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Preface to ”Allergic Rhinosinusitis and Airway
Diseases”

The concept of united airway disease interactions comprises allergic rhinosinusitis, including
allergic rhinitis, eosinophilic chronic rhinosinusitis, and other upper or lower airway disorders
such as obstructive sleep apnea, bronchial hyperresponsiveness and allergic asthma. It embodies
a coherent pathophysiology and a comprehensive approach to the treatment of upper and lower
airway disorders. The treatment of chronic allergic rhinosinusitis may reduce obstructive sleep apnea
symptoms, chronic cough, or the dose of inhaled corticosteroids necessary to treat asthma, and vice
versa.

Many objectives in the interaction concept between allergic rhinosinusitis and airway disease
management should be achieved in the near future for the reliable control of each disease.
More awareness of allergic rhinosinusitis and its comorbidity with other airway diseases must
be emphasized in patients’” management programs. Progress in diagnosis, with the help of the
advanced biomarkers and relevant imagery techniques associated with the accurate treatment of
allergic rhinosinusitis and airway diseases, should be developed by scientists to drive the indication
and follow-up of target treatment with biologic therapies. Finally, more research on the interaction
between allergic rhinosinusitis and airway diseases considered comorbidities or modifiable cofactors
should be reconsidered by physicians in the next decade.

This Book covers different interesting topics to give readers an overview of healthcare equality,
advanced biomarkers, accurate diagnosis and treatment, occupational exposure-induced upper

airway allergy and neoplastic disease mimicking chronic rhinosinusitis.

Sy Duong-Quy
Editor
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The concept of united airway disease interaction, which comprises chronic rhinosinusi-
tis and other lower airway disorders such as asthma, has been recognized for over a decade.
This concept furthers deeper comprehension on the pathophysiology and management of
upper and lower airway diseases. In this Special Issue, entitled “Allergic Rhinosinusitis
and Airway Diseases”, there are nine published papers which cover different interesting
topics to give readers an overview of healthcare equality, advanced biomarkers, accurate di-
agnosis and treatment, occupational exposure-induced upper airway allergy and neoplastic
disease mimicking chronic rhinosinusitis.

The equity and equality between races of patients with chronic rhinosinusitis should
be considered by physicians. In fact, this issue has previously drawn the attention of the
World Health Organization (WHO) [1], and was the focus of a systemic review by Weaver
et al. in the Special Issue of Sinusitis entitled “Promoting Equity When Using the SNOT-
22 Score: A Scoping Review and Literature Review” [2]. In this study, Weaver et al. [2]
demonstrated the use of quality-of-life (QoL) tools to assist clinical decision-making by
using SNOT-22 in patients with chronic rhinosinusitis to promote equality across diverse
populations. The authors emphasized the effects of ethnicity and race on SNOT-22 scores
and tried to improve equity. Based on PubMed and MEDLINE searches with appropriate
keywords to find papers for a scoping review, Weaver’ study revealed, for the first time, that
ethnic differences appear to exist in acute sinusitis symptomatology, and ethnic differences
also exist with regard to QoL tools. Thus, the authors suggest that the evidence implies that
some form of correction to QoL scores could help to promote equity for non-white patients.

Although the main theme of this Special Issue is “Allergic Rhinosinusitis and Airway
Diseases”, currently, the large number of patients who have had the sequelae of COVID-19
within olfactory disorders during the post-COVID-19 phase is also a crucial healthcare
problem for ENT (ear-nose—throat) physicians [3]. Therefore, in this Special Issue, Aratjo
etal. [4] have taken great efforts to successfully summarize the main mechanism and clinical
management of anosmia in post-COVID-19 patients. This narrative review describes that
olfactory disorder is one of the most common symptoms in patients with acute COVID-19
infection, and most of them recover normal neurosensory function in a short time. However,
the authors emphasized that approximately 10% of patients have reported a long-term smell
dysfunction which significantly impacts their quality of life. It is clear that inflammation
and cellular damage can play a key role in the pathogenesis of olfactory dysfunctions. Based
on this pathogenesis, the appropriate management of smell disturbances in post-COVID-19
patients should focus on the underlying mechanisms in combination with adequate smell
training.

Recently, the idea of measuring the levels of fractional exhaled nitric oxide (FENO)
during the COVID-19 pandemic and in patients with long-COVID has been published [5,6].
This idea might open a new field of research in the use of FENO to screen post-COVID-19
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patients with anosmia in clinical practice. Although the measurement of FENO in patients
with asthma has been described in recent decades, its use in patients with allergic rhinitis
(AR) remains a new area for ENT physicians [7]. In this Special Issue, Duong-Quy et al.
have contributed original research on the role of nasal FENO in children with allergic
rhinitis [8] to evaluate the correlations between nasal FENO and anthropometric, clinical
and functional characteristics, and to determine the cut-off of nasal FENO for diagnosis of
AR in the symptomatic children. This study showed that nasal FENO levels in AR patients
were significantly higher than control subjects, and nasal FENO was significantly correlated
with AR symptoms and nasal inspiratory/expiratory peak flows. Interestingly, the cut-off
of nasal FENO for positive AR diagnosis had a very high specificity and sensitivity in AR
diagnosis. These authors also concluded that the use of nasal FENO as a biomarker of
AR could represent a useful tool and an additional armamentarium in the management of
disease (Figure 1).
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Figure 1. Principle of nasal FENO measurement in subjects with AR. AR: allergic rhinitis; FENO:
fractional exhaled nitric oxide; NOS: nitric oxide synthase.

The use of FENO in management of asthma has been approved by many countries and
international guidelines [9]; however, nasal FENO has not been approved unanimously in
the management of AR. Therefore, other biomarkers used in the management of AR, such
as circulating specific non-coding microRNAs (miRNAs), have been presented in another
review in this Special Issue: “Allergic Rhinosinusitis and Airway Diseases”. This review,
entitled “Immunological and microRNA Features of Allergic Rhinitis in the Context of United
Airway Disease” and written by Naydenova et al. [10], focused on the theory involving
inflammation of the upper respiratory tract in patients with AR might contribute to lower
respiratory airway inflammation. These authors suggested that T-helper 17 (Th17) cells
and related cytokines are also involved in the immunological mechanism of AR along
with classical Th2 cells, leading to Th17-induced neutrophilic inflammation in the lungs.
Definitely, the regulators of this inflammatory process could be modulated by circulating
specific miRNAs, which are distinctively expressed in AR and asthmatic patients. Hence,
this pathway could be considered a promising target treatment for the therapy of patients
with concomitant AR and asthma.

This Special Issue has been supplemented with the study realized by Nair et al. [11]
on the efficacy of saffron extract in an ovalbumin-induced airway model of allergic asthma.
This study, using a very-well-known animal model to induce allergic asthma via introduc-
ing ovalbumin (OVA) into the nose, again confirmed the unification of the upper and lower
airway inflammatory pathways in AR and asthma [12]. In this study, the authors used
saffron (C. sativus) extract (CSE), a product which exerts anti-inflammatory, anti-allergic
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and immunomodulatory properties, to investigate its efficacy in combination with salbu-
tamol in the treatment of OVA-induced asthma in rats. The main results of this study
demonstrated that the treatment with CSE and salbutamol significantly attenuated OVA-
induced Th2 cytokine levels (TNF-«, IL-1f3, IL-4, IL-13) in the bloodstream and lung tissue
by ameliorating OVA-induced inflammatory influx and ultrastructural aberrations. The
authors suggested that the combination of CSE and short-acting beta 2-agonist could be
considered a new therapeutic strategy for the management of asthma.

Saffron has been considered as one of the most valuable spices for centuries, and
it has been used in daily foods for promoting good health and a positive mood status.
Therefore, the results of Nadir’s study could develop the current concept related to the use
of diet in the treatment of patients with respiratory allergic diseases who did not respond to
pharmacological therapy [13]. In the same scope, Calatayud-Saez et al. [14] have published
their results from the study entitled “Effects of the Traditional Mediterranean Diet in Childhood
Recurrent Acute Rhinosinusitis” in this Special Issue. This study was conducted in a young
population (1-5 years old children) who had three or more acute rhinosinusitis episodes
in the period of one year from the program “Learning to Eat from the Mediterranean” in
Spain. The main outcomes of this study showed that more than 50% of study subjects did
not have any episode of acute rhinosinusitis, and KIDMED (Mediterranean Diet Quality
Index) scores increased significantly. These authors stated that adoption of the traditional
Mediterranean diet might have a promising effect on the prevention and treatment of
recurrent acute and chronic rhinosinusitis in early ages of life.

An appropriate diet, such as the traditional Mediterranean diet, may be useful for
subjects who are allergic with airborne and/or food allergens. For these subjects, skin prick
tests (SPT) have been considered as a relevant examination technique to detect respiratory
or food allergens, although the level of specificity remains a challenge for the treatment with
specific desensibilization [15]. Therefore, the atopic status assessment with SPT or specific
immunoglobulin (sIgE) in subjects with asthma or AR is always a milestone in identifying
potential risk factors and triggers provoking loss of disease control. A recent study in
asthmatic children published by Lazova et al. [16] demonstrated that there was a moderate
to strong correlation between multiscreen ImmunoCAP Phadiatop/fx5 and Euroimmun
sIgE titers against aero-allergens—cats, mites, tree mix and food allergens—soy, wheat,
rice, apple and peanut. This study also showed that good sensitivity and specificity were
observed for EUROIMMUN Pedjiatric (food allergens) compared with the gold standard
ImmunoCap/{x5. The authors of this study suggested that the immunoblotting technique
is an easily applicable, cost-effective and reliable alternative to ImmunoCAP Phadiatop/fx5
in diagnosing atopic children.

In addition to airborne and food allergens, some evaporated chemical products used
in industry could be the cause of airway allergies in workers [17]. This crucial problem
has been clarified by the study realized by Kashyap et al., published in this Special Issue
of Sinusitis [18]. This study included tannery workers of Kanpur city in India who were
frequently exposed to chromium during the leather tanning process. The authors found that
the severity of nasal and sinus allergies increased with age and work duration in the tannery,
and workers with occupational exposure were more likely to develop sinus problems than
those without exposure. The authors suggest that this high risk of occupational factors
could be eliminated by improving the overall working conditions and ensuring necessary
protective regulations for the tannery workers to reduce upper airway allergies and other
carcinogenic factors.

This Special Issue, “Allergic Rhinosinusitis and Airway Diseases”, concludes with
the ninth paper presenting an interesting clinical case, entitled “Low-Grade B Cell Lympho-
proliferative Disorder Masquerading as Chronic Rhinosinusitis”, reported by Chen et al. [19].
In this case report, a 72-year-old man was referred by his general practitioner for symp-
toms mimicking chronic rhinosinusitis unresponsive to local corticosteroid treatment and
antibiotics. Although the histopathology result taken from the middle turbinate biopsy
revealed chronic non-specific inflammatory changes with mixed microbial flora, the patient
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was consequently referred to hematology specialists, as recommended previously [20].
Then, a combination of serum and radiological findings (chest CT scan: mediastinal and
hilar lymphadenopathy; Figure 2) was used to perform the clinical diagnosis of B-cell
lymphoproliferative disorder. The authors of this case report recommend that patients with
chronic rhinosinusitis who present with atypical clinical features such as nasal crusting and
treatment resistant organisms may have underlying immunosuppression.

Figure 2. Transverse CT chest image with arrows indicating mediastinal and hilar lymphadenopathy.
Coronal CT sinus image depicting disease affecting the ethmoid bullae and ostio-meatal complex [19].

In conclusion, this Special Issue, entitled “Allergic Rhinosinusitis and Airway Dis-
eases”, successfully raises more awareness of rhinosinusitis and its comorbidity with other
airway diseases. Hence, the concept of united airway disease interaction comprising up-
per and lower airway diseases should be recognized in patient management programs.
Progress in diagnosis, with the use of the advanced biomarkers and relevant imagery
techniques associated with accurate treatment of chronic rhinosinusitis and lower airway
diseases, should continue to be developed in the future.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: It is established that non-white people experience worse health outcomes than white people
within the same population. Equity addresses differences between patient subgroups, allowing
needs-based distribution of resources. The use of quality-of-life (QoL) tools to assist clinical decision
making such as the SNOT-22 for chronic rhinosinusitis promotes equality, not equity, as quality-
of-life (QoL) tools provide the same criteria of symptom scoring across diverse populations. We
considered the effects of ethnicity and race on SNOT-22 scores and whether these scores should
be adjusted to improve equity. PubMed and MEDLINE provided papers for a scoping review. A
combination of the following search terms was used: patient-reported outcome measures (PROM)
(OR) quality of life; (AND) race (OR) ethnicity (OR) disparities; (AND) otolaryngology (OR) SNOT-
22 (OR) sinusitis. The first study identified no evidence of ethnic variability in SNOT-22 scores.
However, the study did not represent the local population, including 86% white people. Other studies
identified baseline SNOT-22 disparities with respect to population demographics, gender, and age.
Ethnic differences appear to exist in acute sinusitis symptomatology. In other fields both within and
outside of otorhinolaryngology, ethnic differences exist with regard to QoL tools. This scoping review
identified a paucity of data in rhinology. However, evidence implies some form of correction to QoL
scores could help promote equity for non-white patients.

Keywords: otolaryngology; sinusitis; ethnic groups; patient-reported outcome measures; quality of life;
social justice

1. Introduction

The importance of equity is increasingly recognized and discussed within healthcare
generally and within rhinology in particular [1]. Equity in healthcare is defined as “the
absence of avoidable or remediable differences among groups of people, whether those
groups are defined socially, economically, demographically, or geographically” [2]. The
World Health Organization (WHO) explains equity as overcoming and avoiding disparities
that infringe on justice and fairness. While equity and equality both target fairness, equality
is based on the equal distribution of a commodity within a population, whereas equity is
based on unequal distribution to accommodate for differences in need. Therefore, they are
fundamentally different principles, potentially at odds with each other. The use of quality-
of-life (QoL) tools to facilitate clinical decision making promotes equality, i.e., treating
everyone the same. However, if QoL tools do not sufficiently represent different patient
groups, their use may prove a potential impediment to equity.

While noting that race and ethnicity are related terms, one’s race is the inherited
phenotypic attribute of a person. In contrast, one’s ethnicity relates to the cultural factors,
from a particular group, with which an individual identifies [3].

We have identified, within our New Zealand population, that non-white, minority eth-
nicities are underrepresented in Public Hospital Rhinology clinics and operating lists [4,5].
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This is despite data indicating that non-white populations appear to have a higher burden
of rhinologic diseases. While the reasons for this are likely to be multi-factorial [4], we
aimed to consider whether the processes that we as rhinologists use, might be contributing
to this apparent inequity, and if so, how this might be addressed.

Chronic rhinosinusitis (CRS) is a non-fatal condition, the treatment of which is directed
toward managing symptoms [6]. The ability to quantify symptoms through QoL tools is,
therefore, of great importance in CRS management and decision making with regard to
appropriate treatment options. The WHO defines QoL as “the individual’s perception of
their position in life in the context of the culture and value systems in which they live and
in relation to their goals” [7]. With regard to the assessment of QoL in CRS, the 22-item
Sinonasal Outcome Test (SNOT-22) has become the sentinel subjective assessment of disease
severity [8], with 3560 articles returned on a Google Scholar search of “SNOT-22" (search
performed 4 April 2021).

Given the importance of the SNOT-22 score in surgical decision making for CRS
patients and apparent inequities in the provision of treatment, we wished to investigate the
effects of race and ethnicity on the SNOT-22 QoL tool and whether the total SNOT-22 score
should be adjusted for patient race or ethnicity when used for clinical decision making. We
hypothesize that in the context of comparable disease burden, non-white groups record
lower total SNOT-22 scores.

2. Methods

A scoping review technique found peer-reviewed journal papers that met the fol-
lowing inclusion criteria: (1) published between 2010 and 2021; (2) written in English;
(3) involved preoperative symptom reporting; (4) provided details of patient demographic;
(5) specifically discussed the impact of demographic on symptom scoring in otorhinolaryn-
gology diseases. The following bibliographic databases identified relevant documents from
2010 to 2021: MEDLINE and PubMed. Exclusion criteria included (1) studies published
before 2010; (2) papers without English translation; (3) papers that did not compare demo-
graphic disparities on symptom scores in otorhinolaryngology disease. The initial search
occurred in January 2021 and was repeated in August 2021 to ensure new relevant data
were included. The below search strategy was created by one reviewer in collaboration
with the Waikato Clinical Campus Librarian. The studies were identified using the selection
criteria above.

Search Terms:

1.  Patient-reported outcome measures (PROM) (OR) quality of life;
2. (AND) race (OR) ethnicity (OR) disparities;
3. (AND) otolaryngology (OR) SNOT-22 (OR) sinusitis.

The search was followed by analyzing the title, abstract, and subject headings to iden-
tify papers that met the study criteria. Reference lists of the identified papers were scanned
for similar articles, generating a further literature review. Two reviewers determined the
relevance of the studies prior to inclusion into the study. To prevent biased studies influenc-
ing data outcomes, the demographics of the studies’ local population were compared with
the study populations. Reference number five was included as a local preprint publication.

3. Results

Following the method, PubMed identified 1444 papers without using the quality-of-life
search term, and MEDLINE/OVID identified 30 papers from the above search.

There was a paucity within the literature explicitly related to PROMs and ethnic/race
disparities, and even fewer for the SNOT-22 specifically. A publication on chronic rhi-
nosinusitis identified that less than 10% of American studies provided information on
minority-specific demographics when discussing ESS surgical outcomes. It also identified
minority populations made up less than half the national census estimates receiving ESS [9].

(1) Results discussing ethnicity /race SNOT22 scores at the time of diagnosis of CRS
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One relevant study, at a tertiary rhinology clinic in Boston, Massachusetts, indeed
discussed influences of the recruited population demographics. The conclusion was made
that there was no evidence identified of disparity between ethnic and racial groupings to
their SNOT-22 scores. The population included 300 adult patients with CRS. The study
analyzed the patients” symptom scores (SNOT-22 and EuroQol 5-dimensional visual analog
scale), age, race, ethnicity, smoking status, medication usage, and comorbidities. The
racial groupings for the study cohort were classified as “white” (281 patients), “Black or
African American” (5 patients), or “other” (14 patients). The ethnicity groupings were clas-
sified as “non-Hispanic” (246 patients), “Hispanic” (9 patients), and “declined to respond”
(45 patients). The relatively small groups meant the confidence intervals were large (and
therefore reported no statistically significant difference). However, on multivariate analysis,
“non-white and/or Hispanic” patients recorded a SNOT-22 score of —2.2 (—11.5 to 7.0),
compared with “white, non-Hispanic” patients [10].

Further studies identified within the scoping review attempted to compare dispari-
ties in SNOT-22 scores for race and ethnicity, indicating that minority populations have
increased SNOT-22 scores at the time of CRS diagnosis. Kuhar et al. (2019) reported that
African American patients had higher SNOT-22 scores, compared with white patients
(50.7 vs. 1.5, p < 0.022). It was also noted, however, that histologic measures of disease
severity including eosinophils per high power field, polypoidal disease, subepithelial
disease, hyperplastic/papillary changes, and fibrosis indicated a more significant dis-
ease burden within the African American population [11]. Similarly, the same pattern
of increased SNOT-22 scores at the time of diagnosis was described in Hispanic patients,
compared with non-Hispanic patients (55 vs. 37, p < 0.001), by Levine et al. (2021). His-
panics, however, also had objective evidence of more severe CRS, such as the presence of
nasal polyps (RR = 2.5; 95% Cl: 1.0-5.9), neo-osteogenesis, extended procedures, and tissue
eosinophilia [12].

(2) Demographic disparities identified in SNOT22 score—not related to ethnicity/race

A cross-sectional study in Brazil identified disparities in SNOT-22 scores for gender
and age. Although these are disparities within the same ethnicity and race, this study
implies that differences between subgroups may impact PROMS, irrespective of disease
severity. There was a statistically significant (p = 0.005) difference of two points in the
baseline SNOT-22 scores between genders. Men without CRS had a baseline SNOT-22 score
of 7, compared with women, whose baseline score was 9. Age over 60 years also indicated
a significantly lower score of 7, compared with the younger age groups scores of 8-10 [13].

(3)  Ethnic variability in sinonasal symptoms

The same group in Boston has studied ethnic disparities in symptomatology and
presentation in the context of acute rhinosinusitis (ARS). They performed a retrospective
study of 1,632,826 visits to hospital emergency departments (EDs) where ARS was diag-
nosed. Compared with white patients, Black (p = 0.038) and Hispanic patients (p = 0.019)
presenting to EDs were less likely to complain of typical sinonasal symptoms. Hispanic
patients also reported less typical ARS symptoms such as cough, sputum production, head
cold, or flu-like symptoms [14].

(4) Ethnic variation in symptom reporting in otorhinolaryngology

The literature review identified that within other otorhinolaryngology (ORL) fields,
studies have identified ethnic disparities in the self-reporting of symptoms. For example,
in a study of 5236 women of child-bearing age, the objective measure of hours slept was
compared with self-reported trouble sleeping. Women from minorities experienced fewer
nights of adequate sleep than white women. However, white women had statistically
significantly increased odds of reporting trouble sleeping than minority populations, with
an adjusted odds ratio (OR) of 0.47 and 0.29, compared with Black and Hispanic women,
respectively. This is still evident when controlling for hours slept [15].
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Ethnic/racial disparities in patient-reported outcome measures have also been noted
in laryngology. After controlling for influential demographics including education, income,
and health insurance, minorities’ self-reported voice problems had decreased OR, compared
with white Americans, with African Americans reporting an OR of 0.83 and Hispanics 0.63
and remaining minorities at 0.69, compared with white adults [16].

(5) Ethnic variation in symptom reporting outside of otorhinolaryngology

There are ethnic inequities in symptom reporting and QoL surveys in multiple medical
fields, for instance, in HIV symptom management. The literature review identified Black
non-Hispanics were significantly underreporting “fatigue, depression, muscle aches, anxi-
ety, difficulties with memory and concentration” with compared to other ethnicities [17].

4. Discussion

It is essential to identify limitations in QoL measures with regard to whether they
contribute to current health inequities. If our hypothesis is correct that minorities with
CRS are under-reporting symptoms on SNOT-22 surveys, white people may be preferen-
tially prioritized for intervention over minority populations, thus contributing to health
disparities that unjustly harm minority populations. Although not directly addressing
our question around race and ethnicity, it has been identified that different groups within
society do report different mean SNOT-22 scores [13].

It is well established that some non-whites suffer worse health outcomes than white
people. In our New Zealand population, many studies have shown worse health outcomes
for the indigenous Maori population, compared with non-Maori. In a literature review, a
study was identified in which Maori was significantly less likely to be offered chemotherapy
than non-Maori and was more likely to experience delays within the first eight weeks
before chemotherapy. Another study discussed in this review found Maori women were
significantly less likely to receive pain relief during labor; furthermore, doctors of European
ethnicity spent 17 % less time with Maori patients than other ethnic groups [18]. Recent
studies in our department demonstrated a significant under-representation of minority
ethnicities in rhinology clinics and operating theatres [4]. The reasons for such ethnic
disparities are likely multi-factorial [4] but may include that disease burden in non-white
populations is relatively under-represented when QoL is quantified.

US minority populations also experience similar inequities. The National Health Inter-
view Survey identified that white adults with CRS had an increased likelihood of receiving
specialist appointments and intervention than minority populations [9]. A retrospective
study of 1344 adults with CRS showed that African Americans who underwent operations
showed greater objective severity of refractory CRS [19]. Another study of 4337 patients
identified that African Americans and Hispanic patients had higher requirements for urgent
operations for sinusitis (p = 0.003 and p < 0.001, respectively) [20], presumably representing
lower access to elective care.

Our scoping review highlighted a paucity of data regarding the effect of race and
ethnicity on SNOT-22 scores. Although the Bergmark (2018) study was commendable in its
intentions, this data had significant limitations. First, considering racial groupings, 93.7% of
the study population identified as white, in a city where recent census data show that 44.4%
are white [21]. This implies a high risk of selection bias. Although some power calculations
were performed, ethnicity and racial groupings of the size reported would appear liable to
a type 2 error, noting that a non-significant trend toward lower QoL scores was reported
in non-white patients. Finally, the groupings assessed—namely, white vs. non-white and
Hispanic vs. non-Hispanic, cannot be considered generalizable to all ethnic and racial
groupings. Based on this one study, and noting its limitations, it seems inappropriate,
therefore, to generalize that ethnicity does not impact total SNOT-22 scores.

Two articles report higher total SNOT-22 scores within minority populations at pre-
sentation. However, they also identify that the disease burden was substantially higher
in those groups. Thus, the comparison of SNOT-22 scores does not identify if minority
populations with equivalent CRS severity under-report on total SNOT-22 scores [11,12].
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Data from other fields both within and outside of ORL indicate that ethnic variabil-
ities exist regarding self-reporting of symptom burden with symptoms relatively under-
represented by non-white populations. It seems reasonable to hypothesize, therefore, that
using the SNOT-22 score or other QoL measures in rhinology contributes to inequitable
treatment of non-white populations. Unfortunately, however, we are unable to prove or
disprove this hypothesis.

The described study of ARS patients may be limited by an inaccurate diagnosis of ARS
in the ED setting, owing to differential diagnoses such as migraine. However, it does raise
the possibility that there may be ethnic and racial variation within the various SNOT-22
domains, as well as with respect to the total SNOT-22 score, meriting further study.

In summary, the literature discussed in this review identifies ethnic variability in
symptom reporting. However, there are no conclusive data to prove or disprove our
hypothesis. Research is required to identify ethnic variations in total SNOT-22 scores but
also within the domains of the SNOT-22 score. Ideally, a large prospective study with
ethnic and racial groupings representative of the local population should be performed.
This would ideally be a multi-centered or even multi-national study. This study may
face challenges owing to the inadequate referral of non-white patients to tertiary centers,
generating selection bias. Objective measures such as the Lund-Mackay score (LMS) or
endoscopic scores could be used as comparators.

5. Conclusions

While our scoping review has indicated a paucity of data in rhinology related to
ethnicity and QoL tools/PROMS, evidence from other population subgroups and fields
of medicine cast doubt on the effectiveness of the SNOT-22 tool to assess the severity of
CRS equitably in non-white populations. Without the use of a correction, the use of QoL
tools such as the SNOT-22 may contribute to white patients preferentially being offered
intervention. In the pursuit of more equitable practice, further study is merited in this field.
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Abstract: Introduction: An atopic status assessment (skin prick test or specific immunoglobulin
(sIgE)) in asthmatic children is considered a milestone in identifying potential risk factors and triggers
provoking loss of asthma control and asthma exacerbation. Objective: The study aims to perform a
comparative analysis of different laboratory methods for a serological assessment of an atopic status
in asthma and respiratory allergies in children. Material and methods: A total of 86 children were
included, all of whom were diagnosed with bronchial asthma, aged from 5 to 17 years and screened for
total IgE level using enzyme-linked immunosorbent assay (ELISA). In 48 randomly selected children,
we performed a semi-quantitative serological in vitro assessment of the specific IgE antibodies
against food and aeroallergen, using two different laboratory methods—Euroimmun Immunoblot
and ImmunoCAP (Phadiatop /fx5). Results: In 70% of the children with a history of allergies, and
65.3% without clinically manifested allergies, multiscreen test ImmunoCAP Phadiatop/fx5 showed
positivity and confirmed atopy. Our results showed a significant moderate to strong correlation
between multiscreen ImmunoCAP Phadiatop /x5, and Euroimmun specific IgE titers against aero-
allergens—cats, mites, tree mix and food allergens—soy, wheat ( = 0.006), rice, = 0.090), apple =
0.007) and peanut. A sensitivity of 63% and specificity of 73.5% was observed for EUROIMMUN
Pediatric (food allergens, IgE titer > 1) compared with the gold standard ImmunoCap/fx5. The
mean value of total IgE is significantly higher in children with asthma and concomitant with allergic
rhinitis compared to those without allergic rhinitis (mean 202.52 U/mL, IQR 102.50 (24.20-363.95)
vs. 316.68, IQR 261.00 (109.20-552.50), p = 0.005). Conclusion: Establishing the spectrum of the
most common respiratory and food allergens is an essential factor for maintaining asthma control,
both through a strategy to avoid allergen exposure and by developing a recommendation plan.
The immunoblotting technique is easily applicable in daily clinical and laboratory practice. It is
also a cost-effective and reliable alternative to the “gold standard” ImmunoCAP Phadiatop/{x5 in
diagnosing atopy in children.

Keywords: atopic status; allergic rhinitis; total IgE; specific IgE; childhood asthma; immunoblot; InmunoCAP

1. Introduction

In epidemiological studies, atopy and allergy have been associated as risk factors for
bronchial hyperreactivity and asthma in children and adults [1,2]. Atopy is defined as a
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tendency to produce IgE antibodies in response to allergen exposure. This increases the risk
of developing diseases such as asthma, allergic rhinitis (AR) or atopic dermatitis (AD) [3].
Atopy can range from asymptomatic sensitization to one or more allergens with no clinical
presentation to clinically manifested atopic disease. During childhood, sensitization is pre-
dominantly an immunological phenomenon [4,5]. In clinical practice, atopy is often equated
with the presence of serum allergen-specific IgE antibodies or positive skin prick test (SPT).
However, a positive SPT is not always associated with clinical manifestations of established
sensitization. In fact, some “atopic” children do not develop any allergic diseases [6]. Skin
allergy testing is generally more sensitive than in vitro studies [6]. However, serum-specific
IgE (sIgE) determination provides quantitative information. The main disadvantage of the
available extract-based methods such as SPT is the variability of the crude extracts from differ-
ent manufacturers available in the market, concordance limitations and cross-reactivity [7]. In
children with persistent asthma, the characterisation of an atopic status is complex and often
requires in vivo and in vitro tests [7,8].

There is still no consensus on the underlying pathophysiological basis of childhood asthma.
Underlying chronic inflammation is often characterised by eosinophilic activity and allergic
inflammation, but non-allergic asthma is not uncommon in childhood [9,10]. In addition,
childhood asthma poses a significant clinical challenge in the diagnostic process, prognosis,
and follow-up [10,11]. Inflammatory biomarker testing may provide additional information for
the clinical evaluation and monitoring of children with asthma and respiratory allergies [7,12].
Therefore, at school age, the combined use of atopy biomarkers—sensitisation to allergens (SPT
or serum sIgE), FeNO (fractional exhaled nitric oxide) and blood eosinophilia, can determine the
risk of developing asthma in school-age and evaluate the severity of childhood asthma [2,12-14].

In children with asthma, the presence of atopy complicates achieving and maintaining
good control [1,15]. On the other hand, allergic sensitization is a dynamic condition [16].
Additionally, monosensitized children may become polysensitized over time [16,17]. There-
fore, experts recommend testing for inhalation and food allergens at least once per year (SPT
and or serum sIgE), or more often in case of a new clinical allergic presentation [1,15]. The
Monitoring asthma in children European Respiratory Society (ERS) Task Force recommends
an active screening for allergen exposure, emerging sensitisation, or related changes in the
clinical course of allergic disease [15]. The presence of allergies in patients with asthma
(identified by SPT or serum sIgE) may help to identify the risk factors provoking asthma
symptoms. A diagnostic clarification of atopy against particular food or aero-allergens is
necessary, especially in the presence of suboptimal asthma control and before undertaking
a change in therapy [1].

Historically, radioallergosorbent tests (RAST) have been the first to detect serum
allergen-specific antibodies [6,18]. The first generation of quantitative tests (RAST, MAST—
Multiple-antigen simultaneous test and EAST—Enzyme Allergosorbent Test) evolved
into second-generation semi-quantitative IgE tests (AutoCAP, Alastat, HYTech, Matrix,
MagicLite) to modern quality third-generation autoanalysers [6,19]. Two widely used
third-generation immunological methods are the ImmunoCAP System (Phadia, Thermo
Scientific, Uppsala, Sweden) and Immulite 2000 (Diagnostic Products Corporation, Los
Angeles, CA, USA). The chemical analysis is similar to the original RAST, but non-isotopic
markers are used; the study is faster, with improved precision, accuracy, and analytical
sensitivity [20].

Multi-allergen screening tests are designed to measure sIgE against multiple allergens
in a single assay. Allergens from different groups (house dust, animal epidermis, grass, tree
pollen, fungal spores) or multiple allergens from the same group (e.g., mould—Penicillium,
Cladosporium, Alternaria, Aspergillus) are embedded in a standard solid-phase [21]. Multi
allergen screening for aero-allergens (Phadiatop), combined with a food allergen mix (£x5),
is more effective than measuring individual allergen-specific IgE in characterising the
atopic march of children with asthma [22]. These two tests showed a positive predictive
value of 97.4% for any suspected allergic disease (asthma, AR, AD/eczema syndrome, food
allergy) in children older than four [23,24]. Therefore, the combination of ImmunoCAP
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Phadiatop (aeroallergens) with ImmunoCAP x5 (food allergens) is officially accepted as
the “gold standard” in clinical practice and in research determining the atopic status in
childhood [25,26]. In addition, ImmunoCAP Phadiatop/fx5 has the highest predictive
value for determining atopy from any available laboratory test (Phadiatop for children over
12 and in combination with fx5—under 12 years) [7,15].

2. Objectives

The study aims to perform a comparative analysis of the three laboratory methods for
the serological assessment of the atopic status (the “gold standard” RAST multi-screening
test InmunoCAP Phadiatop/fx5, EAST Euroimmun pediatric immunoblot and total IgE
ELISA) in children with bronchial asthma. Furthermore, we aimed to assess the clinical
significance of atopic status determination in the enrolled children, based on serological
testing (total serum IgE and sIgE) and history data for clinical manifestations of an allergy.

3. Materials and Methods
3.1. Subjects

In the study, 86 children with diagnosed bronchial asthma aged from 5 to 16 years were en-
rolled, in which 28 girls (33%) and 58 boys (67%), were hospitalised due to asthma exacerbation.

Before inclusion in the study and the collection of blood samples, all parents and
children over 12 years of age signed a written Informed Consent, following the Commission
on Ethics of Research at Medical University Sofia (Ethical approval No. 5/17.04.2013,
scientific project identification code 23D /2013).

3.2. Study Design

All patients had a detailed medical history and were tested for total serum IgE an-
tibodies by ELISA, EUROIMMUN Medizinische Labordiagnostica AG and specific IgE
antibodies (Euroline Allergy Profile Pediatrics, Enzyme Allergo Sorbent Test (EAST) of
Euroimmune® (Medizinische Labordiagnostica, AG, 2014, Luebeck, Germany). Addi-
tionally, the blood samples of 48 randomly selected children (18 girls and 30 boys with
a mean age of 10.65 £ 4.14 SD) were assessed with a semi-quantitative in vitro assay of
specific human IgE antibodies against a complex of food and aero-allergens in serum, by
two different laboratory methods: Euroimmune® EUROLINE Pediatrics (Medizinische
Labordiagnostica, AG, 2014, Luebeck, Germany) and Phadiatop/{x5 (multi-screening test
for atopy) ImmunoCAP, Phadia, Thermo Fischer Scientific Inc., (Phadia AB®, Uppsala,
Sweden) (Figure 1). The laboratory tests were performed by two independent certified lab-
oratories in clinical immunology—Euroimmun Euroline Allergy Profile Pediatrics and total
IgE in the Laboratory of Clinical Immunology of the University Hospital “St. Ivan Rilski”
and ImmunoCAP Phadiatop/fx5 in the Laboratory of the Clinic of Clinical Immunology,
University Hospital “Alexandrovska”.

We defined the children as allergic and non-allergic according to the medical history
data for diagnosed allergic disease, or clinically allergic manifestation prior to enrolment.
Using an in vitro atopy diagnostic panel (serum total IgE and sIgE), we determined the
children as atopic and non-atopic.

3.3. Laboratory Immunological Methods
o  Determination of serum levels of total IgE by ELISA (enzyme-linked immunosorbent
assay), EUROIMMUN Medizinische Labordiagnostica AG

IgE concentration is determined using a calibration curve. The reading is performed at
a 450/630 nm wavelength with four standards (calibrators) 0 U/mL, 10 U/mL, 100 U/mL,
and 500 U/mL. Results are quantitative and are presented in U/mL. Normal values were
determined relative to the upper limit of normal according to age. (Table S1).

o  Euroimmun EUROLINE Pediatric (complex of the most common food and aero-
allergens in childhood).
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Figure 1. Study design.

EUROLINE test kits provided a semi-quantitative in vitro assay of human IgE anti-
bodies in serum or plasma. It is a comprehensive screening profile with essential inhalation
and food allergens for childhood allergies. The test strips are first activated with a universal
buffer and then incubated at the first reaction with the patient’s sera. If there are specific IgE
antibodies in the test serum, they bind to the allergen. A second incubation is performed
with enzyme-labeled monoclonal human IgE (enzyme conjugate) to visualise the bound
antibodies, catalysing the enzymatic reaction. At the bottom of each test, there is a strip
that acts as an indicator bar, representing the internal laboratory quality control. The colour
reaction of the control indicator strip only becomes visible when the incubation is carried
out correctly.

The EUROLINE test is a semi-quantitative method. The scale for reporting the results
is expressed in the EAST system in seven classes—from 0 to 6 (<0.35 kU/L EAST class
0 to >100 kU /L EAST class6) (Table S2). Digital reporting of the results is performed with
a scanning device (Canon®, Tokyo, Japan) and a licensed software product EUROLineS-
can program.

Allergens contained in the test membrane strips, include EUROLINE Pediatric (11 aero-
allergens, 15 food allergen and CCD (cross-reactive carbohydrate determinants) marker)
(Figure 2). Aero-allergens: gx grass mix 2 (timothy grass, cultivated rye), t3 birch, w6
mugwort, d1 der. pteronyssinus, d2 der. farinae, el cat, e2 dog, €3 horse, m2 cladisporium her.,
m3 aspergillus fum., mé6 alternaria alt. Food allergens include f1 egg white, {75 egg yolk, {2
cow’s milk, f3 codfish, {76 «-lactoalbumin, f77 3- lactoglobulin, {78 casein, e204 bovine
serum albumin, f4 wheat flour, 9 rice, f14 soybean, f13 peanut, f17 hazelnut, {31 carrot, £35
potato, 49 apple, CCD marker, indicator band. CCDs can be found in various allergens
from plant and animal origin. As a result of significant structural similarity, CCDs can
cause strong cross-reactivity.

o |

{ 11} [ L L2 T2 T L

| 1 | =

Allergy profile Indicator Allergens in groups
and CCD

Figure 2. The principal structure of the membrane strip with allergen Euroimmun blot.

In order to perform a comparative analysis, we divided Euroimmun EUROLINE
Pediatric into two groups—Euroimmun aero and Euroimmun food, depending on the
inhaled and alimentary allergens.
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o  Specific IgE—multi-screening atopy test—ImmunoCAP, Phadia (Thermo Fischer Sci-
entific Inc, Phadia® AB, Uppsala, Sweden), Phadiatop (aeroallergen complex), and
x5 (MultiCAP food mix)

A Phadiatop test is a mixture of the following allergens: micro-mites (d), moulds (m),
wood (t) and grass (g) allergens, weeds (w), animal allergens—dogs and cats (e). MultiCAP
food mix (fx5) is the most commonly used pediatric multi-screening test for food allergy.
It includes the following six food allergens—cow’s milk protein, chicken egg white, white
flour, fish, peanuts, and soy protein, which account for 90% of IgE-mediated food allergies
in childhood.

The results of ImmunoCAP specific allergen mixtures are presented qualitatively
(positive/negative /borderline) and quantitively (Specific IgE Class 0 to 6). Values between
the lower limit of antibody detection and 0.35 kUA /I may indicate the presence of low
IgE levels (class 1). Values > 0.35 kUA /1 indicate the occurrence of specific IgE antibodies
against one or more allergens included in the multiallergen mixture. Healthy individuals
have low levels of specific IgE in the peripheral blood, normally below 0.35 kUA /1 (class 0).
Sensitized patients show elevated levels, i.e., >0.35 kUA/I (class 1 to 6). The higher the
value of the reported IgE kUA/], the stronger the allergenic sensitisation (Table S3).

3.4. Statistical Methods

Raw data processing was performed with SPSS®, IBM 2009, version 19 (2010) and
Excel (v. 2010). We used the methods of descriptive statistics to describe demographic
and clinical characteristics of patients and the studied immunological parameters. We
used a correlation analysis—between category characteristics (x-square for more than two
groups of one of the variables and Fisher’s Exact test for tables with dimension 2 x 2);
between categorical and quantitative features (Analysis of variance—ANOVA) and between
quantitative features (correlation and regression analysis) to determine the existence of a
relationship (associative or causal) between two or more indicators, its strength, shape and
direction. When studying the specificity and sensitivity of quantitative diagnostic tests, we
applied the method of ROC curves (Receiver operating characteristic), which represent the
relationship between sensitivity (really positive values) as a function of 1-specificity (false
positive values) Graphically.

4. Results
4.1. Demographic Characteristics

A total of 86 children were enrolled in the study and included in the main study group.
All of them were diagnosed with bronchial asthma and hospitalised due to the exacerbation
of symptoms. The children are 5 to 16 years old (mean age 10.18 (SD 3.54). Girls are 28 (33%)
with a mean age of 9.98 (SD 3.41), and boys—>58 (67%), mean age of 10.54 (SD 3.75).

Children aged 7 to 15 years predominate; 12.9% are pre-school age, and 8% are over
15 years old. Family history for bronchial asthma was reported in almost half of the
children—48.8% (n 42), and 25.6% (n 22) of the children were in the first line relatives
(mother, father, siblings). In 16 children, there was evidence of bronchial asthma in more
than one family member. Approximately half of the children (48.8%) in the main group
had medical history for allergy symptoms and/or a diagnosis prior the enrollment (AD,
AR, food, drug, venom allergy, urticaria, angioedema). (Table 1) We defined these children
as allergic. Concomitant AR was diagnosed in 46.4%.

Table 1. Children with atopic symptoms and or concomitant AR in the main study group.

According to the Girls Boys Total
Medical History N 28 N 58 N 86
Prior allergy 14 (50.0%) 28 (48.2%) 42 (48.8%)
symptoms

Concomitant AR 13 (46.4%) 34 (58,6%) 47 (54.7%)
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4.2. Total Serum IgE Determination (ELISA)

Serums of 86 children (main study group) were tested for total IgE level, 28 of whom
were girls (33%) and 58 were boys (67%). Elevated IgE above the age-adjusted upper limit
of normal was found in 64% (n = 55) of children: 67.8% (n = 19) girls and 62% (1 = 36) boys.
Very high levels of total IgE (titre > 300 U/mL) were found in 35 children (40.1%).

The mean value of total IgE increases parallel with age in the studied group of asth-
matic children, except for those older than 16 years, whose confidence interval was wide
and uninformative (Figure 3). The mean value of total IgE in girls is slightly higher than
that in boys, without significance (p < 0.05) (Table 54).
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Figure 3. Serum level of total IgE.

e  Comparative analysis of serum total IgE and sIgE, assessed by two methods (Immuno-
CAP Phadiatop/fx5 and Euroimmun pediatric immunoblot)

In the serum sIgE group, 75 children (87%) showed elevated specific IgE (EUROIM-
MUN Pediatric). In addition, 27 children (32%) had normal total IgE antibodies (below
age-related upper limit of normal—ULN) but at least one positive sIgE according the multi-
screen (Phadiatop/fx5 and or Euroimmun pediatric). Of the children with elevated total IgE
(n =55), only 3 (5.5%) were negative for the studied sIgE panels (food and aeroallergens).

We constructed an ROC curve to determine the specificity and sensitivity of the serum
level of total IgE in detecting children with atopy, defined as the positivity of specific IgE
antibodies by both methods—EUROIMMUN Pediatric and ImmunoCAP Phadiatop/fx5. The
ROC curve of total IgE against the multiscreen allergy test InmunoCAP Phadiatop/£x5 (“gold
standard”) has an area under the curve of 0.667 (95% CI 0.500-0.834, p = 0.073, stand.err—0.085)
(Figure 4a). The ROC curve of total IgE against the Euroimmun pediatrics (right) has an area
under the curve (AUC) of 0.760 (95% CI 0.618-0.903, p = 0.004, stand.err—0.073) (Figure 4b).

At a threshold for total IgE above 368.5 U/mL, the method showed the best combina-
tion of sensitivity (50.5%) and specificity (81.8%), with 53.1 positive predictive value (PPV)
and 86.6 negative predictive value (NPV) relative to the “gold standard” ImmunoCAP
Phadiatop/fx5. However, even at a high titer of total IgE, the sensitivity remains relatively
low (50.5%).

The ROC curve of total IgE compared to the Euroimmun paediatrics has better diag-
nostic characteristics, with a larger area under the AUC curve of 0.760 (95% CI 0.618-0.903).
The threshold for total IgE over 142.5 combines best sensitivity (75%) and specificity (66.7%)
in predicting the presence of positive specific IgE with 83.2 PPV of 51.7.
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Figure 4. ROC curve to assess the specificity and sensitivity of total IgE vs. ImmunoCAP Phadi-
atop/fx5 (a) and total IgE vs. Euroimmun paediatrics (b).

The elevated specific IgE against D. pteronyssimus (p < 0.0001), D. farinae (p < 0.0001)
for titers above 1 EAST class, and against cat fur with titers above 3 EAST class, correlate
with the level of total IgE (p = 0.009) (Table S5).

e  Comparative analysis of serum sIgE against aero-allergens, assessed by two methods
(ImmunoCAP Phadiatop and Euroimmun aero)

We constructed an ROC curve to determine the sensitivity and specificity of EUROIM-
MUN aero to ImmunoCAP Phadiatop (the ‘gold standard’) (Figure 5). The ROC curve
shows AUC—0.958 (Stand.error—0.026, 95% CI (0.000-1.000), p = 0.000).
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Figure 5. ROC curve for assessing the specificity and sensitivity of Euroimmun aero (as a panel
positive/negative) vs. InmunoCAP Phadiatop.

In multiple analyses for single aero-allergens included in EUROIMMUN aero, the
ROC curves remain significant. Aero-allergens d2, el and gx are characterised by low
sensitivity (between 40 and 60%) and high specificity (above 80%) at EAST class 1 (Figure 6
and Table Séa,b).

Other aero-allergens included in EUROIMMUN aero (dog, birch, and wild wormwood)
did not show good predictive value with an area under the curve of below 0.5 (Table S6a,b).

There was a moderate to strong correlation between sIgE titer (el, d1, d2 and gx)
assessed by InmunoCAP Phadiatop and Euroimmun aero. (Table 57).

o  Comparative analysis of specific IgE against food allergens, assessed by two methods
(ImmunoCAP x5 and Euroimmun food)
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Figure 6. ROC curve for assessing the specificity and sensitivity of EUROIMMUN aero (distinct sIgE)
vs. InmunoCAP Phadiatop.

There was a moderate to strong correlation between the sIgE titer determined with Im-
munoCap x5 (food mix) and those with Euroimmun food—soy (soybean), flour (p = 0.006),
rice (p = 0.090), apple (p = 0.007), as well as a weak correlation for peanut. However, no
statistically significant correlation was found between the two methods for other food
allergens included in the x5 mix (Table S8).

We constructed an ROC curve to determine the sensitivity and specificity of EUROIM-
MUN food to ImmunoCAP fx5. Values of EUROIMMUN food above 1 EAST class have a
sensitivity of 64.3% and a 73.5% specificity with AUC—0.689, stand. error—0.087, 95% CI
(0.518-0.860), p = 0.041 (Figure 7a). To check which IgE to use from the EUROIMMUN food
to predict the InmunoCAP £x5 positivity, we performed a multiple analysis with an ROC
curve (Figure 7b) and (Table S9).
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Figure 7. ROC curve for assessment of the specificity and sensitivity of EUROIMMUN food (as a
panel positive/negative) to ImmunoCAP x5 (a), ROC curve for evaluation of the specificity and
sensitivity of EUROIMMUN food (distinct sIgE) to ImmunoCAP fx5 (b).

When combining milk allergens (£2, {76, {77, f 78) in one variable, the predictive value
increases (Table 2).

Table 2. Characteristics of the ROC curve—multiple analysis, cow milk as a combined variable.

Tested 95% CI
Allergen AUC SE Lower Limit  Upper Limit

£2,£76,£77 £78 0.620 0.095 0.196 0.434 0.805

e  Clinical significance of medical history, total IgE and sIgE, assessed by two methods
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No significant difference was found between mean titer level of total IgE and Phadi-
atop/fx5 in children with and without a family history of atopy (p > 0.05). For total IgE, the
difference is borderline but not significant (p = 0.077). In addition, no significant difference
was found in mean serum levels of total IgE in the groups of children with and without
history data for a clinically manifested allergy (allergic children) (p > 0.05).

In the studied population of children, the family history for asthma was associated
with clinical symptoms of allergic diseases (AD, drug and food allergies). (p = 0.048)
Additionally, family history for atopy shows a tendency to correlate with positivity for sIgE
antibodies against cat. (p = 0.054).

There was a significant difference in total IgE levels in children with and without AR, but
not in groups with and without other allergic symptoms/diseases. The mean value of total IgE
is significantly higher in children with asthma and AR than in those without concomitant AR.
(mean 202.52, IQR 102.50 (24.20-363.95) vs. 316.68, IQR 261.00 (109.20-552.50) (p = 0.005).

There was a significant difference in mean serum levels of total IgE in the group of
atopic and non-atopic children according to Euroimmun paediatrics sIgE. Atopic chil-
dren have a significantly higher total IgE titer than non-atopic children (mean 52.4, IQR
39.50 (8.50-83.40) vs. mean 293 IQR (261.00 (91.30-549.60) (p < 0.0001).

The chi-square analysis showed that among the group of polysensitised (more than
2 positive sIgE) children, more patients with high or borderline IgE were observed than
non-atopic or monosensitised patients (at least one positive sIgE) (p = 0.003) (Figure S1).

Overall, 70% (N 14) of children who were defined as allergic according to the medical
history had a positive Phadiatop/fx5 result, and 35.7% of the non-allergic according to
their history had a negative test result.

Phadiatop/fx5 identified 36 children as atopic and 16 as non-atopic. In 9 children
(56%) identified as non-atopic with Phadiatop/fx5, at least one positive sIgE antibody was
detected with EUROIMMUN Pediatric (7 of them with EAST class 1, only two with EAST
class 2). On the other hand, two children (5.6%) identified as atopic with Phadiatop/fx5
showed a negative result with the EUROIMMUN Pediatric. (only food allergens EAST
class 1).

Medical history for allergy symptoms (drug, food, venom allergy, urticaria, AD,
angioedema) were reported in 20 children (41%). In two (10%) of the children, atopy was
not confirmed with EUROIMMUN Pediatric and ImmunoCAP. The total IgE was increased
in 52% (n = 25) of children and defined the children as atopic. Using the Phadiatop/fx5,
75% of the tested children (n = 36) were classified as atopic, and 85.4% (n = 41) with
EUROIMMUN Pediatric.

In the serum sIgE group, 28 (58.3%) children had concomitant AR. According to medical
history, 46%, are allergic according to the total IgE titer—71% are atopic, Phadiatop /fx5—86%,
and EUROIMMUN Pediatric—92.8% (Figure S2).

5. Discussion

Serological diagnosis of atopy began in 1968, and demonstrated a link between the
body’s sensitisation and the newly discovered class of human immunoglobulins called
IgE [27]. Serum concentrations of total IgE are known to have high specificity but low
sensitivity in determining atopic status. Thus, in the presence of elevated total IgE, the
patient is likely to be atopic, but if normal, atopy cannot be ruled out [12,15]. This was
supported by our results. Both analyses of ROC curves, using the two methods for detecting
sIgE as a reference, showed excellent specificity but low sensitivity even at high titers for
total IgE (>142.5 U/mL and >368.5 U/mL, respectively).

Total IgE levels among atopic children correlate with the size of the target organ,
with the lowest values reported in individuals with AR, the highest in those with AD and
intermediate for asthmatics [27]. According to our results, the total IgE value is significantly
higher in children with asthma and AR than in those without concomitant AR. (p = 0.005).
Using an x square, we observed more patients with high or borderline IgE in the group of
polysensitised children than in the non-atopic or monosensitised. (p = 0.003).
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In healthy subjects, total IgE levels increase from birth (0-1 KU/I) to adolescence,
decreasing slowly until reaching a plateau at 20-30 years [6,18,28]. Our results confirmed a
significant increase in total IgE mean value with age, except for those over 16 years, whose
confidence interval is uninformatively wide [6].

In order to define the allergen avoiding strategy, international guidelines include
sIgE assessments to identify the subject’s comorbidity [29,30]. However, literature data
indicate that multi-allergens screening methods detecting aeroallergen in combination with
a food allergen mix are more effective than measuring individual allergen-specific IgE in
characterising the atopic status of children with asthma [7].

Allergen-specific IgE have a significant advantage, especially in detecting children
with clinically undiagnosed allergies. In the studies population, 73% of hildren had positive
sIgE. However, only half of them have a positive history of allergies. Furthermore, a higher
percentage of children are sensitised to aero-allergens (64%) than those sensitised against
food allergens (43%). This ratio corresponds to literature data for the tested age group. In
contrast, atopic sensitisation for food allergens predominates in infants [31,32].

In a recently published study, Chang et al. investigated the sensitivity and specificity
of Phadiatop and total IgE levels in hospitalised adults and children with clinical symptoms,
suggesting persistent allergic rhinitis. In the study, 576 children were enrolled. The authors
report sensitivities and specificities of 86.3% and 77.4% of the total IgE levels to predict
positive allergens using Phadiatop in children, and 65.7% and 85.7%, respectively, in
adults [33]. Pierotti et al. performed a cross-sectional study of Brazilian children, who were
tested for total IgE using Phadiatop and Phadiatop infant. They found a significantly higher
mean total serum level of IgE among allergic children, especially those with asthma /rhinitis,
as confirmed by our results [34]. Khasawaneh et al. estimated the sensitivity and specificity
of total IgE as 77.4% and 92.5%, respectively, when using sIgE as a standard test. The
authors tested 80 patients between 1 year and 77 years, 32 of whom were children. Specific
IgE were tested with immunoblot EUROLINE. Our result has shown lower sensitivity
(50.5%) and similar specificity (81.8%) of the total IgE (the threshold for total IgE above
368.5 U/mL) to predict a positive ImnmunoCap Phadiatop result. We found better sensitivity
(75%) and lower specificity (66.%) in the total IgE as a predictor for positive Euroimmun
paediatrics, using 142.5 U/mL as an LLN for the IgE total (larger area under the AUC
curve of 0.760) [23].

When compared the sensitivity and specificity of EUROIMMUN aero vs. the “gold
standard” ImmunoCAP Phadiatop, we found 100% sensitivity, but only 40% specificity
(PPV 68.1%, NPV 100%) for EUROIMMUN aero using EAST class 1 as a tress hold and
98.3% sensitivity and 87, 6% specificity (PPV 94.4%, NPV 96%) for values greater than
EAST class 2, which is similar to the results reported in the literature [23,25]. ROC curves
remain significant only for D. Farinae, cat, and grass mix in multiple aero-allergens analyses.
For all other aero-allergens included in the panel (dog, birch, and wild wormwood), EU-
ROIMMUN aero did not show good predictive properties. According to the manufacturer
data, the sensitivity of EUROLINE to the Phadia CAP system (,,gold standard”) for timothy
(grass) and birch is 90%, for D. Pteronyssimus and D. Farinae it is 83% and 84%, respectively,
for cat it is 91% and for horse it is 100%. Thus, the two methods have similar indicators in
terms of general sensitivity and specificity [35].

Compared to ImmunoCAP fx5 food mix (cow’s milk protein, wheat, chicken egg
white, fish, peanuts, and soybeans), EUROIMMUN food showed weaker but acceptable
sensitivity at 64.3% and specificity of 73.5%, including for lower titers (EAST class 1). In the
multiple analysis, the highest predictive power had an sIgE against flour and soy and them
combined, but a single sIgE against allergens in cow’s milk (f2, {76, {77, {78).

The presence of positive sIgE using the Euroimmun aero was detected in 9 children,
which result was negative when using the ImmunoCAP Phadiatop. Seven of them had a
sIgE titer corresponding to Euroimmun immunoblot EAST class 1 and only two to EAST
class 2. The main sIgE positive with both methods are from the mould group—Cladosporium
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and Alternaria. According to data from patient history, 41.7% of the children are atopic
(with clinically manifested allergy).

Total IgE levels showed an increased age-related serum titer in 52% of the tested
children, and serological tests for sIgE determined an additional 23 to 30% of children as
atopic. According to the Phadiatop/{x5 result, 75% of the children are atopic, using EU-
ROIMMUN Pediatric the percentage of atopic children was found to be 85.4%. In children
with concomitant AR, the detectability of atopy by serological methods in children without
a history of allergies is even more significant. Singh et al. found Phadiatop/fx5 to reveal
that physicians’ diagnosis of IgE mediated allergy is accurate in only 59% of cases in the
Indian study of allergen sensitisation prevalence. We found that the case history alone
reveals atopic children with asthma and concomitant AR in 46% and even in lower per
cent 41.7 in the group of asthmatic children without AR [36]. According to data cited by
the manufacturer, InmunoCAP Phadiatop demonstrated 91% specificity, 89% efficacy, and
91% correct classification of patients (atopic/non-atopic) in a study of 836 patients with
allergy-related symptoms in six different centres (Italy, Spain, Germany, the Netherlands,
Sweden, Great Britain) [20,37]. The study used a threshold for the specific IgE calibrator
with a value of 0.35 kUA /1, used in the present study [30].

The results of our study showed an excellent correlation between the two serological
methods in terms of sensitivity and specificity. EUROIMMUN Pediatric demonstrated an
advantage over the “gold standard” in detecting children with atopy. Using correlation,
regression, and factor analyses, we found that InmunoCAP Phadiatop /x5 missed positive
results in 19% of patients compared to the EUROIMMUN Pediatric results. This error
is weaker for fx5 than Phadiatop, probably due to the broader aero-allergenic spectrum
embedded in the EUROIMMUN panel. InmunoCAP Phadiatop and fx5 generate a dichoto-
mous positive/negative value and relative positivity semi-quantitatively (kilo units per
litre). Thus the summary result does not define which of the included sIgE is positive. On
the other hand, EUROIMMUN Pediatric offers a broader range of tested allergens—inhaled
and food allergens with comparable sensitivity and the ability to detect the specific aller-
gen(s) responsible for the positive result. Additionally, EUROIMMUN Pediatric provides
a titer for each particular sIgE (semi-quantitative, expressed in EAST class system), not a
summary result as provided by InmunoCAP Phadiatop /fx5.

Skevaki et al. compared the three commonly used technologies for sIgE detection—
ImmunoCAP™ sx1 and fx5 mixes, the InmunoCAP ISAC™ 112 microarray and a Eu-
roline™ panel. Euroline identified the highest percentage of positive samples out of
12 comparable allergens. However, the authors found that, when considering the over-
all positive samples, Euroline suffers from a higher background signal. In addition, it
detects the highest number of sensitisations at threshold 1, but not at a higher and more
stringent threshold [38].

Another advantage of EUROIMMUN pediatric immunoblot is the user-friendly and
straightforward methodology, which does not require specialised and expensive equipment,
easily applicable in daily clinical and laboratory practice. Combined with the excellent
specificity and sensitivity of the method and the reliability of results, it is a reasonable
alternative to the ImmunoCAP methods. Additionally, we confirmed the correlation
between elevated total IgE and the history data for symptoms suggestive of allergic disease.
However, total IgE titer is significantly less sensitive than serological multiscreen atopy
tests (sIgE panels).

6. Limitation of the Study

We must acknowledge that the results are based on a small number of patients positive
for specific IgE against food allergens, which may affect the objectivity of the analysis.
Additionally, significant titers (>3.5 IU/mL) were detected only for aero-allergens by both
methods (ImmunoCAP, EUROIMMUN). In addition, sIgE detected against food allergens
had low titers—EAST class 1 and 2, less than 3.5 kUA/L; kU/L). Lastly, we included
children with asthma with/without AR, but we did not have healthy controls. Therefore,
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we believe that the study’s limitations do not make it invalid, but they are opportunities to
inspire future research.

7. Conclusions

Contact with provocative allergen(s) in sensitised children with bronchial asthma
and respiratory allergy is a risk factor for exacerbation/hospitalisation. Allergen-specific
IgEs have a significant advantage, especially in the detection of children with clinically
undiagnosed allergies. Identifying sIgE for particular allergens is essential for the effective
management of asthma and other allergic diseases—prevention, diagnosis, and treatment.
EUROIMMUN blot methodology does not require specialised equipment and is easily
applicable in everyday clinical and laboratory practice. Combined with its high reliability,
it makes it an affordable alternative to the “gold standard” ImmunoCAP.
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Euroimmun food, Table S9: ROC curve characteristics (assessment of the specificity and sensitivity of
EUROIMMUN food to ImmunoCAP {x5), Figure S1. Comparison of total IgE titer in the group of non-
atopic, mono- and polysensitised patients, Euroimmun pediatrics, p = 0.003, Figure S2. Classification
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Abstract: (1) Background: Exhaled nitric oxide (NO) has been considered as a biomarker of airway
inflammation. The measurement of fractional exhaled NO (FENO) is a valuable test for assessing
local inflammation in subjects with allergic rhinitis (AR). (2) Objective: To evaluate (a) the correlation
between nasal FENO with anthropometric characteristics, symptoms of AR and nasal peak flows in
children without and with AR; and (b) the cut-off of nasal FENO for diagnosis of AR in symptomatic
children. (3) Methods: The study was a descriptive and cross-sectional study in subjects with and
without AR < 18 years old. All clinical and functional characteristics of the study subjects were
recorded for analysis. They were divided into healthy subjects for the control group and subjects with
AR who met all inclusion criteria. (4) Results: 100 subjects (14 £ 3 years) were included, including
32 control subjects and 68 patients with AR. Nasal FENO in AR patients was significantly higher
than in control subjects: 985 % 232 ppb vs. 229 £ 65 ppb (p < 0.001). In control subjects, nasal FENO
was not correlated with anthropometric characteristics and nasal inspiratory or expiratory peak
flows (IPF or EPF) (p > 0.05). There was a correlation between nasal FENO and AR symptoms in AR
patients and nasal IPF and EPF (p = 0.001 and 0.0001, respectively). The cut-off of nasal FENO for
positive AR diagnosis with the highest specificity and sensitivity was >794 ppb (96.7% and 92.6%,
respectively). (5) Conclusion: The use of nasal FENO as a biomarker of AR provides a useful tool
and additional armamentarium in the management of allergic rhinitis.

Keywords: nitric oxide; NO; exhaled NO; FENO,; allergic rhinitis; nasal peak flow

1. Introduction

In the upper airway, exhaled nitric oxide (NO) is produced mainly from the rhino-
sinusitis mucosa. It can be measured by non-invasive techniques using devices with
chemiluminescence or electroluminescence methods [1-3]. The main source of nasal NO
is consistently generated from the nasal mucosa and perinasal sinus epithelium, where
inducible nitric oxide synthase (iNOS) is present. In the upper airway, the role of nasal NO
has been described as regulating airway function, providing non-specific protection against
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infection related to its destructive property. Nasal NO also contributes to upper airway
protection due to its role in regulating ciliary motility, and low nasal NO levels are usually
associated with decreased upper airway ciliary function [4]. Nasal NO has been proposed
in the hypothesis of humidifying and warming of inhaled air through the nasal passage.

The alteration in nasal fractional exhaled NO (nasal FENO) levels has been described
previously in various diseases such as allergic rhinitis (AR), primary ciliary dyskinesia
(PCD), cystic fibrosis, and sinusitis [5-8]. Therefore, the measure of nasal FENO is now
considered a useful biomarker in clinical practice for patients with rhino-sinusitis diseases.
In patients with PCD, nasal FENO measurement is routinely performed for screening
this genetic disorder [9]. In patients with AR, nasal FENO has been used to manage the
disease in the same manner as FENO in patients with asthma [10]. The increased iNOS
expression and activity due to contact with airborne allergens induces the production of
nasal FENO in patients with AR. While the correlation between exhaled NO and lower
airway inflammation in asthmatic patients due to eosinophils has been demonstrated, the
application of nasal FENO measurement in patients with AR is relatively complex and
remains controversial.

Hence, this study was conducted to evaluate (1) the correlation between nasal FENO and
anthropometric characteristics, symptoms of AR, and nasal peak flows in children without
and with AR; and (2) the cut-off of nasal FENO for diagnosis of AR in symptomatic children.

2. Methods
2.1. Patients

Patients with a diagnosis of AR were included in the current study when they were
referred to the Clinical Research Center of Lam Dong Medical College for measuring nasal
FENO and a skin-prick test. The present study was approved by the IRB of Lam Dong
Medical College, Dalat, Vietnam (ID: CDYTLD.NCKH.03.2018); signed written informed
consent was obtained from all the study subjects. The study followed the principles of the
1964 Declaration of Helsinki.

2.1.1. Inclusion Criteria

Patients <18 years old with AR symptoms (nasal congestion, runny nose, nasal itching,
or sneezing) lasting more than 4 days per week and for more than 4 consecutive weeks
were classified into the AR group.

2.1.2. Exclusion Criteria

The exclusion criteria were one of the following features: severe cardiorespiratory
disease, AR treated with oral or local corticosteroids, septal deviation or nasal polyp
diagnosed, and upper or lower airway infection in the past 15 days; subjects unable to
undergo the functional laboratory testing were also excluded from the present study.

2.2. Methods

This was a cross-sectional and descriptive study. All clinical and functional parameters
were recorded for analysis. Included study subjects were divided into 2 groups: a control
group consisting of healthy people without nasal and sinus diseases, and the AR group
consisting of patients who met the selection criteria.

The criteria for a diagnosis of AR were: having one of the symptoms of nasal con-
gestion, nasal itching and sneezing, and a runny nose lasting more than 4 days/week
according to the season or occurring when exposed to respiratory allergens (dog or cat fur,
pollen, mold, and house dust mites) in the living or working environment [11].

2.2.1. Laboratory Functional Testing

The peak inspiratory and expiratory flows (PIF and PEF) in the nose were measured
by using a nasal mask-attached peak-flow meter device (Mediflux, Bry Sur Marne, France).
Nasal FENO measurement was performed by using multi-flow exhaled NO (Hypair NO,
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Medisoft; B-5503 Sorinnes; Belgium). Nasal FENO measurement was carried out according
to the manufacturer’s instructions.

2.2.2. Statistical Analyses

SPSS 22.0 software (Chicago, IL, USA) was used to analyze all the collected data.
Categorical variables are presented as numbers or percentages. Continuous parameters
are presented as means =+ standard deviation (SD). The skewness—kurtosis test measured
the normal distribution. The Mann-Whitney U test was used for the comparison of means
between groups. The correlation between nasal FENO and quantitative variables with
normal distribution was examined by regression analysis. A p-value < 0.05 was considered
statistically significant.

3. Results

From January 2018 to December 2019, 100 subjects participated in the study, including
32 healthy people (control group) and 68 patients diagnosed with AR (AR group). The
latter met the selection criteria and performed all the required functional tests.

3.1. Clinical and Functional Characteristics Study Subjects

There was no significant difference between the AR group and control group regarding
age, gender, height, weight, and BMI (p > 0.05; Table 1). The proportion of AR patients who
had symptoms of blocked nose, nasal itching or sneezing, and runny nose was 97%, 100%,
and 100%, respectively (Table 1). Peak inspiratory and expiratory volumes in patients with
AR were significantly lower than in the control group (p < 0.01 and p < 0.01; Table 1). The
mean nasal FENO was considerably higher in the AR group than in the control group
(985 £ 232 ppb vs. 229 £ 155 ppb; p < 0.001; Table 1).

Table 1. Clinical and functional characteristics of study subjects.

Characteristics All Study Subjects Patients with AR Control Subjects p*
Number, subjects (%) 100 (100.0) 68 (68.0) 32 (32.0) -
14+£3 14+£3 13+4
Age, years (6-17) (6-17) (6-17) >0.05
Sex, male/female 1.5 1.6 14 >0.05
. 135 £ 33 134 £+ 35 136 £+ 31
Height, cm (99-169) (99-169) (105-167) >0.05
. 37+19 37 £ 18 38 £ 19
Weight, kg (18-57) (18-55) (19-57) >0.05
BMI, kg/m2 16.8 £3.3 16.7 £ 3.4 169 £3.2 >0.05
Symptoms of AR
Blocked nose, % NA 97.0 0.0 NA
Itching and sneezing, % NA 100.0 0.0 NA
Running nose, % NA 100.0 0.0 NA
Nasal peak flow
Peak inspiratory flow, 72422 67 + 14 98 + 26 <0.01
L/min
Peak expiratory flow, 107 + 23 93 + 24 124 + 22 <0.01
L/min
618 + 395 985 + 232 229 £ 65
Nasal FENO, ppb (124-1385) (526-1385) (152-299) <0.001

p *: different between AR group and control group; AR: allergic rhinitis; BMI: body mass index; FENO: fractional exhaled nitric oxide;
L: liter; ppb: parts per billion; NA: not applicable.

29



Sinusitis 2021, 5

3.2. Correlation between Nasal FENO and the Anthropometric Characteristics of the Control
Subjects and Clinical Symptoms in Patients with AR

There was no significant correlation between nasal FENO and the anthropometric
characteristics of the control subjects participating in the present study (N = 32; Table 2).
Nasal FENO had a significant mild to moderate correlation with clinical symptoms of AR,
including blocked nose, itching or sneezing, and runny nose (R = 0.356, 0.679 and 0.587;
p <0.001, 0.0001 and 0.001, respectively; N = 68; Table 2).

Table 2. Correlation between nasal FENO and the anthropometric characteristics of the control subjects and with clinical
symptoms in patients with AR.

Correlation

Anthropometric Parameters
(Control Subjects; N = 32)

Symptoms of AR
(AR Patients; N = 68)

Nasal
FENO

Age Sex Height

Weight

Blocked Itching or Runny

BMI Nose Sneezing Nose

R

0.098 0.325 0.094 0.082

0.076 0.356 0.679 0.587

P

0.124 0.079 0.141 0.325

0.328 0.001 0.0001 0.001

AR: allergic rhinitis; BMI: body mass index; FENO: fractional exhaled nitric oxide.

3.3. Correlation between Nasal FENO and Nasal Peak Flow of Study Subjects

There was no significant correlation between nasal FENO and inspiratory and expira-
tory peak flow in subjects without AR (control subjects; Table 3). There was a significant
and negative linear correlation between nasal FENO and peak inspiratory flow (R = —0.462;
p = 0.0012; Table 3, Figure 1a) and peak expiratory flow (R = —0.378; p = 0.0016; Table 3,
Figure 1b).

Table 3. Correlation between nasal FENO and nasal peak flow of study subjects.

Correlation

Control Subjects
(N =32)

AR Patients
(N =68)

Nasal FENO

Peak Inspiratory Flow

Peak Expiratory Flow  Peak Inspiratory Flow  Peak Expiratory Flow

R

0.095 0.074 —0.462 —0.378

P

0.324 0.417 0.0012 0.0016

AR: allergic rhinitis; FENO: fractional exhaled nitric oxide.
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Figure 1. (a) Correlation between nasal FENO and peak inspiratory flow in patients with AR.
(b) Correlation between nasal FENO and peak expiratory flow in patients with AR. AR: allergic
rhinitis; FENO: fractional exhaled nitric oxide.
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3.4. Cut-Off of Nasal FENO in the Diagnosis of AR in Children

The cut-off of nasal FENO in positive diagnoses of AR is presented in Figure 2 and
Table 4 (N = 100). The results of ROC curve analysis showed that the cut-off of FENO with
the highest Youden index was equivalent to the most significant area under the ROC curve
of 794 ppb and had a specificity and sensitivity of 96.7% and 92.6%, respectively. (Figure 2,

Table 4).
100
- Nasal FENO=794 ppb
Sensitivity=92 6%
Specificity=96.7%
é 60
=
=
2
e
(]
20
0
100 80 60 40 20 0

Specificity (%)

Figure 2. ROC curve of the nasal FENO cut-off for the diagnosis of AR. AR: allergic rhinitis; FENO:
fractional exhaled nitric oxide.

Table 4. Cut-off nasal FENO with corresponding AR diagnosis sensitivity and specificity.

Nasal F](EII,\}Ig)Cut-Off Sen(soi/(t)i)vity Spe((i;:;city Youden Index
732 942 77.3 172.189
738 94.2 81.2 176.213
740 94.2 83.3 178.431
744 942 86.1 180.346
749 94.2 89.0 183.890
754 93.7 93.2 187.465
760 92.4 93.1 186.767
794 92.6 96.7 189.234
863 91.7 95.6 188.673
899 91.4 95.6 188.348
905 90.2 95.6 187.560
916 89.8 95.6 186.134
938 88.2 95.6 185.778
945 88.1 95.6 184.657
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4. Discussion

The results of our study demonstrated that: (1) Nasal FENO did not depend on
anthropometric characteristics or nasal peak inspiratory or expiratory flows in children
without AR; (2) there was a correlation between nasal FENO and clinical symptoms, nasal
peak inspiratory, and expiratory flows in children with AR; and (3) the cut-off nasal FENO
for a diagnosis of AR with the highest specificity and sensitivity was >794 ppb.

In healthy people, FENO concentrations in the nose are often much higher than in the
lower respiratory tract (300-800 ppb vs. 5-25 ppb). In the rhino-sinusal area, the paranasal
sinuses are a vital source of nasal FENO production. Previously, Lundberg et al. [8] de-
scribed that after perforation of the maxillary sinus, the continuous synthesis of NO at a
very high concentration was detected. However, Hood et al. [12] showed that only NO
concentrations measured in the nasal cavity came from the sinuses by diffusion due to
the NO concentration difference between the nose and sinuses, but it was also produced
in the nasal cavity. In the present study, the level of nasal FENO in children without AR
symptoms was varied from 152 to 298 ppb (Table 1). This result is also consistent with the
manufacturer’s recommendation that the expected value of nasal FENO in children is less
than 300 ppb.

The present study showed that, in control children, the level of nasal FENO was
not correlated with anthropometric characteristics such as age, gender, height, weight,
and BMI (Table 2). Thus, this is a prominent advantage of nasal FENO as a biomarker
because it can be used to diagnose various pathological conditions of the nose regardless
of demographic features. It might also be similar to bronchial FENO because a previous
study also showed that bronchial FENO had no significant correlation with demographic
characteristics [13]. However, the recommended cut-off of the normal value of nasal FENO
has been established based on a large population that is representative and takes the age
into account [14]. The present study only used a control group with a small sample size to
determine the nasal FENO value in healthy children compared with AR children.

Because of the short half-life of NO in gas form, indirect methods were previously
used to measure the NO concentration in the body during the humoral phase, based
on the measurement of NO metabolism products such as nitrate and nitrite, or using
immunohistochemistry techniques to determine NOS activity. In contrast to NO produced
in tissue or the blood, exhaled NO in the airways is more stable, allowing us to measure it
directly [15-17]. Various techniques have been used to measure exhaled NO concentration,
and the most commonly used is the chemiluminescence method. This method is highly
sensitive, and exhaled NO can be detected at levels as low as parts per trillion. A new NO
analysis method based on the electroluminescence technique has been developed and used
in clinical practice (Figure 3) [3,18]. This technique has been shown to have high accuracy
and good correlation with other methods, and has the advantage of being small compared
with fixed routine chemiluminescence analyzers.

The present study results showed that nasal FENO in children with AR was signifi-
cantly higher than in children without AR (Table 1). Especially in patients with AR, there
was a significant correlation between nasal FENO and clinical symptoms (Table 2). In
addition, the results also showed that there was a negative and significant correlation
between nasal FENO and nasal peak flows (Table 3 and Figure 1a,b). Obviously, exhaled
NO concentration is inversely proportional to the airflow rate. FENO measured in healthy
subjects with a flow rate of 50 mL/s had a bronchial FENO level of 5-20 ppb, whereas
alveolar FENO (CANO) measured at a flow rate of 150-350 mL/s had a concentration
of FENO less than 5 ppb [19]. In the present study, nasal FENO was measured with a
HypairNO device by the aspirating method with a constant flow over time. However, the
application of nasal NO measurement in subjects with AR is relatively complex because
some authors have shown that nasal FENO could be changed after allergen exposure.
Definitely, Ragab et al. [12] reported that nasal FENO, but not oral FENO, was significantly
increased in patients with seasonal AR during the pollen season. However, Palm et al. [13]
reported no change in nasal NO concentration in patients with AR. It is noteworthy that
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in almost all studies where comorbid sinus disease was excluded, patients with AR had
higher nasal NO concentrations compared with healthy subjects. This suggests that there
are probably two opposed levels that can determine nasal FENO in patients with RA: firstly,
NO gas released from the allergic inflammatory nasal mucosa may be increased although
the nasal mucosa are swollen at the same time due to the process of inflammation; secondly,
the swollen nasal mucosa might lead to blocked nostrils (ostia) and reduce the flow of NO
going out of the nasal cavity, where nasal FENO will be measured.
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MNO Production in MNasal FENO
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Figure 3. Principle of nasal FENO measurement in subjects with AR [3]. AR: allergic rhinitis;
FENO: fractional exhaled nitric oxide; NOS: nitric oxide synthase.

The present study’s results showed that the nasal FENO cut-off for a positive diagnosis
of AR of 794 ppb was the best diagnostic value (Figure 2, Table 4). The results of ROC
curve analysis demonstrated that the cut-off of FENO with the highest Youden index
was equivalent to the most significant area under the ROC curve of 794 ppb and had a
specificity and sensitivity of 96.7% and 92.6%, respectively (Figure 2 and Table 4). However,
the sample size of the present study is not large enough to define the nasal FENO cut-
off of a large-scale representative population and for subjects with AR associated with
other rhino-sinus comorbidities. This issue is also a main limitation of the present study.
Therefore, it is necessary to conduct more studies on nasal FENO in subjects with AR for
having reference values in the future.

5. Conclusions

Nasal FENO is a potential biomarker in the diagnosis of allergic rhinitis. The measure
of nasal FENO is a simple, low-cost, and non-invasive technique. In addition to the use
of nasal FENO in the management of patients with allergic rhinitis, nasal FENO might be
used for screening patients with sinusitis, nasal polyps, primary cilliar dyskinesia, and
Covid-19 infection. Hence, more studies in patients with these conditions are needed in
clinical practice to clarify the role of exhaled NO as a relevant biomarker of non-infectious
or viral inflammation.
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Abstract: Altered smell is one of the most prevalent symptoms in acute COVID-19 infection. Al-
though most patients recover normal neurosensory function in a few weeks, approximately one-tenth
of patients report long-term smell dysfunction, including anosmia, hyposmia, parosmia and phan-
tosmia, with a particularly notable impact on quality of life. In this complex scenario, inflammation
and cellular damage may play a key role in the pathogenesis of olfactory dysfunctions and may affect
olfactory signaling from the peripheral to the central nervous system. Appropriate management of
smell disturbances in COVID-19 patients must focus on the underlying mechanisms and the assess-
ment of neurosensorial pathways. This article aims to review the aspects of olfactory impairment,
including its pathophysiology, epidemiology, and clinical management in post-acute COVID-19
syndrome (PACS).

Keywords: olfactory dysfunction; anosmia; post-acute COVID-19

1. Introduction

Coronavirus 2019 (COVID-19) disease emerged in Wuhan, China, and has subse-
quently spread worldwide. The pathological agent of COVID-19 is severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), an enveloped positive single-stranded RNA virus.
COVID-19 is a highly transmissible illness with a broad spectrum of clinical manifestations
and variable severity degrees depending on age, comorbidities, genetic factors, and basal
metabolic index [1,2]. Individuals may present with a wide range of symptoms, including
fatigue, headache, difficulty breathing, diarrhea, nausea, vomiting, loss of taste and smell,
runny nose, and muscle and body ache, often indistinguishable from most respiratory viral
infections [3].

COVID-19 can induce abnormalities in taste and smell perception, in both the acute
and chronic phases of the disease. Smell disturbances are described as: anosmia—a total
absence of smell; hyposmia—a diminished sense of smell; parosmia—distorted percep-
tion of an existing odor; and phantosmia—perception of smell when no odor source is
present. These neurosensory changes have a pronounced impact on quality of life, as most
experiences are malodorous, particularly in the qualitative dysfunctions (parosmia and
phantosmia) [4].

Angiotensin-converting enzyme-2 receptors (ACE-2) and transmembrane protease
serine 2 (TMPRSS2), expressed in the cells of the nasal epithelium, are known pathways
for SARS-CoV-2 entry to the respiratory system [5]. Inflammation and cellular damage
may play a key role in the pathogenesis of qualitative olfactory dysfunctions. After its
internalization, the virus induces an inflammatory response, undergoing maturation and
replication inside the cell, as well as involving the recruitment of immune cells [6,7]. SARS-
CoV-2 can trigger an unbalanced immune response which overloads the targeted tissues
with cytokines and T-cell mediated inflammation [6,7]. The damage caused by the latter
may affect olfactory signaling from the peripheral to the central nervous system [8,9].
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While most survivors will experience a full recovery, follow-up reveals that a high
proportion of individuals still report symptoms after the clearance of the acute infection.
The terms ‘long COVID’ (>4 weeks) as well as ‘post-acute COVID’ (>3 weeks) and ‘chronic
COVID’ (>12 weeks) have been used to describe these ongoing symptoms [8,10].

2. Epidemiology

Accumulating evidence indicates that altered smell is one of the most prevalent
symptoms in acute COVID-19 infection [11]. In self-report studies, the estimated prevalence
of olfactory disorders in acute COVID-19 ranged from 5% to 85%, depending on disease
severity, and seems to be higher than in other respiratory viral infections. Although most of
the patients recover normal neurosensory function in a few weeks, approximately one-tenth
of patients reported long-term smell dysfunction, including anosmia, hyposmia, parosmia
and phantosmia, with a particularly notable impact on quality of life [12].

Qualitative olfactory dysfunctions are often undervalued in the clinical management of
COVID-19 infection and are generally underestimated in observational self-report studies.
Individuals may experience a range of persistent and prolonged olfactory sequelae in
PACS (Table 1). Continued loss of smell after several weeks was reported in 1.7-29%
of patients with COVID-19 requiring hospitalization [13-16]. Disturbed taste and smell
were also prevalent after 6 months in approximately one quarter of home-isolated young
adults with a milder course of the disease [17]. In a cohort of 467 patients in the United
Kingdom followed up at 4-6 weeks, participants with positive SARS-CoV-2 IgM/IgG
antibodies reported significantly higher prevalence of longstanding smell loss compared
to participants with a negative antibody test, with rates of full resolution of olfactory
impairment of 57.7% and 72.1%, respectively [18]. In addition, female individuals were
almost 2.5 times more likely to experience persistent smell loss compared to participants of
the male sex, and parosmia was also significantly associated with unresolved smell loss at
4 to 6 weeks follow-up [18].

3. Pathophysiogenesis of Olfactory Dysfunction

SARS-CoV-2’s route of infection basically comprises two pathways: through cell entry
factors such as angiotensin-converting enzyme 2 (ACE2), transmembrane protease serine
2 (TMPRSS2), and furin, or through an endosomal route that does not require previous
cleavage of the spike protein (S). ACE2 can act as a primary receptor, and, after virus
attachment, the spike protein in its surface is cleaved and dissociated by furin, after which
the subunit S2 is cleaved by TMPRSS2, changing the structure of the S2 subunit, which
ultimately leads to membrane fusion and viral RNA transferring to host cell cytoplasm. An
alternative pathway can also be initiated by ACE2 binding and the internalization process
involving clathrin and cathepsin L, and, in this case, the virus releases its genetic material
directly after endocytosis, as an alternative independent from TMPRSS2 to invade cells [19].

After entering the mouth through salivary particles, the virus can infect cells in filiform
and vallate papillae, lingual epithelium and taste buds, all cells that express ACE2, starting
its replication, which in turn causes taste impairment [19]. Other potential targets for
cell infection due to ACE2 are vascular endothelial cells and adipocytes in parotid and
salivary glands. The damage in these cells affects both blood and nutritional supplies and,
indirectly, it can change taste perception [19].

Upper airway mucosa has nasal goblet and ciliated cells expressing ACE2 and TM-
PRSS2, and these respiratory epithelium cell types may have a role in facilitating SARS-
CoV-2 infection by storing viral particles [20].

High levels of ACE2 were found in sustentacular cells of the olfactory system, which
are in intimate contact with dendrites of olfactory receptor neurons, and also other olfactory
epithelium cells such as ductal cells of Bowman’s gland, microvillar cells, globose and
horizontal basal cells, and olfactory bulb pericytes [19,21]. It is hypothesized that infection
of mesenchymal stromal and vascular cells in the nose and bulb and their subsequent
inflammation affects the neuronal conduction, reduces nutritional and water supplies and,
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therefore, causes the death of olfactory sensory neurons (OSNs) and damage to olfactory
bulb function [20] (Figure 1). Although OSNs are surprisingly not an ACE2 expressing
tissue, it has already been described that the spike protein can bind to neural cell receptors,
possibly due to cell-to-cell transmission through tunneling nanotubes (TNTs), filamentous
cellular projections that form a communication and transportation net between cells [19].
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Figure 1. Pathogenesis of olfactory dysfunction. Infection of mesenchymal stromal and vascular cells in the nose and bulb

and their subsequent inflammation affect the neuronal conduction, reduce nutritional and water supplies and, therefore,

cause the death of olfactory sensory neurons (OSNs) and damage to olfactory bulb function. SARS-COV-2 indicates severe

acute respiratory syndrome coronavirus 2; CNS, central nervous system; OB, olfactory bulb; OSN, olfactory sensory neurons.

Neuropilin-1 represents another host factor that facilitates SARS-CoV-2 entry, and its
presence was detected in mitral cells of the olfactory bulb, but not in the OE, and the virus
may enter the central nervous system (CNS) through retrograde axonal transport from
the nasal cavity in a process mediated by ACE2, TMPRSS2 and nicotinic receptors [22].
SARS-CoV-2 uses olfactory neurons to approach the CNS, and similar mechanisms were
described for SARS-CoV-1, MERS- CoV, and HCoV-OCR43. The neuronal damage in axons,
the death of neurons and microhemorrhages in the bulb may extend the period of smell
disturbances [22].

To sum up, these are the ways through which SARS-CoV-2 may cause olfactory
dysfunction: conductive dysfunction, by mechanically blocking smell from reaching neu-
roepithelium; sensorineural dysfunction by attacking directly or indirectly olfactory neu-
roepithelium or OSNSs; and central dysfunction, by affecting bulb neurons [22].

4. Smell Dysfunction in PACS

Smell dysfunction can occur in the context of various infectious viral diseases [23].
Alteration of smell can be categorized into two distinct types: quantitative and qualitative,
and subcategorized in total/complete or partial/incomplete, as well as in unilateral or
bilateral [23]. Quantitative loss is seen in anosmia and hyposmia, while qualitative loss is
noted in parosmia and phantosmia [24].

Anosmia and hyposmia can be assessed by running olfactory tests such as “le nez
du vin” or “scratch and sniff” pads containing variable odorant samples [23,25]. Notably,
hyposmia and anosmia in infectious diseases are distinguished from nasal inflammation
by their lack of seasonal variance, and sometimes permanent length of stay [23].

In contrast to common upper airways infection, rhinorrhea or nasal congestion are less
associated with anosmia in COVID -19; however, it can affect the central nervous system,
as observed in an 18-FDG PET/CT study, in which a reduction in metabolic activity was
reported in the left orbitofrontal cortex, and it can be associated with edema of the olfactory
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bulb in MRI [26-28]. Anosmia can lead to suspicion of COVID-19 diagnosis, as it can be
the only clinical feature present [29].

Hyposmia was reported in a study in Padua as an isolated or more prominent symp-
tom of SARS-CoV-2 infection, often associated with hypogeusia [25]. Hyposmia and
parosmia can be persistent olfactory dysfunctions in PACS [28].

Parosmia and phantosmia are distortions in smell perception. Parosmia is a disorder in
which an odor is perceived as a different smell, either pleasant—euosmia—or unpleasant—
troposmia [25]. Troposmia is often referred to as a burned, foul or rotten smell [27]. In an
18-FDG PET/CT study, the activity in the secondary olfactory cortex was preserved in a
patient presenting parosmia post anosmia after COVID-19 infection [27]. In another study,
reduced olfactory bulb activity was associated with parosmia [27]. Parosmia and anosmia
can be related, and loss of smell can evolve into parosmia in the context of SARS-CoV-2
infection [18].

Parosmia can be related to peripheral and central injuries by SARS-CoV-2, since it
can affect OSNs and olfactory centers in the bulb [27]. The growth of new olfactory axons
can occur in a non-organized manner and, as a consequence, it prolongs parosmia [18].
Data concerning post-infectious parosmia point to a poorer prognostic value towards
the recuperation of smell ability, although olfactory training can help in the recovery of
smell [18].

In phantosmia, the smell sensation is generated even in the absence of odors [24]. Smell
disturbances can affect taste perception [30]. Taste dysfunctions post COVID-19 infection
can also be categorized as qualitative or quantitative. Qualitative taste alterations are
known as dysgeusia, whereas quantitative ones are referred to as hypogeusia, in which taste
is decreased, and ageusia, in which taste sensation is non-existent [20]. The inflammatory
response may cause reparable damage to the taste buds, and as a consequence, a short
recovery time can be expected. An unbalanced immune response may also be an agent
for a bad prognosis in sensory loss, since the T-cell response is present in sialadenitis and
xerostomia [20]. Additionally, distortion in chemosensory perception, such as parosmia or
dysgeusia, may increase the probability of long-term smell and/or taste loss and longer
COVID-19 symptoms [18].

5. Clinical Management Considerations

Despite overcoming systemic inflammation and respiratory distress in the acute
phase of COVID-19 infection, some patients present prolonged inflammation and tissue
damage. Appropriate management of smell disturbances in COVID-19 patients must
focus on the underlying mechanisms and the assessment of neurosensorial pathways.
Although most COVID-19-related acute olfactory dysfunctions improve spontaneously,
treatment for persistent smell symptoms may be reasonable when impairment lingers
beyond 2 weeks [31]. However, the efficacy of available treatment in PACS remains unclear.

Olfactory rehabilitation has been described as an effective method for restoring the
sense of smell in post-infectious olfactory dysfunction (PIOD). Olfactory training is a simple
and safe strategy defined as repeated and conscious sniffing of a set of odorants, for 15-20 s
each, at least twice a day [32]. Additionally, the conscious focus on odors, in addition to hu-
man olfactory ecology including social and physical environment triggers, may effectively
stimulate the neurosensorial system and enhance olfactory performance [33]. A retrospec-
tive German study of 153 patients with PIOD showed clinically relevant improvements
in overall quantitative and qualitative function upon receiving olfactory training (OT).
Additionally, the presence of parosmia was associated with significant improvement of
olfactory performance after OT [34].

Oral and nasal corticosteroids may be used to control a potential inflammatory com-
ponent in PIOD; however, current evidence does not support the routine administration
of systemic corticosteroids in this scenario due to safety concerns. Additionally, unless
inflammatory features in endoscopic or imaging evaluation are detected, it is improbable
that corticosteroids would be helpful. [31]. A recent randomized controlled trial (RCT)
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failed to prove the superiority of mometasone furoate topical nasal therapy over OT in
the treatment of post COVID-19 anosmia. [35]. Notably, intranasal corticosteroid therapy
in patients with allergic rhinitis and concomitant COVID-19 infection have recently been
reviewed in an ARIA-EAACI position paper. These have been shown to be safe and should
be considered, at the recommended dose, on a case-by-case basis [36].

Table 1. Prevalence of olfactory dysfunction in post-acute COVID-19 syndrome.

Prevalence of Ol-

Author Country Setting Time (Days) Population n factory/Gustatory
Dysfunction
Garrigues 2020 [13] France Cross sectional, 110.9 Hospitalized 120 Anosmia (13.3%)
single center
. Prospective cohort, L. Loss of taste and/or
Chopra 2020 [14] United States multicenter 60 Hospitalized 488 smell (28%)
. Retrospective
Rosales-Castillo Spain cohort, single 50.8 Hospitalized 118 Anosmia (1.7%)
2020 [15]
center
Jacobs 2020 [16] United States 1 rospective cohort, 35 Hospitalized 183 Lack of smell (9.3%)
single center
Daher 2020 [37] Germany Pros.pectlve cohort, 42 Hospitalized 33 Loss of smell (12%)
single center
. Hospitalized
Klein 2020 [38] Israel Prospective cohort, 180 (5.5%) and 112 Smell changes
single center . (9.8%)
home-isolated
. . Hospitalized . .
Moreno-Pérez Spain Prospect'lve cohort, 112-126 (58.2%) and 277 Anosmla—cjysgeu&a
2021 [39] multicenter . (21%)
home-isolated
Prospective cohort Hospitalized
Seessle 2021 [40] Germany P § 360 (32.3%) and 96 Anosmia (20.8%)
single center .
home-isolated
Tenford 2020 [41] United States Cross s'ectlonal, 14-21 Home-isolated 270 Loss of smell (27%)
multicenter
. . Altered sense of
Boscolo-Rizzo Italy Crp ss sectional, 28 Home-isolated 187 smell or taste
2020 [42] single center o
(51.3%)
Prospective cohort, . Olfactory
Paderno 2020 [43] Italy multicenter 30 Home-isolated 151 dysfunction (17.7%)
Valiente-De Santis . Prospective cohort, . . o
2020 [44] Spain single center 84 Home-isolated 108 Anosmia (9.3%)
Otte 2020 [45] Germany Cr.o ss sectional, 56 Home-isolated 80 Hyposmia (45.1%)
single center
Prospective cohort, . Disturbed
Blomberg 2021 [17] Norway multicenter 168 Home-isolated 247 taste/smell (27%)

COVID-19 indicates coronavirus disease 2019; Time, time to assessment in days; 1, sample size.
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Abstract: Introduction: There are more and more studies that demonstrate the anti-inflammatory
effects of the traditional Mediterranean diet (TMD). The aim of the study was to assess the effects of
an intervention with the TMD in patients with recurrent acute and chronic rhinosinusitis. Material
and Methods: We performed a pretest—posttest comparison study in 114 patients (56 girls and 58 boys)
aged one to five years who had three or more acute rhinosinusitis episodes in the period of 1 year.
They were included for a year in the nutritional program “Learning to eat from the Mediterranean”.
The anthropometric, clinical, and therapeutic characteristics were studied. Results: All the studied
indicators showed a positive and statistically significant evolution. Of the patients, 53.5% did not
have any episode of acute rhinosinusitis, and 26.3% had only one, compared to the 3.37 they had on
average in the previous year. The use of antibiotics decreased by 87.6%. The degree of satisfaction
of the families was very high. The Mediterranean Diet Quality Index (KIDMED) that assesses the
quality of the TMD rose from 7.7 to 11 points. Conclusions: The adoption of the TMD could have
promising effects in the prevention and treatment of recurrent acute and chronic rhinosinusitis,
limiting the pharmacological and surgical intervention in many of these patients.

Keywords: acute rhinosinusitis; acute recurrent rhinosinusitis; chronic rhinosinusitis; Mediterranean
diet; nutritional evaluation; nutritional therapy

1. Introduction

At the beginning of the school year and with the arrival of winter, young children are
prone to illness from upper respiratory tract infections (URTI), which can range between
six and eight episodes a year. Most of these colds tend to resolve spontaneously within a
week or two. However, 5-10% of patients develop bacterial complications, including acute
rhinosinusitis (ARS) and acute otitis media (AOM). It is estimated that between 6% and
13% of children will have had an episode of ARS by three years of age [1,2]. Although it
is usually a self-limited disease, it becomes one of the most frequent causes of antibiotic
prescription in childhood, behind otitis and tonsillitis [3,4]. ARS is mainly characterized
by the excessive prolongation of the symptoms of the common cold beyond 10 days, with
difficulty in nasal breathing, mucopurulent discharge, persistent cough predominantly at
night, difficulty in falling asleep, loss of appetite, and sometimes vomiting of phlegm [5].
Often there is a spontaneous improvement after conservative treatment with hypertonic
saline sprays or irrigations [6]. When the general condition is more affected, or in young
children, it may be necessary to use antibiotics [7]. Some patients lengthen the usual colds
over and over again, causing recurrent ARS (RARS), which do not usually cause fever,
and thus predisposes some parents not to come to the consultation and ends up turning
into chronic rhinosinusitis (CRS). They are patients who have persistent green mucus,
significant nasal obstruction, difficulty falling asleep and a persistent cough, although with
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little effect on the general condition. This persistent inflammatory state contributes to the
enlargement of the local lymphatic tissue, such as the palatine tonsils and the adenoids,
leading to a space conflict [8]. They often present with worsening clinical attacks or other
complications, such as recurrent acute otitis media (RAOM), otitis media with effusion
(OME), persistent nasal obstruction (PNO) and recurrent wheezing or childhood asthma
(SR) [9,10]. The diagnosis of ARS is not straightforward and can be considered as a clinical
challenge, as it is generally performed on subtle clinical grounds, with the absence of
specific tests. It is difficult to distinguish when a viral process has become bacterial [11].
Routine imaging is not recommended precisely because of its lack of specificity [12-14].
Pharyngeal exudates are also not useful since they do not correlate with sinus exudates. The
most common bacterial species are: streptococcus pneumoniae, Hemophilus influenzae,
Moraxella catarrhalis, and streptococcus pyogenes [15,16]. The treatment of RARS and
CRS is controversial; several types of antibiotics have been used with limited results, since
after initial improvement, patients eventually relapse [9,17]. Corticosteroid irrigations
through the nasal passages and oral corticosteroids have also been used based on the few
studies conducted in children with different results [1,18-20]. Mucolytics, expectorants,
and antihistamines have not been shown to be helpful [21,22]. The pneumococcal vaccine
does not appear to have decreased the incidence of ARS [13]. In the last case and after
having failed with the pharmacological treatment, surgical intervention is usually indicated,
with the oblation of the adenoids and/or the palatine tonsils, without the results being
entirely satisfactory [23].

There are more and more studies that demonstrate the anti-inflammatory effects of
the Mediterranean diet [24], which has allowed us to develop the hypothesis that recurrent
inflammatory episodes of the respiratory mucosa are closely related to the abandonment of
the traditional diet. This anti-inflammatory action is based on the reduction of pathologies
related to oxidative stress, chronic inflammation, and the inflammatory system. Our
hypothesis is that diet and individual nutrients can influence the resolution of RARS by
stabilizing the inflammatory and immune mechanisms. We have previously conducted
studies on the effects of the Mediterranean diet on URTI and their frequent bacterial
complications [25], such as recurrent acute otitis media [26], otitis media with effusion [27],
persistent nasal obstruction [28], and childhood asthma [29], with satisfactory results. We
have also applied the Mediterranean diet in infants since birth and have observed a lower
incidence of habitual inflammatory pathology [30]. Following our main line of argument in
which we relate recurrent inflammatory episodes with the abandonment of the traditional
diet, we have carried out this study on the effects of a traditional Mediterranean diet (TMD)
in patients diagnosed with recurrent acute and chronic rhinosinusitis.

2. Material and Methods
2.1. Study Design

The design corresponded to a prospective quasi-experimental study of the comparison
of before and after (pre/posttest) of a single group, with each patient examined for one
year. The study consecutively included patients aged 1 to 5, diagnosed with RARS and
CRS, attending a primary attention pediatrics office between May 2010 and November
2018, with the informed consent of the parents or legal guardians. This study was carried
out in the Mediterranean area, in the community of Castilla la Mancha (Spain).

Patients with anatomical abnormalities, allergies, or who had been treated surgically
were excluded from the study. The study consisted of comparing the incidence of RARS
and CRS in the previous and subsequent years after applying the TMD. The intervention
focused on food re-education based on the TMD through the use of the nutritional edu-
cation program “Learning to eat from the Mediterranean”, which was used in previous
studies [12,13]. This program consists of a series of visits with the nutritionist and the
pediatrician, who propose to assist the family. Visits are monthly for the first 4 months and
bimonthly until the year is completed. The first visit evaluates the diet made by each child
and his/her family, and changes in the usual diet are proposed by making schemes, culi-
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nary recipes, example menus, etc. Most of the families were accustomed to the traditional
(Mediterranean) diet, although its implementation was highly contaminated by industrial
pressure. Thus, it was necessary to help them differentiate one from the other. A baseline
anthropometric assessment is also performed. Patients were monitored over the course of
a year, valuing weight, stature, growth, clinical evolution, treatment needs, adherence to
the TMD, and the degree of satisfaction of the families. An explanatory diagram is shown
in Figure 1. The study was approved by the Research Committee of the University General
Hospital of Ciudad Real (Internal code: C-95, Act 03/2017).

P:’:ltlents . Nutritional Clinical evaluation at 4
diagnosed with Intervention with and 12 months
RARS and RSC TMD

’ Anthropometric evaluation of the Nutritional re-education Anthropometric evaluation:
previous year: weight, height and provided by a nutritionist, weight, height, BMI, fat,
BMI based on a TMD mass, lean mass
Measurement of food quality with Limitation of foods of Food quality measurement
KidMed and TMD test at the outset animal origin with KidMed and TMD test
Clinical evaluation: OME and Limitation of processed Clinical evaluation: OME and
associated pathologies from the foods associated pathologies
previous year )

Symptomatic treatment and
Symptomatic treatment and antibiotic
antibiotic from the previous year

Figure 1. Study design diagram.

2.2. Study Variables: Clinical Evolution and Treatment Parameters

The study variables were the number of ARS episodes per person and year. RARS
is characterized by ARS episodes that last less than 30 days and are separated from each
other by at least 10 days, during which the patient is asymptomatic. The patient must
present 3 ARS episodes in a period of less than 6 months, or 4 or more in a period of
less than 12 months. We also took into account patients with CRS, when episodes of
rhino-sinus inflammation lasted more than 90 days, with persistent residual respiratory
symptoms [4,5,31].

The following variables were considered, as they are closely related to the pathology
studied: upper respiratory tract infections (URTI), acute otitis media (AOM), otitis media
with effusion (OME), persistent nasal obstruction (PNO), and recurrent wheezing (RW).
Likewise, emergency care, symptomatic drugs, and prescribed antibiotics were assessed,
all of which were assessed by person and year. A basic otorhinolaryngological examination
was performed that included rhinoscopy, pharyngoscopy, otoscopy, the assessment of the
presence of trans-tympanic fluid with a portable tympanometer (MicroTymp’3®, Welch
Allyn, New York, NY, USA), an audiometry assessment in the collaborating children with
a portable audiometer (Audioscope®, Welch Allyn, New York, NY, USA), the intentional
assessment of the face (adenoid facies), a cervical lymphadenopathy, and finally a clinical
assessment was made of the degree of involvement of the PNO (mild, moderate, or severe).
An episode of URTI was defined by two or more of the following criteria: fever greater
than 38 °C measured with a tympanic thermometer, nasal congestion or mouth breathing,
runny nose, odynophagia, and cough [25]. AOM was defined following the criteria of the
American Pediatric Association Guide: (1) acute presentation; (2) presence of exudate in the
middle cavity of the ear demonstrated by tympanic bulging, pathological pneumatoscopy,
or otorrhea; (3) inflammatory signs and symptoms such as earache or obvious redness
of the eardrum [26,32]. OME was considered when the bilateral exudate or effusion
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persisted for more than 3 months, or more than 6 if it is unilateral [27]. PNO was defined as
persistent difficulty in breathing adequately through the nose, with associated respiratory
symptoms, such as mouth breathing, snoring, difficult breathing in sleep, respiratory arrest
when sleeping (apnea), restless sleep, hyperflexion postures of the neck in order to sleep,
drowsiness or a feeling of not having rested properly, adenoid facies, and swallowing
difficulties [28]. RS or childhood asthma was defined as a situation in which three or more
episodes of wheezing and/or coughing occur, in a clinical setting in which the diagnosis
of asthma is the most likely, after excluding other less frequent processes [29]. In patients
suspected of allergic processes, tests were carried out to rule them out.

2.3. Clinical and Therapeutic Evaluation Rate Performed on Parents or Guardians

To assess the clinical evolution of the patients, a questionnaire was designed, ad-
dressed to the parents or guardians, in which the symptoms related to RARS and CRS were
evaluated, such as nasal breathing, nocturnal cough, difficulties falling asleep, recurrent
colds and their complications, the intensity of the clinical symptoms, tolerance and difficul-
ties with the diet carried out, and the degree of satisfaction with the therapeutic effects of
the nutritional intervention. For each question in the questionnaire, one can answer the
improvement observed with: 3: much, 2: quite, 1: something, 0: nothing. Ten questions
referred to the clinic and treatment in the previous four weeks and a maximum of 30 (good
control) to a minimum of 0 (poor control) was scored. A patient was considered to be
poorly controlled when the total score was equal to or less than 20 (Table 1).

Table 1. Clinical and therapeutic evaluation index in rhinosinusitis. Responses from the parents or guardians regarding the

improvement observed: 3: much, 2: quite, 1: something, 0: nothing.

* Average Score Obtained by All Patients 4 Months * 1 Year *
Has the number of episodes of rhinosinusitis decreased? 2.27 2.53
Have you noticed less intensity in the infectious processes? 2.67 2.93
Has the need to go to the emergency room decreased? 2.27 2.88
Have other complications decreased? 2.87 291
Has there been a greater recovery from the state of normality? 2.32 2.92
Have you noticed the least use of antibiotics? 2.48 2.94
Have you noticed the least use of symptomatic medications? 2.92 2.92
Has there been good diet tolerance on the part of the patient? 2.92 2.92
Has there been collaboration on dietary changes? 2.93 2.93
Are you satisfied with the results? 2.45 291

*is set at 4 and 12 months.

2.4. Parameters of Weight Statural Evolution

By limiting foods that are part of the new Western food culture, we have evaluated
the correct weight statural development of the patients included in the study. To do this,
we collected anthropometric data, such as weight, height, skinfolds, and perimeters of the
arms, abdomen, and waist, and with them, we calculated the body mass index, lean mass,
and body fat mass [33].

2.5. Parameters of Adherence to the TMD

To evaluate the dietary habits of patients and their families, we used the Mediterranean
Diet Quality Index (KIDMED) test [34,35] and the TMD test that we presented in previous
works with the intention of covering the proposed changes by the TMD [33]. The KIDMED
test is one of the most prestigious for evaluating the quality of children’s nutritional
intake based on the TMD. It consists of a questionnaire of 16 questions that must be
answered affirmatively/negatively (yes/no). Affirmative answers to the questions that
represent a negative connotation in relation to the Mediterranean diet (there are four)
are worth —1 point, and affirmative answers to the questions that represent a positive
aspect in relation to the Mediterranean diet (there are 12) are worth +1 point. Negative
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answers do not score. Therefore, this index can range from 0 (minimum adherence) to 12
(maximum adherence). In order to measure the newly proposed points, we developed
a complementary test (the traditional Mediterranean diet test or the TMD test) with the
same structure, to which we have added nutritional and behavioral questions that—in our
opinion—are not reflected in the KIDMED test. This test consists of 20 questions that must
be answered affirmatively /negatively. Unlike the KIDMED test, in the TMD test, all the
questions are positive. They are therefore scored with one point for each affirmative answer,
and the results can range between 0 and 20 points. A test score below or equal to 7 points
is considered ‘poor quality’, a score between 8 and 14 points is considered as ‘need to
improve’, and scores above 15 points are considered as ‘optimal traditional Mediterranean
diet’. At each visit, we evaluate the nutritional tests, and together with the patients and
their parents we analyze any difficulties that may have arisen and examine how we could
modify the behavior to obtain the best results. Both questionnaires allow the KIDMED
index and the TMD index to be calculated. According to scores obtained in the KIDMED
questionnaire, three degrees of the quality of the Mediterranean diet can be obtained:
(a) ‘good” or ‘optimal’, when the score is equal to or greater than eight; (b) ‘average” or

‘need to improve diet or nutritional habits’, when the score is between four and seven,

inclusive; and (c) ‘poorly adapted’ or ‘low-quality diet’, when the score is equal to or less
than three. According to the scores obtained in the TMD index, three grades are obtained:
low quality <7, moderate quality 8-14, optimal quality >14. Physical activity and other
variables of the Mediterranean lifestyle were not considered, programmed, or monitored,
but rather were included only as general recommendations.

2.6. Foundations of the Traditional Mediterranean Diet

This diet is characterized by a high content of fresh, raw, perishable, and seasonal
foods, rich in vegetable fiber, minerals, vitamins, enzymes, and antioxidants; an abundance
of fruits, vegetables, legumes, and whole grains, one of whose characteristics is its low to
moderate glycemic index; sufficient polyunsaturated fats from crude oils, nuts, seeds, and
fish; low protein and saturated fat content of animal origin; and a low use of precooked
and industrial foods. This means, in daily practice, the limitation of products such as
white bread, industrial pastries, cow’s milk, red and processed meats, sugary industrial
beverages, and precooked fast food [36]. The TMD is based on the Decalogue that the
Foundation of the Mediterranean diet proposes to us through its website (Table 2) [37].

Table 2. The Mediterranean diet. Ten basic recommendations.

Use olive oil as your main source of added fat.

Eat plenty of fruits and vegetables; fruits, vegetables, legumes, and nuts.

Bread and other grain products (pasta, rice, and whole grains) should be a part of your everyday diet.

Foods that have undergone minimal processing and that are fresh and locally produced are best.

Consume dairy products on a daily basis, mainly yogurt and cheese.

Red meat should be consumed in moderation and, if possible, as a part of stews and other recipes.

Consume fish abundantly and eggs in moderation.

Fresh fruit should be your everyday dessert, and sweets, cakes, and dairy desserts should be consumed only on occasion.

ORI NG @

Water is the beverage par excellence in the Mediterranean Diet.

10. Be physically active every day since it is just as important as eating well.

This has been proclaimed a cultural heritage and an intangible heritage of humanity by
Unesco [38]. In Table 3, we expose the differences between the TMD and the diet promoted
by “Western civilization”.
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Table 3. Differences between the traditional Mediterranean diet and the “Western civilization” diet.

Traditional Mediterranean Diet Western Civilization Diet

o Breastfeeding

e Adapted milk

e Varied, seasonal fruit

e Baby food jars and canned fruits

e Vegetables and leafy vegetables e Baby food jars and canned vegetables and leafy vegetables
e Pulses and non-processed nuts e Canned pulses and dried, fried, or salted nuts

e Minimally processed and fermented whole grains o Refined, processed cereals with industrial fermenting agents
e Fermented milk, principally goat’s and sheep’s e Whole, processed milks, mainly from cows

o Occasional lean meat, in small quantities e High consumption of red, processed meats

e Minimally processed, perishable, fresh, and local foods e Non-perishable processed and ultra-processed foods

e Limits on products with added chemicals e DPresence of chemical agents and enzyme disrupters

Sample size and statistical analysis: To calculate the sample size, a significance level
of 0.05 and a power of 80% was used, assuming a decrease in the degree of involvement of
ARS per patient and year of 1 unit, and a standard deviation of 3.5 units, adjusting to a
25% loss, which resulted in a sample size of 80 patients. For the analysis of the results, the
statistical package SPSS 15.0 was used. A descriptive analysis was carried out with statistics
of central tendency and dispersion for the quantitative variables and absolute and relative
frequencies for the qualitative variables. The comparison of the results of the different
variables before and after the intervention was carried out by means of the Student’s t-test
for paired data when the variables followed a normal distribution, or by the Wilcoxon test
when they did not adjust to normal, after checking with the Shapiro-Wilk test.

3. Results

Participation was proposed in a program called ‘Learning to eat from the Mediter-
ranean’. The families of 131 patients met the RARS and RSC inclusion criteria. Nine refused
to participate. From the 122 patients included, eight left the program after the first sessions.
Three were due to social or personal difficulties in implementing the diet, two were due
to the disagreement with the limitations of certain foods, and three were due to surgical
interventions indicated by the otorhinolaryngology service and not coordinated with our
team. The study was thus completed with a total of 114 patients (56 girls and 58 boys) with
an average age of 2.9 years. All of the patients included in the study were evaluated at
4 and 12 months after the initial visit. The results obtained were similar in both sexes, and
are thus collated together (Table 4).

Table 4. Sample characteristics. The average age is 2.6 years.

Boys (n = 56) * Girls (n = 58) *
Weight (kg) 14.93 + 3.35 1391 £ 3.21
Height (m) 0.94 + 0.10 0.93 £ 0.11
BMI (kg/m?) 1647 + 1.36 15.80 £ 1.29
Fat mass (%) 14.94 + 2.67 14.90 £+ 2.05
Lean mass (%) 12.61 +2.78 11.77 £ 2.37

* Mean = standard deviation; BMI: body mass index.

Table 5 shows the evolution of the patients with the number of ARS episodes in the
previous year and the following year after the application of the nutritional program; ARS
episodes per child and year were assessed. The evolution of other bacterial complications
of the oropharynx is also exposed.
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Table 5. Evolution during the previous year and during the year of treatment.

Previous Year * Year of Treatment * p

Number of episodes of acute rhinosinusitis (ARS) per child and year 337+1.21 032+ 047 0.01
Number of upper respiratory tract infections (URTI) per child and year 731 +£1.43 2.79 £ 0.67 0.01
Degree of mvolv.ement of persistent nasal obstruction (PNO): 0 (mild); 1.89 + 0.30 0.06 + 0.08 0.03
1 (moderate); 2 (intense).

Others bacterial complications of the oropharynx, by child and year 431 +0.25 0.72 £0.31 0.02
Emergencies per child and year 217 £ 0.75 0.25+0.14 0.03
Antibiotics treatment cycles per child and year 3.71 +£0.67 0.46 +0.28 0.01
Number of symptomatic treatment per child and year 6.82 £1.26 2.94 £0.89 0.02

* Mean = standard deviation.

We have evaluated the degree of clinical involvement of children with RARS and CRS
and we have recorded the mean of their total score before and after the treatment. We have
also assessed the number of times the patients visited the emergency department in the
previous year and the following year, as well as the antibiotic treatment cycles they received
during their inflammatory processes and symptomatic treatment, such as paracetamol,
saline sprays, anti-inflammatory drugs, or expectorant mucolytics (Figure 2).

10.00 - Evolution of the main variables of the study

9.00 -

M Previous year W Year

8.00 n 7.31

6.82

7.00 -
6.00 -
5.00 -
4.00 1 337

3.00 - 2.79
2.00 -
1.00 -

0.32

0.00 - . .
Number ARS Number ARS  Degree of Others Emergencies No.Antibiotics Symptomatic
involvement bacterial treatment
of ARS complications

Figure 2. Evolution of the main variables of the study.

The clinical evaluation test of the patients is shown in Table 1, which shows the
assessment of the families regarding the evolution of the process and the difficulties of
treatment. The anthropometric variables before, at four months, and after intervention,
are set out in Table 6. The mean weight increase the year before the study was 2.33 kg
compared to the current 2.64 kg, and the increase in average height was 8.8 cm compared
to 9.4 cm today.
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Table 6. Anthropometric assessment at the start, after four months, and after one year.

At the Start of Treatment * 4 Months of Treatment * 1 Year of Treatment * p
BMI (body mass index) 16.13 = 1.42 1591 £1.23 15.80 + 1.38 0.02
Fat mass (%) 1491 £ 2.72 14.72 £ 2.55 14.80 £ 2.39 0.02
Lean mass (%) 12.19 +2.49 13.00 + 2.28 14.44 + 2.18 0.03

* Mean = standard deviation.

The mean value of the KIDMED index at the beginning of the program was
7.7 £ 1.82 points; 24.6% of the patients obtained a qualification according to the KIDMED
test of “need to improve” and 69.3% obtained the qualification of “optimal diet”. At the
end of the study, 90.4% of the children obtained optimal levels with a mean of 11 points,
mean difference of 2.11 =+ 0.10 (95% CI: 1.91-2.31 p < 0.01). According to this data, the
average value of the KIDMED index evolved from a score considered medium-high at
the beginning of the program to an optimal value at the end of the program (Table 7,
Figures 3 and 4).

Table 7. The KIDMED test (%).

At the Start After 4 Months After 1 Year
One piece of fruit per day 75.4 66.2 85.1
One+ piece of fruit per day 20.2 17.7 78.9
One vegetable per day 719 63.1 84.2
Vegetables more than once per day 10.5 9.2 63.2
Regularly eats fresh fish (2-3 times/week) 76.3 66.9 84.2
Visits fast food restaurant once or more per week 17.5 15.4 0.9
Legumes 1-2 times/week 78.9 69.3 85.1
Pasta and rice every week 78.1 68.5 84.2
Cereal or derivative for breakfast 81.6 71.6 84.2
Regularly eats dried fruit and nuts 14.9 13.1 421
Olive oil used at home 82.5 723 85.1
No breakfast 10.5 9.2 4.4
Dairy at breakfast 82.5 72.3 84.2
Factory-baked goods for breakfast 33.3 29.2 0.9
Two yoghurts or 40 g cheese/day 78.1 68.5 84.2
Sweets and snacks every day 27.2 239 4.4
KIDMED test Evolution TMD test Evolution
15 - 15 4
101 U 145 1681
10 - 7 7//‘ 10 4 6 8/0/‘
5 4 5
0 T \ \ 0 : : ‘
Begin 4 month 1year Begin 4 month 1year

Figure 3. The KIDMED and the TMD tests evolution.

At the beginning of the study, the mean value of the TMD test was 6.79 & 1.98,
qualifying as a poor-quality diet; 89.5% of the sample obtained a score below eight points
(poor-quality diet) and 10.5% obtained a score between eight and fourteen points (need for
improvement). At the end of the study, the mean score was 16.78 £ 1.90 points, qualifying
as an optimal traditional Mediterranean diet. The TMD test evolved from levels considered
to be low quality to optimal levels (Table 8 and Figure 5). Despite the good score obtained
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with the KIDMED test, the patients maintained the incidence of ARS. However, when
applying the TMD test, we obtained statistically significant results in the evolution of ARS.

Begin 4 months 1vyear
61 9.6 L35 7.0 2.6

\ \

H Optimal quality
M Need to improve

M Optimal quality M Optimal quality

Poor quality m Need to improve m Need to improve
Poor quality Poor quality
Figure 4. Evolution of the quality of diet, measured using the KIDMED test.
Table 8. The traditional Mediterranean diet test (%).
Start 4 Months Year

Minimum two pieces of fruit every day. 28.9 76.3 92.1
Fresh vegetables at every meal, as a first course, or as part of the main course 32.5 58.8 71.9
Limited sugar intake (sweetened breakfast cereal, sweetened yoghurts or milkshakes, cakes,

. . - 12.3 72.8 80.7
soft drinks, sugary biscuits, sweets, ice-cream, etc.).
Sporadic use of potatoes (1-2 times/week) and preferably not fried. 26.3 77.2 86.0
Enjoys legumes and eats them one or more times a week, not always accompanied by meat. 23.7 69.3 79.8
Regular intake of white fish, oily fish, and seafood (2-3 times/week). 73.7 77.2 88.6
Consumes whole grains (whole wheat pasta, brown rice, whole wheat bread, etc.) in a
controlled way, and limits the consumption of refined flour, such as white bread, to less than 14.0 72.8 83.3
40g per day.
Limit the consumption of preservatives and hydrogenated vegetable fats, regularly using 21.9 64.9 833

unprocessed homemade foods.

Dairy: ingested, preferably skimmed in the form of natural yogurt, and preferably goat or
sheep cheese, avoiding the use of sugary yogurts, dairy desserts, creams, margarines, ice 13.2 66.7 80.7
creams, etc.

Only lean processed meats, less than twice per week. 14.9 70.2 85.1
Preferably white meat, less than three times per week (lean). 24.6 77.2 73.7
30-50% of your daily menu consists of raw or undercooked foods (fruits, vegetables, greens, 6.1 36.0 56,1
soups, purees, raw nuts, extra virgin olive oil, etc.), preferably choosing seasonal ones. ’ ' '

Junk food (indoors or outdoors) no more than one time per week. 37.7 78.9 80.7
i(;c:ir:lsstgil;s,g?sazii.n fats, extra virgin olive oil and raw nuts. Avoids poor quality 395 80.7 851
Has a quality breakfast or lunch. 35.1 60.5 84.2
Does not peck between meals. 23.7 58.8 88.6
Adapts to the food made at home (family) and alternatives not offered. 28.9 46.5 87.7
Mealtimes together, avoiding the television or other technology. 57.9 80.7 82.5
Regular physical exercise (running, playing, walking, climbing, etc.) or sport. 73.7 76.3 81.6
Gets 7-9 h of sleep daily. 68.1 85.1 89.2
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Figure 5. Evolution of the quality of diet, measured using the TMD test.

4. Discussion

In view of these results, we suggest that the traditional Mediterranean diet could help
in the prevention and also in the control of RARS and CRS, improve their treatment, and
limit pharmacological and surgical intervention. At the end of the year of the intervention,
less than 5% of the patients treated met the criteria to be classified as having RARS and
CRS. Of the patients, 53.5% did not have any ARS, and 26.3% had only one, when the usual
issue with the conventional treatment is that new episodes would have been repeated and
would have ended up in the OR service. We had few episodes of CRS, probably because
many of the patients already followed an acceptable Mediterranean diet, and because when
they reached three to four annual episodes of ARS, we incorporated them into the TMD.
RARS and CRS often overlap and it is difficult to know when a new rhinosinusitis episode
starts or when it is a relapse of a process that has not yet been resolved [5]. In our study,
most of the patients were diagnosed with RARS.

The number of ARS episodes decreased by 90.5%, from a mean of 3.37 to less than
0.32% episodes per year. Although with age the effectiveness of the immune system
increases and recurrent inflammatory episodes tend to disappear spontaneously, such
a rapid evolution in the disappearance of symptoms could not be anticipated, which
resulted in preventing the patients from having prolonged pharmacological treatments
and undergoing surgery. Thus, we deduce that the nutritional intervention was beneficial
for them. The degree of intensity of the ARS decreased significantly, so that not only did
the total number of ARS episodes decrease, but there was also less involvement and fewer
symptoms in the patients who followed the nutritional guidelines. It is important to note
that during the time that the patients were enrolled in the study, we were extending the
application of the TMD to the entire pediatric population (siblings, relatives, patients with
other recurrent pathologies, and infants under two years of age). This led to a progressive
decrease in the number of patients diagnosed with ARS, thus delaying the achievement of
the sample size [30]. As we had already verified in previous studies, the URTI [25], which
are one of the precipitating reasons for bacterial involvement of the paranasal sinuses,
decreased significantly. In our study, there was 60% less URTI than in the previous year.

The number of other bacterial complications decreased by 88.8% (4.31 in the previous
year versus 0.72 in the year of intervention); 61% of the patients did not have any bacterial
complication during the nutritional intervention period, 28% had only one in the entire
year, and 10% had two, compared to the more than four episodes they had on average
in the previous year. Children with PNO went from a mild-moderate intensity profile to
not at all-mild [28]. Likewise, one of the most frequent reasons for attending pediatric
emergencies is the discomfort caused by ARS, with worsening of the URTI and difficulties
in breathing through the nose and being able to fall asleep; there was a significant reduction
of 88.5% in emergencies compared to the previous year. As a consequence of the decrease
in URTI, ARS, and other bacterial complications, symptomatic treatment decreased by 57%.
Likewise, antibiotic treatment was reduced by 87.6%, which allows us to verify a greater
benignity of the infectious processes. The degree of satisfaction shown by the parents in
the clinical evaluation test was high, with scores indicating a good clinical and therapeutic
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evolution. In the first four months, improvements were already observed compared to the
situation of the previous year, so that loyalty increased and monitoring was easier.

There was a good tolerance to the proposed diet, with easy adaptation and without
great culinary difficulties. The main difficulty was the fulfillment of the diet, as they were
proposed to make a homemade, familiar diet of fresh products that must be prepared, and
the parents did not always have the time and dedication to do it properly. The presence of
a dietitian-nutritionist was essential to guarantee the compliance with the the TMD. By the
end of the program, the dietary habits of the patients had improved in the sample as a whole;
an increase in the number of patients consuming fruits, vegetables, nuts, whole grains, and
fermented dairy products was observed. In general, the consumption of proteins of animal
origin was reduced considerably, especially cow’s milk, red meat, and meat products. The
consumption of processed foods also decreased, especially industrial pastries. Prior to
the development of our study, we promoted the application of a validated test, such as
the KIDMED test [34], with the intention of preventing and treating inflammatory and
recurrent diseases, as well as preventing becoming overweight and obese [33]. Despite
this, we did not obtain satisfactory results, so we decided to implement a new TMD test,
which collected information about important aspects of the Mediterranean diet that had
not previously been detailed. Many of the children who had an optimal KIDMED test
failed on the TMD index. It was only when they began to show improved scores with the
new test that we obtained satisfactory results. In the KIDMED test, some variables that we
believe are important are not considered. For example, no differences are noted between
refined cereals and whole grains, nor are there any references to the consumption of sugar
or sugary industrial juices. Additionally, in general, glycemic index/glycemic load is not
taken into account. In the lipid section, saturated fat consumption is neither limited nor
evaluated. The test does not allow for the detection of an excess consumption of animal
proteins. Additionally, no assessment is made of the consumption of raw food, nor is the
minimum amount to be taken specified. Serving sizes and schedules are not taken into
account. Completing the KIDMED test has not been shown to be effective in our study.
We believe that these small nuances that we have proposed in the TMD test are important
for obtaining satisfactory results in the examination of recurrent inflammatory diseases, in
particular RARS. The patients showed satisfactory predicted growth rates. Their weight,
height, and BMI percentile evolved as expected. A positive result was the slight decrease
in the BMI and fat mass levels and a small increase in height and lean body mass.

Although these data suggest that the intake of healthy foods and/or the avoidance of
non-traditional foods may play an important role in the control of ARS, there are almost
no bibliographic references in the scientific literature. We want to highlight that most of
the studies published on the treatment of RARS and CRS are based on the application
of actions external to the body, such as the use of drugs or surgical intervention. The
nutritional factors have not been taken into account, when the deconfiguration of the
inflammatory system and the immune system due to inadequate food is likely at the base
of these pathologies. The etiology and pathogenesis of this inflammation are often unclear,
although this is believed to represent an inappropriate or excessive immune response to an
external stimulus inhaled through the nasal airways [1].

The research has suggested the protective effect of breastfeeding for at least 6 months,
although other risk factors accumulate after that age [39]. Among them, the early intro-
duction of adapted milk has been noted [40] as well as the abuse of antibiotics [41]. A pan-
European study has shown that children consuming excessive refined flours and processed
animal-based products and having a diet poor in fruit and vegetables have high inflamma-
tory markers, and as a whole, they can be considered to be in a pro-inflammatory state [42].
Likewise, ARS patients have been shown to have an altered regulation of key immune medi-
ators during good health and pathogenesis and are amenable to treatment by immunomod-
ulatory intervention [43]. Predominantly eating foods with a low glycemic index/load—
typical of the TMD—helps to control insulin levels; this hormone may interfere in the
formation of anti-inflammatory eicosanoids, by blocking the A-desaturase enzyme [44].
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Similarly, the TMD is rich in vitamins, minerals, and antioxidants, many of which are indis-
pensable co-factors in the enzymatic chemical reactions involved in the body’s immune
processes. Children with recurrent inflammatory infections have been shown to have poor
responses to pro-inflammatory cytokines and antiviral chemokines [45,46]. High-mobility
group box protein 1 (HMGB1), that acts as a mediator between innate and acquired immu-
nity, is overexpressed and can play a role in the progression of CRS and RARS, acting as an
inflammatory marker and cytokine [47].

There is a growing interest in understanding the alterations of the naso-sinus micro-
biome as a causative factor of the disease. Likewise, it has been considered that there is
a dysfunctional naso-sinus mucosa, in which defects of the epithelial surface may be the
basis of the etiology and pathogenesis of the disorder [48-51]. It has been shown that an
inadequate diet, away from the traditional diet, can alter the rhino-sinus microbiota and
cause intestinal dysbiosis [52]. Biofilms provide a protected environment for pathogens
and can be responsible for persistent or recurrent diseases [1]. The immune system may
not recognize foreign, infrequent, or foreign microbial germs, and cause the cytokines or
other cell signaling molecules to react, which alter inflammatory mechanisms and leave the
respiratory mucosa in a permanent pro-inflammatory state. In this way, in the face of small
stimuli, such as simple catarrhal viruses, hyper-reactivity of the mucous membranes would
be triggered, with flowery symptoms, which would end up causing the usual complications
and in particular the RARS. Adenoid hypertrophy and adenoiditis contribute significantly
to the pathogenesis of RARS, being one of the main differences between the involvement
of children and adults [1,53]. The mechanisms by which the intestinal flora modulates
the immune response are not clear, but it seems prudent to favor an intestinal microbiota
typical of the human species, since evolution and genetic coding have had to configure
a specific symbiosis between nutrition, the intestinal microbiota, and immunity that we
should not modify.

The growing interest in the Mediterranean diet is based on its role in inflammatory
diseases [54]. Several clinical and epidemiological studies, as well as experimental studies,
show that the consumption of the TMD reduces the incidence of certain pathologies
related to oxidative stress, chronic inflammation, and the immune system, such as cancer,
atherosclerosis, or cardiovascular disease [55]. There is evidence that diet and individual
nutrients can influence the systemic markers of immune function and inflammation [56].
The pro-inflammatory actions of platelet-activating factor (PAF), one of the most potent
endogenous mediators of inflammation, can be favorably modulated by the TMD and
regulate its metabolism [57]. The TMD is an ancient diet, dating back to way before
documented history, and which has stood the test of time. Many of the foodstuffs eaten as
part of the Western diet contain materials not recognized or assimilated by the human body.
Many of these products are not absorbed by the intestine, thus encouraging non-specific
microflora that is alien to the human intestinal microbiota. The excess “antigenic load”
inherent in the Western diet of today—which has multiplied the available foodstuffs by the
thousand—may misadjust our immune system, making it weaker and notably hyperplasic.

It has recently been proven that better adherence to the Mediterranean diet may be
associated with a lower risk of COVID-19 [58,59], demonstrating its effect against virus
infections. Secretory IgA antibodies are an important part of the immune defense against
viral diseases. People who ingest Okinawan vegetables have high IgA levels and might be
more likely to develop immunity against influenza RNA viruses [60].

One of the characteristics that every research study should have is that it is easily
reproducible, using small groups, and with little economic cost. The work presented here
is easy to reproduce in any primary care pediatric consultation, but it is not easy to perform
due to the lack of nutritionists and the lack of effective monitoring of the diet.

We could not perform a study with a control group since most of our pediatric
space was adhering to the Mediterranean diet and it did not seem ethical to promote
a pro-inflammatory Western-type diet in a control group. Our hypothesis is precisely
that the standard diet proposed by “Western civilization” is the origin of alterations
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in the inflammatory and immune mechanisms, and therefore the precipitating factor
of most of the inflammatory and recurrent diseases of childhood. It would have been
very interesting to perform analyses that measured the response of the immune system,
inflammatory markers, and the data on the modification of the microbiota when making
the nutritional change.

Most of our patients have been consecutively included in the program “Learning to
eat from the Mediterranean” and we have verified how the prevalence of ARS and other
inflammatory recurrent diseases has decreased considerably. The change of the “model of
medicine” that these research studies entail should not go unnoticed. It is no longer about
remedying a disease with external drugs or surgical interventions, but the therapeutic
proposal is based on providing the body with everything it needs to solve their needs and
eliminate that for which it is not ready.

We can conclude by saying that the application of the traditional Mediterranean
diet could have promising effects in the prevention and treatment of acute recurrent and
chronic rhinosinusitis, with a notable decrease in associated inflammatory diseases, limiting
pharmacological and surgical intervention in many of these patients.
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Abstract: Inflammation of the upper respiratory tract in patients with allergic rhinitis (AR) may
contribute to lower respiratory airways’ inflammation. T-helper 17 (Th17) cells and related cytokines
are also involved in the immunological mechanism of AR along with the classical Th2 cells. It is
hypothesized that upon Th2 pressure, the inflammatory response in the lungs may lead to Th17-
induced neutrophilic inflammation. However, the findings for interleukin-17 (IL-17) are bidirectional.
Furthermore, the role of Th17 cells and their counterpart—T regulatory cells—remains unclear in
AR patients. It was also shown that a regulator of inflammation might be the individual circulating
specific non-coding microRNAs (miRNAs), which were distinctively expressed in AR and bronchial
asthma (BA) patients. However, although several circulating miRNAs have been related to upper and
lower respiratory tract diseases, their function and clinical value are far from being clarified. Still, they
can serve as noninvasive biomarkers for diagnosing, characterizing, and providing therapeutic targets
for anti-inflammatory treatment along with the confirmed contributors to the pathogenesis—Th17
cells and related cytokines. The narrow pathogenetic relationship between the nose and the bronchi,
e.g., upper and lower respiratory tracts, confirms the concept of unified airway diseases. Thus, there
is no doubt that AR and BA should be diagnosed, managed, and treated in an integrated manner.

Keywords: allergic rhinitis; bronchial asthma; allergy; Th17 cells; IL-17; IL-33; microRNA; miR;
airway mucosal inflammation; united airway disease

1. Introduction

The evidence gathered suggests a link between the upper and lower airways, grouped
as “united airway, one disease” [1-5]. The topic is critical, and the interest and involvement
of the specialists are continuously increasing.

Several mechanisms explain this connection. It is well known that the nose and sinuses
have a significant protective function for the respiratory tract by warming, humidifying,
and purifying the inhaled air. Any condition or disease affecting the upper respiratory
tract’s mucosal layer impedes this protection. This leads to exposing the lower respiratory
tract to the harmful effects of polluted air, irritants, and allergens [6]. Therefore, patients
suffering from allergic rhinitis (AR), sinusitis, and /or nasal polyposis may exhibit airway
inflammation along with bronchial hyper-reactivity. Nasal and sinus involvement is closely
related to bronchial asthma at both pathophysiological and clinical levels [1,2].

This review aims to reveal the recent advances in the “united airway disease pathway,”
focusing on allergic rhinitis, rhinosinusitis, and other airway conditions, such as bronchial
hyper-reactivity and allergic asthma. Along with the common pathophysiology, the upper
and lower airway diseases share common diagnostic and treatment approaches. This is
especially valid when multiple conditions present simultaneously.
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2. Allergic Rhinitis in the Continuum of Airway Inflammation

One of the most common allergic diseases is AR, affecting up to 40% of the popula-
tion [7]. The prevalence in the Bulgarian population is 18.2%, as shown in a 2000 study [8].
The disease is IgE-mediated and non-infectious, affecting the nasal mucosa. The condition
may involve the conjunctiva in 70-75% of cases after contact with environmental aller-
gens [9]. Although AR is not a life-threatening disease, it significantly impairs patients’
quality of life and the efficiency of daily activities [10].

Approximately 40% of patients have comorbidities such as bronchial asthma (BA),
while most patients with BA (85-90%) also have concomitant AR [11]. In patients with BA,
the inflammation affecting the nose and sinuses shares common pathological features with
that of the lungs [1,10].

It is worth mentioning that in nasal polyposis, the inflammation is predominantly
eosinophilic with local production of IgE antibodies [12]. Furthermore, nasal polyps formed
by the mucosa’s growth in the paranasal sinuses and that prolapse into the nasal cavity
contribute to the nasal obstruction. In clinical practice, the simultaneous presence of BA,
polyposis, and aspirin sensitivity is referred to as Samter’s triad, or aspirin-exacerbated
respiratory disease [13]. This is another proof of the united airway pathway concept.

3. Upper Airway Cough Syndrome

The relationship between the upper and lower respiratory tracts can be represented
with the common symptom of coughing. The latter remains a diagnostic and treatment
challenge in clinical practice. Upper respiratory tract infections play a significant role as a
risk factor in the development of asthma. Moreover, they are the most common identified
cause of chronic cough in adults [14]. Inflammation is common among chronic diseases
characterized by coughing. Usually, the inflammatory process is spread from the upper to
the lower respiratory tract [15].

In line with this, chronic inflammation that affects the upper and lower respiratory
tracts is referred to as sinobronchial syndrome [16]. This syndrome includes chronic
rhinosinusitis together with nonspecific inflammation of the lower airways (e.g., chronic
bronchitis, bronchiectasis, and diffuse panbronchiolitis). It has been hypothesized that
sinusitis occurs first, then the inflammation progresses to bronchial disease. Clinically,
markers of bronchial irritation usually correlate with sinusitis severity. This hypothesis
assumes that postnasal drip entering the trachea plays an essential role in developing the
disease [17,18]. The anatomical relation between the upper and lower airways suggests the
possible involvement of nasal discharge to provoke bronchial hyper-reactivity in patients
with AR or rhinosinusitis [19]. As postnasal drip is not a diagnosis but a symptom, a broad
differential diagnosis should be made, including AR, vasomotor rhinitis, viral or bacterial
infections, and nasal polyps [20].

Upper airway cough syndrome (UACS) is the cause of chronic cough in 18.6-67%
of cases in China [21]. Cough in patients with UACS is usually secondary due to upper
airway diseases (i.e., affecting the nose and sinuses). Pekova et al. reported increased
cough sensitivity in patients with AR without cough relative to healthy controls’ sensitivity
to cough. The difference between the two groups was predominantly pronounced during
the pollen season. Nevertheless, the cough hypersensitivity syndrome observed in allergic
patients may be one of the mechanisms leading to cough in patients with UACS [22].

Cough hypersensitivity to capsaicin in patients with allergic asthma increases during
the birch pollen season. Increased sensitivity was observed with prolonged pollen exposure
in the same patients. This observation suggests that allergic inflammation of the lower
and/or the upper respiratory tract stimulates neurogenic mechanisms of significant clinical
importance [23]. Explanations include that patients with AR may have an increased
number of neurons that release large amounts of neuroinflammatory mediators in the nasal
mucosa. Inflammatory mediators not only activate sensory neurons but also sensitize them,
lowering their activation threshold.
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Kaiser et al. [24] studied neuropeptides’ levels in nasal secretions in patients with
and without chronic cough. They found that patients with cough and postnasal drip had
significantly higher levels of neuropeptides, such as calcitonin gene-related peptide (CGRP)
and substance P (SP), compared to patients without complaints. This study supports
and confirms the role of neuropeptides in increased nasopharyngeal discharge and cough
hypersensitivity in the context of the united airway disease.

4. Immune Cells Involved in United Airway Inflammation

It was previously established that to maintain immune homeostasis, it is vital to
obtain a balance between the regulatory and effectors immune cells, such as T-helper
type 1 (Th1) and type 2 (Th2) cells. As the Th1/Th2 balance dysregulates, the released
cytokines contribute to the development of chronic inflammation of the mucosa, resulting
in autoimmune or allergic diseases [25].

It is assumed that AR is related to the first type of allergic sensitization in Coombs’
classification, where the involvement of IgE antibodies is crucial [26]. Early and late phases
of an allergic response are observed.

Briefly, the immunological mechanism can be represented as follows: upon contact
with the mucosa, the allergen is taken up by the antigen-presenting cells, which process
it and present it to Th2 cells. Activated Th2 lymphocytes release IL-4, IL-6, IL-13, etc.,
which interact with B lymphocytes. This interaction leads to the activation of B cells
and the synthesis of specific IgE antibodies. IgE antibodies bind to their high-affinity
receptors on mast cells” surfaces and, upon contact with the specific allergen, lead to cell
degranulation. As a result, several mediators are released, such as histamine, leukotrienes,
and prostaglandins. This description represents the early phase of an allergic response
observed within the first few minutes after the allergen contact that lasts 2-3 h.

In the late phase, which occurs 4-6 h after antigenic stimulation, cellular infiltration of
the mucosa consists mainly of T lymphocytes, eosinophils, and basophils. In the described
Th2 response, IgE antibody production requires two main signals to switch B cells to an
IgE antibody-producing plasma cell. The first signal is provided by the cytokines IL-4
or IL-13, which interact with B cell receptors. They transmit the signal by activating the
tyrosine kinases of the Janus family— Janus kinase 1 (JAK1) and JAK3—which leads to
phosphorylation of the STAT6 transcription regulator. The second signal for IgE switching
is additional stimulation by contact between the CD40 ligand on the T cell surface and
CD40 on the B cell surface [27]. It is worth mentioning that the allergen stimulation of the
immune system leads to priming of the entire mucosa of the airways.

Nasal polyps are also rich in inflammatory immune cells, such as eosinophils, Th
lymphocytes, plasma cells, and mast cells. Histologically, nasal polyps are characterized
by an edematous stroma, eosinophilia, a thickened basement membrane, and a damaged
ciliary epithelium. It is not surprising that chronic inflammation in the nasal polyps, allergic
or not, resembles the bronchial mucosa inflammation observed in asthma. This once again
confirms the united disease pathways of the airways. Nevertheless, in 30-70% of patients
with nasal polyposis, accompanying BA is diagnosed [28].

Interestingly, it was shown that AR without polyposis or eosinophilic inflammation
may not possess the common airway pathways with asthma, unlike the case where all
present together [29]. Taken together, data on the united airway pathway suggest that AR
should be seen as predictive risk factor for asthma [30].

5. Th17 Cells Role in the Common Inflammation of the Airways

In recent decades, discovering Th17 cells and regulatory T (Treg) cells has dramatically
complicated the established Th1/Th2 paradigm. Involvement of the two counterparts—
Th17 cells and Tregs—complicates the understanding of AR’s pathogenesis [31]. The role
of Th17 cells in neutrophil infiltration and chronic inflammation in AR and asthma is well
established. Moreover, it was confirmed that the balance between Th17/Treg cells matters
clinically in allergic and autoimmune diseases.
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Speaking of the united airway pathway, the participation of Th17 in the pathogenesis
and progression of AR and other diseases is also proven. Moreover, a correlation of
IL-17 levels in the inflamed airway mucosa with the severity of the allergic disease was
found [32].

Many studies have proven the involvement of Th17 cells and IL-17 in the immuno-
logical mechanism of AR. A recent study by Huang et al. [33] examined Th17/Treg cells
immunity in AR patients. The results showed that Th17 cells were significantly increased in
the peripheral blood of patients with AR, whereas the Treg cell number was decreased. The
results suggested that the Th17/Treg imbalance plays a crucial role in AR’s pathogenesis
and severity.

Moreover, Milovanovic et al. demonstrated that IL-17 could induce B cell switching
to IgE antibody production, endorsing, once again, the involvement of Th17 in allergic
diseases [34]. However, Th17 cells produce a large number of mediators, but IL-17A can
directly induce IgE production.

A schematic picture of the immune mediators and cells involved in the airway mucosa
inflammation is presented in Figure 1.
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Figure 1. Immunological interactions in the inflamed mucosa in the concept of united airway disease.
Naive T cells differentiate either into Th2, Tregs, or Th17 cells. By secreting a distinct array of
cytokines, Th17, Th2, and Treg cells connect innate and adaptive immune responses in the airway
mucosa, especially during mucosal inflammation. Balance of Th17/Tegs is needed to maintain the
immune homeostasis in the mucosa and to resolve the inflammation. Note: allergens are presented
as different shaped objects in the airway lumen.

Another cytokine with a role in the common airway inflammation and allergic diseases
is IL-33. It is a member of the IL-1 cytokine family released in response to epithelial cell
damage. IL-33 exerts many actions by interacting with the suppressor of tumorigenicity 2
(ST2) receptor. Furthermore, it can induce Th2 cytokine-mediated allergic inflammation [35].

64



Sinusitis 2021, 5

The IL-33/5ST2-induced Th2 response has been found to interact with the Th17 immune
response in AR pathology [36,37]. IL-33 also induces the production of proinflammatory
cytokines and participates in the pathogenesis of diseases other than AR, such as atopic
dermatitis, BA, and pollinosis.

The crucial role of IL-33 in the united airway inflammation is based on bridging the
innate and acquired immune responses in allergic diseases [38]. Clinically, this connection
was evaluated by the reported correlation of IL-33 levels and the AR severity [39].

Other cytokines, such as those with anti-inflammatory properties—IL-10, TGF-f3, and
IL-35—and related to Th17 and Th22 cells—IL-22 and IL-27—might shape the allergic
responses as well. Still, there are few reports on their role [40]. The cytokines related to
Th17 and Treg activation while suppressing Thl cells—IL-17, IL-22, and TGF-—were
found enhanced in AR patients. On the contrary, IL-35, which was shown to inhibit both
Th2- and Th17-mediated allergic airway inflammation, was detected low in patients with
AR, showing the possible role in the pathogenesis of allergic diseases [40].

6. Diagnostic and Therapeutic Approaches in the Light of the United Airway Pathway

By enhancing the understanding of the inflammation of the upper respiratory tract
and the pathogenesis of AR and other allergic diseases, new diagnostic and therapeutic
approaches can be established. They can facilitate the management and follow-up of the
patients and improve their quality of life.

6.1. microRNAs as a Promising Tool in United Airway Disease Diagnosis

Promising and advanced tools for diagnosing and managing patients with AR and
BA are the small non-coding RNAs, known as microRNAs (miRNA or miR). As specific
gene expression regulators, miRNAs regulate many biological processes, including cell
differentiation, proliferation, and survival [41]. Furthermore, they can serve as noninvasive
biomarkers for diagnosis, molecular classification, severity, and relapse prediction [38].
miRNAs tend to participate in the pathogenesis of both AR and BA. It was shown that
individual circulating miRNAs were distinctively expressed in AR and BA patients [42].

Moreover, few studies examined their role in clinical settings. Suojalehto et al. found
increased levels of miR-143, miR-187, miR-498, miR-874, and miR-886-3p and decreased
levels of let-7e, miR-18a, miR-126, miR-155, and miR-224 in BA compared to controls [42].
However, these results were independent of concomitant AR. Thus, no distinction was
made between BA and AR based on these expressions.

In the second study, Suojalehto et al. [43] found upregulated expression of miR-155,
miR-205, and miR-498 but downregulated expression of let-7e in the nasal mucosa of AR
patients and current symptoms in comparison with AR without asthma. However, the
cytokine levels (IL-4, IL-5, and IL-13) and miRNA expression profile were comparable in
AR with or without AB, suggesting that concomitant asthma might have a minor impact.

In addition, an alternative to the nonsteroidal anti-inflammatory treatment, adjusting
and regulating the miRNA network, may be a promising therapy approach.

6.2. Biological Therapy in the Focus of United Airway Disease

The success of all available treatment strategies for united airway disease relies on the
combined targeting of all clinically presented diseases. The similar pathological pathways
and common mucosal inflammation, along with the parallel incidence of AR and BA,
lead to the approach for similar treatment, including biological therapy, as we showed
previously [44-47].

The strategy of using biological agents has been investigated in patients with AR,
BA, and other allergic diseases. Biological therapy was considered a beneficial treatment
option in patients with severe uncontrolled phenotypes of diseases. Omalizumab, which
represents a humanized anti-IgE monoclonal antibody, has been studied extensively for
AR and BA. It confirmed its effectiveness in preventing IgE to attach to its high-affinity
receptors. Moreover, omalizumab’s clinical outcomes have been linked to reducing nasal
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and asthma symptoms, decreasing the number of exacerbations by affecting both the upper
and lower airways [47]. All of these led to an overall improvement in the quality of life of
the patients.

Another monoclonal antibody used for both AR and BA—mepolizumab—acts by block-
ing the binding of IL-5 to eosinophils. Mepolizumab has also shown efficacy in improving
the severity of eosinophilic airway diseases, especially in BA and nasal polyps [48,49].

Nevertheless, we must always have in mind that monoclonal therapy is not without
systemic effects. In line with this, in patients with united airway disease due to the effects
of therapy on AR improvement, it is hardly possible to design a study to distinguish the
improvement in BA alone. In line with this, management of AR and BA must be carried
out together to obtain better control of both diseases [50].

7. Conclusions

The concept of unified airway diseases has been the subject of attention in recent
years. The pathogenetic relationship of the nose and the bronchi and alveoli, along with
the observed common inflammation, provides a niche to create new diagnostic and thera-
peutic options.

With Th17 cells and other immune cells and mediators, gene alteration and regulation
by miRNA complicate the picture of the united airway inflammation. More research here
is needed to better understand the associations between the upper and lower airways.
However, there is no doubt that AR and BA should be diagnosed, managed, and treated in
an integrated manner.
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Abstract: Introduction: Asthma is a chronic inflammatory disorder of the airways often characterized
by airway remodeling and influx of inflammatory cells into the airways. Saffron (C. sativus) has been
reported to possess anti-inflammatory, anti-allergic and immunomodulatory properties. Salbutamol
is known to relax airway smooth muscles. Objective: To investigate the combined anti-asthmatic effect
of C. sativus extract (CSE) and salbutamol in an ovalbumin (OVA)-induced asthma in rats. Materials
and methods: Airway hyperresponsiveness (AHR) was induced in male Sprague-Dawley rats by
OVA challenge and treated with CSE (30 mg/kg and 60 mg/kg i.p.) and salbutamol (0.5 mg/kg p.o)
for 28 days. After the induction period, various hematological, biochemical, molecular (ELISA) and
histological analyses were performed. Results: OVA-induced alterations observed in hematological
parameters (total and differential cell counts observed in Bronchoalveolar Lavage Fluid (BALF) were
significantly attenuated (p < 0.01) by CSE (30 mg/kg and 60 mg/kg) and salbutamol (0.5 mg/kg). The
treatment combination also significantly decreased (p < 0.01) the levels of total protein and albumin
in serum, BALF and lung tissues. Treatment with CSE and salbutamol significantly attenuated
(p < 0.01) increase in OVA induced Th2 cytokine levels (TNF-c, IL-1f3, IL-4, IL-13). Histopathological
analysis of lung tissue showed that combined effect of CSE and salbutamol treatment ameliorated
OVA-induced inflammatory influx and ultrastructural aberrations. Conclusion: The results obtained
from this study show that the combined effect of CSE and salbutamol exhibited anti-asthmatic
properties via its anti-inflammatory effect and by alleviating Th2 mediated immune response. Thus,
this treatment combination could be considered as a new therapeutic strategy for management of
asthma.

Keywords: asthma; ovalbumin; saffron; salbutamol; IL's; TNF-x

1. Introduction

Amongst chronic respiratory diseases, chronic obstructive pulmonary disease (COPD)
and asthma are the leading cause of mortality worldwide [1]. Asthma is a complex
heterogeneous chronic disease that affects people of diverse age groups. It is characterized
by three main features: (1) Chronic inflammation of the airways (2) Variable airflow
obstruction (3) Airway hyperresponsiveness (AHR). Other characteristic features include
airway constriction, increased mucus production, reversible bronchospasm, multicellular
inflammation and airway remodeling.

Inflammatory mediators such as eosinophils, neutrophils, mast cells, T lymphocytes,
and dendritic cells play a major role in the development of asthma [2]. Acute lung inflam-
mation followed by lung injury leads to pulmonary fibrosis, which in turn impairs gas
exchange. Influx of eosinophils into the airways can cause epithelial damage, exudation of
plasma wall, airway wall and basement membrane thickening [3,4].

Various treatment strategies have been devised for effective management and treat-
ment of asthma. These include inhaled Bronchoprovocation challenges, corticosteroids,
mast cell stabilizers, 32 adrenergic agonists, anti cholinergics, antihistamines, leukotriene
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modifiers etc. [5] Corticosteroids along with bronchodilators are the treatment of choice
for severe asthmatics. Various studies involving dexamethasone has failed to show sig-
nificant improvement in respiratory clinical score or hospital admission rate, whereas
according to a meta-analysis, beta2-agonists failed to improve clinical symptoms when
compared with a placebo [6,7]. In another study, no improvement was observed when
dexamethasone, salbutamol, epinephrine was given alone in a similar set of population [8].
However, combination therapy involving dexamethasone and salbutamol has reported an
improvement in hospital admission rate or respiratory clinical score when compared with
placebo. Although the exact mechanism of action for this combination therapy is unknown,
synergism between these two classes of drugs is well documented. Reports suggest that
this combination of drugs showed a synergistic effect in children with bronchiolitis [6,8].
Patients experience different comorbidities due to prolong use of different corticosteroids.
Hence it is imperative to find a substitute that can replace or to certain extent diminish the
side effects associated with corticosteroids.

However, the current treatment regimen largely aims to decrease the symptoms and
improve lung function by decreasing airway inflammation and restoring normal lung
functions. Despite this, only a fraction of patients receives symptomatic relief. Side effects
associated with these treatment strategies are a major concern. Thus, there is a need to
develop medications that are not only efficacious but are also safe at the same time [5].

Saffron (C. Sativus) along with salbutamol could be considered as a potential drug to
substitute corticosteroids because of its immunomodulatory, anti-inflammatory and airway
smooth muscle relaxing effects. The present study aims to investigate the combined effect
of saffron extract and Salbutamol in an ovalbumin-induced rat model of asthma.

2. Material and methods
2.1. Preparation of C. sativus Extract (CSE)

C. sativus extract (CSE) was prepared according to the method previously described [9].
An ultrasound-assisted extraction was performed in order to obtain the CSE. Saffron petals
were crushed into powder and suspended in distilled water containing 0.3% Tween-80.
This suspension was sonicated for 10 min in an ultrasound water bath (water temperature
at 25 °C) and was passed through a 0.45 um filter. The resulting solution (CSE) was then
administered intraperitoneally (i.p.) in a volume of 0.5 mL per rat.

2.2. Animals

Healthy Sprague Dawley rats with a weight range of 180-200 g were procured from
National Institute of Biosciences. They were housed in Perspex cages and maintained
under standard laboratory conditions (12 h: 12 h dark—light cycle, a temperature of (24 +
2 °C and 45-55% humidity. The animals were fed on standard food pellets and drinking
water ad libitum. Before starting the experiment, animals were acclimatized for a period of
one week. The entire experimental protocol was reviewed and approved by an Institutional
Animal Ethics Committee registered under “Committee for the Purpose of Control and
Supervision of Experiment on Laboratory Animals” (CPCSEA), Ministry of Environment
and Forests, Government of India. Approval number—CPCSEA /IAEC/P-34/2018.

2.3. Chemicals

Ovalbumin (OVA, egg albumin grade II), and aluminum hydroxide were purchased
from Sigma Chemical Co. (St Louis, MO), Salbutamol was purchased from TCI chemicals
(Tokyo, Japan), Saffron was purchased from Yucca enterprises (Mumbai, India). Marketed
preparation of Dexamethasone sodium phosphate was used (Martin & Brown Biosciences).
All other purchases were made from S.D. fine chemicals (Mumbai, India).

2.4. Preparation of Crocus Sativus Extract (CSE):

Different Dosages of CSE Extract Was Freshly Prepared and Administered Intraperi-
toneally (i.p.) in a Volume of 0.5 mL per Rat. Salbutamol was Freshly Prepared Daily
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A

as 1% Aqueous Solution of Saline and Administered Orally at a Dose of 0.5 mg/kg [10].
Dexamethasone Sodium Phosphate (0.1 mg/kg) Was Administered as per Body Weight.
Control Animals Received Isovolumetric Amounts (0.5 mL) of 0.3% Tween-80.

2.5. Induction of Asthma

Sensitization procedures and aerosol challenge were performed according to reported
procedure with some minor changes [11]. Animals were actively sensitized by an intraperi-
toneal (i.p.) injection of 0.66 mL of a suspension of 1 mg OVA plus 300 mg of aluminum
hydroxide in saline, this was considered as Day 0 of sensitization. Seven days after sen-
sitization, the animals were boosted subcutaneously (s.c.) with an identical injection of
aluminum-precipitated OVA in all the mentioned groups except normal control. The
aluminum precipitate acts as an adjuvant to promote IgE production. The standard drugs
and treatment drugs were administered daily for all 28 days in the standard and treatment
groups, respectively. On day 28, intranasal (i.n.) OVA-aerosol challenge was accomplished
by placing the rats individually in a polyurethane chamber connected to a nebulizer. This
generated an aerosol mist pumped into the exposure chamber with an output volume
of 10 mL. Except the Normal Control group, all other groups were exposed to 1% OVA-
aerosol challenge for 15 min. Animals in normal control group were given saline aerosol
for 15 min. On Day 29, 24 h after final OVA challenge (saline challenge for normal control
group), the animals were anesthetized using urethane (1.25 g/kg) for collection of blood
and Bronchoalveolar Lavage (BAL) fluid for biochemical evaluation. After that the animals
were sacrificed, their lungs were isolated for further analyses. (Figure 1)

1 mg OVA + 300 mg of
Al(OH);in saline
(intraperitoneally)

v

3 28 < Days
v ¥
1 mg OVA + 300 OVA challenge
mg of Al(OH):in (intranasally) for 15
saline minutes
(subcutaneously)

Standard and

> Combination groups < >

received treatment for
28 days

Figure 1. Timeline of the study.

Groups:

Normal Control—0.9% w/v saline

Negative control—Img OVA + 300 mg Aluminium hydroxide
Standard—Dexamethasone (0.1 mg/kg) i.p + Salbutamol (0.5 mg/kg) oral
Combination 1—Saffron (30 mg/kg) i.p + Salbutamol (0.5 mg/kg) oral
Combination 2—Saffron (60 mg/kg) i.p + Salbutamol (0.5 mg/kg) oral

mo0w»>
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2.6. Determination of Cell Count in Blood

Blood (3 mL) was collected in a heparinized tube from each animal under anesthesia
(urethane (1.25 mg/kg)) and used for leukocyte count. These samples were collected from
retro-orbital plexus of rats. Each sample was centrifuged at 500x ¢ for 10 min at 4 °C;
the cells in the pellet were washed in 0.5 mL saline, and total cells were counted using
automated cell counter. In order to perform differential analyses, aliquots of the cells were
placed onto slides and then stained with Field’s stain to identify eosinophils, lymphocytes,
or neutrophils using standard morphologic determinants.

2.7. Collection of Bronchoalveolar Lavage Fluid (BALF)

Ice-cold PBS (0.5 mL) was instilled into the lungs and BALF was obtained by three
aspirations (total volume 1.5 mL) via tracheal cannulation [11]. Each BALF was centrifuged,
and the supernatant collected was stored at 70 °C. Total inflammatory cell numbers were
assessed by counting cells in at least five squares of a hemocytometer, after exclusion of
dead cells stained with trypan blue. Cell pellets were suspended in 0.5 mL PBS, and 100 mL
of each solution was spun onto a slide.

2.8. Lung Tissue Homogenate Preparation

After collection of BAL fluid, animals were sacrificed. About 1 g of the lung tissue
was homogenized in buffer solution (2 mL) of phosphate-buffered saline in a ratio of 1:2
(w/v; 1 g tissue with 2 mL PBS, pH 7.4). Homogenates were centrifuged at 10,000 g for
15 min at 4 °C in a refrigerated centrifuge (Eltrec, India). The supernatants were divided
into aliquots, then stored at 20 °C, and used for further evaluation [12].

2.9. Determination of Inflammatory Cytokines Using Enzyme-Linked Immunosorbent
Assay (ELISA)

To determine the levels of cytokines in vivo, BALF and lung homogenate samples
were collected 24 h after the final OVA challenge. IL-4, IL-13, IL-1 3 and Tumor necrosis
factor-alpha (TNF-«) were assayed with commercially available ELISA kits (Krishgen
Biosystems, India).

2.10. Biochemical Estimation (Total Protein and Albumin)

The activity of albumin in serum, BAL and lungs were measured using commercially
available reagent kits (ERBA Diagnostics, India). Blood was centrifuged at 6000 rpm for
10 min. Serum samples were collected and frozen at —80 °C until the time of analysis.

2.11. Enzyme-Linked Immunosorbent Assay (ELISA)

To determine the levels of cytokines in vivo, BALF and lung homogenate, samples
were collected 24 h after the final OVA challenge. IL-4, IL-13, IL-1 3 and Tumor necrosis
factor-alpha (TNF-o) were assayed with commercially available ELISA kits (Krishgen
Biosystems, India), according to the manufacturer’s instruction.

2.12. Histopathological Examination

At the end of the study rats from each group were sacrificed by urethane and their
lungs were excised, washed and cleaned with 0.9% saline and kept in 10% neutral formalin
and given for histopathological examination by staining it with Haematoxylin and Eosin
(H & E) [12]. These tissues were trimmed and routinely processed. Tissue processing was
done to dehydrate in ascending grades of alcohol, clearing in xylene and embedded in
paraffin wax. Paraffin wax embedded tissue blocks were sections at 4-5 um thickness with
the Rotary Microtome. All the slides were stained with Haematoxylin & Eosin (H & E)
stain. The prepared slides were examined under microscope and photomicrographs were
taken at 40x.
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2.13. Statistical Analysis

The statistical evaluation was performed with the assistance of GraphPad prism 5 for
64 bit Windows Version. All the experimental groups were compared to assess the statistical
significance using One-way analysis of variance (ANOVA). Each test was followed by
the Dunnet’s multiple comparison. The data are represented as mean + SEM values and
p values < 0.05 were considered as statistically significant.

3. Results
3.1. Effect of Treatment Combination on OVA Induced Alterations in Body Weight and Relative
Lungs Weight

In the present study, negative control group were observed with reduced body weight
and an increased relative lungs weight as compared to normal control group (** p < 0.01).
However, Standard group showed significant reduction in body weight as compared to
normal control (** p < 0.01). Combination 2 group restored the decrease in body weight as
compared to negative control (## p < 0.01) (Table 1)

Table 1. Effect of treatment combination on OVA induced alterations in Body Weight and Relative

lungs weight.
Normal Negative Combination Combination
Parameter Control Control Standard 1 2
Body weight 273 + 4.74 202 £394% 193+ 3.16** 210.2;&: 3.26 223.i:t 4.79
(gm) ##
Relative
Lungs 072 +£455 176 £020*  087+£147 1.02+£214* 095+£3.17*
weight (gm)

Data were analyzed by one-way ANOVA followed by Dunnett’s Multiple Comparisons Test. Values are expressed
as Mean + S.E.M. (n = 6). Statistical significance was assessed as * p < 0.05, ** p < 0.01 vs normal control group
and ## p < 0.01 vs. negative control group. Standard: 0.1 mg/kg dexamethasone + 0.5 mg/kg salbutamol,
Combination 1: 30 mg/kg CSE + 0.5 mg/kg salbutamol, Combination 2: 60 mg/kg CSE + 0.5 mg/kg salbutamol.

3.2. Effect of Treatment Combination on OVA-Induced Alteration in Hematological Parameters

Evaluation of different hematological parameters provides better understanding of
the diseased state. In the present study, significant changes in hematological parameters
of negative control rats were observed as compared to normal control rats. As compared
to normal control group, a significant decrease in hemoglobin, red blood cells (RBC)
count, PCV%, MCV% was observed, in negative control group (** p < 0.01). Treatment
combinations (30 mg/kg CSE + 0.5 mg/kg salbutamol, 60mg/kg CSE + 0.5 mg/kg salbu-
tamol) significantly ameliorated these alterations observed in hematological parameters
as compared to negative control rats (## p < 0.01). Standard combination (0.1 mg/kg dex-
amethasone + 0.5 mg/kg salbutamol) also decreased these aforementioned hematological
parameters as compared to negative control group (## p < 0.01). In case of mean platelet
count, WBCs, neutrophils and lymphocytes, a significant increase was observed in negative
control group as compared to normal control group (** p < 0.01). When compared with
normal control rats, Treatment combinations (30 mg/kg CSE + 0.5 mg/kg salbutamol,
60 mg/kg CSE + 0.5 mg/kg salbutamol) and standard group showed significant inhibition
in differential WBCs, neutrophil and lymphocyte count (## p < 0.01). (Table 2)
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Table 2. Effect of treatment combination on OVA-induced alteration in hematological parameters
and differential cell counts in BAL fluid of rats.

Parameter Normal Negative Standard Treatment 1 Treatment 2
Control Control
Hemoglobin 11.15 £ 0.11 14.38 £ 0.35 12.73 £ 0.11 1393 £ 0.24
(gmydl) 15.05 4 0.25 - it it ity
RBC 8.84 +0.2 8.18 +0.12 8.74 +0.10 8.09 +0.16 8.76 = 0.23
PCV% 430 +1.34 35.98:1: 0.86 4411 +0.83 37.73 it 0.43 4191 £ 151
## * ##
o 41.05 + 0.34 48.78 + 1.44 46.03 - 1.20 46.88 +0.78
MCV% 47.93 4+ 0.42 - p» s ”
Mean 4.84 £ 0.30 824067 5a64019#% 7104069% 601 +035#
Platelets i
WBC 26.89 +1.49 16.41 £ 0.56 19.88 £+ 1.30 1845 +1.13
(x 10%/mm3) 15.83 4 0.85 # H#H# 4 ##
N (%) 285+ 1.05 46.16 - 1.03 29.83 4+ 0.87 35.5 +0.42 66 + 0.89 ##
*% ## **##
o 7433 +1.41 63.66 + 1.28 32.66 £ 0.76 64.83 £+ 0.98
L (%) 62.83 £ 1.40 - » " i
BALF-
Total cell 9.63 £+ 0.52 49'85*;5 2.53 15.01 £+ 1.05 27'45*i 1.24 21‘09*i 179
count
N (x 103) 269 +0.17 15.32 £ 1.66 417+ 0.28 #4 8.35 + 0.42 6.18 + 0.54
*% *HHE wkf
L (x 103) 3113 + 0.23 1557 £ 1.62 470 + 033 ## 9.33 £ 0.42 7.80 & 0.76
*% **## **##
E(x 103) 0.16 + 0.02 229 +0.22*  0.22 4 0.04 ## 0'72,:;#0'04 0'67*:#0’09
M (x 103) 0.15+0.17 1.39 £0.19* 0.26 £ 0.02#¢ 1.09 &+ 0.04 ** 0'53*:#0'10
Epithelial
cells 3.507 +0.21 15'26,3: 0.51 5.45 4 0.42 ## 7'89*3: 0.52 5.89 £ 0.50 ##
(x 10%) i

Data were analyzed by one-way ANOVA followed by Dunnett’s Multiple Comparisons Test. Values are expressed
as Mean &+ S.E.M. (n = 6). Statistical significance was assessed as * p < 0.05, ** p < 0.01, *** p < 0.001 vs. normal
control group and # p < 0.05, ## p < 0.01, vs. negative control group. N—Neutrophils, L—Lymphocytes, E—
Eosinophils, M—Monocytes. Standard: 0.1 mg/kg dexamethasone + 0.5 mg/kg salbutamol, Combination
1: 30 mg/kg CSE + 0.5 mg/kg salbutamol, Combination 2: 60 mg/kg CSE + 0.5 mg/kg salbutamol.

3.3. Inflammatory and Differential Cell Counts in BALF

BALF differential and total cell counts were increased significantly in negative con-
trol rats as compared to normal control (*** p < 0.001). However, Treatment combination
groups (30 mg/kg CSE + 0.5 mg/kg salbutamol, 60mg/kg CSE + 0.5 mg/kg salbuta-
mol) showed significant decrease in BAL fluid count as compared to negative control
group (### p < 0.001). Also in case of Standard (0.1 mg/kg dexamethasone + 0.5 mg/kg
salbutamol) group BALF total and differential cell count were significantly decreased as
compared to negative control group (## p < 0.01)

3.4. Effect of Treatment Combination on OVA-Induced Alteration in the Levels of Total Protein in
Serum, BALF and Lung Tissues of Rats

In the present investigation, Negative control rats showed significant increase in total
protein levels in serum (** p < 0.01), BALF (** p < 0.01) and lung tissues (** p < 0.01) as
compared to normal control rats. Increase in total protein and albumin was significantly
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inhibited by treatment combinations (30 mg/kg CSE+ 0.5 mg/kg salbutamol, 60 mg/kg
CSE + 0.5 mg/kg salbutamol) in serum, BALF and lung tissues (## p < 0.01) as compared
to negative control rats. Standard group (0.1 mg/kg dexamethasone + 0.5 mg/kg salbuta-
mol) significantly decreased total protein levels in serum, BALF and lung tissues of rats
(## p < 0.01) as compared to negative control group.

3.5. Effect of Treatment Combination on OVA-Induced Alteration in Albumin Levels in Serum
and BALF

An increase in albumin levels in serum and BALF of negative control group was
observed as compared to normal control group (** p < 0.01). However standard group
(0.1 mg/kg dexamethasone + 0.5 mg/kg salbutamol) and treatment groups (30 mg/kg CSE
+ 0.5 mg/kg salbutamol, 60 mg/kg CSE + 0.5 mg/kg salbutamol) decreased albumin levels
in serum and BALF (## p < 0.01) as compared to negative control group. (Refer Table 3)

Table 3. Effect of treatment combination on OVA-induced alteration in the levels of total protein and
albumin in serum, BALF and lung tissues of rats.

Normal Negative Combination Combination
Parameter Control Control Standard 1 2
Serum total
protein 7.36 £0.20 943 +£021* 7.66 £020## 9.43 +0.21* 8.36 £ 0.20 *#
(gm/dl)
BALF total
protein 1.12 £ 0.06 298 + 0.04 **  1.27 £ 0.05 ## 1.95 +0.08 1.52 £0.07
A *HHt
(gm/dl)
Lung total
protein 0822 £ 011  2.26 + 0.08 ** 1.17 £ 0.03 1.37 £0.10 1.83 £0.05
*HHt A *HHt
(gm/dl)
Serum
albumin 0.56 + 0.02 1.11 £0.04 **  0.59 + 0.05 ## 0'89;‘;0'07 0.69 + 0.08 ##
(gm/dl)
BALF
albumin 0.084 £0.02 0.17£0.02* 0.112£0.01# 0.11 £ 0.03 ## 0'098#:; 0.02
(gm/dl)

Data were analyzed by one-way ANOVA followed by Dunnett’s Multiple Comparisons Test. Values are expressed
as Mean & S.E.M. (n = 6). Statistical significance was assessed as * p < 0.05, ** p < 0.01 vs. normal control group and
#p <0.05, ## p < 0.01 vs. negative control group. Standard: 0.1 mg/kg dexamethasone + 0.5 mg/kg salbutamol,
Combination 1: 30 mg/kg CSE+ 0.5 mg/kg salbutamol, Combination 2: 60 mg/kg CSE + 0.5 mg/kg salbutamol.

3.6. Effect of Treatment Combination on OVA-Induced Alteration in Cytokine Analysis of BALF
and Lung Tissues

Higher levels of Th2 response related cytokines (TNF-o and IL’s) shows successful
induction of asthma. In the current study, a significant up-regulation was observed in cy-
tokine levels (IL-4, IL-13, IL-1 3, TNF-) (** p < 0.01) of negative control group as compared
to normal control group in both lung tissue and BALF. In case of IL-4, combination 2 group
showed significant reduction in IL-4 levels as compared to negative control group in lung
tissues and BALF of normal control (* p < 0.05) and negative control group (## p < 0.01)
respectively. Up-regulation of IL-13 levels were inhibited by standard and treatment groups
in lung tissues and BALF as compared to negative control group (## p < 0.01). IL-1f3 levels
in lung tissue of standard and treatment groups were significantly reduced as compared to
negative control group (## p < 0.01). Levels of TNF-« was reduced in both standard and
treatment groups as compared to negative control group (## p < 0.01). (Figure 2)
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Figure 2. Effect of treatment combination on OVA-induced alteration in Cytokine analysis (IL-4, IL-13, TNF-«, IL-1$) of lung tissues
and BALE Data were analyzed by one-way ANOVA followed by Dunnett’s Multiple Comparisons Test. Values are expressed as
Mean + S.E.M. (n = 4). Statistical significance was assessed as * p < 0.05, ** p < 0.01 vs. normal control group and # p < 0.05, ## p < 0.01
vs. negative control group. Standard: 0.1 mg/kg dexamethasone + 0.5 mg/kg salbutamol, Combination 1: 30 mg/kg CSE + 0.5 mg/kg
salbutamol, Combination 2: 60 mg/kg CSE + 0.5 mg/kg salbutamol.

3.7. Effect of Treatment Combination on OVA-Induced Histopathological Alteration in Rat Lungs

The following pathological changes were observed in the lungs: interstitial infiltration
(eosinophil and lymphocyte), grade of infiltration and other notable changes. Normal
control group showed no leukocyte or eosinophil infiltration and no notable changes
in the lung tissues were observed. However, in the case of the negative control group,
mild eosinophilic infiltrations were observed followed by moderate to severe leukocytic
infiltration. A minimal degree of hemorrhage was also observed. Standard group showed
minimal leukocytic infiltration. As in the case of treatment groups, minimal eosinophilic
infiltration was observed and mild to moderate leukocytic infiltrations were observed.
However, treatment groups, like negative control group, also showed minimum degree of
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hemorrhage (Table 4) (Figure 3). Following were the levels of observed grade of infiltration
for each group.

Table 4. Histopathological findings.

Eosinophilic Leukocyte Grade of
Groups Infiltration Infiltration Other Changes Infiltration
Normal control Not noted Not noted Not noted 00
Negative control Mild Moderate to Minimal degree 34
severe hemorrhage
Standard — Minimal — 0-1
Combination 1 Minimal Mild to Minimal degree 2
moderate hemorrhage
Combination 2 Minimal Mild Minimal degree 12

hemorrhage

Standard: 0.1 mg/kg dexamethasone + 0.5 mg/kg salbutamol, Combination 1: 30 mg/kg CSE + 0.5 mg/kg
salbutamol, Combination 2: 60 mg/kg CSE+ 0.5 mg/kg salbutamol.

Photomicrograph of sections of lungs of:

Normal Control:

e No hemorrhage

noted

A Normal Control: No eosinophilic/ leukocytic infiltrations in the lungs were observed.

Figure 3. Cont.
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Combination I:

e Minimal
eosinophilic
infiltration

e Mild to moderate
leukocyte

infiltration

Combination II:

e Minimal
eosinophilic
mnfiltration

e Mild leukocyte
mfiltration

e  Minimal degree

E Combination II: Arrow indicates minimal grade of eosinophilic & leukocyte infiltration in the
lungs.
Figure 3. Effect of treatment combination on OVA-induced alteration in lung histology of rats.

4. Discussion

Asthma is a chronic, immunoinflammatory disorder of the airways characterized
by airway hyperresponsiveness, mucus hypersecretion and bronchial inflammation. It
is a well-known fact that asthma leads to chronic inflammation of the tracheo-bronchial
tree [13]. Several animal models have given us insights about the probable mechanisms
involved in the pathogenesis of asthma. In the present study, we have evaluated the
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combined effects of saffron extract (C. sativus) along with salbutamol, in OVA—induced
model of asthma. Administration of saffron extract (C. sativus) and salbutamol in OVA—
challenged rats increased body weights, improved hematological parameters. It inhibited
infiltration of BALF cells, improved biochemical parameters (total protein and albumin).
The combination also decreased inflammatory cytokine (IL-4, IL-13, TNF-«, IL-1p3) levels
and improved histopathological parameters of the lung tissue. Thus, these results show
the anti-asthmatic activity of saffron extract—salbutamol in an OVA-challenged model of
allergic airway inflammation.

A decrease in body weight of rats was observed in standard group as compared to
negative control group. This could be attributed to the fact that, daily dose of dexametha-
sone reduced 5-HT (hydroxytryptamine) levels in the brain. Moreover, dexamethasone also
elevated plasma leptin levels in a dose dependent manner [14,15]. Thus, cited literature sug-
gests that leptin level in plasma may play a vital role in dexamethasone-induced anorexia.
However, treatment combination groups showed significant improvement in body weights
as compared to negative control group. Literature suggests that macrophages play a vital
role in innate immune responses [16]. In an inflammatory state, lung tissue cells attract
and infiltrate eosinophils, neutrophils, and lymphocytes from the blood. causing bronchial
hyperresponsiveness. Thus, increase in the number of eosinophils is a prominent feature of
allergic asthma leading to several inflammatory reactions. As a result, these inflammatory
reactions play a detrimental role in causing damage to endothelial cells and extracellular
matrix (ECM) present in the airways. In line with previous findings [17], results obtained
from this study showed alterations in hematological differential cell counts, eosinophil
and neutrophil counts, increase in total WBC counts in negative control group after OVA-
challenge. Results from current investigation indicate improvement in hematological pa-
rameters after administration of saffron extract—salbutamol. Similarly, results obtained
from total and differential cell count in BAL fluid of negative control group showed signifi-
cant aberrations as compared to normal control group, whereas administration of treatment
combination inhibited it. Shredding of epithelial cells occurs in the airways and is con-
sidered as a hallmark in airway inflammation. The present study also shows increase
in epithelial shredding of the airways in negative control group as compared to normal
control group. Treatment combination inhibited it to a certain extent.

Increase in protein and albumin levels are considered as a characteristic feature of
tissue damage. Thus, the effect of treatment combination on total protein (TP) and albumin
levels were studied. Reports from the present study indicate that treatment of OVA
sensitized animals with saffron extract and salbutamol prevented increase in TP levels.
However, a significant increase in TP levels of negative control group was observed in
serum, BALF and lung tissues as compared to normal control group. These results are in
line with previous research findings [18]. Similarly, from the present investigation BALF
and serum albumin reports suggest that treatment combination has significantly inhibited
albumin levels in OVA sensitized rats.

It is well documented that pathogenesis of asthma is due to infiltration of Th2 cytokines
(IL-4, IL-13) and they also play an important role in the inflammatory mechanism of allergic
asthma [19]. Switching of B lymphocyte to produce IgE and activation of macrophage and
dendritic cells requires signals by Th2 cells, mainly IL-4. IL-13 activates signal transducer
and transcription factor (STAT 6) via IL-4 mediated signal transduction, leading to AHR in
the allergic lung [20,21]. Thus, Th2 cytokines play a significant role in regulating allergic
responses. In this study, it was observed that IL-4 and IL-13 levels in lung tissues and BALF
were significantly increased in negative control group. Results reveal that administration
of saffron extract and salbutamol inhibited the levels of Th2 cytokines, IL-4 and IL-13 in
both BALF and lung tissues.

TNEF-oc and IL-1p are pleiotropic cytokines which drive inflammatory responses caus-
ing changes in airway smooth muscle (ASM) responsiveness in asthma. Asthmatics have
demonstrated high levels of these pro-inflammatory cytokines in the BAL fluid which are
responsible for contraction of ASM [22]. Taking these evidences into consideration, levels
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of TNF-oc and IL-1f3 in rat lung tissues and BALF were studied. In negative control rats, an
upregulation of TNF- o and IL-1f3 levels were observed after OVA challenge. However,
treatment combination inhibited this pro-inflammatory mediator, thus showing its anti-
inflammatory effect. Data from the present study indicate that treatment combination of
saffron extract and salbutamol decreased the levels of TNF-« and IL-1f in lung tissue as
compared to negative control group, thus showing its anti-inflammatory potential against
allergen-induced immunoinflammatory disease. The finding of the previous investiga-
tor [23] also showed the anti- inflammatory potential of saffron extract via inhibition of
TNF-« and IL-1p and our results are also in line with the findings of the investigator.

Inflammatory infiltration in the lungs due to tissue damage is a unique histological
feature of OVA challenged allergic asthma model. Histopathological findings illustrated
moderate to severe eosinophilic and leukocytic infiltrations along with minimal hemor-
rhage in the lung tissues of OVA exposed rats of negative control group. However, saffron
extract and salbutamol treated rats showed minimal degree of inflammatory infiltration
along with minimal hemorrhage in the lungs. Thus, this treatment combination ameliorated
histological aberrations caused by OVA inhalation.

5. Conclusions

Currently available treatment regimens for asthma focus on controlling asthmatic
exacerbations and are associated with many side effects. Based upon the results obtained
from the present study, the combination of C. sativus extract and salbutamol exhibits its
anti-asthmatic activity against OVA induced allergic asthma. The treatment combination
decreased total and differential cell count in blood and BALF, thereby showing its anti-
inflammatory property. The treatment combination also ameliorated total protein, albumin
levels, Th2 cytokines (IL-4 and IL-13) and immune-inflammatory responses (TNF-« and
IL-1pB) in lung tissues and BALF, thus exhibiting its immunomodulatory property. These
results suggest that, combined effects of C. sativus extract and salbutamol can be considered
as an “add-on therapy” for asthmatics or could be used along with current available
anti-asthmatic drugs.
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Abstract: Chronic rhinosinusitis (CRS) is one of the most common persistent disorders of the devel-
oped world, requiring input from various specialists including primary care physicians, otolaryngol-
ogists, respiratory physicians, and allergologists. B-cell lymphoproliferative disorders (BLPDs) are a
heterogenous group of malignant conditions defined by an accumulation of mature B lymphocytes
in the bone marrow, blood, and lymphoid tissues. We present a case report of an elderly man with
rhinosinusitis-like symptoms and atypical features prompting further investigations that culminated
in a diagnosis of BLPD.

Keywords: chronic rhinosinusitis; B-cell lymphoproliferative disorder

1. Introduction

Chronic rhinosinusitis (CRS) is one of the most common persistent disorders of the de-
veloped world, requiring input from various specialists including primary care physicians,
otolaryngologists, respiratory physicians, and allergologists [1]. Current international
guidelines recommend that diagnosis is made by clinicians on the basis of symptoms such
as nasal blockage, discharge, facial pressure, and loss of smell for at least 12 weeks [2].
However, the diagnostic work up can be fraught with difficulty, especially when attempt-
ing to differentiate between CRS and allergic and nonallergic rhinitis on symptoms alone.
Additionally, not all patients with CRS criteria will have evidence of disease on nasal
endoscopy and CT imaging [2].

Based on high quality evidence, medical therapy with long term nasal corticosteroids,
short courses of oral corticosteroids, and/or nasal irrigation with isotonic saline or Ringer’s
lactate are effective in treating CRS [2]. Dupilumab (anti-IL4r«x) is the only monoclonal
antibody approved for the treatment of CRS with nasal polyps (CRSwNP) at present. Two
studies have demonstrated efficacy of intravenous mepolizumab (anti-IL5) 750 mg g4w
on reducing the need for nasal polyp surgery and total polyp score [3,4] but at the current
subcutaneous licensed dose of 100 mg q4w, our experience has shown a clear disconnect in
response between severe eosinophilic asthma and CRSwNP [5]. Surgical management is
usually indicated when CRSwWNP is refractory to medical therapy [2].

B-cell lymphoproliferative disorders (BLPDs) are a heterogenous group of malignant
haematological conditions with a significantly higher incidence in individuals with primary
or secondary immunodeficiency [6]. Diagnosis is usually made on the basis of clinical fea-
tures such as enlarged lymph nodes or splenomegaly and excess fatigue and/or apparent
cytopenia and lymphocytosis on a full blood count [7]. Morphological examination demon-
strating a lymphocytic increase or abnormality would prompt further immunophenotypic
investigations. Multiparameter flow cytometry on peripheral blood or bone marrow is a
rapid and efficient tool for the diagnosis of BLPDs [7].

85



Sinusitis 2021, 5

2. Case

A 72-year-old man was referred by his general practitioner for chronic bilateral nasal
congestion, worse at night, and purulent nasal secretions predominantly in the morning.
In addition to multiple courses of antibiotics, he had previously tried fluticasone furoate,
mometasone furoate, and beclomethasone dipropionate nasal sprays to no avail. He
retained his sense of smell and denied post-nasal drip, sneezing, breathlessness, or cough.
He had no history of excess fatigue, weight loss, or night sweats. His past medical history
included essential hypertension for which he was taking perindopril 2 mg once daily (OD)
and a previous cerebral infarction treated with clopidogrel 75 mg OD. He is an ex-smoker
with no relevant family history.

Nasal endoscopy (30° oblique rigid Hopkins 3.0 mm) performed in our rhinology
mega-clinic revealed an oedematous friable bleeding nasal mucosal surface with significant
crusting but no polyps per se. Biopsy samples were taken from the middle turbinate and
crusting was debrided. Nasal douching with saline/bicarbonate was recommended, and
he was treated with concurrent azithromycin 500 mg OD and prednisolone 25 mg OD for 5
and 7 days, respectively, pending further results.

Initial laboratory results and subsequent lymphocyte surface marker analysis are
presented in Table 1. Protein electrophoresis identified two monoclonal bands consistent
with IgM lambda and kappa bands quantifiable at 10 g/L. CT sinus scan (Figure 1) revealed
mucosal disease predominantly affecting the ethmoid bullae and ostiomeatal complex,
with a Lund Mackay score of 12. Apart from minor basal atelectasis, chest X-ray was
normal. Histopathology subsequently revealed chronic non-specific inflammatory changes
with mixed microbial flora abundant in gram-positive cocci.

Table 1. Laboratory results and lymphocyte surface marker analysis.

White Blood Cells (x10° /L) 9.8 Corr. Calcium (mmol/L) 244
Haemoglobin (g/L) 136 C-reactive protein (mg/L) <4
Haematocrit (%) 41.3 Sodium (mmol/L) 141
Platelets (x10° /L) 328 Potassium (mmol/L) 4.8
Neutrophils (x 10%/L) 54 Urea (mmol/L) 6.4
Lymphocytes (x10°/L) 35 Creatinine (umol/L) 86
Eosinophils (x 10%/L) 0.14 PR3/MPO antibodies negative
Plasma viscosity (mPa.s) 1.99 1 CTD screen negative
Total bilirubin (umol /L) 5 RAST to ABCDH negative
ALT (U/L) 25 RAST to grass weakly positive
ALP (U/L) 110 Total IgE (kU/L) 89.5
Albumin (g/L) 36 IgG (g/L) 9.94 (NR 5.5-13)
Pneumococcal ab (mg/L) 52.64 IgA (g/L) 1 (NR 0.5-4)
IgM (g/L) 10.2 1 (NR 0.5-2.5)
CD3 (%) 88.57 1 CD19 (%) 3.53
CD3 (x10°/L) 2922 + CD19 (x10°/L) 116
CDA4 (%) 32941 NK cells (%) 6.88
CD4 (x10°/L) 1087 NK cells (x10°/L) 227
CD8 (%) 53.6 1 CD4/CD8 ratio 0.62 )
CD8 (x10°/L) 1769 1

A = aspergillus fumigatus; ALP = alkaline phosphatase; ALT = alanine aminotransferase; B = silver birch; C = cat
dander; CD = cluster of differentiation; CTD = connective tissue disease; D = dog dander; H = house dust mite;
MPO = myeloperoxidase; NK = natural killer; NR = normal range; PR3 = proteinase-3; RAST = radioallergosorbent
testing for specific IgE. 1 and | denote values outside NR.
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Figure 1. Transverse CT chest image with arrows indicating mediastinal and hilar lymphadenopathy. Coronal CT sinus

image depicting disease affecting the ethmoid bullae and ostio-meatal complex.

Our patient was consequently referred to haematology where on physical examination
there was no clinical evidence of palpable lymphadenopathy or hepatosplenomegaly.
A CT chest-abdomen-pelvis scan (Figure 1) identified significant mediastinal and hilar
lymphadenopathy and the combination of serum and radiological findings in turn made
the clinical diagnosis of B-cell lymphoproliferative disorder (BLPD).

3. Discussion

In this case report, we present a patient referred from primary care for CRS without
nasal polyposis and suspicious atypical features who was subsequently diagnosed with low
grade BLPD. To our knowledge, although there have been case series on localised sinonasal
lymphoma [8,9], we have not yet encountered a case report of BLPD masquerading as CRS.

While the diagnosis of BLPD was clinical, the value of endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS-TBNA) of mediastinal and hilar lymph
nodes in the diagnosis of lymphoma is controversial [10] and hence a negative result would
likely still mandate surgical mediastinoscopy confirmation. In the absence of B symptoms
or abnormal full blood count, a watch and wait strategy is usually employed for low grade
BLPDs and therefore no bone marrow or lymph nodes were sampled in our patient, to
avoid unnecessary additional risk.

The abundance of gram-positive cocci is likely to infer chronic staphylococcal infection,
which in turn is highly suggestive of immunosuppression. Although the acute abundance
of gram-positive cocci commonly infers nasal colonisation with Streptococcus pneumoniae,
failure to respond to recurrent courses of antibiotic therapy likely results in a selection
pressure towards treatment resistant organisms such as Staphylococcus aureus [11]. Risk
factors for S. aureus nasal colonisation depends on host factors but is more frequent in
conditions that result in immunosuppression such as in patients infected with human
immunodeficiency virus (HIV) or those who are diabetic and undergoing dialysis [12]. The
combination of immunosuppression, IgM paraproteinaemia, and extensive mediastinal
and hilar lymphadenopathy is probably sufficient to make a clinical diagnosis of BLPD.

The key learning point here is that although nasal crusting is a frequently encountered
clinical feature that often requires no specific treatment, it is nevertheless crucial for the
clinician to identify the small number of cases that are due to a potentially wide differential
diagnosis including systemic inflammatory disorders such as vasculitis, malignancy, and
infection, amongst others [13]. Clinicians should have a high index of clinical suspicion and
our usual practice should be to check serum protein electrophoresis and immunoglobulins
in all patients presenting with CRS-like symptoms and signs of immunosuppression as it
may lead to an earlier diagnosis and potentially better outcome for patients.

4. Conclusions

Patients with chronic rhinosinusitis who present with atypical clinical features such as
nasal crusting and treatment resistant organisms may have underlying immunosuppres-
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sion. Identifying this in a timely manner with further focused investigations may lead to
earlier diagnoses and better outcomes for patients.
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Abstract: India is greatly afflicted by sinusitis, which is a condition that involves inflaming sinuses
(the air cavities in the nasal passage) in your nose, according to the National Institute of Allergy and
Infectious Diseases (NIAID). The study’s objective was to evaluate the prevalence and risk factors of
sinus and nasal allergies among tannery workers of Kanpur city. The study has used primary datasets
obtained from a cross-sectional household study of tannery workers from the Jajmau area of Kanpur
in northern India, which was conducted during January-June 2015 as part of a doctoral program. The
study covered 286 tannery workers from the study area. Bivariate and logistic regression analysis was
used to study the association between outcome variables (self-reported prevalence of sinus and nasal
allergies) and predictor variables (socioeconomic and work-related characteristics). Results portray
that a higher proportion of the tannery workers belong to economically and socially backward
classes. Overall, 13.4 and 12.3% of sinus and nasal allergy prevalence have been reported by tannery
workers, whereas tannery workers from the oldest age group were those who mainly suffered. A
study found that the severity of nasal and sinus allergies increases with the increasing age and work
duration in the tannery. Workers with low exposure to airborne dust were significantly more likely
to develop sinus problems (OR = 4.16; p < 0.05) than those without exposure. Those tannery workers
suffering from nasal allergy were more prone to develop sinus problems than those who were not
suffering from nasal allergy. The risk factors responsible for these health hazards can be eliminated
by improving the overall working conditions and ensuring necessary protective regulations for the
tannery workers.

Keywords: sinus; nasal allergies; tannery worker; Kanpur

1. Introduction

India is greatly afflicted by sinusitis, which is a condition that involves the inflaming
of sinuses (the air cavities in the nasal passage) in your nose according to National Insti-
tute of Allergy and Infectious Diseases (NIAID). An estimated 134 million Indians suffer
from chronic sinusitis, the symptoms of which include but are not limited to debilitating
headaches, fever, and nasal congestion and obstruction [1]. Among Indians, this disease is
more widespread than diabetes, asthma, or coronary heart disease. One in eight Indians
suffer from chronic sinusitis caused by the inflammation of the nasal and throat lining,
which results in the accumulation of mucus in the sinus cavity and pressure build-up in
the face, eyes, and brain [2,3].

In the leather tanning process, during skin contact, chromium has the potential to
bind with the skin proteins of the workers, producing complex antigen, which leads to
hypersensitivity and dermatitis. Chromium leather in industries can cause carcinoma of
the larynx and lung parenchyma and paranasal sinuses in workers [4-6]. In addition to
these, scores of other chemicals and organic solvents such as chromate and bichromate salts,
aniline, buty acetate, ethanol, benzene, toluene, sulfuric acid, and ammonium hydrogen
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sulfide are used in the tannery industry. An important health risk factor for the tannery
workers is occupational exposure to chromium, mainly in the organic Cr (III) form or
in the protein bound form (leather dust). Chromium may enter the body by inhalation,
ingestion, and by direct cutaneous contact. Professional exposure to Cr (III) increases the
risk of dermatitis, ulcers, and perforation of the nasal septum and respiratory illnesses as
well as increased lung and nasal cancers. Work within the tannery itself is fraught with
danger. When inhaled, chromium acts as a lung irritant and carcinogen, affecting the upper
respiratory tract, obstructing airways, and increasing the chances of developing lung, nasal,
or sinus cancer [7-14]. Limited studies have reported associations between occupational
exposure, particularly the exposure of airborne dust and chemicals in the air, to tannery
chemicals with sinus and nasal allergy among the tannery workers, and none have been
conducted to study the occupational exposures with the sinus and nasal allergies in India.
Even the most recent study based on tannery workers conducted in Bangladesh has not
investigated the sinus and nasal allergy issue [15]. With this backdrop, this study has
attempted to study the association between outcome variables (self-reported prevalence
of sinus and nasal allergies) and predictor variables (socioeconomic and work-related
characteristics). The specific objective was to estimate the prevalence and risk factors of
Sinus and nasal allergies among tannery workers of Kanpur city, India.

2. Methods and Material
2.1. Data

A study has utilized the data from the cross-sectional household study of tannery and
non-tannery workers from the Jajmau area of Kanpur. The study was conducted during
January—June 2015, and all data were collected by the first author from the field. The first
author of the study has interviewed 284 tannery and 289 non-tannery workers.

2.2. Study Area

The city Kanpur has conventionally been an industrial city and a major commercial
center in Uttar Pradesh. There are currently 402 registered leather tanneries located in the
eastern part of the city, with an estimated 20,000 tannery workers [7]. More than 20,000
people worked in the leather industry, and a substantial proportion of tannery workers
were living in the Jajmau Area. From the significant concentrations of the tannery industry
in and around Kanpur, Jajmau was selected for the study. It is known as the Leather City, as
it contains some of the largest and finest tanneries in India. This study focused on leather
tannery workers, i.e., those engaged in tanning work in the leather industry (Figure 1).

2.3. Sampling Design

A three-stage sampling design was used in this study. At the primary stage, seven
localities in the Jajmau area, namely Tadbagiya, Kailash Nagar, J.K. colony, Asharfabad,
Motinagar, Chabeelepurwa, and Budhiyaghat, were selected based on a higher concen-
tration of leather tannery workers’ households in these areas as informed by several
stakeholders in the city. In the second stage, three out of the seven localities, namely Bud-
hiyaghat, Tadbagiya, and Asharfabad, were chosen using the probability proportional to
size (PPS) sampling technique after positioning them in growing order of assessed number
of HHs of leather tannery workers. Afterward, an inclusive household listing and map-
ping was finished in each of the three localities. Moreover, all the listed households were
classified into three groups: households having at least one tannery worker, irrespective of
having any non-tannery worker, households with non-tannery worker(s), and households
having no workers.

The first two groups were included in the sampling frame in each of the three selected
localities; the third group was excluded for the study. Afterwards, a circular systematic
random sampling was used to select households. If more than one worker belongs to
a household, the target respondent was selected using the KISH table [16]. A hundred
households were chosen in each of the three areas for each of the two categories, i.e.,
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tannery and non-tannery workers, by the circular systematic random sampling technique.
Out of 600 households, a total of 284 households of tannery workers and 289 HHs of
non-tannery worker(s) were interviewed successively (Figure 2).

Location Map
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Figure 1. Location map for the study area.

The study is a part of the Ph.D. thesis research work; we have received ethical clearance
from the Student Research Ethics Committee of the International Institute for Population
Sciences Mumbai, India. We have also obtained consent to participate from each of the
respondents before starting the interview.

2.4. Participants and Occupational Categories

The study has covered 284 male tannery and 289 non-tannery age group workers
18-70 years old from the Jajmau area of Kanpur. We have inquired about the respondent’s
occupation and classified them into two categories: tannery and non-tannery workers.

2.4.1. Dependent Variable

The tannery and non-tannery workers reported symptoms-based prevalence of sinus
and nasal allergies. We have considered the following symptoms for nasal allergy (nose full
of phlegm and runny, spastic, itchy problems) and sinus (problems such as swelling in your
nose, watery nose, phlegm, nose closure) to understand the severity of the health issues.
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Figure 2. Sampling design for the study.

2.4.2. Independent Variables

Independent variables utilized in this study can be broadly grouped into two cat-
egories as socio-economic characteristics or background characteristics and their work-
related characteristics. Background characteristics of tannery and non-tannery workers
included their age in three category (1624 years, 25-35 years, and 36+), education in to four
category (no education, up to primary, middle school, and higher secondary and above),
marital status (currently married, never married, and widowed /widower), religion namely
Hindu and Muslim, media exposure (low, medium, high) and their standard of living Index
(low, medium, high). The second group of independent variables utilized work-related
characteristics of tannery workers, which includes type of job contact (temporary job (daily
wages) and permanent job), type of work engagement of tannery workers (beam house
work, wet finishing work, dry finishing work, and miscellaneous work), type of work
engagement of non-tannery workers (industrial work, manual work, construction work,
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clerical work, business and shop, and others), work experience in current and previous
tannery, and average working in a day and days in a week. Additionally, exposure of
chemical in the air (no exposure, low exposure, and moderate/high exposure), airborne
dust exposure (no exposure, low exposure, and moderate/high exposure) and headache
problems (no headache, up to 10 times, more than 10 times but not every day, and almost
every day) have been included in the study.

The qualitative rating of exposure assessment of variables airborne dust and chemical
in the air was estimated as follows. The variable airborne dust (no exposure, low exposure,
moderate exposure, high exposure, very high exposure) was based on the following quali-
tative rating of exposure assessment: (0) No exposure: clear visibility. (1) Low exposure:
visibility more than 10 m. (2) Moderate exposure: visibility between 5 to 10 m. (3) High
exposure: visibility between 1 to 5 m. (4) Very high exposure: visibility less than 1 m.
Another important variable, chemicals in the air (no exposure, low exposure, moderate
exposure, high exposure, very high exposure), was based on a qualitative rating of expo-
sure assessment as (0) No exposure: no contact with agent; agent is used in workplace but
is very unlikely to result in exposure to workers involved. (1) Low exposure: infrequent
contact with agent at low concentrations; agent is used in a closed/controlled system; there
are no specific activities that enhance exposure; exposure takes place because of presence
at the shop floor. (2) Moderate exposure: frequent contact with agent at low concentrations,
agent is used throughout the closed/controlled process and exposure mainly occurs by
passive contact; infrequent contact is needed with the agent. (3) High exposure: frequent
contact with the agent at high concentrations, the nature of the production process and
associated manual activities makes regular contact necessary; the agent causes exposure
during manual activities and around particular sources such as presses, drums. (4) Very
high exposure: frequent contact with the agent at very high concentrations, the agent is
used in manual activities that introduce frequent peak exposures such as cleaning, opening
a press, spraying paint.

2.5. Data Analysis

Univariate, bivariate, chi-square test, and logistics regression analysis was used to
assess the associations between the sinus and nasal allergy with the predictor variables. The
odds ratio from the logistic regression analysis was performed by considering the outcome
variable as dichotomous (i.e., binary or 0-1), and the predictor variable (work-related
characteristics and socio-economic variables) was considered a categorical or a mixture of
the two. Results of logistics regression were explained with the help of two different models.
Model-1 deals with the socio-economic variables, including (age, education, religion, caste,
media exposure, and standard of living index). Moreover, Model-II included work-related
variables additional to socio-economic variables. The data entry was done in the CSPro.06
software, and for the data analysis, STATA (Version 13.1) was used.

3. Results
3.1. Demographic and Socio-Economic Characteristics of Tannery and Non-Tannery Workers

Table 1 presents the percentage distribution of selected socio-economic and demo-
graphic characteristics. The overall sample of tannery workers and non-tannery workers
was 284 and 289, respectively. More than half (54%) of the tannery workers and over
three-fifths (63%) of non-tannery workers were age 36 years and above. The majority of the
study participants were illiterate, tannery workers (66%), and non-tannery workers (62%).
Only 12% of the tannery workers and 20% of non-tannery workers had studied up to high
school and more. Two-thirds of tannery workers (66%) are Muslim, and the remaining are
Hindus. Furthermore, two-thirds of the tannery workers (66%) belong to the scheduled
castes. It indicates that mostly the people from disadvantaged caste groups are engaged in
tannery work. Nearby one-fifth of the tannery workers, as well as non-tannery workers,
had low levels of media exposure. Further, poverty often reflects a low standard of living
and a lack of economic resources.
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Table 1. Percent distribution of tannery and non-tannery workers by some selected background
characteristics in Kanpur, India, 2015.

Tanne
Variables Worke?; Non-"l;annery x%-Value
(%) %)
Total 100.0 100.0
Age in years
16-24 10.2 6.9
25-35 36.3 29.8 X" = 6.007
36+ 53.5 63.3 p<0.050
Education
Iliterate 66.1 62.2
Up to primary 13.4 9.0 X% =9.249
Middle school 8.8 8.7 p <0.026
High school and above 11.7 20.1
Marital Status
Currently married 85.5 89.9 x2 =2.629
Never married 9.4 6.3 p <0.269
Widowed /Widower 5.1 3.8
Religion
Hindu 33.8 408 x? =3.023
Muslim 66.2 59.2 p <0.082
Caste
Schedule caste 65.5 36.3 x2 = 48.75
Other backward class 18.3 34.3 p < 0.000
Others 16.2 29.4
Media exposure
Low 22.9 21.1 x2=0.263
Medium 48.6 422 p <0.048
High 28.5 36.7
Standard of living index
Low 37.7 29.2 X2 =4.673
Medium 31.3 36.1 p <0.097
High 31.0 34.7

Standard of living index includes electricity, bed, chair, table, cot, pressure cooker, sewing, machine, Liquid
petroleum gas (LPG) gas, mobile phone, water pump, electric fan, color TV, mixer grinder, refrigerator, radio,
watch, cycle, motorcycle. Media exposure includes: Newspaper, magazine, movies, TV, radio, and internet.

3.2. Work-Related Characteristics of Tannery and Non-Tannery Workers

The work-related characteristics of tannery and non-tannery workers has been pre-
sented in Table 2. The mean age of male tannery workers was 38 years (SD = 1.4). The vast
majority of male tannery workers (89%) are working on temporary job contracts, and the
rest (11%) are engaged in this occupation on a permanent basis. The respondents work
in various tannery processes. A little over 8% are involved in beam house work, 24% are
involved in wet finishing, 50% are involved in dry finishing, and 17% are involved in mis-
cellaneous kinds of work. In addition to that, non-tannery workers worked in numerous
job categories that are broadly classified into six domains. Around 12% of the non-tannery
workers engage in industrial work, while 27% engage in manual work, 20% engage in
construction work, 10% engage in clerical work, 25% engage have their own business
and shop, and 7% engage in other job categories. The mean duration of their job was 10
(SD = 0.9) years. The average work experience of male tannery workers was 18 years. The
male tannery workers also reported that they work almost every day of the week with a 9-h
working day as the norm. On average, they worked 6.5 days (SD = 0.6) a week and 9.5 h
(SD = 0.2) a day, which is a violation of the labor law according to the factory act in India.
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Table 2. Work-related characteristics of tannery workers in Kanpur, India, 2015.

Variables (%) ™)
Age in years (Mean £ SD) 385+14 284

Type of Job contract
Temporary job (daily wages) 89.1 252
Permanent job 10.8 32

Type of work engagement of tannery workers *
Beam house work 8.4 24
Wet finishing work 24.2 69
Dry finishing work 50.5 142
Miscellaneous work 16.8 49
Type of work engagement of non-tannery workers **

Industrial work 11.7 34
Manual work 26.5 76
Construction work 20.0 58
Clerical work 10.0 24
Business and shop 245 71
Others 7.0 21
Work experience in current tannery (Mean + SD) 10.1 £ 0.9 284
Work experience in previous tannery (Mean + SD) 79+£13 99
Average working hours in day (Mean + SD) 95+02 284
Average working days in a week (Mean =+ SD) 6.5+0.1 284

* Note: Beam house work: In the beam house, the raw hides processing starts by either stretching the hides on
bamboo frames or by pegs, or spreading the hides on the ground in mild sun. Beam house workers frequently
come in touch with water and chemicals during preparatory operations such as soaking, liming, fleshing, deliming,
bating, and picking. Wet finishing: The wet finishing process includes splitting, shaving, waxing, and oiling.
Operations are predominantly performed standing at machines. Dry finishing: Laborers in the dry finishing stage
perform operations such as drying, shaving, buffing, pressing, staking, padding, and scraping. Miscellaneous
work: There is a group of miscellaneous workers such as packers, sweepers, carriers, and mixers of chemicals.
Carriers carry wet hides, and mixing of chemicals is usually done with bare hands. ** Industrial work that
includes mechanical workers, small-scale industry workers, repairing workers, furniture workers, hotel workers,
mill workers, machine operators, factory workers, manufacturing workers, welding workers, etc. Manual workers
include bora handling (bora dhona), rickshaw pullers, horse driving, loading and unloading workers, paining
workers, plumbers, etc. Construction workers include raajmishtri, construction labors, contractors, etc. Clerical
workers include accountant, clerk, official job, stock in charge, supervisor, computer operators, etc. Business and
shop includes those who own their own business, hair cutting shops, thela vendors, electric shops, food shops,
fruit sellers, vegetable vendors, Paan shops, general stores, lakdi ka Taal, milk men, scrap businesses, stalls, tailors,
tea shops, etc. Others include those in air force jobs, bank jobs, call centers, managers, priests, security guards,
drivers, etc. The key issue is that tannery as well as non-tannery workers who belong to the same socio-economic
background and live in the same locality have different work exposures.

3.3. Prevalence of Reported Sinus and Nasal Allergies

The prevalence of reported sinus and nasal allergies by some selected background
characteristics is presented in Table 3. It was found to be higher among tannery workers
aged 36 years and more (15%), while it was 11% among workers in the age group 25—
35 years. No significant association of education level with sinus and nasal allergies
was observed. About 10% of the workers with a low standard of living index had sinus
problems, while it was 14% among those with a high standard of living. Similarly, while
looking at nasal allergy, it has been observed that the prevalence of nasal allergy was higher
among tannery workers aged 36 years and above (15%) than those in the age group of
16-24 years (6.9%). Prevalence of nasal allergy was higher among workers who had no
education (16%) as compared to workers with a middle-school education (8%). A significant
difference was found in the prevalence of nasal allergy in Muslim tannery workers (15%)
and Hindu ones (7.3%). There was a higher prevalence of nasal allergy among Schedule
caste /Schedule tribes (SC/ST) (13%) than others (8.7%). The odds of sinus problems
among tannery workers 12 months prior to the survey are presented in Table 4. The model
is adjusted for age, education, religion, caste, and standard of living. The results suggest
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that workers working in tanneries for 6 to 10 years were significantly more likely to develop
sinus problems (Odds Ratio (OR)= 3.17; p < 0.05) as compared to workers with 5 or less
years of engagement in tannery works. Workers with low exposure to airborne dust were
significantly more likely to develop sinus problems (OR = 4.16; p < 0.05) than those without
exposure. When the model is adjusted for age, education, religion, caste and standard of
living, years of engagement, type of work and type of job contract, the results suggest that
the headaches are significantly more likely to develop nasal problems if they occur almost
daily (OR = 1.5; p < 0.05) compared to those who had no headaches. Similarly, workers are
more likely to develop sinus problem than those suffering from nasal allergy (OR = 20.6;

p < 0.01) compared to those who were not suffered from nasal allergy.

Table 3. Prevalence of sinus and nasal allergies reported by the tannery and non-tannery workers in Kanpur, India, 2015.

Tannery Workers Non-Tannery Workers
Background Variabl
e e Ny Neer gy Nepd ey N
Age in years
16-24 13.8 [5.16-32.00] 6.9 [1.67-24.33] 29 0.0 [0.0-0.00] 0.0 [0.0-0.00] 21
25-35 10.7 [5.98-18.35] 9.7 [6.27-17.19] 103 1.2 [0.1-7.93] 4.7 [1.73-11.85] 85
36+ 15.1 [10.24-21.80] 15.1 [10.23-21.80] 152 5.5[2.95-9.89] 7.7 [4.56-12.54] 183
Education
Mliterate 12.8 [8.72-18.47] 15.5[10.96-21.47] 187 3.9[1.86-8.01] 7.8 [4.66-12.81] 179
Up to primary 15.8 [7.16-31.29] 10.5 [3.93-25.24] 38 3.9[0.05-23.65]  3.9[0.05-23.65] 26
Middle school 16.0 [ 5.98-36.30] 8.0 [1.93-27.66] 25 4.0[0.05-24.45]  8.0[1.93-27.65] 26
High school and above 12.1 [4.53-28.60] 0.0 [0.00-00.00] 33 3.5[0.08-12.97]  1.7[0.02-11.50] 58
Religion
Hindu 14.6 [8.78-23.22] 7.3 [3.49-14.60] 96 6.8 [3.40-13.04]  5.1[2.28-10.92] 117
Muslim 12.8 [8.68-18.38] 14.9 [10.45-20.77] 188 1.8[0.05-5.33]  7.0[4.01-11.99] 172
Caste
SC/ST 13.4[9.22-19.18] 12.9 [8.77-18.57] 186 6.7 [3.1813.40] 5.7 [2.57-12.21] 105
Other backward class 7.7 [2.87-18.99] 13.5 [6.48-25.86] 52 4.0[1.51-10.36]  7.1[3.38-14.18] 98
Others 19.6 [10.40-33.75] 8.7 [3.25-21.24] 46 0.0 [0.0-0.00] 3.5[2.44-13.47] 86
Media exposure
Low 13.8 [7.30-24.68] 9.2 [4.16-19.22] 65 6.6 [2.45-16.37] 9.8 [4.44-20.38] 61
Medium 11.6 [7.19-18.15] 15.2[10.10-22.27] 138 41[1.70-9.53] 9.0 [5.03-15.61] 122
High 16.0 [9.49-25.82] 9.9 [4.98-18.64] 81 1.9[0.04-7.31] 5.3 [0.01-6.49] 106
Standard of living
index
Low 10.3 [5.75-17.69] 11.2[6.44-18.79] 107 47[1.78-12.11] 8.3 [3.99-16.57] 85
Medium 16.9 [10.37-26.20] 13.5 [7.77-22.36] 89 4.8[1.99-11.11] 4.8 [1.99-11.11] 104
High 13.6 [7.86-22.60] 12.5[7.01-21.28] 88 2.0[0.04-7.73] 6.0 [2.70-12.80] 100
Total 13.4 12.3 284 3.8 6.3 289

Table 4. Odds ratio showing risk factors of sinus problems among tannery workers (12 months preceding the survey) in

Kanpur, India, 2015.
Variables Model-1 C.I Model-II C.IL Model-III C.IL
Age in years
1624 ®

25-35 0.90 [0.25-3.22] 0.91 [0.22-3.86] 0.79 [0.16-3.83]
36+ 1.40 [0.41-4.83] 1.57 [0.38-6.49] 1.41 [0.30-6.50]

Education

Iliterate ®
Up to primary 1.10 [0.39-3.10] 0.87 [0.28-2.68] 1.22 [0.36-4.20]
Middle school 0.81 [0.20-3.20] 0.81 [0.18-3.68] 0.89 [0.14-5.52]
High school and above 0.54 [0.14-2.10] 0.42 [0.09-1.87] 0.74 [0.14-3.87]
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Table 4. Cont.

Variables Model-1 ClL Model-II ClL Model-III ClIL
Religion
Hindu ®
Muslim 0.72 [0.32-1.60] 1.54 [0.60-3.98] 1.49 [0.52-4.27]
Caste
SC/sT®
Other backward class 0.53 [0.17-1.66] 0.75 [0.21-2.69] 0.76 [0.22-2.57]
Others 1.85 [0.72-4.77] 0.93 [0.31-2.80] 1.18 [0.26-5.42]
Media exposure
Low ®
Medium 0.78 [0.31-2.00] 1.01 [0.36-2.86] 3.04 [0.94-9.78]
High 1.39 [0.42-4.61] 1.55 [0.41-5.86] 2.66 [0.74-9.59]
Standard of living index
Low ®
Medium 2.15* [0.87-5.29] 245* [0.89-6.75] 3.059 * [0.920-10.16]
High 1.65 [0.61-4.44] 217 [0.70-6.71] 2.810 [0.795-9.926]
Work experience in current
tannery
Upto5Yrs ®
6to 10 Yrs 3.17 ** [1.17-8.59] 446 ** [1.48-13.38]
11+ Yrs 1.64 [0.54-4.96 ] 1.28 [0.36-4.52]
Type of work
Beam house work ®
Wet finishing work 1.55 [0.28-8.69] 1.64 [0.25-10.83]
Dry finishing work 1.44 [0.27-7.69] 1.31 [0.21-8.06]
Miscellaneous work 0.77 [0.12-5.05] 0.50 [0.06—4.23]
Type of Job contract
Temporary job (daily wages) ®
Permanent job 0.46 [0.12-1.75] 0.28 [0.06-1.38]
Chemicals in the Air
No exposure ®
Low exposure 1.31 [0.41-4.23] 1.05 [0.30-3.66]
Moderate/High exposure 0.39 [0.07-2.37] 0.18 * [0.02-1.35]
Airborne dust
No exposure ®
Low exposure 4.16** [1.22-14.18] 4.69 ** [1.16-18.88]
Moderate/High exposure 1.20 [0.22-6.54] 0.72 [0.11-4.65]
Headache Problem
No headache®
Up to 10 times 1.28 [0.46-3.56]
More than 10 times but not 293 (0.51-9.73]
every day
Almost every day 1.52 ** [0.23-9.98]
Nasal Allergy
No©®
Yes 20.59 *** [6.09-69.63]

Note: ® Reference category, *** p < 0.01, ** p < 0.05, * p < 0.

4. Discussion

In this study, the self-reported prevalence of nasal allergy and sinus among the tannery
workers was considered to understand the severity of the health issues. The primary data
were collected and analyzed from one of the major leather tanning industries situated
in Kanpur. Tannery workers are exposed to different harmful exposures that include
leather dust, chromium dust, and many injurious chemicals [17,18]. The tannery workers
frequently come across the dust, which leads to nasal allergy (nose full of phlegm and
runny, spastic, itchy problems) and sinus (problems such as swelling in your nose, watery
nose, phlegm, nose closure). This study has utilized the qualitative rating of exposure
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assessment for the two variables airborne dust and chemical in the air to understand
its severity.

Results portrays that a large number of people engaged in tannery work are illiterate.
A vast majority of the tannery workers were from economically weaker and marginalized
sections (schedule caste) of the society. According to Section 38 of Indian Constitution, the
principle of the welfare state is accepted to improve the socio-economic conditions of the
depressed class of the society. Workers from an unorganized sector are an example of a
depressed class in the society, and leather workers are among them. Most of the tannery
workers belong to economically and socially backward classes. This class of workers
apparently lives a life of poverty, insecurity, and social isolation. The respondents work
in various tannery processes such as beam house work, wet finishing, dry finishing, and
miscellaneous kinds of work and results cumulate that half of the proportion of the workers
is involved in dry finishing.

The male tannery workers reported that they work almost every day of the week
with a more than 9-h working day as the norm, and they have been working for a long
time, as the average work experience of tannery workers was 18 years. Findings from
the study conducted among leather tannery workers in Kanpur reported that the mean
age for tannery workers was 34.05 &£ 8.96 years and that for non-tannery workers was
32.97 £ 10.59 years (p = 0.14), while the tannery workers had a mean duration of work at
tanneries for 6.99 & 4.86 years [19].

Overall, 13.4 and 12.3% prevalence of sinus and nasal allergy has been reported by
tannery workers, and higher age group of tannery workers suffered largely. Nasal and sinus
allergies are a significantly prevalent occupational hazard among tannery workers, and this
study found that the severity increases with the age and the duration of work in the tannery.
The other study revealed a significantly higher prevalence of morbidity among the exposed
tannery workers in contrast to that observed in the non-tannery (40.1% vs. 19.6%). The
respiratory diseases were mainly responsible for a higher morbidity among the exposed
workers, whereas the gastrointestinal tract problems were predominant in the control
group. The high morbidity among the tannery workers may be due to elevated levels of
urinary and blood chromium levels resulting from increased air levels of chromium at the
work place. Professional exposure to Cr (III) increases the risk of dermatitis, ulcers, and
perforation of the nasal septum and respiratory illnesses as well as increased lung and
nasal cancers [7-14].

Workers with low exposure to airborne dust were significantly more likely to develop
sinus problem (OR = 4.16; p < 0.05) than those without exposure. Dust is produced during
several processes in tanning operations: chemical dust can be produced during the loading
of hide-tanning drums; and leather dust impregnated with chemicals is produced during
some mechanical operations, including buffing [20]. An important health risk factor for the
tannery workers is occupational exposure to chromium, which is used as a basic tanning
pigment. The workers on exposure to leather dust, which contains chromium in the protein-
bound form, exhibited a higher mean concentration of urinary and blood chromium than
the reference values [7]. Another study among tannery workers in Bangladesh stated
that the prevalence of diseases among the tannery workers is very high and is extremely
associated with different working areas of leather processing and the lack of proper PPE
(personal protective equipment) use [21].

The results of the study portray that the headaches are significantly more likely to
develop nasal problems if they occur almost daily in comparison to those who had no
headaches. Similarly, those tannery workers who were suffering from nasal allergy were
more prone to develop sinus problem compared to those who did not suffer from nasal
allergy. Allergy can cause chronic inflammation of the sinus and mucus linings. Sinusitis
is an inflammation of the nasal sinuses, which is commonly caused by bacterial infection
following a viral infection such as the common cold. Other risk factors for developing
sinusitis include untreated allergies, crooked nasal anatomy, smoking, nasal polyps, and
overuse of decongestant nasal sprays. The signs and symptoms of sinusitis vary depending
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on the level of severity of the inflammation and which sinuses are involved. Headache is
one of the primary symptoms of developing nasal allergies to sinus [22].

5. Conclusions

Due to the prolonged exposure to harmful chemicals in tanneries, the workers are
prone to nasal allergies, which affect a higher proportion of tannery workers than non-
tannery workers. Sinusitis is experienced by a greater proportion of tannery workers than
non-tannery ones. Nasal allergies are more prevalent among Muslim and SC/ST tannery
workers than their Hindu counterparts. Similarly, a higher prevalence of nasal allergy has
been noted for SC/ST workers compared to others. To prevent the many health issues
that tannery workers usually experience, we suggest that medical observation, including
pre-employment and periodic medical controls, should be performed and must include
pulmonary function tests. Improving the overall working condition and ensuring necessary
protective regulations for the tannery workers can eliminate many of the environmental
exposures that are responsible for these health hazards.

6. Limitations of the Study

v" The use of a cross-sectional survey to collect data may have underestimated the true
prevalence of morbidities.

v The results of self-reported morbidities could be biased due to subjectivity in re-
sponses as the severity was not quantified.

v Recall bias may also have affected the estimated prevalence of morbidities.
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