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Klinische Studie: Nasenspray mit Wirkstoff Azelastin verringert Risiko einer
Corona-Infektion um zwei Drittel

Ein Forschungsteam der Universitit des Saarlandes hat in einer klinischen Studie nachgewiesen, dass ein
weit verbreitetes antiallergisches Nasenspray mit dem Wirkstoff Azelastin das Risiko fiir
SARS-CoV-2-Infektionen signifikant senken kann. Die Ergebnisse der placebo-kontrollierten Studie mit
450 gesunden Teilnehmerinnen und Teilnehmern wurden jetzt in JAMA Internal Medicine, einem
renommierten US-amerikanischen Fachjournal, veroffentlicht.

Die Wissenschaftlerinnen und Wissenschaftler um den Studienleiter Prof. Dr. Dr. Robert Bals, Direktor der Klinik fiir
Innere Medizin V am Universititsklinikum und Professor fiir Innere Medizin an der Universitiat des Saarlandes, haben
450 Teilnehmerinnen und Teilnehmer in zwei Gruppen aufgeteilt. Die erste Gruppe, 227 Personen, erhielt dreimal taglich
ein Nasenspray mit dem Wirkstoff Azelastin fiir insgesamt 56 Tage. 223 Personen der Kontrollgruppe spriihten sich im
selben Zeitraum ebenfalls dreimal tiglich ein Placebo in die Nase. ,,2,2 Prozent der Azelastin-Gruppe hat sich im
Beobachtungszeitraum mit SARS-CoV-2 infiziert, in der Kontrollgruppe, die das Placebo erhielt, war der Anteil mit 6,7
Prozent infizierter Personen dreimal so hoch®, fasst Robert Bals das zentrale Ergebnis zusammen. Bestéatigt wurden die
Infektionen mit einem PCR-Test.

Neben dem Riickgang an Corona-Infektionen zeigten sich in der Azelastin-Gruppe auch weniger symptomatische
SARS-CoV-2-Verliufe, eine insgesamt geringere Anzahl an nachgewiesenen Atemwegsinfektionen und hierbei
tiberraschenderweise auch eine niedrigere Rate an Rhinovirus-Infektionen — einem weiteren bedeutenden Erreger fiir
Atemwegserkrankungen. Von den 227 Personen, die das azelastin-haltige Nasenspray erhielten, entwickelten 1,8
Prozent eine Rhinovirus-Infektion. ,,In der Kontrollgruppe lag der Anteil der Infizierten mit 6,3 Prozent dhnlich hoch wie
bei SARS-CoV-2“, so Robert Bals.

Azelastin-Nasenspray wird seit Jahrzehnten als rezeptfreies Medikament zur Behandlung von allergischem Schnupfen
eingesetzt. Bereits zuvor haben In-vitro-Studien antivirale Effekte gegeniiber SARS-CoV-2 und anderen respiratorischen
Viren gezeigt. ,,Die aktuelle klinische Studie ist nun die erste, die eine praventive Schutzwirkung in einem realen
Anwendungsszenario belegt”, erldutert der Direktor der Klinik fiir Innere Medizin V des Universitatsklinikums.

Fiir den Mediziner leiten sich daraus praktische Hinweise ab: ,,Insbesondere fiir Risikogruppen, in Hochinzidenzphasen
oder bei bevorstehenden Reisen kdnnte das Nasenspray eine einfach zugangliche Erginzung zu bestehenden
SchutzmaRnahmen darstellen, so Professor Bals, der fiir Folgestudien groRes Potenzial sieht: ,,Die Studienergebnisse
bekraftigen die Notwendigkeit grolerer, multizentrischer Studien, um den Einsatz von Azelastin-Nasenspray als
,On-Demand‘-Prophylaxe weiter zu untersuchen und das Potenzial auch gegeniiber anderen Atemwegserregern zu
priifen.”

Neben Professor Bals als Studienleiter waren an der randomisierten, doppelblinden Phase-2-Studie ,,CONTAIN“ zudem
das Institut fiir Klinische Pharmazie (Prof. Dr. Thorsten Lehr, Dr. Dominik Selzer), das Institut fiir Virologie (Prof. Dr.
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Sigrun Smola) und die Saarbriicker URSAPHARM Arzneimittel GmbH beteiligt, Sponsor der klinischen Studie und
Hersteller des Priifpraparats. Das Helmholtz-Institut fiir Pharmazeutische Forschung Saarland (HIPS) war bei der
Studie uiber die Arbeitsgruppen von Prof. Smola und Prof. Bals eingebunden. Das Projekt ist ein Beispiel fiir erfolgreiche
Zusammenarbeit zwischen akademischer Forschung, Industriepartnern und 6ffentlicher Gesundheitsvorsorge in der
Region Saarland.

wissenschaftliche Ansprechpartner:
Prof. Dr. Dr. Robert Bals

Tel.: (06841) 1615051

E-Mail: robert.bals@uks.eu
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Azelastine Nasal Spray for Prevention of SARS-CoV-2 Infections
A Phase 2 Randomized Clinical Trial

Thorsten Lehr, PhD; Peter Meiser, PhD; Dominik Selzer, PhD; Torben Rixecker, MD; Frank Holzer;
Ralph Moésges, MD; Sigrun Smola, MD; Robert Bals, MD, PhD; for the CONTAIN Study Group

Invited Commentary
IMPORTANCE Limited pharmaceutical options exist for preexposure prophylaxis of COVID-19 Multimedia
beyond vaccination. Azelastine, an antihistamine nasal spray used for decades to treat allergic

rhinitis, has in vitro antiviral activity against respiratory viruses, including SARS-CoV-2. Supplemental content

OBJECTIVE To determine the efficacy and safety of azelastine nasal spray for prevention of
SARS-CoV-2 infections in healthy adults.

DESIGN, SETTING, AND PARTICIPANTS A phase 2, double-blind, placebo-controlled,
single-center trial was conducted from March 2023 to July 2024. Healthy adults from the
general population were enrolled at the Saarland University Hospital in Germany.

INTERVENTIONS Participants were randomly assigned 1:1 to receive azelastine, 0.1%, nasal
spray or placebo 3 times daily for 56 days. SARS-CoV-2 rapid antigen testing (RAT) was
conducted twice weekly, with positive results confirmed by polymerase chain reaction (PCR).
Symptomatic participants with negative RAT results underwent multiplex PCR testing for
respiratory viruses.

MAIN OUTCOME The primary end point was the number of PCR-confirmed SARS-CoV-2
infections during the study.

RESULTS A total of 450 participants were randomized, with 227 assigned to azelastine and
223 to placebo; 299 (66.4%) were female, 151 (33.6%) male, with a mean (SD) age of 33.0
(13.3) years. Most were White (417 [92.7%]), with 4 (0.9%) African, 22 (4.9%) Asian, and 7
(1.6%) of other ethnicity. In the intention-to-treat (ITT) population, the incidence of
PCR-confirmed SARS-CoV-2 infection was significantly lower in the azelastine group (n = 5
[2.2%]) compared with the placebo group (n =15 [6.7%]) (OR, 0.31; 95% Cl, 0.11-0.87). As
secondary end points, azelastine demonstrated an increase in mean (SD) time to SARS-CoV-2
infection among infected participants (31.2 [9.3] vs 19.5 [14.8] days), a reduction of the
overall number of PCR-confirmed symptomatic infections (21 of 227 participants vs 49 of 223
participants), and a lower incidence of PCR-confirmed rhinovirus infections (1.8% vs 6.3%).
Adverse events were comparable between the groups.

CONCLUSIONS AND RELEVANCE In this single-center trial, azelastine nasal spray was associated
with reduced risk of SARS-CoV-2 respiratory infections. These findings support the potential
of azelastine as a safe prophylactic approach warranting confirmation in larger, multicentric
trials.

TRIAL REGISTRATION EudraCT number: 2022-003756-13

Author Affiliations: Author
affiliations are listed at the end of this
article.

Group Information: A complete list
of the members of the CONTAIN
Study Group appears in
Supplement 4.

Corresponding Author: Robert Bals,

MD, PhD, Department of Internal

Medicine V-Pulmonology,

Allergology, Infectious Diseases,

Intensive Care Medicine,

Saarland University, Medical Center,
JAMA Intern Med. doi:10.1001/jamainternmed.2025.4283 66421 Homburg Saar, Germany
Published online September 2, 2025. (robert.bals@uks.eu).
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he COVID-19 pandemic, caused by severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2), has led

to significant morbidity and mortality worldwide.! Al-
though vaccination and established population immunity have
substantially mitigated the severity of acute SARS-CoV-2 in-
fections, infection rates and postacute morbidity continue to
pose a considerable public health burden,? highlighting the
critical need for effective preexposure prophylaxis for the gen-
eral population, particularly for high-risk groups.

Azelastine is a second-generation histamine H1-receptor
antagonist and widely used as over-the-counter nasal spray for
treatment of allergies.® Beyond its established antiallergic and
anti-inflammatory properties, recent research has revealed an-
tiviral activity against a range of respiratory viruses, includ-
ing SARS-CoV-2, respiratory syncytial virus (RSV), and influ-
enza A (HIN1).*® These effects are thought to involve multiple
mechanisms such as interactions with angiotensin convert-
ing enzyme 2 (ACE2), inhibition of the SARS-CoV-2 protease
Mpro, modulation of the o-1 receptor, and suppression of
ICAM-1 upregulation.”®

Randomized clinical trials have demonstrated that azelas-
tine nasal spray reduces viral load in patients with laboratory-
confirmed SARS-CoV-2 infection, suggesting therapeutic ef-
ficacy in the acute treatment of COVID-19.1%!! These findings,
coupled with the proposed mechanisms of action and simu-
lation studies,'? provide a strong rationale for investigating az-
elastine as a prophylactic intervention. This study aimed to
evaluate the efficacy of azelastine as a preexposure prophy-
laxis against SARS-CoV-2 and other respiratory pathogens.

Methods

Trial Design and Oversight

The CONTAIN study was a double-blind, placebo-controlled
phase 2 clinical trial including 450 healthy volunteers that was
conducted at the Department of Internal Medicine V, University
Hospital of Saarland. The trial protocol (Supplement 1) was ap-
proved by the ethics committee of the Landesidrztekammer des
Saarlandes (256/22) and the German Federal Institute for Drugs
and Medical Devices (BfArM). Prior to enrollment of partici-
pants, the trial was registered in the German Clinical Trials
Register (DRKS-ID: DRKS00031059; registration date: Janu-
ary 12, 2023) and performed in accordance with the prin-
ciples of Good Clinical Practice and the Declaration of Hel-
sinki (Version Fortaleza 2013). For reporting the data of this trial,
we followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guidelines. The statistical analysis plan
is available in Supplement 2.

Participant Selection and Randomization

Healthy volunteers aged from 18 to 65 years with no signs of
an acute infection were eligible for inclusion if a SARS-CoV-2
rapid antigen test (RAT) showed negative results. Important
noninclusion and exclusion criteria included the prohibition
of any additional antihistamine therapy during the treatment
period and within 7 days prior to enrollment, and the con-
comitant use of other nasal products during the treatment pe-
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Key Points

Question Is regular application of azelastine nasal spray
associated with reduced risk of SARS-CoV-2 infections?

Findings In this randomized placebo-controlled clinical trial that
included 450 participants, the incidence of laboratory-confirmed
SARS-CoV-2 infections was significantly lower with application of
azelastine nasal spray compared with placebo treatment.

Meaning The use of azelastine nasal spray may help to reduce the
risk of SARS-CoV-2 infections.

riod. Participants with a known contraindication to the use of
azelastine nasal spray as well as female individuals who were
pregnant, breastfeeding, or of child-bearing potential with-
out using adequate contraceptive methods were excluded from
study participation. A complete list of the inclusion and non-
inclusion/exclusion criteria is provided in eTable 1in Supple-
ment 3. Recruitment was open to the general public. The study
was advertised by sending invitations to employees of the hos-
pital, students of the local medical school, through posters at
the university campus, and local pharmacies, through a study
website and social media. Assignment of the treatment with
azelastine, 0.1%, nasal spray vs placebo nasal spray to each
treatment number was performed in a centrally conducted,
computer-generated 1:1 randomization procedure using per-
muted blocks, with block sizes of 50. The randomization list
was created by the study statistician (D.S.), who was not in-
volved in trial conduct. Allocation was implemented via a se-
cure system and remained concealed from investigators, the
sponsor, and site personnel throughout the study. All partici-
pants provided written informed consent prior to any trial-
related activity. Racial and ethnic data were determined via self-
report.

Trial Interventions and Measurements

Treatment kits were manufactured by URSAPHARM Arzneim-
ittel GmbH, Saarbruecken, Germany, according to the random-
ization list. Participants were assigned a treatment number in
ascending mode according to their chronological order of in-
clusion. The investigators and trial participants were blinded
to the treatment; the investigational medicinal products were
identical in appearance. Both nasal sprays were composed of
hypromellose, disodium edetate, citric acid, disodium phos-
phate dodecahydrate, sodium chloride, and purified water. In
addition, azelastine, 0.1%, nasal spray was formulated by add-
ing 1 mg/mL azelastine hydrochloride (identical to the com-
mercial antiallergic product Pollival). One puff (0.14 mL) of the
respective nasal spray was applied per nostril 3 times per day
(morning, midday, and evening) for a mean (SD) of 56 (5) days.
This duration was selected to encompass multiple incuba-
tion periods of circulating SARS-CoV-2 variants and to enable
the detection of infections occurring under clinical conditions.'
In case of acute respiratory symptoms, confirmed SARS-
CoV-2infection, or knowledge/suspicion of close contact with
a SARS-CoV-2-infected person, 1 puff of the nasal spray per nos-
tril was applied 5 times daily over a period of 3 days.

jamainternalmedicine.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2025.4283?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.4283
http://www.equator-network.org/reporting-guidelines/consort/
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2025.4283?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.4283
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2025.4283?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.4283
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2025.4283?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.4283
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.4283

Azelastine Nasal Spray for Prevention of SARS-CoV-2 Infections

Original Investigation Research

Figure 1. Screening and Randomization

587 Healthy adults from the general population screened

137 Excluded

136 Declined to participate
1 Fulfilled noninclusion criterion

(" 450 Randomized )

‘ 223 Randomized to placebo ‘ ‘

227 Randomized to azelastine ‘

v v

‘ 223 Received treatment ‘ ‘

227 Received treatment ‘

49 Did not receive treatment per protocol
29 Deviation from planned schedule
of visits
13 Withdrew from study
5 Insufficient adherence to study
medication
1 No multiplex PCR testing despite
relevant symptoms

48 Did not receive treatment per protocol

30 Deviation from planned schedule
of visits
11 Withdrew from study
6 Insufficient adherence to study
medication
1 No multiplex PCR testing despite
relevant symptoms

One participant of the placebo group
self-reported a positive rapid antigen
testing (RAT) result, but this finding

1 No SARS-CoV-2 PCR testing
despite self-reported positive RAT

could not be confirmed by
reverse-transcriptase polymerase
chain reaction (PCR) due to home

‘ 223 Included in intention-to-treat safety analysis ‘

‘ 227 Included in intention-to-treat safety analysis ‘

quarantine of this participant. Thus,

v i

this participant was considered

‘ 174 Included in per-protocol analysis ‘ ‘

179 Included in per-protocol analysis

‘ negative in the intention to treat

group and excluded from
per-protocol evaluation.

At inclusion, participants were asked about previous in-
fections and their SARS-CoV-2 vaccination status and under-
went a first SARS-CoV-2 RAT (Flowflex; ACON Laboratories,
Inc). Testing for baseline SARS-CoV-2 serostatus (antibodies
directed against nucleocapsid proteins or spike receptor bind-
ing domain) using SARS-CoV-2 IgG or SARS-CoV-2 IgG I Quant
assays (Abbott) according to the manufacturer‘s protocols was
offered to all participants but was not mandatory for study
participation.

Participants were tested twice per week by nasopharyn-
geal SARS-CoV-2 RAT by trained study personnel until mean
(SD) day 56 (5), followed by a final visit. Positive RAT results
were confirmed by subsequent SARS-CoV-2 reverse-
transcriptase polymerase chain reaction (RT-PCR) testing
(cobas SARS-CoV-2; Roche) according to the manufacturer’s
protocol. In case of a confirmed SARS-CoV-2 infection, par-
ticipants continued with treatment and daily RAT testing un-
til the test was negative, which concluded their participation
in the study. Participants daily documented the use of the in-
vestigational product and, if applicable, the occurrence of re-
spiratory symptoms or adverse effects. Participants with symp-
toms of arespiratory infection classified as clinically relevant
and negative SARS-CoV-2 RAT were tested for potential infec-
tion with SARS-CoV-2 by RT-PCR and via multiplex-PCRs for
human coronaviruses 229E, NL63, HKU1, and OC43, influ-
enza A virus, influenza A (HIN1) virus, influenza B virus, hu-
man parainfluenza viruses types 1, 2, 3, and 4, human respi-
ratory syncytial virus (RSV), human metapneumovirus
(HMPV), human adenovirus, human bocavirus, human rhi-
novirus, human enterovirus, human parechovirus, and the bac-
terial respiratory pathogen Mycoplasma pneumoniae (FTD
Respiratory pathogens 21, Fast Track DIAGNOSTICS; Siemens

jamainternalmedicine.com
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Healthineers, after nucleic acid extraction with EMAG;
bioMérieux) according to the manufacturer‘s protocols.

Trial End Points

The primary end point was the development of SARS-CoV-2
infection through day 56. Secondary outcomes were the
development of a symptomatic SARS-CoV-2 infection through
day 56, time to SARS-CoV-2 infection, the duration of positiv-
ity as documented by a positive RAT, development of symp-
tomatic upper respiratory tract infections through day 56,
development of symptomatic infections with the pathogens
tested via multiplex PCR through day 56, the frequency,
severity, and relationship of adverse events (AEs) to treat-
ment. Several subgroup and exploratory analyses were pre-
defined in the protocol and the statistical analysis plan (eTable 7
in Supplement 3).

Power Analysis

For the sample size calculation, amean SARS-CoV-2 attack rate,
based on the February to March 2022 data from the study re-
gion (7-day incidence of 991 per 100 000), was assumed, with
a 200% underreporting adjustment. A 40% reduction in
SARS-CoV-2 infections under treatment with azelastine nasal
spray was assumed for the analysis. This effect size was con-
sidered clinically meaningful and biologically plausible based
on multiple sources: a pharmacometric pharmacokinetic/
pharmacodynamic modeling study predicted approximately
37% viral load reduction under azelastine treatment, and alarge
analysis of electronic health records found a 59% lower risk
of SARS-CoV-2 positivity in older adults with prior azelastine
use.”'2 The sample size calculation used a significance level
of a = .05 (1-tailed), with at least 80% statistical power, an as-
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Table 1. Demographic and Clinical Characteristics
of the Participants at Baseline

No (%)
Azelastine

Characteristic (n=227) Placebo (n = 223)
Age,y

Mean (SD) 33.0(13.0) 34.0(13.6)

Median (range) 28.0 (18.0-65.0) 28.0 (19.0-65.0)
Sex

Female 156 (68.7) 143 (64.1)

Male 71(31.3) 80 (35.9)
Race and ethnicity

African 2(0.9) 2(0.9)

Asian 7(3.1) 15 (6.7)

White 215(94.7) 202 (90.6)

Other? 3(1.3) 4(1.8)
Height, cm

Mean (SD) 171 (9.08) 172 (9.04)

Median (range) 170 (152-194) 171 (154-197)
Weight, kg

Mean (SD) 71.9 (15.0) 72.3(14.8)

Median (range) 70.0 (41.0-120.0) 70.0(46.0-125.0)
BMI®

Mean (SD) 24.4(4.29) 24.3(4.07)

Median (range) 23.5(15.6-39.4) 23.6 (17.0-42.0)

SARS-CoV-2 vaccinated®

No 3(1.3) 1(0.4)

Yes 224 (98.7) 222 (99.6)
SARS-CoV-2 vaccinations®

Mean (SD) 2.97 (0.80) 3.01(0.93)

Median (range) 3.00 (1.00-6.00) 3.00 (1.00-6.00)
Last SARS-CoV-2 vaccination, d®

Mean (SD) 631 (222) 601 (234)

Median (range) 708 (35.0-1140.0) 666 (30.0-1230.0)
Last SARS-CoV-2 infection, d

Mean (SD) 430 (250) 459 (279)

Median (range) 404 (43.0-1060.0) 416 (40.0-1240.0)

Abbreviation: BMI, body mass index.

2 Other included participants who reported ethnicities not captured by the
predefined categories or who did not provide specific classification.

b Calculated as weight in kilograms divided by height in meters squared.
¢ Participants with at least 1 vaccination against SARS-CoV-2 before inclusion.

9 For participants with at least 1vaccination against SARS-CoV-2 before
inclusion.

© Days before study inclusion for participants with at least 1vaccination.

sumed dropout rate of 5%, and a 1:1 randomization ratio be-
tween the placebo and treatment groups. The assumed drop-
outrate was based on the short study duration. The calculated
sample size required 450 participants in total, with 225 indi-
viduals per arm. Power calculations were initially based on a
1-sided test to detect a reduction in SARS-CoV-2 infections with
azelastine nasal spray. All analyses were 2-sided to account for
the outcomes in either direction.
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Statistical Analysis

The primary outcome was the incidence of confirmed SARS-
CoV-2 infection, compared between the azelastine and placebo
groups using a 2-proportions z test. (See Supplement 2 for the
statistical analysis plan.) Missing infection outcomes were im-
puted as “not infected.” The risk difference and its 95% CI were
calculated. A 2-sided P < .05 was considered statistically signifi-
cant. Scenario-based and tipping point sensitivity analyses were
conducted to assess the effect of different assumptions regard-
ing SARS-CoV-2 infection status among participants who dis-
continued the study (Sensitivity Analysis in Supplement 3). For
odds ratio (OR) calculation, the Wald method was used to esti-
mate the 95% CI. Logistic regression was performed to assess the
association between PCR positivity and predictor variables (treat-
ment arm, spike levels, and nucleocapsid positivity), using a bi-
nomial model with a logit link function. Time-to-event (TTE)
analyses of SARS-CoV-2 infection used the Kaplan-Meier esti-
mator and Cox proportional hazard models. For this, partici-
pants were censored at dropout or administrative study end. Sec-
ondary analyses were not adjusted for multiplicity. All statistical
analyses and figure creation were performed using R statistical
software (version 4.3.1, R Foundation) with the epitools (odds ra-
tios), survminer (TTE data) and ggplot2 packages. AEs were coded
using the Medical Dictionary for Regulatory Activities (MedDRA),
version 27.0, and categorized by system organ class and lowest
level term.

|
Results

Participants
From March 9, 2023, a total of 587 potential participants
were assessed for eligibility, of which 450 healthy volun-
teers were randomly assigned to a treatment group: 227 to
azelastine, 0.1%, nasal spray and 223 to placebo nasal spray
(Figure 1), with a mean (SD) age of 33.5 (13.3) years. Most
were female individuals (299 [66.4%]) and most partici-
pants identified as White (417 [92.7%]). Nearly all partici-
pants were vaccinated at least once against COVID-19 (441
[99.1%]), with a median (range) of 3 (1-6) vaccinations. The
median (range) time since the last vaccination was 672 (30-
1230) days. Characteristics at baseline were comparable
between both groups (Table 1; eTable 2 in Supplement 3).
The last visit of the last participant was on July 11, 2024.
The intention-to-treat (ITT) and safety populations
consisted of all randomized participants (n = 450), while the
per-protocol (PP) population included participants without
major protocol deviations (n = 353, Figure 1; eTable 6 in
Supplement 3 for details on protocol deviations).

Efficacy

In the ITT population, which constituted the primary analy-
sis set, the incidence of PCR-confirmed SARS-CoV-2 infec-
tion rate (primary end point) was significantly lower in the az-
elastine group (5 of 227 participants [2.2%]) compared with the
placebo group (15 of 223 participants [6.7%]) (risk difference
[RD], -4.5 percentage points; 95% CI, -8.3 to -0.7; P = .02),
translating to an OR 0f 0.31(95% CI, 0.11-0.87) (Table 2). These
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Table 2. Primary and Secondary Outcomes of Azelastine Therapy for Preexposure Prophylaxis

No. (%)

Azelastine Placebo Difference/effect estimate
Outcome (n=227) (n=223) (95% CI)?
Primary end point
SARS-CoV-2 infections® 5(2.2) 15 (6.7) OR, 0.31 (0.11-0.87)
Secondary end points: SARS-CoV-2
Symptomatic SARS-CoV-2 infections 4(1.8) 14 (6.3) RD, -4.5 (-8.1t0 -0.9)
Time to SARS-CoV-2 infection among 31.20(9.26) 19.47 (14.77) MD, 11.73 (9.45 to 14.01)
infected participants, mean (SD), d
Duration of RAT positivity, mean (SD),d ~ 3.40(1.34) 5.14(2.98) MD, -1.74 (-2.17 to -1.31)
Secondary end points: overall infections
Laboratory-confirmed infections, No. 21 49 NA
Participants with =1 laboratory- 19 (8.4) 42 (18.8) NA

confirmed infection

Self-reported days of illness, mean
(SD)/median (IQR)

1.73 (3.88)/0 (2)

2.75(4.64)/0 (4)  NA

Frequency of laboratory-confirmed non-SARS-CoV-2 respiratory pathogens

Coronaviridae

Human coronavirus HKU1 3(1.3) 6(2.7)

Human coronavirus 0C43 3(1.3) 5(2.2)

Human coronavirus NL63 0 1(0.4)

Human coronavirus 229E 0 1(0.4)
Picornaviridae

Human rhinovirus 4(1.8) 14 (6.3)
Orthomyxoviridae

Influenza A (HIN1) virus 1(0.4) 1(0.4)

Influenza B virus 0 1(0.4)
Paramyxoviridae

Human parainfluenza virus type 3 1(0.4) 0

Human respiratory syncytial virus 0 1(0.4)

Human metapneumovirus 1(0.4) 1(0.4)
Adenoviridae

Human adenovirus 1(0.4) 2(0.9)
Parvoviridae

Human bocavirus 1(0.4) 1(0.4)
Mycoplasmataceae

Mycoplasma pneumoniae 1(0.4) 0

NA
NA
NA
NA
NA
Abbreviations: MD, mean difference;
NA NA not applicable; OR, odds ratio;
RAT, rapid antigen testing; RD, risk
WA difference.
@ Secondary outcomes related to
NA SARS-CoV-2 infections are
NA presented with between-group
differences and 95% Cls only; P
NA

values are omitted. Risk and mean
differences are calculated as

NA azelastine minus placebo. Other
secondary end points and
frequency of infections with other

NA respiratory pathogens are reported
descriptively without inferential
statistics.

NA

b Pvalue = .02.

findings were supported by the PP analysis (5 of 179 infec-
tions [2.8%] in the azelastine, 13 of 174 [7.5%] in the placebo
group; RD, -4.7 percentage points; 95% CI, -9.3 to -0.1
percentage points; P = .046; OR, 0.36; 95% CI, 0.12t01.02, re-
spectively).

Participants who discontinued the study before complet-
ing follow-up were assumed to be uninfected. To assess ro-
bustness of the primary finding to missing outcome data, we
conducted scenario-based and tipping point sensitivity analy-
ses. Here, statistical significance was lost under some impu-
tation scenarios. However, no scenario resulted in a statisti-
cally significant effect favoring placebo (eTable 8, eFigure 4
in Supplement 3).

Several secondary end points related to SARS-CoV-2 cor-
roborated these findings (Table 2). Time-to-event analysis dem-
onstrated a difference in infection rates between the 2 groups
with a hazard ratio (HR) of 0.31 (95% CI, 0.11-0.86) (Figure 2;
eFigure 1in Supplement 3 for the PP analysis). The incidence
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of symptomatic SARS-CoV-2 infections was lower in the az-
elastine group (4 of 227 participants [1.8%]) compared with the
placebo group (14 of 223 participants [6.3%]) with a risk dif-
ference of —4.5% (95% CI, -8.1% to -0.9%). The mean (SD) time
in days to SARS-CoV-2 infection was longer in the azelastine
group compared with the placebo group (31.20[9.26]vs 19.47
[14.77] days) with a mean difference (MD) of 11.73 days (95%
CI, 9.45-14.01). The mean (SD) duration of SARS-CoV-2 posi-
tivity, as measured by participant-reported RAT, was shorter
in the azelastine group (3.40 [1.34] vs 5.14 [2.98] days with an
MD of -1.74 [95% CI, -2.17 to -1.31] days).

The incidence of PCR-confirmed human rhinovirus infec-
tion was the most frequent non-SARS-CoV-2 infection and here
the number of infections was lower in the azelastine group (4
of 227 participants [1.8%]) compared with the placebo group
(14 of 223 participants [6.3%], Table 2). Cumulative inci-
dences of thinovirus infections are displayed in eFigures 2 and
3in Supplement 3.
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Figure 2. Cumulative Incidence of Polymerase Chain Reaction-Confirmed
Infection With SARS-CoV-2 Over Time
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For other PCR-detected pathogens, including influenza A
(HIN1), influenza B, human coronaviruses 229E, NL63,
HKU1, 0C43, human parainfluenza virus 3, HMPV, human
bocavirus, RSV, human adenovirus, and M pneumoniae, the
number of overall infections was low (n < 10) (Table 2). Influ-
enza A (non-HIN1), human parainfluenza viruses 1, 2, and 4,
and human parechovirus, were not detected in either group.
Two of the 14 placebo cases who tested positive for rhinovi-
rus also tested positive for enterovirus. As rhinoviruses be-
long to the genus Enterovirus and PCR cross-reactivity may oc-
cur, these cases were counted as rhinovirus infections only.

The overall number of PCR-confirmed infections was re-
duced in the azelastine group compared with the placebo group
(21[9.3%]vs 49[22.0%]). The total number of participants with
laboratory-confirmed infection was also lower in the azelas-
tine group (19/227 [8.4%]) compared with the placebo group
(42/223[18.8%]). Consistently, the mean (SD) number of self-
reported illness days was lower in the azelastine group than
in the placebo group (1.73 [3.88] vs 2.75 [4.64]). Considering
the total length of the study, alower number of cumulative days
of self-reported respiratory illness were observed in the az-
elastine group (393 of 12 678 total study days, occurring in 67
participants [29.5%]) as compared with the placebo group (613
of 12 443 total study days, occurring in 97 participants [43.5%]).

Because preexisting immunity could influence infection
risk, we investigated the association between PCR positivity
and baseline serostatus. Among the ITT population, 307 of 450
participants (148 [65.2%] in the azelastine group and 159
[71.3%] in the placebo group) underwent baseline serology test-
ing and showed no difference in nucleocapsid and spike an-
tibody levels between the groups (eTable 2 in Supplement 3).
Nucleocapsid-antibody positivity indicating a recent infection'*
was associated with reduced odds of PCR positivity (OR, 0.09;
95% CI, 0.01-0.50; P = .02).

Safety

The overall incidence of AEs was similar between groups, with
303 events reported in the azelastine group and 367 in the pla-
cebo group (Table 3; eTable 3 in Supplement 3). AEs assessed by
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theinvestigator (T.R., R.B.) asrelated to the investigational prod-
uct were more frequent in the azelastine group (94 [0.4 events
per participant] vs 41[0.2 events per participant]), and 61 (26.9%)
of participants in the azelastine group experienced at least 1 re-
lated AE compared with 25 (11.2%) in the placebo group. This dif-
ference largely reflected known adverse effects, including bit-
ter taste (reported by 21 azelastine-treated participants [9.3%]
vs 3 [1.3%] in placebo), nosebleeds (15 [6.6%] vs 9 [4.0%]), and
tiredness (7 [3.1%] vs 0) (eTable 4 in Supplement 3). Two par-
ticipants (0.9%) in the azelastine group and 1 participant (0.5%)
in the placebo group experiencing AEs discontinued the nasal
spray; none of these events were judged to be related to treat-
ment. Serious AEs occurred in 2 participants (0.9%) in the az-
elastine group—headache recurrent (hospitalization for diag-
nostic workup) and new diagnosis of Hashimoto thyroiditis—
and in1participant (0.5%) in the placebo group (knee operation).
Noserious AE was considered treatment-related, and no deaths
were reported.

|
Discussion

The data from this double-blind, placebo-controlled study dem-
onstrate that azelastine nasal spray was associated with signifi-
cantly reduced incidence of laboratory-confirmed SARS-CoV-2
infections in both the ITT and PP populations. Secondary end
points further support these findings. Participants applying az-
elastine had less symptomatic SARS-CoV-2 infections, and an in-
crease in mean time to SARS-CoV-2 infection among infected par-
ticipants was observed for the azelastine compared with the pla-
cebo group. The increase in time to SARS-CoV-2 infection indicates
that even in times of higher exposure rates, fewer infections per
exposure occurred under treatment compared with placebo. To-
gether, these results suggest that azelastine may provide mean-
ingful protection against SARS-CoV-2 infection in a prophylactic
setting. Scenario-based and tipping point analyses demonstrated
that the treatment effect was generally robust to missing outcome
data with no imputation scenario resulting in a statistically sig-
nificant effect favoring placebo. The use of a 3 times daily base-
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line regimen with optional escalation to 5 times daily in high-risk
situations was based on pharmacometric modeling showing in-
creased viral suppression with higher application frequency.'? Al-
though this modeling was conducted in infected individuals, it
supports the mechanistic rationale that sustained and intensified
mucosal exposure enhances local antiviral effects, which is rel-
evant to prophylactic use as well. Data on the safety and effective-
ness of 2 sprays of azelastine, 0.1%, nasal spray per nostril twice
daily for the treatment of moderate to severe seasonal allergic
rhinitis™ as well as the existence of azelastine, 0.15%, nasal spray
formulations on the market support the safe use of this medici-
nal product for longer periods of time.

A reduction in duration of SARS-CoV-2 positivity, as mea-
sured by participant-reported RAT, could not be shown in this
study. However, such an effect was previously demonstrated
in favor of azelastine nasal spray in SARS-CoV-2 infected in-
dividuals via quantitative RT-PCR.!%-!!

The reduction of laboratory-confirmed SARS-CoV-2 infec-
tions by 67% in the ITT analysis compares well to the efficacy
previously reported for vaccines.'® Monoclonal antibodies, in-
cluding casirivimab/imdevimab'” and tixagevimab/cilgavimab,'®
demonstrated efficacy during the pre-Omicron era, but have
since lost effectiveness against emerging variants. Although the
US Food and Drug Administration recently authorized pemivi-
bart for preexposure prophylaxis in immunocompromised pa-
tients, its potency has substantially declined against the latest
Omicron sublineages.'® These challenges highlight the need for
alternative approaches, particularly those that are broadly ef-
fective against evolving viral variants. Notably, azelastine has
demonstrated consistent antiviral activity against all tested SARS-
CoV-2 variants in vitro, including the D614G, alpha, beta, delta,
and Omicron BA.1lineages.>® The use of antihistamines for treat-
ment of COVID-19 has been discussed earlier, based on the in-
volvement of histamine pathways during infection and poten-
tial direct antiviral effects.”

In addition to SARS-CoV-2, azelastine nasal spray showed ef-
ficacy against symptomatic rhinovirus infection, the most fre-
quently identified non-SARS-CoV-2 pathogen in this trial. Phar-
macological evidence suggests that this effect may be mediated
through inhibition of ICAM-1, a major receptor for rhinoviruses.2?
Despite the significant effects of rhinovirus infection on global
health, including causing upper respiratory infections and acute
exacerbations of chronic pulmonary diseases, there are currently
no therapies to treat or prevent rhinovirus infections.?!

Although the overall incidence of confirmed infections
caused by other respiratory pathogens was low in this trial, the
pooled analyses of human coronaviruses and all detected re-
spiratory viruses suggest broader antiviral effects of azelas-
tine. In-vitro studies provide evidence of the antiviral activ-
ity of azelastine beyond SARS-CoV-2, including endemic
coronavirus, influenza and respiratory syncytial virus.®
Although several modes of action have been described for di-
rect anti-SARS-CoV-2 activities, including interactions with the
host cells ACE2- and o-1 receptors as well as the SARS-CoV-2
protease Mpro,”-?2 a specific panviral mechanism of action re-
mains unknown and indeed a complex interplay of direct and
indirect host-cell mediated inhibitory effects seems more likely.
The nasal epithelium, as the primary site of viral entry and rep-
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Table 3. Adverse Events in the Safety Analysis Set

No. (%)

Azelastine Placebo
Variable (n=227) (n=223)
Total No. of adverse events 303 367
Total No. of related adverse events 94 41
Participants with 21 adverse event 119 (52.4) 113 (50.7)
Participants with 21 related adverse event 61 (26.9) 25(11.2)
Participants who discontinued nasal 2(0.9) 1(0.5)
spray due to any adverse event
Participants who discontinued nasal 0 0
spray due to a related adverse event
Total No. of serious adverse events 2?2 e
Total No. of related serious adverse events 0 0
Participants with 21 serious adverse event 2(0.9) 1(0.5)
Deaths 0 0

2 Serious adverse events observed in 2 participants were recurrent headache
(hospitalization for diagnosis) and a new diagnosis of Hashimoto thyroiditis.
®The serious adverse event observed in 1 participant was knee operation.

The safety analysis set included all randomized participants
(azelastine, n = 227; placebo, n = 223).

lication, plays a critical role in the pathogenesis of respira-
tory viral infections.?® The ability of locally applied and lo-
cally acting azelastine nasal spray to significantly reduce
SARS-CoV-2 and overall upper respiratory tract infections un-
derscores the efficacy of topical nasal interventions.

Limitations

This randomized clinical trial has some limitations. The mod-
est sample size and low incidence of infections for certain
pathogens limited the statistical power for subgroup analy-
ses. The PP analysis supported the ITT findings, though its sta-
tistical significance should be interpreted with caution given
thelow number of events. Limitations in the sensitivity of the
RAT could have led to underreporting of asymptomatic SARS-
CoV-2infections despite close-meshed testing, in particular for
the azelastine group. Such an effect with significant reduc-
tion in viral load and lack of symptoms would nevertheless be
considered a benefit for the individual and likely result in de-
creased disease propagation due to the reduction in viral shed-
ding. Symptom-triggered testing for non-SARS-CoV-2 patho-
gens likely has resulted in underreporting of non-SARS-
CoV-2infections. In addition, the bitter taste of azelastine nasal
spray may have unblinded participants, potentially introduc-
ing a bias. Conversely, it cannot be ruled out that the placebo
had an effect on the probability of infection because rinsing
and diluting effects as well as the barrier-stabilizing proper-
ties of hypromellose could have contributed to infection
prophylaxis.?* Because this was a single-center trial in a mostly
healthy, vaccinated population, the generalizability of the find-
ings to other settings may be limited.

. |
Conclusions

The findings of this randomized clinical trial suggest that
azelastine nasal spray may reduce the incidence of respira-
tory infections caused by SARS-CoV-2. The established
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safety profile, over-the-counter availability, and ease of use
of azelastine nasal spray support its potential as a practical,
scalable on demand approach to preexposure prophylaxis,
particularly in high-risk settings such as large gatherings or
travel. Although these findings support the use of azelastine
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