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Abstract To assess the virucidal effect of povidone iodine

(PVP-I) on severe acute respiratory syndrome coronavirus

2 (SARS CoV-2) located in the nasopharynx and suit-

able dose-formulation for nasal application were the pur-

pose of this clinical trial. This single-center, open-label

randomized clinical trial with a 7-arm parallel-group

design was conducted in Dhaka Medical College (DMC)

Hospital. A total of 189 reverse transcription-polymerase

chain reaction (RT-PCR)-confirmed SARS CoV-2 positive

cases aged 12–90 years with symptoms was sequentially

enrolled following randomization. Nasopharyngeal clear-

ance of SARS-CoV-2 was tested against PVP-I nasal irri-

gation (NI) at diluted concentrations of 0.4%, 0.5% and

0.6%, and PVP-I nasal spray (NS) at diluted concentrations

of 0.5% and 0.6%. All groups were compared to the cor-

responding controls (distilled water). Written informed

consent was ensured before participation. All procedures

were conducted in after ethical clearance from the Ethical

Review Board and in accordance with the Declaration of

Helsinki. Viral clearance in a repeat RT-PCR (qualitative)

was the primary outcome, and occurrence of any adverse

event following administration of testing drug was con-

sidered as the secondary outcome. Analysis was performed

using SPSS (Version 26). All cases were randomized into

seven groups and each group consists of 27-patient. Mean

age of the cases 43.98 ± 12.67 years (SD). All strength of
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NI were effective in nasopharyngeal clearance compared to

the control (0.4%, p = 0.006; 0.5%, p\ 0.001; and 0.6%,

p = 0.018). Similarly, all strength of the NS is also effec-

tive than control (0.5%, p = \ 0.001; and 0.6%, p

B 0.001). Highest nasopharyngeal clearance was observed

in patients using 0.5% NI (n = 25, 92.6%, p = 0.018).

Nasal irritation was the single most adverse event recorded

in this trial and found in two patients using 0.4%, and 0.6%

PVP-I NI, respectively. Both PVP-I NS and NI are effec-

tive for nasopharyngeal clearance in-vivo. However, fur-

ther community trials are needed to repurpose these

solutions as preventive agents against SARS-CoV2.

Ethical clearance memo no ERC-DMC/ECC/2020/93.

Trial registration NCT Identifier number

NCT04549376.

Keywords COVID-19 � Randomized clinical trial �
Povidone iodine � Nasal spray � Nasal irrigation

Background

Coronavirus disease-2019 (COVID-19) pandemic caused

by the severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) has spread in 223 countries around the

world, resulting in more than 125 million confirmed cases

and more than 2.75 million deaths, as of March 27, 2021

[1]. This positive sensed, enveloped, single-stranded RNA

virus resembles SARS-CoV and Middle East Respiratory

Syndrome (MERS)-CoV which were responsible for the

SARS 2003 and MERS 2012 epidemics, respectively

[2, 3]. Inhalation of infected aerosol or respiratory droplet

is the main mode of transmission of this virus which, upon

entry, primarily colonize the nasopharynx [3, 4]. After

binding and entry into the epithelial cells of respiratory

tract, it starts replicating. A higher viral load is found in

nasal swabs when compared to throat swabs [5]. Subse-

quently the virus migrates down the airways and enters

alveolar epithelial cells resulting in cytokine storm as an

anti-inflammatory response. This is thought to be the main

cause of the catastrophic outcomes in COVID-19 patients.

However, the viral load is highest with a high risk of

pharyngeal shedding during the first week of symptom

onset [3].

As nasopharynx and oropharynx act as a reservoir of the

SARS-CoV-2, the application of virucidal agents to these

surfaces may reduce viral burden and, thereby, might work

as an effective preventive measure.

Povidone-iodine (PVP-I) is powerful bactericidal,

fungicidal and virucidal agent that have been used for

infection control and prevention for more than sixty years

with adequate safety profile and very limited resistance

report [6]. Interest in the use of PVP-I against

coronaviruses first grew in response to SARS-CoV [7] and

MERS-CoV [8] outbreaks in the past decade. Also, it had

been found useful against some other viruses [9]. Homol-

ogy of SARS CoV-2 virus with SARS CoV suggested that

PVP-I based antiseptic preparations might be effective

against it and were supported by several studies [10].

However, most of the studies were conducted in vitro and

in a smaller scale. Nevertheless, several reports have also

found effectiveness of PVP-I based antiseptic solutions in

humans [11, 12]. Currently, there is no recommendation for

suitable formulation (nasal spray/nasal irrigation) of PVP-I

for nasal application as a prophylaxis measure. Therefore,

the purpose of the randomized clinical trial was to-(1)

investigate the virucidal activity of PVP-I nasal spray and

nasal irrigation against SARS CoV-2 located on the

nasopharynx among COVID-19-positive patients and (2) to

find out the most suitable dilutions of PVP-I for nasal

application.

Materials and Methods

Study Settings and Patients

This single-center, open-label, parallel-group designed

randomized clinical trial was conducted at the department

of Otorhinolaryngology and Head Neck Surgery in col-

laboration with the Department of Virology and Depart-

ment of Medicine in Dhaka Medical College Hospital

(DMCH). The study included all COVID-19 cases who

were RT-PCR positive in nasopharyngeal swabs within the

previous 24 h and were symptomatic,between September

2020 and January 2021. Those who gave informed consent,

were willing to participate, and accepted to be randomized

to any assigned group were considered for inclusion.

Patients with known sensitivity to PVP-I aqueous antiseptic

solution or any of its listed excipients, who hadpreviously

diagnosed thyroid disease,who had a history of chronic

renal failure: stage C 3 by estimated glomerular filtration

rate (eGFR) using Modification of Diet in Renal Disease

(MDRD) criteria,had acute renal failure (KDIGO C stage

2: creatinine C 2 times from the baseline), patients who

were currently in invasive or noninvasive ventilation or

were planned to be ventilated within the next 6 h were

considered for exclusion. Moreover, lactating or pregnant

women were also excluded from the trial. The authors

followed the Extension of the Consolidated Standards of

Reporting Trials (CONSORT) 2010 guideline [13]. The

study protocol was published elsewhere [14].
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Randomization of the Study Participants

The assignment to the study (intervention) or control

(comparator) group were allocated in equal numbers

through randomization using random number generation in

Microsoft Excel by a statistician who was not involved in

the trial. The allocation scheme was made by an indepen-

dent statistician using a sealed envelope. The participants

were allocated immediately after the eligibility assessment

and consenting procedures. A total 189 confirmed COVID-

19 cases were randomized and all patients completed the

trial. As this was an open-label clinical trial, no blinding or

masking was performed.

Intervention and Comparator

This RCT consist of seven arms:

Arm-1 (intervention group): received povidone iodine

(PVP-I) nasal irrigation (NI) at a concentration of 0.4%

Arm-2 (intervention group): received PVP-I nasal irri-

gation at a concentration of 0.5%

Arm-3 (intervention group): received PVP-I nasal irri-

gation at a concentration of 0.6%.

Arm-4 (intervention group): received PVP-I nasal spray

(NS) at a concentration of 0.5%.

Arm-5 (intervention group): received PVP-I nasal spray

at a concentration of 0.6%.

Arm-6 (placebo comparator group): received distilled

water through NI.

Arm-7 (Placebo comparator group): received distilled

water through NS.

The intervention arms were compared to the placebo

comparator arms. Other supportive and routine care were

the same in all groups.

Formulation and Development of Test Drug

Main Outcomes

The primary outcome was the proportion of cases that

remain COVID-19 positive following the intervention. The

nasopharyngeal clearance was assessed by performing a

repeat RT-PCR (qualitative). It was assessed immediately

after the intervention and the duration ranged 1–15 min

after the test drug administration. Any occurrence of

adverse effects following the intervention were docu-

mented as a secondary outcome. Safety endpoint was the

adverse event that required further investigation and care.

Adverse events were counted in this study and was graded

according to the Common Terminology Criteria for

Adverse Events (CTCAE) v5.0. Details of the grading are

mentioned in supplementary file 1.

Methods of Data Collection

During admission, demographic and clinical details,

including name, age/date of birth, gender, duration of

clinical symptoms and hospitalization, vital statistics were

recorded before randomization. A screening log were

maintained including these essential details and the deci-

sion regarding participation made by the patient, attendant

or legal guardian where appropriate. Ineligible and non-

recruited patients were also cared by ward physicians fol-

lowing standard treatment guidelines. Data collection were

performed by the trial physicians. A paper based semi-

structured questionnaire was prepared and pretested before

data collection. All potential participants were recorded in

this database at first contact and assigned a study number.

Study physicians recruited and randomized the patients

with the help of statisticians. Allocation of the test drugs

was performed by the principal investigator, and trial

physicians confirmed the administration of PVP-I nasal

irrigation (NI) at diluted concentrations of 0.4%, 0.5% and

0.6% and PVP-I nasal spray (NS) at diluted concentrations

of 0.5% and 0.6%. Two group of the patients also received

distilled water in the form of nasal spray (control NS or

CNS) or nasal irrigation (control NI or CNI). All of the

patients were monitored closely. Body temperature was

measured every 6 h, and blood pressure, respiratory rate,

and pulse rate were measured every hour. Urine output

were measured in every 8 h up to 48 h. Drug-related side

effects or any adverse events were observed in each group.

If there is no reaction or unusual event, another RT-PCR

sample were collected from the nasopharynx and sent for

further testing. All clinical events were noted in case record

form by trial physicians, including vital status at hospital

discharge. Data entry were date/time stamped. Laboratory

analysis data were collected using the same case record

form.

Data Quality and Standards

Following collection, all data sets and collected record

forms were checked. A formal clinical data management

plan was prepared and agreed upon by the co-investigators

and Data Monitoring Committee, and documented as a trial

master file. Laboratory results were discussed regularly

between the principal investigator (PI) and laboratory

managers.

Ethics Statement

The study was approved by the ethical review committee of

Dhaka Medical College Hospital (Memo no: ERC-DMC/

ECC/2020/93). Then the trial protocol was registered at

ClinicalTrials.gov on September 16, 2020 (NCT Identifier
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number: NCT04549376). Ethical guidelines of the Decla-

ration of Helsinki and its succeeding conferences was

followed throughout the study. Moreover, the study was

conducted according to good clinical practice standards.

Statistical Analyses

Continuous data was expressed as mean with standard

deviation and categorical data was expressed as frequency

with percentage. Difference between the groups were

estimated either by chi-square test (v2) test or Fisher exact
test or Independent sample-t test as appropriate. Logistic

regression analysis was also performed to estimate the

effect of the factors on the primary outcome. A p B 0.05

was defined as statistically significant.

Results

A total of 189 confirmed COVID-19 cases were random-

ized into seven groups: 27 patients in each group. All of

them completed the study. The average age of all partici-

pants was 43.9 ± 12.67 years (SD), and the highest pro-

portion of them were aged between 31 and 40 years

(n = 56, 29.6%). All intervention groups were statistically

similar to their respective control groups in relation to age.

Of all, 159 (84.1%) were male, and 30 (15.9%) were

female. Among all groups, 0.6% NS group had statistically

higher proportion of male (100%) compared to CNS

(p = 0.01), but rest of groups didn’t differ significantly

from respective controls in relation to sex. A total of 161

(85.2%) participants lived in urban area. All groups had

statistically similar proportion of participants from Urban

area except for 0.4%NI group which had significantly

lower proportion of urban participants compared to CNI

group (p = 0.036). Majority participants were employed

(53.4%) and had a monthly family income between 20,001

to 40,000 BDT (46.6%). All groups were statistically

similar by occupation and monthly family income. How-

ever, disease severity significantly differed between 0.5%

NS and CNS (p\ 0.001), and between 0.6%NS and CNS

(p\ 0.001) with the control group (CNS) having a sig-

nificantly higher proportion of asymptomatic and mild

patients. Diabetes was the most common comorbidity and

was present in 64 (33.9%) patients. Hypertension, ischemic

heart disease and bronchial asthma was present in 28

(14.8%), 9 (4.8%) and 2 (1.1%) patients, respectively.

None of the intervention groups were significantly different

from respective control in relation to presence of any

individual comorbidity. But when presence of at least one

comorbidity was considered, CNS group had significantly

higher proportion of patients with comorbidities than

0.6%NS group (p = 0.029). The mean duration of diseaseT
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was 1.86 ± 0.72 days which was statistically similar

between intervention and control groups (Table 1).

We observed a statistically significant proportion of

nasopharyngeal clearance with all strengths of PVP-I NI

and PVP-I NS compared to the corresponding controls

(p\ 0.05). The only adverse event was nasal irritation

recorded in two patients each in the 0.4% and 0.6% PVP-I

NI groups which didn’t differ significantly from corre-

sponding controls (p[ 0.05). See Table 2 and Fig. 1 for

details.

Table 3 describes the results of multivariable logistic

regression analysis for factors associated with good out-

come for each intervention groups separately. Good out-

come was defined as RT-PCR negativity for COVID-19

after intervention indicating nasopharyngeal clearance.

After adjusting for age, sex, severity, duration of disease

and comorbidity all the interventions groups showed sig-

nificantly higher odds of having a good outcome compared

to corresponding controls. 0.4%NI, 0.5%NI and 0.6%NI

groups were 9.27 times (95% confidence interval [CI]

2.06–41.75), 73.87 times (95%CI 8.26–660.14) and 136.19

Table 2 Outcome and adverse events of PVP-I trials

Total Nasal irrigation (NI) p-value Nasal spray (NS) p-value

.4% NI .5% NI .6% NI Control-

NI (CNI)

.4%

NI

v

CNI

.5% NI

v CNI

.6%

NI

v

CNI

.5% NS .6% NS Control-

NS (CNS)

.5% NS

v CNS

.6% NS

v CNS

Outcome

COVID

Negative

116

(61.4)

18

(33.3)

25

(92.6)

23

(85.2)

8 (29.6) 0.006 \ 0.001 0.018 18

(66.7)

22

(81.5)

2 (7.4) \ 0.001 \ 0.001

COVID

Positive

73

(38.6)

9 (33.3) 2 (7.4) 4 (14.8) 19 (70.4) 9 (33.3) 5 (18.5) 25 (92.6)

Adverse event

Present 2 (1.1) 2 (7.4) 0 2 (7.4) 0 0.493 NA 0.493 0 0 0 NA NA

Absent 185

(98.9)

25

(92.6)

27

(100)

27

(92.6)

23 (100) 27

(100)

27

(100)

27 (100)

p-value was determined by Chi-square Test

Outcome was defined as RT-PCR negativity for COVID after intervention

Only adverse event was ‘Nasal irritation’

Fig. 1 Proportion of

nasopharyngeal clearance after

intervention. NI-Nasal

irrigation, NS-Nasal spray
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times (95%CI 6.94–2671.21) more likely have good out-

come compared to CNI, respectively. On a similar note,

0.5%NS and 0.6%NS groups were 56.96 times (95%CI

4.41–734.92) and 128.10 times (95%CI 6.79–2415.77)

more likely to have good outcome compared to CNS,

respectively. In these analyses, increasing age (Odds Ratio

[OR] 1.12, 95%CI 1.02–1.22) and absence of comorbidity

(OR 26.67, 95%CI 1.58–449.19) came as significant pre-

dictors of good outcome alongside 0.4%NI and 0.6%NI,

respectively.

When all intervention and control groups were entered

into the multivariable model 0.5%NI group had the highest

chance (OR 141.883, 95%CI 15.92–1264.59) of having

good outcome among all groups, when adjusted for age,

sex, disease severity, duration of disease and comorbidity.

All the adjusted factors became insignificant in this com-

bined model. See Table 4 for details. A list of p-values

determined for pairwise contrast of interventions across

age, sex, severity, comorbidity is presented in supple-

mentary table 1 for comparison.

Discussion

COVID-19 patients were found to carry high loads of

SARS-CoV in their nasopharynx [15] and shed virus from

there for a median 36 days after symptoms onset [16].

Hence, trials regarding use of nasal and oral antiseptic

preparation to cut down viral loads were urged [17].

In vitro testing of PVP-I solution revealed a considerable

reduction in SARS-CoV-2 viral titers [18], but the effect of

using PVP-I solutions for nasopharyngeal clearance of the

virus in humans is still unclear. Additionally, the strength

of PVP-I solutions for this purpose were needed to be

determined. Hence, we aimed to study the effectiveness

and adverse events of different strength of nasal spray and

nasal irrigation formulation of PVP-I in RT-PCR confirmed

patients of COVID-19.

We found that all the preparations of PVP-I had sig-

nificantly better nasopharyngeal clearance of SARS-CoV-2

among COVID-19 patients compared to respective con-

trols. Our findings agree with the first report of in vivo

PVP-I mouthwash application in COVID-19 patients [11].

However, that study reported the application of 15 ml 1.0%

PVP-I mouthwash for 1 min rather than a nasal formulation

in only 4 patients. Out of those 4 patients, 2 became RT-

PCR negative for COVID-19 and 2 had a significant drop

in viral loads. In contrast, Guenezan et al. [19] observed no

effect of PVP-I 1% aqueous solution on nasopharyngeal

viral loads compared to controls. Their intervention

included 4 successive mouth wash with 25 mL of 1%

aqueous PI solution followed by 2.5 ml nasal pulverization

into each nostril. Hence, their method of application dif-

fered from that of ours. We used nasal irrigation and nasal

spray formulation instead of nasal drop with an aim to

reach the furthest wall of nasopharyngeal surface. As nasal

epithelial cells show a high level of expression of ACE2

gene, and as SARS-CoV2 uses ACE2 for entry into cells

[20] a thorough wash of nasopharyngeal epithelium is

essential for adequate clearance of the virus.

Another important answer that our study intended to

provide was the dilutions of PVP-I ought to be used as

irrigation and spray. Anderson et al. [10]showed that PVP-I

1% gargle and mouth wash and 0.45% throat spray were

able to achieve 99.99% virucidal activity against SARS-

CoV-2 in vitro. A concentration as low as 0.23% were

found effective against SARS-CoV2 in vitro [21]. On the

other hand, Khan, Parab and Paranjape [22] showed that

0.5% povidone iodine solution can be safely used as gargle

and nasal drops. Gluck et al. [23] used 2.2% and 4.4%

Table 3 Multivariable logistic regression analysis of factors affecting good outcome after intervention among different groups of participants

Nasal irrigation (NI) Nasal spray (NS)

0.4%NI vs. CNI 0.5%NI vs. CNI 0.6% NI vs. CNI 0.5%NS vs. CNS 0.6%NS vs. CNS

Intervention vs. Control 9.27 (2.06–41.75) 73.87 (8.26–660.14) 136.19 (6.94–2671.21) 56.96 (4.41–734.92) 128.10

(6.79–2415.77)

Age (years) 1.12 (1.02–1.23) 1.05 (0.97–1.14) 1.05 (0.95–1.16) 0.95 (0.87–1.03) 0.99 (0.91–1.08)

Sex (Male vs. Female) 0.47 (0.06–3.77) 0.28 (0.03–2.85) 0.07 (0.003–1.61) 1.27 (0.07–23.94) NAa

Severity (Asymptomatic/Mild vs.

Moderate/Severe)

0.89 (0.21–3.73) 1.25 (0.18–8.64) 0.69 (0.07–6.68) 2.19 (0.21–22.51) 1.02

(0.06–18.45)

Duration of disease (days) 1.46 (0.51–4.19) 1.57 (0.43–5.75) 1.97 (0.41–9.54) 1.45 (0.35–6.12) 0.59 (0.20–1.75)

Comorbidity (None vs. At least one) 3.42 (0.63–18.67) 5.23 (0.79–34.41) 26.67 (1.58–449.19) 2.59 (0.40–16.68) 0.28 (0.02–3.16)

CNI: Control against Nasal Irrigation; CNS: Control against Nasal Spray
aAs 0.6%NS group didn’t have any female participants

Good outcome was defined as RT-PCR negativity for COVID-19 after intervention
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PVP-I in liposomal dispersions in the form of nasal spray

in a randomized controlled trial and found no noticeable

adverse effects in mucosal appearance, olfactory function

and ciliary motility. Therefore, we used 0.4%, 0.5% and

0.6% PVP-I nasal irrigation (NI) and 0.5% and 0.6% PVP-I

nasal spray (NS) formulations in different arms and com-

pared them with corresponding distilled water placebo

formulations. Our analysis revealed that all the formula-

tions were significantly better than respective controls in

clearing the nasopharyngeal viral loads as evidenced by a

negative RT-PCR result 1 to 15 min after the intervention.

The baseline characteristics of 7-arms used in this trial

were overall statistically comparable to each other and

controls except for sex (between 0.6% NS and CNS),

severity (between 0.5% NS and CNS, and 0.6% NS and

CNS) and comorbidity (0.6% NS and CNS). To adjust

these differences, we ran multivariate logistic regression, at

first separately for each intervention and control pairs, and

then incorporating all intervention and control groups.

From the analysis every formulations of PVP-I were found

to have significantly higher chance of nasopharyngeal

clearance compared to control. Among all, 0.5% NI was

the most effective PVP-I formation for getting a negative

result in RT-PCR for COVID-19 after the intervention.

Additionally, the number of adverse events were very

low in our study with only 4 (2.1%) cases of nasal irritation

reported. Among them 2 (1.1%) were in 0.4% NI and

another 2 (1.1%) were in 0.6%NI group. In contrast,

Guenezan et al. [19] reported unpleasant nasal tingling and

transient elevation of thyroid stimulating hormone after

povidone iodine administration. Suppression of thyroid

hormone production after an intervention with iodine-

based antiseptic formulations could be a concern for the

prescribing physician as iodine gets absorbed in blood.

However, one study from Japan showed that daily intake of

1–3 mg would not produce any significant negative health

effects, except a very low possibility of worsening symp-

toms in previously diagnosed cases of thyroid autoimmu-

nity [24]. Therefore, it is safe to say that PVP-I nasal

irrigation and nasal spray can be safely used for the rapid

clearance of SARS-CoV-2 virus from the nasopharynx.

Nasal microenvironment has a central role in mediating

entry and spread of SARS-CoV2 in humans [4]. Therefore,

regular use of nasal antiseptics effective against the virus

would theoretically prevent infection and also reduce

spread from already infected individuals. However, from

the single administration of either nasal irrigation or nasal

spray in our study we are unable to advice a regular use.

Nevertheless, our study showed PVP-I based nasal

antiseptic solutions are safe to use. Hence, we recommend

further trials with daily use regimens of PVP-I based nasal

antiseptic solutions in a large sample of people to check its

safety and efficacy in the prevention of COVID-19

infection.

Table 4 Multivariate regression analysis of factors affecting outcome after intervention among all participants

Factors Categories Odds ratio (95% confidence interval)

Interventions CNS Ref

CNI 4.05 (0.69–23.66)

0.4% NI 21.03 (3.63–121. 96)

0.5% NI 141.883 (15.92–1264.59)

0.6% NI 81.20 (11.53–572.13)

0.5% NS 19.71 (3.15–123.25)

0.6% NS 50.93 (7.16–362.10)

Age (years) 1.02 (0.98–1.06)

Sex Female Ref

Male 0.79 (0.24–2.65)

Disease severity Moderate/severe Ref

Asymptomatic/mild) 1.06 (0.42–2.69)

Duration of disease (days) 1.42 (0.79–2.56)

Comorbidity At least one Ref

None 1.84 (0.75–4.48)

NI Nasal Irrigation; NS Nasal spray; CNI Control against nasal irrigation; CNS Control against nasal spray

Outcome was defined as RT-PCR negativity for COVID after intervention
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Limitations of the Study

The limitation of our study was the small sample size in

each arms, single center, lack of prolonged and repeated

use regimens, and inability conduct more than onefollow-

up RT-PCR testing over a longer period. We were also

unable quantify the viral load before and after intervention.

But, our study’s strength was the testing of different dilu-

tions of PVP-I nasal solution and comparing those with

distilled water controls in randomized multi-arm trial.

Conclusion

Povidone iodine can be applicable as nasal spray and nasal

irrigation for nasopharyngeal clearance of SARS-Cov-2

virus located in nasopharynx in COVID-19 patients.

Among the doses 0.5% in form of nasal irrigation are most

efficient. Further community trial is warranted to test the

suitability of the drug as a preventive agent against SARS-

CoV-2 virus.
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