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Purpose: Anosmia or hyposmia, with or without taste changes, are common symptoms that occur in SARS-CoV-2 infection and
frequently persist as post-COVID-19 manifestations. This is the first trial to assess the potential value of using local ivermectin in the
form of a mucoadhesive nanosuspension nasal spray to treat post-COVID-19 anosmia.

Methods: It is a controlled, randomized trial. Participants were recruited from South Valley University Hospitals in Qena, Upper
Egypt, from the ENT and Chest Diseases Departments and outpatient clinics. Patients with persistent post COVID-19 anosmia were
randomly divided into two groups, the first group “ivermectin group” included 49 patients treated by ivermectin nanosuspension
mucoadhesive nasal spray (two puffs per day). The second group included 47 patients “placebo group” who received saline nasal
spray. Follow- up of anosmia [using Visual analogue scale (VAS)] in all patients for three months or appearance of any drug related
side effects was done.

Results: The mean duration of pre-treatment post COVID-19 anosmia was 19.5+ 5.8 days in the ivermectin group and 19.1+ 5.9 days
in the placebo group,p>0.05. Regarding the median duration of anosmia recovery, the ivermectin group recovered from post COVID-
19 anosmia in 13 days compared to 50 days in the placebo group, p< 0.001. Following the first week of ivermectin nanosuspension
mucoadhesive nasal spray therapy, the ivermectin group had a significantly higher percentage of anosmia recovery (59.2%) than the
placebo group (27.7%), p< 0.01, with no significant differences in recovery rates between the two groups at 1, 2, and 3 months of
follow up, p>0.05.

Conclusion: In the small number of patients treated, local Ivermectin exhibited no side effects. In persistent post-COVID-19 anosmia,
it could be used for one week at the most as the treatment was extended to one, two and three months, with no difference in recovery
compared to the placebo treatment.

Trial Registration No: NCT04951362.

Keywords: post-COVID-19 anosmia, ivermectin, nanosuspension mucoadhesive nasal spray

Introduction
The pandemic of coronavirus disease 2019 (COVID-19) started in December 2019 in China. It is a viral disease caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections.? Patients with COVID-19 could be
presented with fever, fatigue, headache, cough and dyspnea.’ In severe cases, patients suffer from pneumonia, acute
respiratory failure, respiratory distress syndrome, and acute heart problems.*

Anosmia or hyposmia, with or without problems in taste, is a common symptom that occurs in SARS-CoV-2
infection.”® The frequency of olfactory dysfunction in COVID-19 ranges from 68 to 85%, and it may persist for
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weeks post COVID-19.° Carfi et al, reported that 87.4% of patients who recovered from COVID-19 had at least one
persistent symptom with loss of smell among them.” However, the underlying mechanism by which anosmia develops
itself has not yet been identified.® There are several theories that explain how anosmia occurs in COVID-19 patients. It is
claimed that coronaviruses invade the olfactory pathway through the first order neuron of the central nervous system
which presents in the olfactory mucosa. This olfactory mucosa is located in the roof of the nasal cavity and is formed of
a specialized neuro-epithelium.’ The virus reaches the second order neuron by crossing the cribriform plate, and then
reaches the olfactory bulb.'® One potential mechanism for the anosmia brought on by COVID-19 is olfactory epithelium
(OE) inflammation. The virus’s attachment to these cells results in cytokine production, which encourages OE inflam-
mation. In one study, IL-6 levels and olfactory abnormalities in COVID-19 patients were compared. Significant
relationships between the lowered levels of IL-6 and the length of time needed to recover from anosmia brought on
by COVID-19 have been reported.'" Ivermectin interferes with STAT-3 function and reduces IL-6 production via
inhibiting Akt/mTOR signalling and promoting PAK1’s ubiquitin-mediated degradation.'* The reduction of cytokine
production by lipopolysaccharide-exposed macrophages, blocking of NF-kappa B activation and the stress-activated
MAP kinases JNK and p38, and inhibition of toll-like receptor 4 (TLR4) signalling were proposed as the mechanism for
ivermectin’s anti-inflammatory activity.'*™'> Anosmia is a distressing symptom that may disturb quality of life; numerous
trials were conducted to treat it. According to Abdelmaksoud et al, zinc therapy may significantly shorten the time it
takes for COVID-19 patients to restore their sense of smell.'®

Ivermectin was previously used in treatment of Onchocerca volvulus and lymphatic filariasis.'” It is a well-known
antiviral drug effective against many viruses as confirmed by many in vitro studies.'®'? Ivermectin has been reported to
inhibit the nuclear import of viral proteins; it has also been proved to limit the infection by RNA viruses such as dengue,
West Nile and influenza viruses. SARS-Cov-2 viral RNA replication is reduced about 5000- fold at 48 hours by
ivermectin in an in vitro study.?**'

Nanosuspensions are sub-micron colloidal dispersions of pure drug dispersed in an aqueous medium in which the
diameter of the suspended particles ranges from 10 to 1000 nm).>* These particles can be stabilized by adding
a minimal amount of polymers, surfactants, or a combination of the two. Nanosuspensions have high drug loading
capacity, lower toxicity, and high chemical stability.>* For intranasal drug administration, the drug must remain in the
nasal cavity for a prolonged period of time in order to be absorbed.?? Therefore, mucoadhesive formulations must be
added to these nanoparticles to maintain their localization inside the nasal cavity for longer duration.”® Aref et al used
an ivermectin mucoadhesive nanosuspension nasal spray to treat early COVID-19 patients, and they found that this
innovative delivery approach is efficient and safe for treating mild COVID-19 patients and shortens anosmia
duration.”* In addition to mucoadhesive material, the goal of this study was to assess the potential role of
Ivermectin when administered locally as a nanosuspension nasal spray in the treatment of individuals with post-
COVID-19 anosmia.

Patients and Methods
Study Design and Participants

The randomized controlled trial was conducted on patients presented with post COVID-19 anosmia recruited from the
ENT and chest diseases’ Departments and out-patients from clinics of hospitals of South Valley University, Qena, Upper
Egypt, during the period from March 1st, 2021 to April 30th, 2021. The Declaration of Helsinki was followed in
conducting the study. The South Valley University Faculty of Medicine’s Ethics Committee gave their approval to this
study. Code: (SVU 2021/1/121). Informed written consent for inclusion in this study was obtained from each participant
in the study. If the participants were under 18 years of age, their informed written consent was obtained from their parents
or legal guardians.

Inclusion Criteria
Patients with COVID-19 anosmia and persists after viral clearance (confirmed by negative two successive SARS-CoV-2
RNA-PCR nasopharyngeal swabs, 48 hours apart), and approved to be included in the study.
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Exclusion Criteria

Participants were excluded if they had previously been diagnosed with nasal polyps, undergone anterior or sinonasal
surgery, or had a neurological condition prior to COVID-19 infection. Individuals who were pregnant or lactating were
not included. Additionally, people were excluded if they were concurrently taking other treatments for olfactory
dysfunction, or had comorbid illnesses like asthma, or had an adverse reaction to ivermectin, or had any other conditions
that would make it inappropriate for them to take ivermectin.

The diagnosis of anosmia was made by the physicians.'® COVID-19 anosmia patients were randomly divided into
two groups; the first group consisted of 49 patients with post COVID-19 anosmia, treated by local Ivermectin in the form
of nanosuspension mucoadhesive nasal spray (two puffs per day). The second group included 47 patients with post
COVID-19 anosmia who received isotonic saline (NaCl 0.9%) nasal spray.

Although there have been numerous studies on the olfactory dysfunction that COVID-19 patients experience, post-
COVID-19 anosmia has not yet been successfully treated.”® Isotonic NaCl irrigation has no hazard or therapeutic effect
on anosmia.”® Objective and subjective assessments of anosmia recovery were performed for three months follow- up of
all included participants at four different times (one week, one month, two months, three months intervals), Figure 1. The
results were recorded in days. Patients were randomly assigned (1:1) either to; Ivermectin nanosuspension mucoadhesive
nasal spray or saline nasal spray. In an electronic case report form system, randomization was carried out in blocks of
varying sizes (4, 6, and 8), stratified by age (>25 years vs <25 years). Allocation was done by a web-based, automated
randomization system but the study was open label without masking. Each participant was given written, verbal, and
visual instructions on how to carry out the nasal irrigation to ensure patients’ adherence to use the prescribed medication.

Ivermectin/ Placebo groups
Patients with PCR-confirmed COVID-19, anosmia for >7 days, and ENT
examination and validation
(N=106)

l ‘,

Patients of group A (ivermectin)
(N= 49/106)

Patients of group B (placebo group)
(N=47/106)

!

Patients included in 1 week follow- up (N=47/47)
Patients included in 1week follow- up (N=49/49) With total subjective recovery (N= 13/47)

With total objective recovery (N= 29/49) With partial or no recovery (N= 34/47)
With partial or no recovery (N=20/49) l

A

Patients included in 1-mo follow- up (N=20/49)
With total objective recovery (N=11/20)
With partial or no recovery (N= 9/20)

Patients included in 1-mon follow- up (N= 34 /47)
With total subjective recovery (N= 16 /34)
With partial or no recovery (N= 18 /34)

A

Patients included in 2-mo follow- up (N=18/47)

Patients included in 2-mon follow- up (N= 9/49)
With total objective recovery (N=4/9)
With partial or no recovery (N=5/9)

With recovery (N= 8/18)

v

Patients included in 3-mon follow- up (N=5/49)
With total objective recovery (N=3/5)
With partial or no recovery (N= 2/5)

Patients included in 3-mo follow- up (N=10 /49)
With total recovery (N=5/10)
With partial or no recovery (N=5/10)

A

Y

Cumulative patients with total objective
recovery at 3-mon (N=47/49)

Cumulative patients with total subjective
recovery at 3-mon (N=42/47)

Figure | Flow chart showing difference between both group in different follow up durations.
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Sample size was calculated using the Steven K. Thompson equation. We adjusted the sample size to attain 80% power
and a 5% confidence level of significance (type I error).

Olfactory Assessments and Data Collection
To grade anosmia, a visual analogue scale (VAS) was utilized (from 0 to 10) with 0: no sense of smell, 10: normal sense

1.>” Demographic data for all patients were

of smell), and scores from 1 to 9 indicating progressively recovery of smel
recorded including sex, age and co morbidities as (DM and HTN). For each patient included, a comprehensive history
and clinical examination were performed. In addition, local nasal examination of the nose and paranasal sinuses was

performed to exclude any causes of nasal obstruction.

Materials Used for Ivermectin Preparation

Sodium alginate was purchased from General Chemical and Pharmaceuticals Co. Ltd, Sudbury, Middleesex, England.
Hydroxy propyl methyl cellulose (HPMC) 15,000 was purchased from El-Gomhouria Co., Egypt. Pluronic-F127 and
Pluronic-F68 were purchased from Sigma Chemicals Co. (St. Louis, MO).

Preparation of lvermectin Nanosuspension

Ivermectin nanosuspension was produced utilizing antisolvent precipitation followed by ultrasonication methods.'*"*
Ivermectin was dissolved in acetone in a specific concentration (120 mg/L). Pluronic-F68 and Pluronic-F127 at
concentrations of 1 and 2% w/v, respectively, were dissolved in distilled water to form a stabilizer aqueous phase. The
prepared ivermectin solution was then added slowly (dropwise) using a syringe to the stabilizer aqueous solution under
continuous stirring on a magnetic stirrer (3000 rpm for 30 minutes) at room temperature. Immediately after mixing,
precipitation occurred, forming a homogeneous suspension, and then it was subjected to ultrasonication using a probe-
type sonicator (Cole-Parmer, Vernon Hills, IL) for 10 minutes at 5 second pulses and 50% amplitude pressure. The
formed nanosuspension was placed on a magnetic stirrer to ensure evaporation of organic solvent. The entrapment
efficiency (EE %) of the prepared formulation was evaluated indirectly by estimating the unentrapped ivermectin

spectrophotometrically at 245 nm using this equation:*®

Total - D ] tant
otal drug rug in supernatan )X 100

(
EE =
(%) Total drug in formulation
Particle size (nm) and polydispersity index (PDI) were determined by dynamic light scattering using a Zetasizer Nano
ZS™ instrument (Malvern Instruments, Malvern, UK). The developed ivermectin nanosuspension was imaged using
transmission electron microscopy (JEOL TEM, Model 100 CX II; Tokyo, Japan).

lvermectin Nanosuspension Mucoadhesive Nasal Spray Preparation

Ivermectin nanosuspension was obtained by adding sodium alginate (0.2% w/v), carbopol 974P (0.1% w/v), and HPMC
K 15M (0.3% w/v) and stirring until a homogeneous dispersion was obtained. Preservatives were then added to the
ivermectin nanosuspension in the form of glycerol (1% w/v) and sodium benzoate (0.01% w/v). Finally, mucoadhesive
nanosuspension was used to fill nasal spray bottles with a final concentration of ivermectin of 70 pg/mL.***° Drug
content and the pH of the developed mucoadhesive nanosuspension were also, determined. The in-vitro release of
ivermectin in simulated nasal fluid (SNF) from the prepared formulation was performed using dialysis method through
cellophane membrane as mentioned previously.”® Release data were analyzed using different kinetic models (Zero order,
First order, Higuchi diffusion model and Korsmeyer-Peppas).>> Finally, the storage stability of ivermectin nanosuspen-
sion at two different storage conditions, room temperature and refrigerated conditions (4°C) for one month.

Statistical Analysis

Data entry and data analysis were done using SPSS version 26 (Statistical Package for Social Science). Kolmogorov—
Smirnov test was used to check for data normality. Data were presented as a number, percentage, the mean and standard
deviation for parametric data, the median and inter-quartile range for non-parametric data. Chi-square and Fisher’s exact
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tests were used to compare qualitative variables. Mann—Whitney’s test was used to compare between two quantitative
variables and Kruskal-Wallist’s test and Dunn’s post hoc test were used to compare between more than two quantitative
variables for non-parametric data. Independent ¢ test was used to compare between two quantitative variables for
parametric data. Level of significance was considered when <0.05.

Results

Characteristics of the Prepared Ivermectin Mucoadhesive Nanosuspension Nasal
Spray

Ivermectin nanosuspension was developed successfully using anti-solvent evaporation ultrasonication method. The
prepared formulation showed small particle size of 373.0 = 16.38 nm (Figure 2A), acceptable PDI (polydispersity
index) of 0.496 + 0.086 (narrow size distribution),drug encapsulation of 96.9+2.3% with high zetapotential —31.0 +
2.15mV. Transmission electron microscope (TEM) analysis revealed that the prepared ivermectin nanosuspension
formulation has nonaggregate small sized with slightly spherical shape particles (Figure 2B). The cumulative release
of ivermectin after 6 h from mucoadhesive nanosuspension was higher than (85.7 £ 0.82%) that from free ivermectin
solution (46.23 + 1.8%.) (Figure 3). This result might be attributed to the reduced particle size (373.0 + 16.38 nm),
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Figure 2 Characteristics of the used ivermectin nanosuspension. (A) Particle size distribution. (B) Transmission electron micrograph of the prepared ivermectin
nanosuspension.
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Figure 3 In-vitro release profiles of ivermectin from mucoadhesive nanosuspension in SNF (simulated nasal fluid) pH 5.5 at 37 °C. Data expressed at mean * SD (n=3).
Abbreviation: NS, Nanosuspension.
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improved aqueous solubility and high surface areca of drug nanosuspension. Further, prolonged drug release was
exhibited from mucoadhesive nanosuspension. Kinetic analysis of release data revealed that the release of ivermectin
follows First-order kinetics (R?=0.928) and Korsmeyer-Peppas diffusional exponent n (0.663) corresponding to anom-
alous or non-Fickian diffusion.

Demographic and Clinical Data of the Study Groups

This study included 96 patients with post COVID-19 Anosmia. None of them were chronically use alcohol or opiates.
Patients were divided randomly into two groups; group A consisted of 49 patients with a mean age of 30.9 £ 14 years
(age range 1644 years) versus 47 patients of group B with a mean age of 29.1+ 9.6 years (age range 19—40) with no
significant difference. Both groups were matched according to gender, p >0.05 (Table 1). In the context of co-morbidities,
four patients were diabetic in group A and two patients were hypertensive, and two patients were diabetics and
hypertensive. In group B also two patients were hypertensive, and two patients were diabetics and hypertensive with
no significant differences between both groups regarding to the frequency percentages of the co-morbidities, p>0.05 for
all (Table 1). According to the severity of COVID-19 in group A; mild cases were 29 patients (59.2%), moderate cases
were 11 patients (22.4%) and severe cases were 9 patients (18.4%). In group B mild cases were 30 patients (63.8%),
moderate cases were 9 patients (19.1%),and severe patients were 8 (17%) with no significant difference between both
groups, p>0.05 for all (Table 1). Regarding to the anosmia duration before starting treatment, it was 19.5+ 5.8 days in
group A and 19.1+ 5.9 in group B with p>0.05 for all (Table 1).

Post-COVID-19 Anosmia Recovery Percentages at Different Points of Follow Up

Duration Among the Study Groups

After one week of treatment the ivermectin group (A) showed recovery in 29 patients (59.2%). The placebo group (B)
showed recovery in 13 patients (27.7%) with highly statistically significant difference (p < 0.01). After one month,
duration eleven patients (55%) in group A recovered, and 16 patients recovered in group B (47.1%) with no statistically
significant difference (p>0.05). After two months follow-up, 4 patients in group A recovered (44.4%), and 8 patients
(44.4%) recovered in group B with p>0.05 which was not statistically significant. After 3 months follow-up 3 patients

Table | Demographic and Clinical Data of the Study Groups

Variables Ivermectin Group Placebo Group P value
(n=49) (n=47)

Age (years, meantSD) 309 + 14 29.1£ 9.6 0.5
Sex (No.,%) Males 33(67.3%) 39(83%) 0.07

Females 16(32.7%) 8(17%)
Co-morbidities No 41(83.7%) 39(83%) 0.8
(No.,%)

Diabetes mellitus 4(8.2%) 4(8.6%)

Hypertension 2(4.1%) 2(4.3%)

Diabetes mellitus and 2(4.1%) 2(4.3%)

hypertension

COVID-19 severity | Mild 29(59.2%) 30(63.8%) 0.9
(No.,%)

Moderate 11(22.4%( 9(19.1%)

Severe 9(18.4%) 8(17%)
Anosmia duration before starting therapy(days, 19.5+5.8 19.1£5.9 0.7
meantSD)

Abbreviations: SD, standard deviation; COVID-19, Coronavirus disease 2019.
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Table 2 Comparison Between the Study Groups Regarding to Anosmia Recovery at Different Follow Up

Durations
Follow Up (No.,%) Ivermectin Group | Placebo Group | P value
(n= 49) (n=47)
I week Recovered 29(59.2%) 13(27.7%) 0.001*
Partially or not recovered 20(40.8%) 34(72.3%)
| month Recovered 11(55%) 16(47.1%) 0.6
Not recovered 9(45%) 18(52.9%)
2 months Recovered 4(44.4%) 8(44.4%) 0.99
Not recovered 5(55.6%) 10(55.6%)
3 months Recovered 3(60%) 5(50%) 0.7
Not recovered 2(40%) 5(50%)
Cumulative recovered patients 47(95.9%) 42(89.4%) 0.2

Note: *Significant p value (p<0.05).

(60%) recovered in group A and 5 patients (50%) recovered in group B, with no statistically significant difference. The
cumulative recovered patients in the ivermectin group were 47 patients (95.9%) and 42 patients (89.4%) in the placebo
group with no statistically significant difference (Table 2, Figures 1 and 4).

Comparison of Total Duration of Post-COVID-19 Anosmia Till Recovery in the Study

Groups

The median and range of duration of anosmia till recovery in group A was 13+(3—105) days versus 50£(6—115) in group
B with a highly statistically significant difference (Table 3, Figure 5).

This current study reported no side effects in any patient treated with Ivermectin mucoadhesive nanosuspension nasal

spray (headache, dizziness, muscle pain, nausea or diarrhea).

35%

30%

25%

20%

15%

10%

5%

0
after 1 week

after 1
month

after 2
months

after 3
months

== |vermectin group

== Placebo group

Figure 4 Comparision between the study groups according to the percentage (%) of recovery of anosmia in different follow up durations (after one week, one month, two

months and three months).
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Table 3 Comparison Between the Total Duration of Anosmia Till Recovery in the Study Groups

Variable Ivermectin Group Placebo Group P value
(n=49) (n=47)

Duration of anosmia till recovery [days, Median 13 (3-105) 50 (6-115) 0.000*

(Interquartile range)]

Notes: Mann Whitney test was used. *Significant p value (p<0.05).

Discussion

Ivermectin nanosuspension nasal delivery spray ensures homogeneous medication localization via the nasal mucosa.
Hydroxypropyl methylcellulose (HPMC K 15M), Carbopol 974P and Sodium Alginate are mucoadhesive polymers and
they are used in a blend mixture to prolong the presence of the drug at the site of administration. Consequently, the dose
frequency may be decreased. Based on the previously mentioned points, the aim of this study was to formulate
ivermectin nanosuspension into a mucoadhesive nasal spray in order to evaluate the possible ivermectin therapeutic
activity in treatment of post COVID-19 persistent anosmia. The effectiveness of ivermectin in COVID-19 patients
currently lacks a comprehensive and current evidence synthesis. To evaluate clinical outcomes, numerous clinical trials
were conducted, however the results were inconsistent. Several clinical trials have demonstrated no benefit of ivermectin
compared to placebo for treatment of COVID-19.%"+* While other trials support its beneficial role.****

Patients with COVID-19 complain of sudden onset of anosmia without rhinitis as a new symptom and may be due to
intranasal inoculation of SARS-CoV-2 into the olfactory neural circuitry.>> Gane et al revealed that sudden anosmia
might be the only symptom present in COVID-19 patients.® Examination of autopsy specimens from COVID-19 patients
revealed a neuro-invasion of coronavirsues. Coronavirus strains HCoV-OC43 and —229E were detected in CNS post-
mortem specimens.*®*” Cerebrospinal fluid has revealed SARS-CoV-2 was detected in the cerebrospinal fluid and also in
CNS postmortem specimens.**>° Another possible way of viral entry into the CNS is by direct brain inoculation from
epithelial disruption at the blood-brain barrier after hematologic seeding of SARS-CoV-2 from other organs. The lung
and intestinal epithelia showed high prevalence of ACE2, which supports the hematologic routes for viral entry.*

120

100

80 -1

(Days)

60

anosmia duration

40

2

ivermectin placebo

group

Figure 5 The median duration of post-COVID-19 persistent anosmia recovery (days) in the study groups.
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No certain drug therapy for post COVID-19 persistent anosmia has been documented until now. Ivermectin is a drug
that has received FDA approval.?® It has been evaluated for the treatment of COVID-19 in several clinical studies
worldwide.*' Ivermectin can inhibits replication of a number of viruses in vitro.'®'® In an in vitro study, Ivermectin was
found to be an inhibitor of the SARS-CoV-2, two hours post infection when added to Vero/ hSLAM cells and able to
reduce ~5000-fold viral RNA levels at 48 hours.”' In a recently published study, we reported that an Ivermectin
mucoadhesive nanosuspension nasal spray showed significant rapid recovery of mild COVID-19 patients with shorter
duration of upper respiratory symptoms mainly anosmia. Also, the treatment was reported that it was safe with no side
effects.* However, this study was performed on patients with active COVID-19 and this led us to use this preparation in
the current study for its possible role in recovery of anosmia that persists after viral clearance, even though further studies
on the potential mechanism are required. Nanoparticles comprise a carrier-free colloidal drug delivery system with
a mean particle size in the nanometer range, containing only pure drug and minimum surfactant and/or polymer for
stabilization. Nanosuspensions are able to improve solubility and bioavailability of poorly soluble drugs.**

In this study we used polymers with strong mucoadhesive capacity, which can significantly limit the total clearance of the
formulation from the nasal cavity; thus, it can provide prolonged retention and increased bioavailability of the drug.
Bioadhesive polymers present in the mucoadhesive drug delivery systems, becomes adhesive in nature upon hydration and
therefore find perspectives for targeting the drug(s) to specific body locations to extend the therapeutic effect.*” Nasal delivery
of nanosuspensions has been investigated in different studies. A nasal spray formulation based on in situ gel containing
carvedilol nanosuspension increased the absolute bioavailability in comparison with orally administered carvedilol, which
prolonged residence time.** The nasal nanosuspension loratadine showed a significantly improved bioavailability.”> Therefore,
in-vitro release of ivermectin was performed in simulated nasal fluid (SNF) to investigate the effect of mucoadhesive
nanosuspension on release pattern of ivermectin. The presence of mucoadhesive polymers form a thick gel layer that allow
the drug to be released in sustained release manner which is controlled by polymer erosion and diffusion mechanisms.*?
Prepared nanosuspension in the current study showed physicochemical properties indicates the homogeneity, high drug yield,
improved ivermectin aqueous solubility®* and good stability.*> The pH of preparation was found to be 5.8 which is within the
acceptable range for nasal administration (pH of the nasal mucosa is 4.5-6.5).** The results of storage stability studies revealed
that the prepared nanosuspension showed higher stability at temperature of 4 £2°C, the change in particle size, PDI and EE%
(380.54 £ 21.20 nm, 0.50040.036 and 95.84+1.2%) was negligible. These values were in acceptable ranges which prove the
physical stability of examined formulation at 4 +2°C for one month. However, it was found that the examined parameters are
changed slightly at 25+2°C. This finding suggests that it is preferable to store the prepared formulation in refrigerator.

The results of this study showed a significant reduction in the duration of recovery of patients with persistent post-
COVID-19 anosmia. Also, no side effects were reported. In this study patients with persistent post-COVID-19 anosmia
treated by local ivermectin in the form of nanosuspension mucoadhesive nasal spray showed statistically significant
improvement in the first week of treatment in comparison to the placebo group of patients. However, this statistically
significant improvement with ivermectin mucoadhesive nanosuspension nasal spray was not reported in patients at one,
two and three months of treatment. The effect of ivermectin nanosuspension mucoadhesive nasal spray in the treatment
of post COVID-19 persistent anosmia may be attributed to the direct virucidal effect of ivermectin on persistent viral
particles or virions on the nasal mucosa and olfactory bulb, although further molecular research to highlight the
mechanism of local ivermectin in recovery of post-COVID-19 anosmia is required.

Study’s Limitations

Relatively small sample size, use of subjective assessment of anosmia and lack of comparison with a third therapeutic
regimen such as nasal corticosteroids were the main limitations of the current study. Additionally the use of the visual
analogue scale (VAS) for grading anosmia has its limitations and some patients may not answer correctly was also
another study limitation.

Conclusion
The result of this study showed that the overall recovery rate of patients from post-CVID-19 anosmia was not significant
in the ivermectin group; however, in the intervention group patients recovered faster than the control group after one
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week of therapy. However, the treatment was extended to one, two and three months, which showed no difference to
placebo treatment. Further multicenter studies need to evaluate the clinical effects of ivermectin mucoadhesive nano-
suspension nasal spray in treating post-covid-19 persistent anosmia.
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