]. The study demonstrated that artificial tears
and cold compresses were effective in relieving the signs and symptoms of the ocular
allergic responses, each individually equivalent to epinastine and superior when combined.
The efficacy of epinastine was enhanced by the addition of cold compress treatments.

6. Allergen Immunotherapy (AIT)

Immunotherapy is used to treat AR and commonly involves the repeated application
of allergen extracts as infections or sublingual applications [77]. Subcutaneous immunother-
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apy (SCIT) can result in successful outcomes for allergic rhinitis patients where IgE mediates
the onset of symptoms. SCIT has some advantages over other types of treatment because
it can result in long-term control for years, with the prevention and development of new
allergen sensitivities. Immunotherapy is underutilized, although there are benefits for
the control of allergenic reactions triggered by pollen, animal particles and dust mites.
However, localized adverse reactions can occur around the area where the injection was ad-
ministered and severe systemic reactions can occur during subcutaneous immunotherapy.
One percent of those receiving immunotherapy experience these adverse reactions [78].
The two main risk factors for adverse reactions were high pollen levels and dosing errors.

Patients should receive immunotherapy injections in a clinical environment so that
anaphylaxis can be treated if it occurs. Patients must be observed for 30 min after each
treatment injection to avoid this possibility [79]. Other problems include discomfort, the
frequency of injections and the high cost of treatment. Immunotherapy can modify the
disease and is cost-effective, as shown when there is a comparison of the direct costs of
treating allergic rhinitis. Indirect costs mean that immunotherapy may be much more
economic compared to other treatments. Immunotherapy is commonly delivered subcuta-
neously, but sublingual immunotherapy (SLIT) can also be used. Some disadvantages of
SLIT include oral itching [78]. However, these effects seem to be the same as those observed
in the placebo cohort of trials and may be due to the delivery mechanism.

Standardization in SLIT is another issue as timothy grass pollen extract supply is
limited commercially. SLIT carries a low risk of anaphylaxis and using it means that
therapy can begin at the maintenance dose without a build-up phase. SLIT treatments
for dust mite allergy are effective in reducing symptom scores. Anaphylaxis is not very
common in studies with SLIT, but it can occur during prolonged treatment. SLIT is not as
common a treatment as SCIT, but further work is required to determine the optimal dose
and the selection of patients.

7. Conclusions

Medications and applications of a range of treatments have been used with good
results in the management of AR, but complete resolution of symptoms cannot be guaran-
teed and so cases prove difficult to treat. Drug-based medication is not suitable for some
sufferers, especially pregnant and breast-feeding women. The use of phototherapy as a
therapeutic treatment for AR is a safe and promising treatment which could be useful. The
evidence suggests that phototherapy suppresses the effector phase of AR, which produces
a significant suppression of clinical symptoms. Phototherapy has been used as a treatment
for inflammatory skin diseases and is considered a new and alternative treatment in allergic
rhinitis [80]. Allergic rhinitis and atopic dermatitis have many similar pathways which
result in the conditions and as such, are similar [25]. Phototherapy is attributed to a local
immunosuppressive and immunomodulant action. Therefore, phototherapy could inhibit
other aspects of effector phases of allergic reactions. This includes the inhibition of antigen
presentation by dendritic cells, which induces apoptosis of immune cells. Other types of in-
hibition resulting from phototherapy include the synthesis and release of pro-inflammatory
mediators from eosinophils, mast cells, basophils and T cells. Phototherapy could therefore
become another key treatment for use by allergic rhinitis sufferers.
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