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Treating acute and chronic
rhinosinusitis in children using an
osmotic, nasal surface cleaning, non-
medicated polymeric film

Abstract

Objective: Acute and chronic rhinosinusitis is one of the most common diseases in children, affecting
seriously the quality of life of children and parents. The physiopathology is multifactorial involving
nasal mucosa inflammation, cellular damage and blocked sinus drainage due to bacterial biofilm on sinus
openings. Currently, there are no multi-target treatments available, and nothing is discovered yet to open
and drain the blocked sinuses. We evaluated the clinical efficacy of a new generation of multi-target,
non-irritant, osmotic, safe, polymeric glycerol film for the treatment of rhinosinusitis in children.
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Methods: A 15-day, randomized, placebo-controlled, double-blind, efficacy and safety clinical study 2pudra Clincare, Sector 08, Navi
was conducted on 20 children in a test product group and 10 in a saline solution comparator group. The  Mumbai, India

children were aged between 3 years to 16 years old and had rhinosinusitis symptom severity score>25/50 at
baseline. 2 nasal sprays-3 nasal sprays were applied 3 times to 4 times per day consequently for 15 days. Effects
on rhinorrhoea or congestion, fever, cough, sleep, and facial pain were recorded at baseline, 2 h after 1%
treatment, and on days 1 (visit 1), 3 (visit 2), 6 (visit 3), and 15 (visit 4). The need for antibiotics and adverse
effects were also noted.
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Results: The test product as well as saline solution nasal washes reduced rhinosinusitis symptoms, but
the reduction was much faster and stronger in the test group compared to the comparator group. Nearly
50% of symptomatic relief was seen within 3 days with test product vs 10 days to 15 days for saline solution
and all the patients in the test product group recovered by day 15. Compared to 40% of children in the
comparator group, no patients in the test product group required rescue antibiotics therapy. Both products
were non-irritant and safe as no adverse effects were observed.

Conclusion: In the absence of any treatment to open and drain the sinuses and act on multiple factors
involved in children’s rhinosinusitis; using a topical multi-target, instant nose cleaning, non-irritant, topically
applicable, and safe filmogen solution can be considered a breakthrough for the treatment.
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Introduction usually starts as a viral infection, following a common

cold involving influenza, parainfluenza, rhino, or

Rhinosinusitis (RSS) and Chronic Rhinosinusitis ., onaviruses [2]. Initial intracellular virus growth
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(CRSS), hereafter referred to as Rhinosinusitis (RS),
are inflammatory disorders of paranasal sinuses and
lining of the Nasal Mucosa (NM), which is a widely
prevalent disease affecting more than 14% of adults
and children [1]. Although it may sometimes be
of bacterial, fungal, or allergic origin, the disease
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causes cell death and millions of free virus particles
are liberated on the NM surface [3]. These newly
generated virus particles now attack new healthy cells
and cause widespread NM damage. The opportunist
bacteria such as Streptococcus  pneumonia,
Hemophilus  Influenzae, Moraxella Catarrhalis,
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and Beta-Hemolytic Streptococcus Pyogenes start
multiplying in this highly favorable environment
[4]. The microorganisms, particularly bacteria and
fungi, act symbiotically to protect themselves against
all aggressions: the sessile planktonic bacteria adhere
to the sinus surface, secrete protective extracellular
matrix, and form 3-dimensional biofilm aggregates
of microorganisms [5, 6]. The number of these
biofilm aggregates increases with time; enter sinus
cavities, hide and grow inside the sinuses; damage
sinus mucosa, obstruct sinus clearance, increase
intra-sinus pressure, cause pain, causing RSS
which becomes CRSS if not treated within a few
weeks [7-9]. CRSS may be broadly defined as sinus
inflammation and infection that lasts 12 weeks or
longer [10]. The physiopathology of RSS and CRSS
in children shows that its a multifactorial disease
where only a multi-target treatment can be effective.
As the sinus cavities are poorly vascularized, no drug
or antibiotic can fully reach up to the sinuses and
treatment becomes extremely difficult.

Current treatments of RS include single target-
oriented medical or surgical therapy, but being a
multi-factorial disease, the medical therapy often
requires combining multiple medications including
antibiotics, topical nasal steroids, and/or oral steroids
as well as saline or sea water irrigation to minimize
the concentration of surface pathogens and
contaminants [11-13]. These treatments are aimed
to provide symptomatic relief, reduce the bacterial
load, facilitate nasal drainage, minimize secondary
infection, or reduce edema or inflammation,
but all these treatments cannot be administered
simultaneously, particularly in children. Most of
these treatments are chemicals, have poor efficacy
because they are usually mono-target, and they can
damage sinus mucosa as the children’s nasal cavity is
the most sensitive organ in the body.

Therefore, to be effective, the basic treatment strategy
should be multi-target, directed at protecting
and cleaning the nasal mucosa; minimizing the
concentration of bacteria, viruses, inflammatory
proteins, and other contaminants from the NM
surface along with opening the blocked sinuses to
drain the contaminants and to reduce intra-sinus
pressure [14]. In addition, such a multi-target
treatment should also be free of side effects, non-
chemical, and non-irritant to allow rapid healing
of the damaged nasal mucosa. Only a treatment
that physically cleans the NM can achieve these
objectives but except for saline or salt solution
nasal wash, there is nothing else that can possess
these basic requirements [15]. The saline or salt
solutions containing up to 3.2% salt act physically
and osmotically to clean the NM but their efficacy
is low because they are not very osmotic, not stable,
and short-acting to continue cleaning the NM over
alonger period.

To achieve these objectives of an ideal treatment for
children, we employed the technology of exerting
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anti-inflammatory and antiviral nasal treatment
described by Shrivastava etal [16, 17]. For conceiving
a glycerol-based osmotic filmogen solution that can
be rendered mechanically resistant by incorporating
glycerol molecule binding natural polymers. It was
postulated that topical NM application of such a
solution should form a stable osmotic film to protect
the nasal mucosa against irritation. Secondly, being
osmotic, the film should attract hypotonic liquid
from NM to continue cleaning all the free-floating
contaminant
undesired inflammatory proteins secreted on the
NM surface. The thickness, osmotic power, irritation
potential, and absorbance capacity of the film were
adjusted, and specific natural polymers were used
to direct the film for the treatment of rhinosinusitis
pathology in children. Such a film would be capable
of exerting strong osmotic pressure on the external
surface of the nasal sinus-blocking layer and may
also help disrupt and break the sinus-blocking film
to open and drain the sinuses, thereby relieving
intra-sinus pressure and pain.

particles, including viruses and

The clinical efficacy and safety of this nasal
polymeric glycerol film (Nesospray) are evaluated in
comparison with saline solution for the treatment of
RSS and CRSS in children.

Materials and Methods
Clinical study organizer

The study was sponsored by VITROBIO France
and was performed by MUDRA CLINCARE,
Koparkhairane, Navi Mumbai-400709, India as per
the regulations applicable for studies in children. The
protocol was approved by relevant ethics committees
(Altezza Institutional Ethics Committee, Shree
Ashirwad Hospital, Dombivli, and Maharashtra,
India) and institutional review boards. Being a pilot
clinical trial on a product that is already approved and
marketed as a medical device in Europe, CTR was
not required. The authors vouch for the conduct of
the trial, adherence to the protocol, the accuracy and
completeness of the data, and reporting of adverse
events. The trial complied with the International
Conference on Harmonization Guidelines for Good
Clinical Practice, the principles of the Declaration of
Helsinki, and relevant national and local regulations.
At the time of screening, the children’s parent(s)
signed written informed consent forms. The sponsor
provided the trial medication (ISO 13485 certified)
and supplied relevant investigation product
information.

Test and comparator products

The Test Product (TP), designated as Nesospray-Kid,
commercialized in Europe as a medical device, was
supplied by Vitrobio Pharma in France (ISO13485
certified) in 15ml plastic containers fitted with a
spray for nasal application (+ 125 sprays: 120 pl/
spray). The solution contained osmotically active
filmogen glycerol as described by Shrivastava et
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al which was rendered filmogen by adding small
quantities of rhinocyanidin-e polymeric-premix
derived from the fruit extracts of Vaccinium
macrocarpon, Vaccinium myrtillus, Sambucus nigra
and Ribes nigrum, HPC (Hydroxypropyl Cellulose)
as a thickener, and Potassium sorbate, Sodium
benzoate, and Citric acid as stabilizers [18, 19].

Study design and rationales

The study was designed as a comparative, random-
ized, double-blind, parallel-group, observational
clinical trial to evaluate the efficacy and safety of Ne-
sospray-Kid (TP) against 0.9% NaCl saline solution
as a Comparator Product (CP), for the treatment of
acute or chronic rhinosinusitis in children. 3 sprays
to 4 sprays were applied on the nasal surface of 20
children in the TP group and 10 in the CP group, ev-
ery 30 min at the beginning of the treatment during
the first 2 h, and 3 times to 4 times per day afterward
up to 15 days. Saline solution (0.9%) was selected as
a comparator product based on its close characteris-
tic similarity with the TP. The doses were selected for
children (0.4 ml-0.6 ml /application) based on the
doses used in adults for similar treatment, the sur-
face area of the nasal cavity in children, the duration
of action of the product film, and the mean quantity
of aliquid substance required to form a film over the
nasal mucosa.

The rationale for selecting children aged between
3 years to 16 years and the duration of the study:
Nesospray-Kid is directed for the treatment of RSS
and CRSS in children. Due to difficulties in applying
the product spray and obtaining reliable replies in
children below the age of three, it was decided to
conduct the study in the 3 years to 16 years age group
population. As most of the time, rhinosinusitis
symptoms in children disappear progressively
within about 2 weeks, the duration of the study was
kept for 15 days.

Main inclusion criteria: Children, aged between 3
years to 16 years with cooperative and understanding
skills, accompanied by at least 1 parent or caretaker,
and having clinical manifestations of RSS or CRSS
with strong rhinosinusitis symptoms (scored on
a scale of 0 to 10 for 5 key symptoms: rhinorrhoea
or congestion, fever, cough, lack of good sleep, pain
upon facial pressure), with a mean Rhino-sinusitis
Severity Score (RSSS)=or>25 on a maximum score
of 50. Patients/Parents are ready to abstain from
using any drug which may affect the study outcome
except in cases when the patient’s condition worsens,
other treatments could be allowed upon physicians'
recommendations. Enrolled patients accepted not to
use facial masks, nasal sprays or lavages, eye drops,
and any other local or other herbal or homeopathic
treatment during the study period. Both parents and
caretakers gave written consent to participate in the
study.

The main exclusion criteria: Children below
the age of 3 or above the age of 16, having

hypersensitivity/ history of allergy to any of
the investigational product’s components
unwilling to participate in the study; patients with
the abnormal nasal passage, polyps, recent nasal
surgery, bronchopneumonia, chronic allergy,
clinical evidence of immunosuppression, and RS of
known fungal or allergic origin. Patients treated with
any other medications for rhinosinusitis including
antibacterial/antiviral treatment, antihistamine, and
steroids within 2 weeks before screening.

and

Randomization

After screening, patients satisfying all the inclusion
criteria were enrolled and randomly allocated
in a 2:1 ratio as per the randomization schedule.
Treatments were allocated to patients by carrying out
randomization using SAS Version 9.1.3 following
a randomization schedule. Block Randomization
methodology was employed for generating the list.

Parameters recorded and study endpoints

Primary study parameters included rhinosinusitis
severity symptom scores consisting of rhinorrhoea
or congestion, fever, cough, lack of good sleep, and
pain upon facial pressure at baseline, 2 h after 1*
treatment, and on days 1 (visit 1), 3 (visit 2), 6 (visit
3), and 15 (visit 4) after the start of treatment.

Secondary study parameters comprised all
adverse events, eventual need for antibiotics or
other medications as well as global assessment
with product acceptability by patient/parents and
physician.

Statistical analysis

Statistical analysis was performed by unpaired
two-tailed Student’s test, for comparisons between
two groups and the one-way or two-way ANOVA
followed by the post hoc Bonferronis test for
comparisons of multiple groups. p<0.1 was
considered statistically significant (GraphPad Prism
version 8.4.2, La Jolla, USA).

Results
Demographics

As shown in the Consort chart, 22 boys and 13 girls
(total of 35) between the age group of 3 to 16 years,
with a mean age of boys and girls between 8.33 to
7.77 years respectively, confirming all the inclusion
and exclusion criteria, were enrolled in the study.
Among these patients, 13 boys and 07 girls (n=20)
were allocated to the TP group and 08 boys & 02
girls, to the CP group.

There were relatively more girls in the TP vs CP
group but as physiopathology
remains identical in boys and girls, it was assumed
that distribution has a negligible effect on the study
parameters and therefore, the distribution pattern
was not modified (Figure 1).

rhinosinusitis

Effect on rhinorrhoea/ nasal congestion

The mean scores of rhinorrhoea &/or nasal
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congestion at baseline were close in both the CP
(7.10 £ 0.74) and TP (7.05 + 0.95) groups, indicating
homogeneity of symptomatic manifestation of RS
in both groups. 2h after 1% treatment, there was
not much change in mean scores in both groups
(between 6.8 + 1.39 and 7.30 + 1.16, NS vs baseline)
showing that no treatment provides instant relief. In
the CP, the mean rhinorrhoea/nasal congestion score
also did not change significantly until day 3 (mean
score 6.40 + 1.07; -9.33% vs baseline, NS) but started
decreasing progressively on day 6 (4.3 £ 1.06; -37.3%
vs baseline, p<0.001) and diminished significantly
on day 15 (2.60 + 0.97; 60.0% vs baseline, p<0.001).
These results demonstrate that saline solution nasal
wash offers symptomatic relief but the effects are
slow and progressive, without complete relief up to
day 15.

In the TP group (n=20) there was no specific
improvement in rhinosinusitis symptoms within
Ist 2h of treatment but a strong reduction vs
baseline was observed on day 3 (-49.3%; p<0.001).
Thereafter, the reduction was near -76.0% (p<0.001)
on day 6, and complete recovery was observed in
almost all the children on day 15 (mean reduction
of -98.0%; p<0.001 vs baseline). The difference in
efficacy between the two groups is statistically significant
(p<0.001) in favor of TP from day 3 onwards (Figure 2).

These indicate that although
nasal wash with saline solution slightly improves
rhinosinusitis symptoms, the CP treatment doesn't
offer complete healing within 15 days of treatment.

results regular

The mean residual score on day 15 in this group
was 2.60 + 0.97 vs only 0.15 £ 0.36 in the TP group
at the end. The TP treatment already achieved a
mean score of 1.8 + 1.0 on day 6, a score which is
even lower compared to the score with CP on day
15. It can be concluded that the TP treatment is
twice more effective compared to CP in reducing
rhinosinusitis-induced rhinorrhoea &/or nasal
congestion in children.

Effect on cough

Coughing is a very common symptom of RSS/
CRSS and one of the most important factors for
disturbing the quality of life in children. At the start
of the treatment, baseline cough severity scores
were relatively high in both groups (6.90 + 1.10 in
CP vs 6.55 + 1.19 in TP). A very slight increase in
cough intensity was noticed 2 h after the 1% drug
administration in both groups (NS), showing that
none of the products have an instant anti-coughing
property. Thereafter, compared to baseline, a
progressive but very slight reduction in the mean
cough severity was observed in the CP group on
day 3 (-12.2%, p<0.001), which progressed further
on day 6 (-32.06%, p<0.001) up to day 15 (-64, 1%
p<0.001) (Figure 3).

TP was highly effective in suppressing child cough
symptoms compared to CP as the mean reductions
in coughing compared to baseline were very strong
on day 3 (-43.5%, p<0.001), which progressed
further until day 6 (-67.94%, p<0.001), and day
15 (-97.7%, p<0.001). These results indicate that

Assessed for eligibility (n=35)

Screen failure (n=5)

Randomization (n=30)

Allocation

Comparator product group {0.9%
saline solufion) (n=10)
Received allocated
intervention (n=10)

Did not receive intervention (n=0)

cpP

Investigational or Test product
group (Mesospray-E) (n=20)
Received allocated
intervention (n=20)

Did not receive intervention (n=0)

TP

Lost to follow up (n=0)
Discontinued intervention (n=0}

Follow-up

Lost to follow up (n=0}
Discontinued intervention (n=0)

Analysed (n=10)
Excluded from analysis (n=0)

Analysed

Analysed (n=20)
Excluded from analysis (n=0)

Figure 1: Consort diagram demography
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Figure 2: Mean scores (+ SD) for rhinorrhoea in test product group (light grey) vs. Comparator Product group (dark grey)
just before treatment (BLTO0) and on Day 1 (2 h after 1st application), Day 3, Day 6 and Day 15. *p<0.1, **p<0.01, **¥*p<0.001
for TP compared to CP at the same time point
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2-way ANOVA with post-hoc Bonferroni test. *p<0.1 **p<0.01 ***p<0.001

Figure 3: Mean scores (+ SD) for Cough in test product group (light grey) vs. comparator product group (dark grey)
just before treatment (baseline T0) and on Day 1 (2 h after 1st application), Day 3, Day 6 and Day 15. *p<0.1, **p<0.01,
*%¥p<0.001 for TP compared to CP at the same time point

TP is much more active in stopping coughing in
children compared to CP and the cough-suppressing
properties of TP are very fast.

Effect on sleep

Unrest and bad sleep during RSS or CRSS have a
strong impact on sleep, the most important quality
of life parameter for children as well as for parents.

Treatment with saline solution CP was relatively
effective as the mean improvement in sleep
parameters was 16.10%, 34.9%, and 52.35% after 3,

6, and 15 days of treatment (p<0.001 on vs baseline
on days 6 and 15). This improvement looks good but
is probably not very pertinent as the rhinosinusitis
symptoms naturally fade with time and complete
recovery may be expected within 15 days to 20 days.

In the TP group children, a drastic improvement in
sleep parameters was noticed, as early as day 3, with
a mean improvement of 58.4% (p<0.001 vs baseline).
This improvement on day 3 is even better than the
sleep enhancement effect of CP on day 15 (Figure
4). The mean improvement in night rest with TP
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on day 6 was 75.8% (p<0.001) and no child in this
group complained about bad sleep after 1 week to
2 weeks of treatment. When compared with the CP
group, the difference in sleep improvement in the TP
group is statistically significant (p<0.00) from day 3
onwards. These results confirm the concomitant
improvement of other RSS symptoms observed in
children, which allows for better sleep.

Effect on facial pain

In RSS and CRSS, the cause of facial pain is blockage
of sinus drainage leading to increased intra-sinuses
pressure, which develops inflammation and pain in
the front part of the face and around the nose and

may lead to chronic sinusitis if acute rhinosinusitis
is not treated.

The mean facial pain intensity score in the CP group
reduced progressively from day 3 (-24.3%, p<0.003),
and improved further on day 6 (-45.7%, p<0.001)
and day 15 (-62.9%, p<0.001) compared to baseline
score (Figure 5).

Whereas in the TP group, compared to baseline
values, the facial pain had subsided strongly and
significantly on day 3 (-55.7%, p<0.001) with further
decrease on day 6 (-77.1%, p<0.001) and day 15
(-97.1%, p<0.001). The reduction in facial pain is
only slightly better in TP vs CP (p<0.1 up to day 6

Lack of sleep
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2-way ANOVA with post-hoc Bonferroni test. *p<0.1 **p<0.01 ***p<0.001

Figure 4: Mean scores (+ SD) for Effect on sleep in TP (light grey) vs. CP group (dark grey) just before treatment (baseline TO)
and on Day 1, Day 3, Day 6 and Day 15. *p<0.1, **p<0.01, ***p<0.001 for TP compared to CP at the same time point. Sleep
disturbances were dissipated much faster in TP vs CP group.
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2-way ANOVA with post-hoc Bonferroni test. *p<0.1 **p<0.01 ***p<0.001

Figure 5: Mean scores (+ SD) for effect on facial pain intensity in test product group (light grey) vs. Comparator Product
group (dark grey) just before treatment (baseline T0) and on Day 1 (2 h after 1% application), Day 3, Day 6 and Day 15.
*p<0.1, **p<0.01, ***p<0.001 for TP compared to CP at the same time point.
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and p<0.01 on day 15).

Being an osmotically active, strongly hypertonic
solution, the TP probably exerts osmotic pressure
over the membrane blocking the sinuses and
helping in membrane disintegration, and sinus
drainage thereby reducing intra-sinus pressure and
consequently sinus pain.

Effect on fever

In the CP group, 8/10 children had some fever at the
start of the study. The maximum score of fever was
4/10 in 3 children, 3/10 in 3 children, and 2/10 in 2
children. The number and the intensity of fever in
these children remained nearly the same up to day
3. Only 4/10 children had mild to moderate fever
by day 6 and 3/10 by day 15. In the TP group, the
number of children having mild to moderate fever
was 12/20 at the start, which reduced progressively
to 9/20 on day 3, 6/20 on day 6, and 1/20 on day
15 (Figure 6). The fever reduction is better in the
TP group and follows an overall reduction in RSS
observed in this group.

Mean Rhinosinusitis Severity
Symptom Score (RSSS)

The RSSS is calculated on a scale of 0 to 10, on
5 key RSS parameters and averaged at each time
point. Comparing mean scores of CP vs TP shows
the difference in RSS symptom reduction, whether
statistically significant or not, between the groups.
The results in Figure 7 clearly show that the effects
of TP are much faster with a statistically significant
improvement in TP vs CP, just 3 days after the start of
treatment. Although CP treatment helps minimize
RSS symptoms in children, progressively over 15
days, TP efficacy is much faster and stronger than
CP and all the patients in the TP group recovered
completely after 15 days of treatment in TP.

Fever
4
— 3_ .
= ]
© 2 i1 *
8 I ' ]
/]
1+
0- T |I;I;I |II.I
Q¥ s o © )
SR A

Effect on the need for antibiotics

For ethical reasons, investigators were authorized
to use antibiotics if the patient’s condition does not
improve or worsen during the study duration. In
the CP group, 4/10 children were given short-term
antibiotics but in the TP group, no child required
antibiotic treatment as their recovery was stronger
and faster compared to CP treatment. These results
indicate that the TP helps minimize the need for the
use of antibiotics in children suffering from RSS.

Product efficacy, adverse effects, and safety
profile

The TP showed much better efficacy on all the
rhinosinusitis parameters evaluated in this study
which was nearly twice as better as compared
to CP treatment in reducing the symptomatic
manifestation of the disease without the use of other
concomitant drugs.

Safety was assessed by evaluating the number of
patients reporting incidences of Adverse Events (AE)
and/or Serious Adverse Events (SAE) arising during
the study and their assessment concerning the
intensity, duration, pattern, and causal relationship
to the investigational product. There were no adverse
effects observed in both the TP or CP groups during
the study. The TP was well tolerated and there were
no significant or test product-related changes in vital
signs, physical examination, or systemic parameters.
The absence of any effects on the systemic
parameters, even after 15 days of consecutive use
of the products, proves that they are not absorbed,
do not interact with cell surface receptors, and have
no pharmacological, metabolic, or immunological
interactions with the body cells. Both products are
therefore considered safe for topical application as
a nasal spray for the treatment of RSS &/or CRSS,
however, the TP is much more effective, fast acting,
and as safe as the saline solution.

= Treated
mm Control

|2-way ANOVA with post-hoc Bonferroni test. *p<0.1 **p<0.01 ***p<0.001|

Figure 6: Mean scores (+ SD) for Effect on Fever Intensity in Test Product group (light grey) vs. Comparator Product group
(dark grey) just before treatment (baseline T0) and on Day 1 (2 h after 1 application), Day 3, Day 6 and Day 15. *p<0.1,
**p<0.01, ***p<0.001 for TP compared to CP at the same time point
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Rhino-sinusitis Severity Score
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Figure 7: Mean Rhinosinusitis severity score ( + SD) bases on the effects on rhinorrhoea, nasal
congestion, cough, facial pain, effect on sleep and fever, indicative of the quality of life of the
patients in the TP (light grey) vs. CP (dark grey) group at each time point for TP compared to CP.
Note a gradual reduction in RSSS in both groups where the effects of TP are statistically significant

(p<0.001 vs CP) from day 3 onwards

Discussion

Children have on average 6 episodes to 8 episodes of
colds per year and 0.5% to 5% of these develop into
rhinosinusitis which can be classified according to
the duration of symptoms in acute, up to four weeks:
subacute, from 4 weeks to 12 weeks, and chronic,
greater than 12 weeks. There is also recurrent acute
rhinosinusitis in which each episode lasts less than
30 days. Rhinitis evolves towards sinusitis when
the infection enters the nasal sinuses which usually
becomes chronic as sinus infections are extremely
difficult to dislodge [2, 20].

RSSand CRSSare multifactorial diseases because they
involve viral infection, secondary bacterial infection,
NM and sinus inflammation, NM damage, secretion
of multiple pro-inflammatory cytokines on the NM,
and corresponding symptomatic manifestations
such as rhinorrhea and/or nasal congestion, cough,
pain, fever, and sleep disturbances [21]. To curb RSS
rapidly, as per the stage of symptom development,
only a specific treatment for each symptom or a
multi-target treatment that acts on different factors
simultaneously can help ease the disease rapidly [22].

Recent findings prove that bacterial biofilm, which
obstructs sinus openings in as many as 75% of CRS
patients, is the main cause of persistent rhinosinusitis
[23, 24]. Microorganisms enter the sinuses, grow and
protect themselves by forming a biofilm at the sinus
opening, which contains a specialized community
of adherent microorganisms surrounded by an
extracellular polymeric substance. No drug can
reach therapeutic or antimicrobial concentrations
inside the sinuses because sinuses are empty and
poorly vascularized cavities. It is also not easy to
disintegrate sinus-blocking biofilm because the film
gets stronger with time, is resistant to any topical or
systemic treatment, and cannot be removed except
by using a mechanical cleaner. Unfortunately, no
mechanical biofilm disintegrator has yet been
discovered and therefore, there is no treatment to
open and drain the sinuses [7]. All current and even
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emerging treatment options are intended to ease one
or two clinical symptoms, often in association with
other therapies including saline nasal washes, topical
or oral antibiotics, nasal decongestants, steroids,
and anti-inflammatory drugs [11]. New emerging
options include antimycotics, anti-IgE, anti-IL5,
new antihistamines, complementary medicine,
immunosuppressant ~ medications, leukotriene
inhibitors, phytotherapy, probiotics, and proton
pump inhibitors [15-21]. Despite the abundance of
treatments available, one wonders why none of them
is working and why, even today, we don’t have a cure
for RSS and CRSS. In theory, it would be sufficient
to open and drain the sinuses and keep the NM
clean, which should reduce inflammation, and pain,
as well as rebuilt NM, to enhance natural defense.
In the absence of any treatment, saline solution,
used as a nasal wash, is still considered one of the
best and safest treatments to get some symptomatic
relief as saline solution is safe and has a slightly
positive benefit/risk ratio [22, 23]. Regular and
frequent nasal washes help clean the NM, improving
respiration and reducing NM surface microbial load,
thereby alleviating CRS symptoms but saline wash
does not affect pressurized, inflamed, and infected
sinuses [2, 3].

In this study, when the saline solution was used as
a comparator product for 15 consecutive days, it
provided reasonably good symptomatic relief by
minimizing rhinorrhea, nasal congestion, cough,
and facial pain but the improvement was limited
to a maximum of 50% of baseline values and the
disease was not alleviated. This is comprehensible as
saline solution is poorly osmotic, cannot disrupt the
biofilm, and ease intra-sinus pressure [25].

An effective treatment should be multi-target, safe,
non-irritant, chemical free, and should be capable
of exerting enough positive osmotic pressure over
sinus-blocking biofilm membranes to disrupt the
membrane and drain the sinus contents. Additional
antiseptic, antibiotic, &/or anti-inflammatory
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activities would be excellent.

The results of this study show that Nesospray-
Kid spray possesses all the above-mentioned key
properties, essential for an effective RSS or CRSS
treatment. Glycerol is a highly osmotic and cell-
friendly solution but an irritant to the NM and easily
degradable with the nasal flow. As certain specific
polymeric tannins bind to glycerol molecules and
render glycerol film open with increased resistance
to dilution and improved duration of action, we
rendered the glycerol film Rogen and stable by
incorporating selected glycerol molecule binding
natural polymers [19]. Furthermore, the irritation
potential of glycerol was reduced by adding specific
jellifying absorbent ingredients. Tannins are large,
inert, and highly branched molecules which do
not interact with the cellular structures, are non-
cytotoxic even at higher concentrations, and are
easily expelled with the hypotonic liquid flow once
the glycerol film is disintegrated after 4 h to 6 h.
In this study, the osmotic glycerol film was applied
directly onto the nasal mucosa for 15 consecutive
days but most of the key symptoms of RSS &/or CRSS
were reduced by about 50% just within 3-days and
by 80%-90% between 10 days to 15 days. This quick
efficacy is attributable to the formation of a stable
osmotic film on the nasal mucosa and on the nasal
sinus openings. During a period of 4 h to 6 h, the film
continuously exerts osmotic pressure and attracts
hypotonic liquid from the inner parts of the NM,
thereby removing all the free-floating contaminants
and inflammatory cytokine particles towards the film
where they are trapped. Concomitantly, constant
positive pressure on the sinus opening, hydrates and
breaks the sinus-blocking biofilm, thereby opening
and draining the sinus contents and relieving intra-
sinus pressure. This physical action of cleaning the
NM and sinuses helps reduce NM inflammation,
open sinuses, reduce pain, and reconstitute the
natural NM barrier. There were no undesired effects
or changes in any of the systemic parameters that
were noticed during the trial, proving solely the
topical mode of action of TP. This polymeric osmotic
filmogen technology has already been used for the
treatment of other multifactorial topical diseases
involving tissue damage, lesion contamination,
multiple disease specific and inflammatory
cytokines, and inflammation. This technology was
found highly effective and safe for the treatment of
chemotherapy-induced oral mucositis, severe dry
cough, external and internal hemorrhoids, and even
early-stage COVID-19 infection, while research
on the use of polymeric film for the prevention of
asthma and migraine is in progress [26-28].

It should be noted that cleaning the nasal sinuses is
required before treating RSS and CRSS, but there
was no completely safe mechanical, chemical,
biological, or physiological treatment available
that could provide nearly instant relief until now.
Several efforts have been made (application of
N-acetylcysteine, antibiotics, steroids, and sea water,

saline with betamethasone, to find an efficient RSS
treatment, but without success [29-33].

Conclusion

Rhinosinusitis in children is an acute or chronic
multifactorial disease involving not only viral and/or
bacterial infection but also inflamed and damaged
nasal mucosa and blocked sinus passages, which
are responsible for severe facial pain. Because no
treatment can act on all of the factors at the same
time, multiple chemical treatments with varying
side effects are currently used to treat this disease.
The clinical efficacy and safety results presented
in this paper show that using an external and
topical approach of keeping the nasal surface clean
and opening the sinuses with osmotic pressure,
represents a highly effective, multi-target and safe
approach to treating rhinosinusitis in children.
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