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INTRODUCTION Upper respiratory tract infection (URT]I) is an illness caused by an acute infection by viruses or
bacteria of the nose, sinuses, pharynx, and larynx. Most URTlIs are short, mild, and self-limiting, but some can
lead to serious complications, resulting in heavy social and economic burden on individuals and society.

AREAS COVERED This article presents the management guidelines and consensus established through the
Delphi method during an expert roundtable conducted in November 2020 and results of a targeted literature
review.

EXPERT OPINION There is currently no available cure for acute URTI and management strategies aim towards
symptom alleviation and prevention of URTI virus transmission. The effectiveness of these strategies is highly
increased with early intervention, administered prior to the peaking of viral shedding. This reduces the chances of
developing a full-blown acute URT]I, decreases symptom severity, and reduces viral transmission. Mucoadhesive
gel nasal sprays have shown promising results for early intervention of acute URTI. They act by creating a barrier
that can trap virus particles, thereby preventing invasion of the mucosa by the virus. Additionally, they deliver
broad spectrum activity that is effective against a wide variety of pathogens that cause acute URTI. Acute URTI
warrants greater attention and proactive management in reducing its burden.
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1.0 Introduction

Acute upper respiratory tract infections (URTIs) involve the nose, sinuses, pharynx and larynx. Most URTIs
are short, mild and self-limiting but some can lead to serious complications such as pneumonia, sinusitis,

otitis media and exacerbation of asthma and chronic obstructive pulmonary disease (COPD) (1).

URTIs are among the most important human health problems because of their high incidence and
consequent economic costs. It is one of the most common diagnoses in the primary care setting across the
world (2, 3), with 17.2 billion cases occurring worldwide in a year (4). Adults tend to have 2-4 episodes of
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acute URTI in a year, while pre-school children have an average of 6-10 episodes within the same period (5-
8).

URTI also places a heavy economic burden on countries. The estimated annual direct and indirect
medical costs for acute URTI exceeds US$40 billion in the US, and £60 million (US$82 million) in the UK
(9). Additionally, every year more than US$2 billion is spent on over-the-counter (OTC) medications for
URTI worldwide(10). Furthermore, the burden of acute URTI goes beyond economic and clinical aspects.
Significant impact is also felt on an individual’s quality of life, including their social life, sleep, and school
or work performance, illustrating the significant burden of the disease to society (11).

1.1 Aetiology

The majority of URTIs are caused by viruses, while a smaller number of cases are attributed to bacterial
infections (1). There are over 200 types of respiratory virus that cause URTIs (6). Among the most common
causes of viral URTIs are rhinoviruses (RV; more than 100 antigenic types), influenza viruses (IV; 3
antigenic types), coronaviruses (COV; 5 antigenic types), respiratory syncytial virus (RSV; 2 antigenic
types), human parainfluenza viruses (HPIV; 5 antigenic types), and adenoviruses (AV; 47 antigenic types).
Bacterial infections may cause ~15% of sudden onset pharyngitis presentations, most commonly caused by
S. pyvogenes, a Group A streptococcus (1).

Several groups of people are at a high risk of contracting a URTI, spreading URTI viruses or developing
serious complications, such as those with pre-existing respiratory conditions, smokers, children, older
individuals, and those in frequent contacts with infected individuals(1, 12).

2.0 Management of URTI

There is currently no available cure for acute URTI, therefore, guidelines focus on treatments that are aimed
at alleviating symptoms. A summary of management guidelines by various authorities is presented in Table
1.(13-15)

Table 1. Guideline recommendations on treatment of acute URTI (13-15) (Table view)

Organization Treatment strategy

World Health Organization

(WHO)(13) + Antibiotics should not be used for URTI

(recommendations for young » Simple, inexpensive cough syrups without alcohol may soothe a sore
children) throat and provide some relief from cough

» Oral hydration is safe, beneficial and recommended for a child with a
cough or cold

+ Saline nose drops, administered by a moistened wick, are safe and may
be effective to clear a blocked nose

» Paracetamol may be used for reduction of high fever and pain relief

* Home remedies such as menthol and camphor may be used in topical
preparations to be rubbed on the chest
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Organization Treatment strategy

American College of Chest
Physicians (ACCP)(14) + Antibiotics should not be used for the treatment of URTI symptoms in
children or adults

* First-generation antihistamine/decongestant preparation
(brompheniramine and sustained-release pseudoephedrine) for the
treatment of acute cough, throat clearing, and postnasal drip

» Topical anticholinergic therapy is effective in decreasing rhinorrhea and
snheezing

* Home remedies, including buckwheat honey and geranium extracts,

nasal saline irrigation, vapor rub or zinc sulphate may decrease URTI
symptoms in children

UK physician
recommendation(15)  Antibiotics should not be used in uncomplicated URTlIs

» Combination of a first-generation antihistamine such as chlorphenamine
maleate and a nonsteroidal anti-inflammatory drug may reduce
rhinorrhea, sneezing, and the amount of nasal secretions

» Saline gargle can relieve a sore throat

Immunization has been shown to be a promising wide-scale preventive strategy for containment of I'V.
However, additional efforts are required for it to be effective in the prevention of RV, as well as many other
viral URTI (16). Extensive research and development efforts are underway to find strategies to reduce the
burden of viral respiratory diseases through immunization. For the time being, interventions only provide
relief for symptoms of URTI.

However, there is a higher likelihood of halting viral replication if medical intervention is administered
in the early stages of an infection, prior to the peaking of viral shedding thus minimising transmission (17).
Therefore, it is important to intervene as early as possible to disrupt the viral replication cycle.

3.0 What is early intervention?

3.1 URTI viral life cycle

Critical towards administering effective early intervention in acute URTI is the understanding of the viral
life cycle. The viral life cycle describes multiple steps involved in the propagation of virus that occurs inside
a host cell. This life cycle can be divided into three stages, including viral entry, genome replication, and
exit (18). Following the genome replication stage, new viral particles are released, leading to onset of
symptoms and viral transmission. Table 2 describes this process in the URTI viruses (18).

Table 2. Generic overview of the URTI viruses life cycle (18) (Table view)

Stage  Activity Description
1 Entry

» The nose is the main site of respiratory viral infection(19).

* The virus particle arrives at the nasal/nasopharyngeal epithelium and binds to a
receptor of epithelial cells

» The particle enters the cell via endocytosis/fusion to reach the cytoplasm
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Stage  Activity Description

2 Genome
Replication * In some URTI virus types, the virus releases its genome through a process called
“uncoating”. Different uncoating mechanisms are used that may be pH/ temperature
dependent or receptor mediated
» The viral proteins and RNA are accumulated and assembled to form a progeny viral
particle
3 Exit

Viral shedding occurs via host cell lysis or non-lytic exocytosis
 Virus releases to invade more cells

The duration of a virus’ life cycle varies across different URTI viruses. In RV, which is the most common
cause of acute URTTISs, the length of its life cycle is 8-12 hours, with viral shedding peaking at 48 hours after
infection (20).

3.2 URTI symptoms

Upon infection by a virus, a period of incubation takes place before the appearance of URTI symptoms.
Incubation times vary among the URTI viruses, for example, 1-5 days for RVs, 1-4 days for IV and HPIV,
and 1 week for RSV. Immune response to the infection may be the main factor in generating the symptoms,
rather than damage to the airway itself (2). A complex mix of proinflammatory cytokines and mediators
generates URTI symptoms, such as bradykinin is believed to play a major role in generating local symptoms
of URTI, including sore throat and nasal congestion while cytokines are thought to be responsible for the
systemic symptoms, such as fever (2).

Symptoms of URTIs are variable across individuals and are partly influenced by the nature of the
infecting virus, while greatly modulated by the age, physiological state, and immunological experience of
the host(2). Generally, acute URTI symptoms can be classified as early and late symptoms (2, 21) (Figure
1). The duration of symptoms varies from 7-10 days, with a peak occurring on the second or third day. Early
symptoms include sniffling, sneezing, throat irritations with occasional chills, headache, and malaise
develop and resolve 24-48 hours after infection. Late symptoms are nasal discharge/ obstruction, throat pain
from inflamed tonsils/adenoids and cough that develop over several days and last 1 week or more after
infection.

No symptoms Early symptoms I Late symptoms
Prevention Early intervention I Early intervention + Symptomatic treatment
I Severity of Symptoms
| Viral Load
Itchy Throat/ Sore Throat 1 Cough
Sneezing I Nasal Discharge, Nasal Obstruction
I
Chills, Headache, Malaise I Severe body aches/ fever
|
2 -1 o] 1 2 3 4 5 6 7 Days

Figure 1. Schematic illustration of early and late symptoms of URTI

4.0 When to intervene?
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URTT intervention can be guided by three timepoints that are important for prevention of progression or
development of acute URTI.

1. As early as possible: during symptom onset. Intervening as early as possible, immediately upon the
appearance of first symptoms reduces the chance of developing a full blown acute URTI(22-25). It
may be easier to slow down or halt viral replication at the early stages of infection.

ii. After symptoms progress: While intervention at this stage may not be as effective in preventing the
development of a full blown URTI or the progression of symptoms, nevertheless, it remains critical
even when symptoms are prominent to minimise viral transmission.

iii. In the absence of symptoms. Those frequently exposed to infected individuals should intervene even

in the absence of symptoms when they feel they are at risk of catching an URTI. Intervening at this
stage can create a hostile environment for viruses to bind and replicate.

4.1 Benefits of early intervention

The lack of an effective cure or prevention strategy for acute URTIs makes it critical for intervention to be
administered as early as possible to disrupt the viral replication cycle. Timely and appropriate early
intervention in acute URTI will bring about important benefits, as follows:

1. Reduced chances of developing a full blown acute URTI. Early intervention is crucial towards the
slowing down and potential halting of viral replication. This may potentially allow the immune
system to catch up and eliminate the viruses.

i1. Decreased severity of acute URTI symptoms. Even if a full blown acute URTI is unavoidable, early
intervention can result in a shorter or less severe disease manifestation owing to the reduced viral
load in the infected individual (26-27).

iii. Reduced viral transmission. Early intervention can reduce the breadth of viral transmission by
preventing virus particles from reaching their host cells and creating a hostile environment for
replication (28).

4.2 High risk groups for acute URTI

URTI is a multi-symptom illness with symptom profiles that vary across individuals in terms of severity,
duration and types. However, the risk of acquiring the condition is disproportionate and some people are at a
higher risk of having a URTI, spreading URTTI viruses, or developing more serious URTI complications.

i. Individuals with pre-existing respiratory conditions or smokers

* Inflammation and obstruction from allergic rhinitis or asthma can predispose individuals to URTI'[12]
* Incidence: URTI is a key cause of asthma exacerbations, particularly for children (29) 80-85% of
asthma exacerbations among school age children are associated with URTI (29,30).

 Severity: URTI is associated with over 50% of COPD exacerbations (30). The presence of URTI leads
to more severe exacerbations and longer recovery times; URTI occurring during an exacerbation can
lead to hospitalization (31).

ii. Children

 Children who frequent activities in group settings, such as school or daycare are more prone to
exposure to URTT viruses (12).
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* Incidence: Children can have 2-4 more URTTI episodes than adults per year (2).

» Severity: While URTI symptoms only persist in 20% of adult at day 10, 73% of children still
experience symptoms (32).

iii. Elderly

» Upper and lower respiratory tract infections are the leading causes of death and disability due to
infection in the elderly.

* Incidence: Compared to the general population, hospitalization rates for URTI-related pneumonia are
12 times higher for those over age 75 years (33).

 Severity: Pneumonia combined with influenza rank seventh as a cause of death in the US and are
the fifth leading cause of death in individuals older than age 65 (33).

As URTI can easily spread from an infected individual to people around them by contact and airborne
transmission (34), family members of an infected person, healthcare professionals, and adults having
frequent contact with children can also be at high risk of developing acute URTI.

5.0 How to provide early intervention?

Early intervention should be directed to the first site of infection, the nasal cavity. As most early intervention
agents have been designed to target specific stages of the viral life cycle, they provide minimal symptom
relief and therefore should be used in combination with other treatments to alleviate discomfort caused by
URTI symptoms(16).

5.1 Which early intervention?

The ideal early intervention for acute URTI should have the following characteristics (20):

1. Designed to be administered very early in infection to tackle rapid viral replication
ii. Suitable for broad application across the general population

iii. Delivers broad spectrum activity that is effective against a wide variety of viral pathogens that cause
acute URTI

iv. Associated with a low risk of resistance development against the intervention

Research into promising anti-viral agents sourced from different origins and targeting different aspects of
URTI pathophysiology has been gaining traction in the past decades (20). Among these, antiviral
neuraminidase inhibitors and mucoadhesive gel nasal sprays, have been gaining more attention in recent
years.

5.2 Antiviral neuraminidase inhibitors for influenza prophylaxis

Neuraminidase inhibitors prevent influenza virus reproduction by blocking the virus release from the host
cell (35). Despite being limited by confounding variables, early intervention of influenza with oral or
inhaled neuraminidase inhibitors within 48 hours of symptom onset may provide net benefit by reducing
duration of symptoms, severity of complications and mortality of influenza (36). Whilst small, non-specific
effects in reducing influenza symptom durations were observed in adults and healthy children, no effects
were found in children with asthma (35).
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5.3 Mucoadhesive gel nasal sprays with non-specific viral actions

Penetration of a virus into the epithelial barrier to result in an infection must be preceded by adherence of
the virus to the surface of the mucosal epithelial cells. This process can be interrupted with the use of nasal
sprays containing mucoadhesive polymers like iota carrageenan and hydroxypropyl methylcellulose
(HPMC) that adhere to the nasopharyngeal mucosa (37-41) to create a barrier that can trap virus particles
and thereby prevent invasion of the mucosa by the virus(42, 43). The viral particles are then removed via
irrigation and mucociliary clearance towards the nasopharynx and onwards into the stomach, where the
virus is destroyed (44). HPMC is useful for the prevention and management of nasal symptoms in allergic
rhinitis (45), this helps to demonstrate the non-specific barrier effect of mucoadhesive polymers.

In addition, these mucoadhesive polymers, are widely used in nasal spray drug delivery formulations
because they act as gels to increase the retention time in the nasal cavity, thus improving drug uptake (46).

The support for use of mucoadhesive gel as intranasal matrixes against respiratory infections in a non-
specific effect was demonstrated by recent studies. The in vitro results showing reduction in viral load were
shown to be corroborated by in vivo studies also showing a significant reduction of viral load of different
respiratory viruses (28). Importantly, this viral load reduction is clinically demonstrated to manifest shorter
and less severe disease (26).

This non-specific viral action is demonstrated across different mucoadhesive gel nasal sprays with
similar physico-chemical formulations. Published clinical studies that have investigated iota carrageenan or
HPMC mucoadhesive gel nasal sprays on URTI symptoms, recruited natural cold sufferers at the first signs
of a cold (22) or who had been experiencing general URTI symptoms for 24-48 hours (2, 23-25). These
mucoadhesive gel nasal sprays were shown to reduce duration of URTI symptoms for up to 2.1 to 2.4 days
and symptom severity for up to 10 to 17%, validating the notion that mucoadhesive gel nasal sprays that
have non-specific actions against respiratory viruses are most likely to be effective in the early stages of a
URTI, i.e., under 48 hours, before virus levels have reached their peak. Early intervention using such spray
also demonstrated to significantly reduce cold symptoms during the first 4 days when symptoms were most
severe, together with a reduction in virus load (27). However, the duration of a virus’ life cycle varies across
different URTI viruses and the symptoms can be modulated by age (2). In a study conducted in children,
mucoadhesive gel nasal spray treatment did not significantly reduce early cold symptoms during days 2 to 7
but however, found to significantly reduce the time to cold resolution at the end of 21 days with reduced
viral load (25). All these studies concluded that cold symptoms severity and/ or duration were reduced.

In addition, lower acidity may also cause nasal irrigation and support normal nasal fluid secretion.
Published clinical studies showed that HPMC in low pH buffer nasal spray increases mucociliary flow in
healthy subjects and subjects with impaired mucociliary flow and reduces nasal resistance (47, 48),
suggesting that the application of HPMC in an acidic buffer formula is effective in reducing cold duration
and severity when used at the first signs of a cold (22). Overall, the clinical studies results show
mucoadhesive gel nasal sprays to be safe, well-tolerated and minimally invasive.

As an early intervention, users are encouraged to use the agent at the first signs of a cold symptoms,
within the first 24-48 hours. This is in line with clinical studies, which show that RV infection normally lasts
around 7 days with cold symptoms peaking between the second and third days of infection (28). The acute
phase of rhinitis (inflammation of the mucous membrane of the nose) usually corresponds with peak virus
excretion (28).

6.0 Conclusion

Acute URTI warrants greater attention and proactive management in reducing its burden owing to its high
incidence and significant economic and social burden. Timely and appropriate interventions can reduce the
impact of acute URTI on individuals and society. A multi-stakeholder engagement approach involving
healthcare professionals and patients is required for acceptance towards early intervention of acute URTI
711



with the objectives to identify high-risk groups for acute URTI and increase communication of the value of
early intervention to patients. Mucoadhesive gel nasal sprays are generally safe, well-tolerated and
minimally invasive. Healthcare professionals should be encouraged to guide patients on the appropriate use
of early intervention, including timing, duration and method of administration.

7.0 Expert Opinion

Although most URTIs are of short duration with mild symptoms, they can lead to serious complications
such as pneumonia, rhinosinusitis, otitis media, and exacerbation among high-risk patients with asthma or
COPD. In addition to the patient’s health, other life aspects are impacted like social interaction, sleep and
work performance representing an important burden to society.

Following the diagnosis of URTI infection, both healthcare providers and patients adopt the conventional
approach of using over the counter medicines for symptomatic treatment of multiple symptoms like nasal
congestion, cough and headache. In addition, according to a World Health Organisation report (49), multi-
symptom relief products have potential advantages over single-ingredient medicinal products including
better patient adherence, lower cost, simplified logistics of procurement and distribution, and convenience
for prescribers and patients.

As most URTIs have neither cure nor effective immunization available, early intervention offers an
effective treatment strategy against disease progression. In addition, early intervention may be relevant to
prevent infection severity in high-risk patients and disease progression during the pandemic of an acute
URTI. However, early intervention in URTI is not widely adopted by either healthcare providers or patients.
A multi-stakeholder engagement approach involving both parties is required for acceptance with the
objectives to identify high-risk groups for acute URTI and increase communication of the value of early
intervention to patients. An effective early intervention reduces viral replication by preventing virus
particles from reaching the host cells thus lowering the probability of progression to a full blown acute
URTI. Evidence also suggests this approach leads to shorter duration of and/or less severe acute URTI
symptoms.

Emerging evidence support for use of non-specific mucoadhesive polymers like carrageenan and
hydroxypropyl methylcellulose as intranasal matrixes against respiratory infections. This lack of viral
specificity has been clinically demonstrated across different mucoadhesive gel nasal sprays with similar
physico-chemical formulations with reduced duration and severity of URTI symptoms being observed. This
data helps validate the notion that mucoadhesive gel nasal sprays that have non-specific actions against
respiratory viruses are most likely to be effective in the early stages of a URTI. Mucoadhesive gel nasal
sprays can be used when URTI symptoms initially manifest, on the virtue that they will minimize further
virus replication and decrease overall impact of the infection. In addition, acute application can be
recommended for people who suspect they have been being exposed to sources of infection. Given the
incubation period of the rhinovirus, the most common cause of URTI, is about 1-5 days then continuous
application for 4 days in the absence of URTI symptoms or daily use until symptoms subside is the
recommended usage regimen.

Given their rapid onset and non-specific viral activities, it is reasonable to consider mucoadhesive gel
nasal sprays in the prophylactic context as a preventative measure against acute URTIs. Current clinical
studies demonstrate mucoadhesive gel nasal sprays are generally well tolerated and minimally invasive for
acute applications up to two weeks. Further longitudinal studies evaluating mucosal tolerability,
desensitization effects and viral load dynamics are required to increase the level of evidence for universal
prophylactic use against acute URTIs.

In summary, non-specific mucoadhesive polymers delivered in nasal spray format offer a viable early
intervention for treating acute viral URTI. Further research is required to determine their role as prophylactic
agents against the same infections. Incorporated into relevant clinical guidelines, combined with adequate
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education and awareness among healthcare professionals the use of these polymers may offer a promising

and simplified alternative to vaccines.
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