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Summary
Background Repurposed drugs with host-directed antiviral and immunomodulatory properties have shown promise
in the treatment of COVID-19, but few trials have studied combinations of these agents. The aim of this trial was to
assess the effectiveness of affordable, widely available, repurposed drugs used in combination for treatment of
COVID-19, which may be particularly relevant to low-resource countries.

Methods We conducted an open-label, randomized, outpatient, controlled trial in Thailand from October 1, 2021, to
June 21, 2022, to assess whether early treatment within 48-h of symptoms onset with combinations of fluvoxamine,
bromhexine, cyproheptadine, and niclosamide, given to adults with confirmed mild SARS-CoV-2 infection, can
prevent 28-day clinical deterioration compared to standard care. Participants were randomly assigned to receive
treatment with fluvoxamine alone, fluvoxamine + bromhexine, fluvoxamine + cyproheptadine,
niclosamide + bromhexine, or standard care. The primary outcome measured was clinical deterioration within 9,
14, or 28 days using a 6-point ordinal scale. This trial is registered with ClinicalTrials.gov (NCT05087381).

Findings Among 1900 recruited, a total of 995 participants completed the trial. No participants had clinical deterio-
ration by day 9, 14, or 28 days among those treated with fluvoxamine plus bromhexine (0%), fluvoxamine plus
cyproheptadine (0%), or niclosamide plus bromhexine (0%). Nine participants (5.6%) in the fluvoxamine arm had
clinical deterioration by day 28, requiring low-flow oxygen. In contrast, most standard care arm participants had
clinical deterioration by 9, 14, and 28 days. By day 9, 32.7% (110) of patients in the standard care arm had been
hospitalized without requiring supplemental oxygen but needing ongoing medical care. By day 28, this percentage
increased to 37.5% (21). Additionally, 20.8% (70) of patients in the standard care arm required low-flow oxygen by
day 9, and 12.5% (16) needed non-invasive or mechanical ventilation by day 28. All treated groups significantly
differed from the standard care group by days 9, 14, and 28 (p < 0.0001). Also, by day 28, the three 2-drug
treatments were significantly better than the fluvoxamine arm (p < 0.0001). No deaths occurred in any study
group. Compared to standard care, participants treated with the combination agents had significantly decreased
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viral loads as early as day 3 of treatment (p < 0.0001), decreased levels of serum cytokines interleukin-6 (IL-6), tumor
necrosis factor-alpha (TNF-α), and interleukin-1 beta (IL-1β) as early as day 5 of treatment, and interleukin-8 (IL-8) by
day 7 of treatment (p < 0.0001) and lower incidence of post-acute sequelae of COVID-19 (PASC) symptoms
(p < 0.0001). 23 serious adverse events occurred in the standard care arm, while only 1 serious adverse event was
reported in the fluvoxamine arm, and zero serious adverse events occurred in the other arms.

Interpretation Early treatment with these combinations among outpatients diagnosed with COVID-19 was associated
with lower likelihood of clinical deterioration, and with significant and rapid reduction in the viral load and serum
cytokines, and with lower burden of PASC symptoms. When started very soon after symptom onset, these
repurposed drugs have high potential to prevent clinical deterioration and death in vaccinated and unvaccinated
COVID-19 patients.

Funding Ped Thai Su Phai (Thai Ducks Fighting Danger) social giver group.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection causes coronavirus disease 2019
(COVID-19), which can lead to serious illness, hospi-
talization, intensive care unit admission, and death.1,2

Vaccination has reduced the risk of severe disease, but
waves of infection by new immune-evasive variants still
pose challenges for healthcare systems around the
world.3–6 For low-income countries, in particular, the
lack of access to mRNA vaccines and the expense
associated with procuring novel antivirals have created
an urgent need to identify affordable, safe, and widely
available treatment options.3,4,6–11 Clinical deterioration
of COVID-19 typically occurs during the second week of
illness, with hospitalization most often occurring within

8–10 days of the initial symptoms.2 Progression to se-
vere COVID-19 is characterized by immune dysregula-
tion and excessive production of pro-inflammatory
cytokines, especially IL-6, TNF-α, IL-8, and IL-1β. Ele-
vations in these serum cytokines are predictive of dis-
ease progression, mortality, and post-acute sequelae of
COVID-19 (PASC).1,2,12,13 Curtailing this immune dys-
regulation at an early stage using safe and affordable
therapeutics may reduce illness severity, improve clin-
ical outcomes, and reduce the long-term risk of PASC
development.1

Previous clinical studies have shown that fluvox-
amine, a selective serotonin reuptake inhibitor (SSRI), is
associated with benefit in the treatment of acute
COVID-1914–17 possibly by reducing damaging aspects of

Research in context

Evidence before this study
On September 10, 2023, a search was conducted on PubMed
using the search criteria ‘(randomized OR trial) AND
(fluvoxamine OR bromhexine OR cyproheptadine OR
niclosamide OR combination OR antidepressants OR selective
serotonin reuptake inhibitors OR SSRIs) AND (COVID* OR
SARS-CoV-2 OR SARS-CoV)’ without any restrictions on date
or language. This search yielded multiple preclinical and
clinical studies that suggest a significant connection between
the usage of fluvoxamine, bromhexine, and niclosamide, and
a reduced risk of intubation or mortality in adult outpatients
exhibiting symptomatic COVID-19. Notably, there have been
no trials examining the effectiveness of combinations of
fluvoxamine, bromhexine, cyproheptadine, and niclosamide
in the treatment of SARS-CoV-2 infection.

Added value of this study
We conducted a controlled trial to evaluate the effect of early
treatment with fluvoxamine, bromhexine, cyproheptadine,

and niclosamide within 48 h of symptom onset in adults with
mild SARS-CoV-2 infection. The study aimed to determine if
this combination therapy could prevent clinical deterioration
in the targeted population. Early treatment with these drug
combinations in COVID-19 outpatients reduced the likelihood
of clinical deterioration significantly. It also led to rapid
reductions in viral load, serum cytokines, and the burden of
post-acute sequelae of SARS-CoV-2 (PASC) symptoms.

Implications of all the available evidence
Early treatment with these drug combinations can
significantly alter the clinical course of COVID-19, leading to
fewer hospitalizations and potentially serving as important
outpatient interventions. The findings of this study hold
particular significance for regions where vaccination and
costly antiviral treatments are not easily accessible.
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the inflammatory response to SARS-CoV-2 infec-
tion,14,16,18 lowering the risk of hypercoagulable state by
reducing platelet serotonin levels,14,16,18 and/or other
possible mechanisms.12 The initially hypothesized
mechanism leading to clinical trials of fluvoxamine in
COVID-19 was its anti-inflammatory action through
activation of the sigma-1 (S1R).19 Fluvoxamine may also
have antiviral effects through interaction with viral
proteins and inhibition of acid sphingomyelinase.12,20–22

Other commonly available drugs have immune-
modulating and antiviral properties and have shown
some evidence of effectiveness against SARS-CoV-2:
Bromhexine hydrochloride acts as a mucolytic and im-
mune modulator to help clear chest congestion, and as a
TMPRSS2 protease blocker may be an effective antiviral
against SARS-CoV-223,24 Cyproheptadine acts as an
antagonist of 5-hydroxytryptamine (5HT/serotonin) re-
ceptor subtype two. It is an immune modulator to pre-
vent potent effects of serotonin on lung vascular tone,
respiratory rate, and systemic vascular beds, which may
potentially affect COVID-19 clinical outcomes.12,25 The
anti-helminthic drug niclosamide may be able to inhibit
SARS-CoV-2 viral replication and modulate inflamma-
tion by markedly blunting calcium oscillations and
membrane conductance in spike-expressing cells by
suppressing the activity of TMEM16F, a calcium-
activated ion channel, a scramblase responsible for the
exposure of phosphatidylserine on the cell surface.26

Though not known to act as direct-acting antiviral
agents against SARS-CoV-2, these four agents employ
different mechanisms to exert host-directed antiviral and
immunomodulatory effects. The mechanism of observed
benefit in clinical studies remains unclear and is thought
to be multifactorial. Clinically, the effect of combining
these agents may bring about faster viral clearance and
decreased inflammatory and immunothrombotic re-
sponses that are the hallmarks of disease progression in
COVID-19. We, therefore, hypothesized that combina-
tions of these agents may act synergistically to potentiate
the beneficial effects of each agent alone, and early
treatment with the combination of these agents may
positively alter the trajectory of SARS-CoV-2 infection
and reduce the risk of disease progression in COVID-19.
The aim of this trial was to investigate this hypothesis.

Methods
Study design
This was an open-label, multi-arm, randomized
controlled trial that compared early treatment with flu-
voxamine, fluvoxamine plus bromhexine, fluvoxamine
plus cyproheptadine, niclosamide plus bromhexine,
versus standard care, in adult outpatients with
confirmed SARS-CoV-2 infection. Standard care is not
specified or mandated in the protocol but refers to the
care that participants received, decided on by the
responsible clinicians based on the COVID-19

treatment guidelines in Thailand at the time of the trial
enrollment. The trial protocol and statistical analysis
plan appear in the Supplement and ClinicalTrials.gov
(NCT05087381). The several institutional review
boards separately approved the study at Rajavithi Hos-
pital in Bangkok, Thailand (224/2021), Vibhavadi Hos-
pital in Bangkok, Thailand (01/64), Chiang Mai
Neurological Hospital, Thailand (009/64), Thanyarak
Pattani Hospital, Pattani, Thailand (008/64). This study
was conducted in compliance with the Declaration of
Helsinki, the Good Clinical Practice guidelines, and
local regulatory requirements (ClinicalTrials.gov Iden-
tifier: NCT05087381). All participants provided
informed consent electronically.

This trial was conducted in the Bangkok, Non-
thaburi, Samut Prakan, Pathum Thani, Nakhon
Pathom, Samut Sakhon, Chiang Mai, Chiang Rai and
Pattani provinces in Thailand. Participants were
recruited from October 1, 2021, to June 21, 2022. The
90-day post-randomization follow-up assessment was
completed on September 21, 2022. This was a fully
remote (contactless) clinical trial. Participants were
recruited via a virtual healthcare system for Thailand’s
SARS-COV-2 care management program. Participants
were enrolled without regard to sex, race, ethnicity, or
religion. The participants were first examined (physical
and respiratory status assessments) by attending physi-
cians at the virtual healthcare system for the SARS-
COV-2 care management program and referred to the
study team if deemed eligible. Potential participants
underwent second screenings by phone and provided
informed consent electronically.

Study supplies were delivered to self-quarantined
participants at their homes, quarantine centers, quar-
antine hotels, and isolation centers. The study materials
consisted of the study medication, an oxygen saturation
monitor, an automated blood pressure monitor, and a
thermometer. Participants then self-assessed using the
equipment provided and confirmed vital signs within
range (systolic blood pressure between 80 mm Hg and
200 mm Hg, diastolic blood pressure between 40 mm
Hg and 120 mm Hg, and pulse rate between 50 beats/
min and 120 beats/min), and oxygen saturation of 92%
or greater. The study staff called participants, informed
them of their eligibility, and instructed them to take the
study medication. The study medications were targeted
to start on the same day that participants were first
contacted and screened by the research team, who also
informed the team at the virtual healthcare system for
the SARS-COV-2 care management program.

All data collection was done by daily surveys from day
0 through day 14, 28, 60 and 90. The surveys were sent to
participants via email, SMS with a secure online-based
data collection link, together with the phone as a
backup to ensure that individuals without internet access
were able to participate. On study days 0, 3, 5, 7, 9, and
14, nasal swabs, blood, and fecal samples were collected
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from consenting participants only via a test drive-thru
service to enable the research team to assess possible
differences in disease severity and responses to treat-
ment. The surveys recorded oxygen saturation, vital
signs, medication adherence, and COVID-19 symptoms.
Phone contact was attempted daily during the first 3 days
of the trial to address participants’ questions, address any
medication-related issues, and encourage assessment
completion. Additional phone calls were conducted on a
case-by-case basis when participants’ survey data indi-
cated values outside trial ranges. For participants who
had worsening SARS-COV-2 illness, study staff recom-
mended that the participants seek medical attention via
the virtual healthcare system. Study staff assessed clinical
status on a 6-point ordinal scale on study days 9, 14, and
28 using SMS, email, or phone contact consisting of the
following categories: 1, death; 2, hospitalized, requiring
invasive mechanical ventilation or extracorporeal mem-
brane oxygenation; 3, hospitalized, requiring noninvasive
ventilation or use of high-flow oxygen devices; 4, hospi-
talized, requiring low-flow supplemental oxygen; 5, hos-
pitalized, not requiring supplemental oxygen but
requiring ongoing medical care (related or not to SARS-
COV-2 infection); and 6, not hospitalized. A final
assessment was conducted on day 90.

Participants
In this fully remote (contactless) trial, individuals were
deemed eligible if they were living in the community,
aged 18–60 years, with symptomatic SARS-CoV-2
infection as confirmed by a positive polymerase chain
reaction (PCR) assay or rapid antigen test kit (ATK), who
had less than 48 h of symptoms. Individuals were
excluded from participation if currently hospitalized for
COVID-19, if deemed by the recruiting clinician to have
significant exclusionary comorbidities (e.g., severe renal
or hepatic impairment), if completely asymptomatic
from COVID-19 at the time of screening, or if they had
onset of COVID-19 symptoms more than 48 h before
the time of screening. Additional exclusion criteria
applied included individuals with allergies to, contrain-
dications to, or significant drug–drug interactions with
any of the drugs in the trial treatment arms; individuals
receiving other medications for the treatment of
COVID-19 outside of standard care in Thailand at the
time of randomization; individuals participating in
other COVID-19 treatment trials; pregnancy or breast-
feeding; psychiatric diseases; inability to perform study
self-assessment procedures; and refusal to participate in
the study.

Randomisation
After exclusions, participants were randomized 1:1:1:1:1
to the five arms of (1) fluvoxamine alone, (2)
fluvoxamine + bromhexine, (3) fluvoxamine + cypro-
heptadine, (4) niclosamide + bromhexine, and (5) stan-
dard care.

This randomisation scheme comprised these five
treatment arms rather than a conventional comparison
of a standard care group against the experimental med-
ications. This choice was made in light of the prevailing
medical context in Thailand, where favipiravir was cat-
egorised as the established standard of care. However, it
is important to acknowledge that the evidentiary foun-
dation supporting the use of favipiravir was limited, and
there existed ongoing controversies regarding the effi-
cacy of alternative treatment modalities.

In this context, based on 80% power and an alpha
level of 0.05, the proportions of clinical deterioration
were anticipated as follows: 0 for the fluvoxamine-alone
group,14 0.01 for the fluvoxamine combined with
bromhexine group,23 fluvoxamine combined with cy-
proheptadine group, the niclosamide combined27 with
bromhexine group, and 0.032 for the standard care
group.28 Based on the feasibility of the research, the total
sample size with an additional 22%29 dropouts would be
297 participants per arm. Therefore, a total of 1485
participants was planned. The interim analysis of the
data was undertaken after 426 patients had been
recruited, and the decision was taken at that time to
continue the trial until completion.

Randomisation schedules were generated that were
stratified by age (18–44, 45–54, 55–64, and ≥65 years)
and sex. Treatments were randomly allocated in a block
size of 5 using a web-based response system, which
displayed randomisation assignment to the outcome
assessors, investigators, and research staff, who pre-
pared the study materials, including the study drugs.
Upon randomisation, participants were provided with
the study self-assessment supplies and the study drugs
at their place of residence, and further eligibility criteria
were assessed before the participant took the study
drugs (systolic blood pressure between 80 mm Hg and
200 mm Hg, diastolic blood pressure between 40 mm
Hg and 120 mm Hg, pulse rate between 50 beats/min
and 120 beats/min, and oxygen saturation of 92% or
greater). Participants who could not clearly confirm
eligibility at baseline based on the provided self-
assessment supplies, who withdrew from the study
prior to taking treatment, or who had abnormal vital
signs, including oxygen saturation <92% at baseline,
were instructed not to take the study drugs, and were
withdrawn from the study.

Procedures
Participants in the fluvoxamine-only arm received flu-
voxamine (immediate release) 50 mg orally, one tablet in
the morning and one tablet at bedtime for the first two
days, then escalated to one 50 mg one tablet in the
morning and two tablets before bedtime for days 3
through 12, ending with one 50 mg one tablet in the
morning and one tablet at bedtime for days 13 and 14
(additional details appear in Supplement 1). This dose
taper and range was determined with regard to
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participant tolerance, safety, and efficacy signals based
on prior fluvoxamine trials in the treatment of COVID-
19.14–17,30,31 Pharmacokinetic models predicting the dose
needed for occupancy of the S1R were also consid-
ered.32,33 For most patients, a dose of 50 mg twice daily
should achieve steady occupancy of the sigma1 receptor
by day 2, but if a dose is missed, the level may drop too
low. A dose of 100 mg twice daily may be ideal since in
most cases it is predicted that S1R occupancy can be
achieved after the first dose and never drop below the
level that should achieve this. Moreover, a dose of
100 mg twice daily also should have good pharmacoki-
netic forgivability in case a dose is missed.33 However,
some individuals may not tolerate 100 mg doses, as
evidenced by drop-out rates from trials that used 100 mg
2–3 times daily.17,32 Therefore, in order to balance
tolerability and the need to ensure S1R occupancy, we
titrate up to 50 mg in the morning and 100 mg at
bedtime. Giving a higher dose at bedtime may also help
with tolerability in case patients experience nausea or
somnolence.

Participants in the fluvoxamine + bromhexine arm
received the same fluvoxamine regimen as the
fluvoxamine-only arm, in combination with one 8 mg
bromhexine tablet, twice daily, for a total of 10
days.17,32–36 Participants in the fluvoxamine + cyprohep-
tadine arm received the same fluvoxamine regimen as
the fluvoxamine-only arm, combined with one 4 mg
cyproheptadine tablet, three times a day for 14 days.
Participants in the niclosamide + bromhexine arm
received a 1000 mg of niclosamide tablet two times daily
for a total of 14 days, in combination with one 8 mg
tablet of bromhexine twice daily for a total of 10 days.

Outcomes
The primary endpoint was the distribution of clinical
status assessed on the 6-point ordinal scale on study
days 9, 14, and 28. The primary endpoint was corrobo-
rated by phone discussions with participants and a re-
view of their medical records. The secondary endpoints
were the proportion of participants with adverse events,
the incidence of PASC symptoms as described in a prior
study37 (myalgia, cognitive symptoms/headache, pain,
anxiety/depression/fatigue, abdominal symptoms,
abnormal breathing and chest/throat pain), the change
in respiratory viral clearance (by PCR), and the change
in inflammatory markers IL-6, TNF-α, IL-8, and IL-1β.

Due to logistical issues at the time of study imple-
mentation, virological and inflammatory markers were
accessed only for the subset of participants who volun-
tarily agreed to attend drive-through test centers. For
participants who stopped responding to the surveys
prior to day 90 or who had met the primary endpoint,
medical records and subsequent calls to these partici-
pants were used to determine whether they met the
primary endpoint. For participants who met the primary

endpoint, hospital records were used to confirm specific
healthcare use (e.g., supplemental oxygen use, hospital
length of stay, and ventilator support). Adverse events
and serious adverse events were recorded each day via
participant self-reporting system for 14 days after
randomisation.

Statistical analysis
All outcomes were summarized across the treatment
arms using means and standard deviations for contin-
uous variables and counts and percentages for categor-
ical variables. For inferential analysis, the primary
outcomes (1, death; 2, hospitalized, requiring invasive
mechanical ventilation or extracorporeal membrane
oxygenation; 3, hospitalized, requiring noninvasive
ventilation or use of high-flow oxygen devices; 4, hos-
pitalized, requiring low-flow supplemental oxygen; 5,
hospitalized, not requiring supplemental oxygen but
requiring ongoing medical care (related or not to SARS-
COV-2 infection); and 6, not hospitalized) all exhibited
complete case separation (i.e. zero observed cases in
several treatment arms). Consequently, logistic or log-
binomial mixed effect regression-based modeling was
not possible (as zero or infinite odds or risk ratios would
have resulted). Instead, we were restricted to other
strategies to compare the primary outcomes across the
five treatment arms. We chose two different approaches.
The first was to combine the individual outcomes listed
above into an ordinal clinical severity score ranging
from 1 = not hospitalized to 6 = death. Then, for each
measurement period (by 9, 14, and 28 days), we per-
formed a Kruskal Wallis test on this ordinal severity
score to test for a difference in location among the
various arms. The second approach focused on a dif-
ference in the distribution of patients (across the
severity classes) among the five treatment groups. For
the global test, we used a generalized version of Fisher’s
exact test for the resulting 6 severity class x 5 treatment
group contingency table (for each measurement day).
Specifically, we used the algorithm first implemented by
Mehal and Patel38 and then later improved by Clarkson,
Fan, and Joe.39 The zero cases in many of the groups
meant post-hoc comparison among these groups is not
only unnecessary (they are clearly not different), but
presents considerable statistical challenges. Conse-
quently, we only compared these zero case groups to
groups containing cases. For the secondary outcomes
(Cytokine levels), we employed linear mixed models to
compare levels at particular times and trends between
the treatment arms over time. A perusal of the cytokines
data revealed a marked decay in variation over time, so
the linear mixed model employed allowed unequal var-
iances for the time within-subject effect. For the final set
of outcomes, adverse events and PASC symptoms, we
used the 2 × g Fisher’s exact test for the omnibus test for
difference in incidence of a symptom among the five
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treatment arms, followed by the standard (2 x 2) Fisher’s
exact test for pairwise comparisons. p-values from these
pairwise tests were adjusted using the Holm method40 to
control the accumulation of family-wise Type 1 error. All
analysis was conducted using the R statistical package41

and mixed effect modeling was performed using the R
library, nlme.42 A significance level of 0.05 was used
throughout all inferential statistical analysis. For the
analysis of viral load and serum cytokine levels, partic-
ipants with missing data or those who did not volunteer
for testing at each time point, the most recent assess-
ment was used for missing values and missing values
were mentioned in each figure and table legend.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.

Results
Participant distribution and characteristics
Of the 1990 participants who consented and were
assessed for eligibility, 90 were found to be ineligible
(Fig. 1). Because of the complexities in performing this
trial, of the 1900 who underwent randomization, 905 were
subsequently withdrawn for the reasons shown in Table 1.
A comparison of the characteristics of those completing
the trial and those withdrawn within each treatment
allocation group is shown in Table 2. There were no
obvious differences, suggesting that the withdrawals may
not have caused any major bias despite the withdrawal
rate being seen to be far less in the standard care group.

Participants enrolled in the five arms were balanced
in demographic and clinical characteristics (Table 2).
There were 54.9% (546) were of Thai ethnicity, and the
mean age was 36.3 years (SD, 13 years) with a mean
BMI (kg/m2) of 24.5 (SD, 7.6). Overall, 57.1% (568) of
participants were smokers, and 47.8% (476) of partici-
pants consumed alcohol. A minority of participants
(3.3%, 10) were not vaccinated for SARS-CoV-2 at
screening. A total of 697 (70.1%) patients received
treatment within 12 h from symptom onset (Table 2). At
initial screening, participants had a mean oxygen satu-
ration of 94.0% (SD, 1.1) while breathing room air, and
a mean body temperature of 37.7 ◦C (SD, 0.7 ◦C). 59.2%
(589) of participants were infected with Omicron
B.1.1.529, 24.1% (240) with Delta B.1.617.2 and 16.7%
(166) with Alpha B.1.1.7 variant. The presenting
COVID-19 symptoms varied, with loss of sense of smell
(63% (627)), body aches (67% (670)), shortness of breath
(70% (696)) and nausea (70.2% (698)) being the most
commonly reported symptoms. The longitudinal data
for nasopharyngeal viral load (based on cycle threshold
values) and the serum cytokine levels of IL-6, IL-8, TNF-
α, IL-1β were available in 57–63 participants from each
arm, which corresponded to n = 63 (18.7%) of

participants in the standard care arm, n = 62 (38.3%) in
fluvoxamine arm, n = 58 (32.6%) in fluvoxamine +
bromhexine arm, n = 62 (42.2%) in fluvoxamine +
cyproheptadine arm, and n = 57 (33.1%) in niclosamide
+ bromhexine arm.

Primary endpoint
All treated groups (fluvoxamine arm (9 of 163), fluvox-
amine plus bromhexine arm (0 of 178), fluvoxamine
plus cyproheptadine arm (0 of 147), and niclosamide
plus bromhexine arm (0 of 172)) significantly differed
from the standard care group (321 of 336) by days 9, 14,
and 28 (p < 0.0001) (Fig. 2 and Table 3). Also, by day 28,
the three 2-drug treatments (fluvoxamine plus brom-
hexine arm, fluvoxamine plus cyproheptadine arm, and
niclosamide plus bromhexine arm) were significantly
better than the fluvoxamine arm (p < 0.0001). Although
numerically, a large number of participants in the
standard care arm experienced clinical deterioration, the
vast majority of these deteriorated cases (53.5% (180) by
study day 9, 30.2% (33) by day 14, and 53.6% (30) by day
28 (among the 336) experienced mild symptoms and
only required low-flow or no supplemental oxygen.
Nevertheless, 14% (47) of participants in the standard
care arm experienced clinical deterioration to severe
COVID-19 by study day 9, requiring high-flow oxygen,
non-invasive or mechanical ventilation. In contrast,
none of the participants in the treatment arms of flu-
voxamine plus bromhexine (0%), fluvoxamine plus
cyproheptadine (0%), or niclosamide plus bromhexine
(0%) experienced clinical deterioration through study
day 28, while 9 participants (5.6%) in the fluvoxamine
arm eventually experienced clinical deterioration
requiring low-flow oxygen between study days 14 and 28
(all after completion of the 14-day fluvoxamine course).
There were no deaths reported in any study arm. Results
of the Kruskal–Wallis tests revealed a difference in
severity among at least some of the treatment groups by
day 9, 14, and 28 (p < 0.0001). We also tested for dif-
ferences in the distribution of patients (across the
severity classes) among the five groups by day 9, 14, and
28 and found a significant difference (all p < 0.0001). A
perusal of Table 3 reveals that the difference is clear
between the standard care group and all of the treatment
groups. Table 3 also strongly suggests that by 28, the
two-drug treatment (fluvoxamine plus bromhexine arm,
fluvoxamine plus cyproheptadine arm, and niclosamide
plus bromhexine arm) groups were superior to the flu-
voxamine arm. We also confirmed this by running a
generalized Fisher’s exact test involving only the four
treated groups (fluvoxamine arm, fluvoxamine plus
bromhexine arm, fluvoxamine plus cyproheptadine arm,
and niclosamide plus bromhexine arm) (p < 0.0001).

Adverse events
Adverse events occurred significantly (p < 0.0001) more
often among participants in the standard care arm
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compared with the participants in the four treatment
arms (Table 4). Compared with the combination agents,
fluvoxamine monotherapy was overall less well-tolerated

due to gastrointestinal adverse events such as nausea
and vomiting, which occurred most commonly in the
fluvoxamine monotherapy arm (24.7% (40)). Other

Reasons for not receiving treatment after randomisation Standard care
(n = 54)

Fluvoxamine
(n = 212)

Fluvoxamine +
Bromhexine
(n = 207)

Fluvoxamine +
Cyproheptadine
(n = 222)

Niclosamide +
Bromhexine
(n = 210)

Experiencing issues related to systolic and diastolic blood pressure 15 40 37 34 30

Refusing to discontinue smoking and alcohol consumption
during the trial period

10 25 27 27 20

Taking unknown cosmetic supplements 5 12 10 12 15

Unable to clearly confirm their psychiatric status 5 19 17 19 18

Using illicit drugs or stimulants 10 25 33 33 35

Participants refusing to stop consuming caffeinated beverages – 16 14 17 18

Oxygen saturation levels below 92% at baseline 4 14 9 30 21

Withdrew from the study before receiving treatment 5 61 60 50 53

Table 1: Details of the participants who did not receive treatment after randomisation.

Fig. 1: Participant flow.
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Characteristic Standard care Fluvoxamine Fluvoxamine + Bromhexine Fluvoxamine + Cyproheptadine Niclosamide + Bromhexine

Received
standard
treatment as
randomised,
N = 336a

Did not receive
standard
treatment as
randomised,
N = 54a

Received
fluvoxamine
as
randomised,
N = 162a

Did not receive
fluvoxamine as
randomised,
N = 212a

Received
fluvoxamine &
bromhexine as
randomised,
N = 178a

Did not receive
fluvoxamine &
bromhexine as
randomised,
N = 207a

Received
fluvoxamine &
cyproheptadine as
randomised,
N = 147a

Did not receive
fluvoxamine &
cyproheptadine as
randomised,
N = 222a

Received
niclosamide &
bromhexine as
randomised,
N = 172a

Did not receive
niclosamide &
bromhexine as
randomised,
N = 210a

Age years 36.2 (14.5) 37.7 (13.2) 36.1 (15.6) 35.2 (13.1) 35.5 (13.1) 34.5 (13.2) 35.1 (13.2) 36.4 (14.6) 38.1 (14.7) 37.9 (15.5)

Weight kg 63.6 (20.4) 61.0 (12.4) 66.6 (24.3) 61.8 (19.9) 64.8 (21.4) 64.4 (18.6) 64.8 (21.3) 67.1 (21.2) 65.3 (19.9) 65.5 (23.7)

Height cm 161.8 (9.8) 161.4 (9.7) 163.2 (8.8) 161.5 (11.0) 162.4 (9.4) 162.7 (8.8) 161.4 (9.3) 163.3 (8.9) 162.6 (9.4) 161.4 (8.6)

Body mass index (BMI), kg/m2 24.2 (7.3) 23.3 (3.8) 24.9 (8.7) 23.6 (7.5) 24.4 (7.1) 24.2 (6.2) 24.9 (8.1) 25.1 (7.7) 24.5 (6.6) 25.1 (8.5)

Body temperature celsius 37.8 (0.7) 37.7 (0.8) 37.8 (0.7) 37.6 (0.6) 37.7 (0.7) 37.6 (0.7) 37.7 (0.7) 37.9 (0.7) 37.8 (0.7) 37.8 (0.7)

Systolic blood pressure mmHg 115.0 (9.8) 122.0 (13.4) 115.4 (9.5) 121.4 (14.3) 115.9 (9.9) 120.5 (14.1) 115.8 (9.6) 119.6 (14.3) 115.6 (9.2) 119.9 (14.5)

Diastolic blood pressure mmHg 74.7 (9.4) 77.6 (10.8) 74.6 (9.2) 79.7 (10.8) 75.6 (9.0) 79.7 (11.3) 75.1 (8.9) 77.4 (11.9) 74.6 (9.0) 77.6 (11.1)

Oxygen saturation 94.4 (1.1) 94.0 (1.5) 94.4 (1.1) 94.1 (1.4) 94.3 (1.1) 94.1 (1.2) 94.2 (1.0) 93.9 (1.7) 94.6 (1.1) 94.2 (1.6)

Respiratory rate PR breaths min. 17.8 (2.3) 17.7 (1.4) 18.3 (2.4) 18.0 (1.6) 17.8 (2.5) 18.1 (1.5) 17.8 (2.1) 17.9 (3.1) 18.1 (2.7) 17.9 (2.7)

Heart rate beats min. 86.6 (19.1) 87.6 (20.3) 88.2 (19.4) 86.4 (17.5) 88.1 (19.9) 85.3 (19.5) 88.1 (19.4) 89.9 (19.3) 85.8 (17.4) 86.1 (18.7)

Duration of COVID 19 symptomshrs

0 28/336 (8.3%) 4/54 (7.4%) 20/162 (12%) 23/212 (11%) 22/178 (12%) 19/207 (9.2%) 13/147 (8.8%) 22/222 (9.9%) 11/172 (6.4%) 19/210 (9.0%)

12 199/336 (59%) 32/54 (59%) 103/162
(64%)

116/212 (55%) 103/178 (58%) 110/207 (53%) 94/147 (64%) 146/222 (66%) 104/172 (60%) 136/210 (65%)

24 76/336 (23%) 15/54 (28%) 25/162 (15%) 45/212 (21%) 33/178 (19%) 43/207 (21%) 22/147 (15%) 41/222 (18%) 41/172 (24%) 38/210 (18%)

48 33/336 (9.8%) 3/54 (5.6%) 14/162
(8.6%)

28/212 (13%) 20/178 (11%) 35/207 (17%) 18/147 (12%) 13/222 (5.9%) 16/172 (9.3%) 17/210 (8.1%)

Ethnicity

Thai 182/336 (54%) 36/54 (67%) 91/162
(56%)

118/212 (56%) 94/178 (53%) 111/207 (54%) 77/147 (52%) 123/222 (55%) 102/172 (59%) 108/210 (51%)

Burmese 65/336 (19%) 1/54 (1.9%) 28/162 (17%) 17/212 (8.0%) 35/178 (20%) 11/207 (5.3%) 27/147 (18%) 72/222 (32%) 29/172 (17%) 53/210 (25%)

Lao 89/336 (26%) 17/54 (31%) 43/162 (27%) 77/212 (36%) 49/178 (28%) 85/207 (41%) 43/147 (29%) 27/222 (12%) 41/172 (24%) 49/210 (23%)

Sex

Male 130/336 (39%) 22/54 (41%) 70/162
(43%)

88/212 (42%) 80/178 (45%) 82/207 (40%) 51/147 (35%) 94/222 (42%) 75/172 (44%) 83/210 (40%)

Female 206/336 (61%) 32/54 (59%) 92/162
(57%)

124/212 (58%) 98/178 (55%) 125/207 (60%) 96/147 (65%) 128/222 (58%) 97/172 (56%) 127/210 (60%)

Vaccination status

Never 10/336 (3.0%) 1/54 (1.9%) 5/162 (3.1%) 13/212 (6.1%) 4/178 (2.2%) 15/207 (7.2%) 7/147 (4.8%) 0/222 (0%) 7/172 (4.1%) 2/210 (1.0%)

RNA (1 shot) 43/336 (13%) 1/54 (1.9%) 19/162 (12%) 10/212 (4.7%) 28/178 (16%) 7/207 (3.4%) 13/147 (8.8%) 50/222 (23%) 27/172 (16%) 41/210 (20%)

Viral vector (1 shot) 39/336 (12%) 1/54 (1.9%) 27/162 (17%) 4/212 (1.9%) 25/178 (14%) 6/207 (2.9%) 13/147 (8.8%) 60/222 (27%) 29/172 (17%) 40/210 (19%)

Inactivated (1 shot) 53/336 (16%) 3/54 (5.6%) 24/162 (15%) 23/212 (11%) 29/178 (16%) 17/207 (8.2%) 27/147 (18%) 58/222 (26%) 26/172 (15%) 46/210 (22%)

RNA (2 shot) 36/336 (11%) 3/54 (5.6%) 11/162
(6.8%)

20/212 (9.4%) 18/178 (10%) 19/207 (9.2%) 20/147 (14%) 27/222 (12%) 21/172 (12%) 29/210 (14%)

Viral vector (2 shot) 40/336 (12%) 11/54 (20%) 19/162 (12%) 28/212 (13%) 21/178 (12%) 33/207 (16%) 16/147 (11%) 23/222 (10%) 25/172 (15%) 17/210 (8.1%)

Inactivated (2 shot) 5/336 (1.5%) 2/54 (3.7%) 2/162 (1.2%) 4/212 (1.9%) 2/178 (1.1%) 7/207 (3.4%) 4/147 (2.7%) 0/222 (0%) 4/172 (2.3%) 3/210 (1.4%)

Viral vector + RNA 24/336 (7.1%) 7/54 (13%) 19/162 (12%) 28/212 (13%) 18/178 (10%) 32/207 (15%) 10/147 (6.8%) 3/222 (1.4%) 13/172 (7.6%) 12/210 (5.7%)

Inactivated + Viral vector 8/336 (2.4%) 2/54 (3.7%) 1/162 (0.6%) 7/212 (3.3%) 2/178 (1.1%) 5/207 (2.4%) 3/147 (2.0%) 0/222 (0%) 0/172 (0%) 0/210 (0%)

Inactivated + RNA 54/336 (16%) 12/54 (22%) 26/162
(16%)

57/212 (27%) 18/178 (10%) 41/207 (20%) 25/147 (17%) 1/222 (0.5%) 13/172 (7.6%) 16/210 (7.6%)

(Table 2 continues on next page)

A
rticles

w
w
w
.thelancet.com

V
ol

70
A
pril,

20
24

9

http://www.thelancet.com


Characteristic Standard care Fluvoxamine Fluvoxamine + Bromhexine Fluvoxamine + Cyproheptadine Niclosamide + Bromhexine

Received
standard
treatment as
randomised,
N = 336a

Did not receive
standard
treatment as
randomised,
N = 54a

Received
fluvoxamine
as
randomised,
N = 162a

Did not receive
fluvoxamine as
randomised,
N = 212a

Received
fluvoxamine &
bromhexine as
randomised,
N = 178a

Did not receive
fluvoxamine &
bromhexine as
randomised,
N = 207a

Received
fluvoxamine &
cyproheptadine as
randomised,
N = 147a

Did not receive
fluvoxamine &
cyproheptadine as
randomised,
N = 222a

Received
niclosamide &
bromhexine as
randomised,
N = 172a

Did not receive
niclosamide &
bromhexine as
randomised,
N = 210a

(Continued from previous page)

Inactivated + Viral vector + Viral
vector

9/336 (2.7%) 8/54 (15%) 7/162 (4.3%) 9/212 (4.2%) 5/178 (2.8%) 9/207 (4.3%) 1/147 (0.7%) 0/222 (0%) 5/172 (2.9%) 0/210 (0%)

Inactivated + RNA + RNA 4/336 (1.2%) 1/54 (1.9%) 0/162 (0%) 5/212 (2.4%) 3/178 (1.7%) 4/207 (1.9%) 4/147 (2.7%) 0/222 (0%) 1/172 (0.6%) 1/210 (0.5%)

Inactivated + Inactivated + Viral
vector

4/336 (1.2%) 0/54 (0%) 1/162 (0.6%) 2/212 (0.9%) 2/178 (1.1%) 3/207 (1.4%) 1/147 (0.7%) 0/222 (0%) 0/172 (0%) 2/210 (1.0%)

Inactivated + Inactivated + RNA 4/336 (1.2%) 2/54 (3.7%) 1/162 (0.6%) 2/212 (0.9%) 3/178 (1.7%) 4/207 (1.9%) 2/147 (1.4%) 0/222 (0%) 0/172 (0%) 1/210 (0.5%)

Viral vector + Viral vector + RNA 2/336 (0.6%) 0/54 (0%) 0/162 (0%) 0/212 (0%) 0/178 (0%) 4/207 (1.9%) 1/147 (0.7%) 0/222 (0%) 1/172 (0.6%) 0/210 (0%)

Don’t know 1/336 (0.3%) 0/54 (0%) 0/162 (0%) 0/212 (0%) 0/178 (0%) 1/207 (0.5%) 0/147 (0%) 0/222 (0%) 0/172 (0%) 0/210 (0%)

Blood group

O− 6/336 (1.8%) 1/54 (1.9%) 2/162 (1.2%) 4/212 (1.9%) 2/178 (1.1%) 7/207 (3.4%) 2/147 (1.4%) 0/222 (0%) 0/172 (0%) 0/210 (0%)

O+ 73/336 (22%) 15/54 (28%) 34/162 (21%) 33/212 (16%) 34/178 (19%) 43/207 (21%) 31/147 (21%) 49/222 (22%) 40/172 (23%) 48/210 (23%)

A− 63/336 (19%) 7/54 (13%) 36/162
(22%)

30/212 (14%) 33/178 (19%) 27/207 (13%) 23/147 (16%) 52/222 (23%) 30/172 (17%) 47/210 (22%)

A+ 79/336 (24%) 14/54 (26%) 33/162
(20%)

43/212 (20%) 37/178 (21%) 24/207 (12%) 31/147 (21%) 63/222 (28%) 35/172 (20%) 48/210 (23%)

B− 58/336 (17%) 5/54 (9.3%) 20/162 (12%) 44/212 (21%) 32/178 (18%) 38/207 (18%) 32/147 (22%) 46/222 (21%) 34/172 (20%) 34/210 (16%)

B+ 27/336 (8.0%) 7/54 (13%) 20/162 (12%) 28/212 (13%) 20/178 (11%) 22/207 (11%) 13/147 (8.8%) 12/222 (5.4%) 22/172 (13%) 23/210 (11%)

AB− 7/336 (2.1%) 1/54 (1.9%) 2/162 (1.2%) 7/212 (3.3%) 4/178 (2.2%) 11/207 (5.3%) 3/147 (2.0%) 0/222 (0%) 5/172 (2.9%) 2/210 (1.0%)

AB+ 16/336 (4.8%) 3/54 (5.6%) 14/162
(8.6%)

21/212 (9.9%) 14/178 (7.9%) 30/207 (14%) 12/147 (8.2%) 0/222 (0%) 6/172 (3.5%) 6/210 (2.9%)

Don’t know 7/336 (2.1%) 1/54 (1.9%) 1/162 (0.6%) 2/212 (0.9%) 2/178 (1.1%) 5/207 (2.4%) 0/147 (0%) 0/222 (0%) 0/172 (0%) 2/210 (1.0%)

Smoking level

Never 142/336 (42%) 26/54 (48%) 76/162
(47%)

78/212 (37%) 80/178 (45%) 81/207 (39%) 54/147 (37%) 117/222 (53%) 75/172 (44%) 90/210 (43%)

Smoke but not every day 80/336 (24%) 11/54 (20%) 42/162
(26%)

57/212 (27%) 37/178 (21%) 52/207 (25%) 33/147 (22%) 47/222 (21%) 46/172 (27%) 49/210 (23%)

Smoke every day 66/336 (20%) 9/54 (17%) 24/162 (15%) 53/212 (25%) 36/178 (20%) 37/207 (18%) 39/147 (27%) 28/222 (13%) 27/172 (16%) 43/210 (20%)

Smoke but not every day
(used to)

33/336 (9.8%) 3/54 (5.6%) 14/162
(8.6%)

16/212 (7.5%) 10/178 (5.6%) 24/207 (12%) 9/147 (6.1%) 15/222 (6.8%) 13/172 (7.6%) 15/210 (7.1%)

Smoke every day (used to) 15/336 (4.5%) 5/54 (9.3%) 6/162 (3.7%) 8/212 (3.8%) 15/178 (8.4%) 13/207 (6.3%) 12/147 (8.2%) 15/222 (6.8%) 11/172 (6.4%) 13/210 (6.2%)

Alcohol drinking level

Never 179/336 (53%) 13/54 (24%) 95/162
(59%)

91/212 (43%) 92/178 (52%) 78/207 (38%) 65/147 (44%) 157/222 (71%) 88/172 (51%) 136/210 (65%)

Drink low, 1–2 times a week. 85/336 (25%) 20/54 (37%) 47/162
(29%)

77/212 (36%) 47/178 (26%) 58/207 (28%) 38/147 (26%) 40/222 (18%) 51/172 (30%) 48/210 (23%)

Drink moderately, 3–4 times a
week.

72/336 (21%) 21/54 (39%) 20/162 (12%) 44/212 (21%) 39/178 (22%) 71/207 (34%) 44/147 (30%) 25/222 (11%) 33/172 (19%) 26/210 (12%)

Variant

Omicron B.1.1.529 189/336 (56%) 32/54 (59%) 105/162
(65%)

118/212 (56%) 107/178 (60%) 140/207 (68%) 84/147 (57%) 126/222 (57%) 104/172 (60%) 113/210 (54%)

Delta B.1.617.2 88/336 (26%) 12/54 (22%) 37/162 (23%) 54/212 (25%) 48/178 (27%) 32/207 (15%) 32/147 (22%) 62/222 (28%) 35/172 (20%) 61/210 (29%)

Alpha B.1.1.7 59/336 (18%) 10/54 (19%) 20/162 (12%) 40/212 (19%) 23/178 (13%) 35/207 (17%) 31/147 (21%) 34/222 (15%) 33/172 (19%) 36/210 (17%)

(Table 2 continues on next page)
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Characteristic Standard care Fluvoxamine Fluvoxamine + Bromhexine Fluvoxamine + Cyproheptadine Niclosamide + Bromhexine

Received
standard
treatment as
randomised,
N = 336a

Did not receive
standard
treatment as
randomised,
N = 54a

Received
fluvoxamine
as
randomised,
N = 162a

Did not receive
fluvoxamine as
randomised,
N = 212a

Received
fluvoxamine &
bromhexine as
randomised,
N = 178a

Did not receive
fluvoxamine &
bromhexine as
randomised,
N = 207a

Received
fluvoxamine &
cyproheptadine as
randomised,
N = 147a

Did not receive
fluvoxamine &
cyproheptadine as
randomised,
N = 222a

Received
niclosamide &
bromhexine as
randomised,
N = 172a

Did not receive
niclosamide &
bromhexine as
randomised,
N = 210a

(Continued from previous page)

Symptoms

Loss of sense of smell 204/336 (61%) 34/54 (63%) 97/162
(60%)

112/212 (53%) 117/178 (66%) 119/207 (57%) 93/147 (63%) 157/222 (71%) 116/172 (67%) 146/210 (70%)

Fatigue 181/336 (54%) 20/54 (37%) 74/162
(46%)

112/212 (53%) 95/178 (53%) 103/207 (50%) 71/147 (48%) 115/222 (52%) 86/172 (50%) 110/210 (52%)

Body aches 234/336 (70%) 43/54 (80%) 115/162
(71%)

127/212 (60%) 113/178 (63%) 130/207 (63%) 100/147 (68%) 168/222 (76%) 108/172 (63%) 140/210 (67%)

Cough 169/336 (50%) 30/54 (56%) 78/162
(48%)

105/212 (50%) 87/178 (49%) 93/207 (45%) 68/147 (46%) 111/222 (50%) 80/172 (47%) 96/210 (46%)

Subjective fever 143/336 (43%) 15/54 (28%) 62/162
(38%)

81/212 (38%) 73/178 (41%) 77/207 (37%) 72/147 (49%) 98/222 (44%) 79/172 (46%) 116/210 (55%)

Loss of appetite 194/336 (58%) 33/54 (61%) 94/162
(58%)

107/212 (50%) 107/178 (60%) 89/207 (43%) 82/147 (56%) 157/222 (71%) 108/172 (63%) 140/210 (67%)

Chills 191/336 (57%) 34/54 (63%) 96/162
(59%)

102/212 (48%) 104/178 (58%) 95/207 (46%) 75/147 (51%) 138/222 (62%) 90/172 (52%) 130/210 (62%)

Shortness of breath 230/336 (68%) 33/54 (61%) 104/162
(64%)

125/211 (59%) 132/177 (75%) 122/207 (59%) 103/147 (70%) 181/222 (82%) 127/172 (74%) 169/210 (80%)

Loss of taste 133/336 (40%) 17/54 (31%) 71/162
(44%)

74/211 (35%) 91/177 (51%) 90/207 (43%) 70/147 (48%) 102/222 (46%) 76/172 (44%) 109/210 (52%)

Dyspnea 93/336 (28%) 9/54 (17%) 50/162 (31%) 43/212 (20%) 64/178 (36%) 67/207 (32%) 49/147 (33%) 79/222 (36%) 48/172 (28%) 74/210 (35%)

Fatigue 90/336 (27%) 5/54 (9.3%) 43/162 (27%) 36/212 (17%) 60/178 (34%) 39/207 (19%) 42/147 (29%) 86/222 (39%) 39/172 (23%) 74/210 (35%)

Myalgia 77/336 (23%) 4/54 (7.4%) 35/162 (22%) 22/212 (10%) 56/178 (31%) 38/207 (18%) 34/147 (23%) 72/222 (32%) 36/172 (21%) 70/210 (33%)

Dairrhea 203/336 (60%) 29/54 (54%) 89/162
(55%)

96/212 (45%) 110/178 (62%) 107/207 (52%) 80/147 (54%) 152/222 (68%) 101/172 (59%) 135/210 (64%)

Sore throat 175/336 (52%) 31/54 (57%) 82/162
(51%)

79/212 (37%) 92/178 (52%) 100/207 (48%) 83/147 (56%) 132/222 (59%) 90/172 (52%) 130/210 (62%)

Nausea 240/336 (71%) 39/54 (72%) 105/162
(65%)

133/212 (63%) 124/178 (70%) 135/207 (65%) 106/147 (72%) 159/222 (72%) 123/172 (72%) 164/210 (78%)

Concomitant medications, No. (%)

Favipiravir 160/336 (48%) 21/54 (39%) – – – – – – – –

aMean (SD); n/N (%).

Table 2: Demographics and baseline disease characteristics. A
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adverse events included headache (most common in the
fluvoxamine plus bromhexine arm, 37.1% (66)), and
muscle aches (most common in the niclosamide plus
bromhexine arm, 27.3% (47)). Among treatment arms,

the only serious adverse event occurred in the fluvox-
amine monotherapy arm (1 participant, 0.6%). No
serious adverse events were reported among partici-
pants treated with the combination agents. In contrast,

C
lin

ic
al

 s
ta

tu
s 

of
 p

ar
tic

ip
an

ts
, %

Fig. 2: Clinical status of participants on a 6-point ordinal scale on study days 9, 14, and 28 by treatment group.

Treatment group as number (%) of
person in each follow-up day

Outcomes; clinical status on 6-point scale

1: Death 2: Hospitalised, requiring
invasive mechanical
ventilation or extracorporeal
membrane oxygenation

3: Hospitalised, requiring
non-invasive ventilation
or high-flow oxygen

4: Hospitalised,
requiring low-flow
supplemental
oxygen

5: Hospitalised, not
requiring supplemental
oxygen; requiring
ongoing medical care
(COVID-19-related or
otherwise)

6: Not hospitalised,
not requiring supplemental
oxygen or ongoing medical
care (other than per-protocol
drug administration)

Day 9 Standard care 0 (0.0) 19 (5.7) 28 (8.3) 70 (20.8) 110 (32.7) 109 (32.4)

Fluvoxamine 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 162 (100)

Fluvoxamine + Bromhexine 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 178 (100)

Fluvoxamine + Cyproheptadine 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 147 (100)

Niclosamide + Bromhexine 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 172 (100)

Day 14 Standard care 0 (0.0) 8 (7.3) 11 (10.1) 14 (12.8) 19 (17.4) 57 (52.3)

Fluvoxamine 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 162 (100)

Fluvoxamine + Bromhexine 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 178 (100)

Fluvoxamine + Cyproheptadine 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 147 (100)

Niclosamide + Bromhexine 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 172 (100)

Day 28 Standard care 0 (0.0) 5 (8.9) 7 (12.5) 9 (16.1) 21 (37.5) 14 (25)

Fluvoxamine 0 (0.0) 0 (0.0) 0 (0.0) 9 (5.6) 0 (0.0) 153 (94.4)

Fluvoxamine + Bromhexine 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 178 (100)

Fluvoxamine + Cyproheptadine 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 147 (100)

Niclosamide + Bromhexine 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 172 (100)

Table 3: Clinical outcomes on a 6-point ordinal scale by study days 9, 14, and 28. 1 missing value in standard care on day 28.
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23 participants (6.8%) in the standard care arm reported
serious adverse events.

Dynamics of SARS-CoV-2 viral load
The trend of nasopharyngeal viral load was determined
by longitudinal assessment of cycle threshold (Ct) values
derived from RT-PCR results of nasopharyngeal samples
at the time of randomization (day 0), and on treatment
days 3, 5, 7, 9, and 14 (Fig. 3a). Higher Ct values signify
lower viral loads in the nasopharynx. However, as early as
on day 3 of treatment and throughout days 5, 7 and 9,
participants treated with fluvoxamine plus bromhexine
(p < 0.0001), fluvoxamine plus cyproheptadine
(p < 0.0001), or niclosamide plus bromhexine
(p < 0.0001), demonstrated a significantly lower viral load
relative to the participants treated with standard care
(Supplementary Table S1). However, on day 14, fluvox-
amine plus bromhexine (p = 0.0001) demonstrated a
significantly lower viral load relative to the participants
treated with standard care. The niclosamide plus brom-
hexine shows a lower viral load compared to fluvoxamine
plus bromhexine on days 3 (p < 0.0001), 5 (p < 0.0001), 7
(p < 0.0001), 14 (p < 0.0001), and fluvoxamine plus
cyproheptadine on days 3 (p < 0.0001) and 9 (p < 0.0001).
The magnitude of the decrease in viral load from baseline
was most pronounced between trial arms on day 5 of
treatment. An approximate 18–20-fold decrease in viral
load (based on Ct values) at day 5, relative to standard

care, was observed in participants treated with fluvox-
amine plus cyproheptadine or niclosamide plus brom-
hexine. Monotherapy with fluvoxamine was superior to
standard care in decreasing viral load on days 3
(p < 0.0001), 7 (p = 0.02), 9 (p < 0.0001), and 14
(p = 0.0006) but was inferior to treatment with the
combination agents on days 3, 5, 7, and 9 (all p < 0.0001).
On day 14, fluvoxamine plus cyproheptadine (p = 0.019)
and niclosamide plus bromhexine (p = 0.0002) were only
superior to treatment with fluvoxamine. Significantly
higher viral loads were observed in the fluvoxamine plus
cyproheptadine relative to the fluvoxamine plus brom-
hexine on days 5 (p < 0.0001), 7 (p = 0.023), 9 (p < 0.0001)
and 14 (p = 0.008).

Variation of pro-inflammatory cytokines
On days 7, 9, and 14, a reduction in serum levels of IL-6,
IL-8, TNF-α, and IL-1β was observed across fluvoxamine
(p < 0.0001), fluvoxamine plus bromhexine (p < 0.0001),
fluvoxamine plus cyproheptadine (p < 0.0001), and
niclosamide plus bromhexine (p < 0.0001) in compari-
son to standard care (Fig. 3b–e) (Supplementary
Tables S2–S5). A comparable reduction persisted on
day 5 for TNF-α, IL-6, and IL-1β in all the treatment
groups compared to standard care. However, a reduc-
tion in IL-8 compared to standard care was observed
only in the fluvoxamine plus bromhexine (p < 0.0001)
and niclosamide plus bromhexine (p < 0.0001) on day 5.

Adverse events No. of participants with event (%)

Standard care
(n = 336)

Fluvoxamine
(n = 162)

Fluvoxamine +
Bromhexine (n = 178)

Fluvoxamine +
Cyproheptadine (n = 147)

Niclosamine +
Bromhexine (n = 172)

Event details

Gastroenteritis, nausea, or vomiting, n (%) 27 (8.0) 40 (24.7) 1 (0.6) 3 (2.0) 2 (1.2)

Muscle aches 87 (25.9) 32 (19.8) 2 (1.1) 17 (11.6) 47 (27.3)

Headache or head pain 49 (14.6) 8 (4.9) 66 (37.1) 28 (19.0) 2 (1.2)

Loss of coordination with seizures/convulsions 23 (6.8) 1 (0.6) 0 (0) 0 (0) 0 (0)

Changes in vision 108 (32.1) 0 (0) 0 (0) 0 (0) n (0)

Changes in hearing 101 (30.1) 0 (0) 0 (0) 0 (0) 0 (0)

Teeth chattering 101 (30.1) 0 (0) 0 (0) 0 (0) 0 (0)

Dehydration 101 (30.1) 0 (0) 0 (0) 0 (0) 0 (0)

Chest pain or tightness 100 (32.1 0 (0) 0 (0) 0 (0) 0 (0)

Difficulties with smelling or tasting 91 (27.1) 0 (0) 0 (0) 0 (0) 0 (0)

Vasovagal syncope 91 (27.1) 0 (0) 0 (0) 0 (0) 0 (0)

Numbness or tingling in the skin 77 (22.9) 0 (0) 0 (0) 0 (0) 0 (0)

Low oxygen or hypoxia 68 (20.2) 0 (0) 0 (0) 0 (0) 0 (0)

Fever 44 (13.1) 0 (0) 0 (0) 0 (0) 0 (0)

Bacterial infection 24 (7.1) 0 (0) 0 (0) 0 (0) 0 (0)

Acute respiratory failure 23 (6.8) 0 (0) 0 (0) 0 (0) 0 (0)

Shortness of breath 19 (5.7) 0 (0) 0 (0) 0 (0) 0 (0)

Pneumonia 19 (5.7) 0 (0) 0 (0) 0 (0) 0 (0)

Seriousness of Event

Serious adverse events 23 (6.8) 1 (0.6) 0 (0) 0 (0) 0 (0)

Other adverse events (people in each group
had at least one non-serious AE)

173 (51.5) 75 (46.3) 67 (37.6) 43 (29.3) 47 (27.3)

Table 4: Adverse event summary.
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Notably, TNF-α values were reduced for fluvoxamine
plus bromhexine on days 7 (p < 0.0001) and 14
(p < 0.0001), fluvoxamine plus cyproheptadine on days 5
(p = 0.002) and 14 (p = 0.002), and niclosamide plus
bromhexine on days 5, 7, 9, and 14 (all p < 0.0001),
when compared to fluvoxamine. Furthermore, there was
a reduction in IL-8 values for fluvoxamine plus brom-
hexine on days 5 (p < 0.0001), 7 (p < 0.0001), and 14
(p = 0.0037), fluvoxamine plus cyproheptadine on days 7
(p < 0.0001) and 14 (p = 0.037), and niclosamide plus
bromhexine on days 5 (p < 0.0001), 7 (p < 0.0001),
9 (p = 0.0077), and 14 (p = 0.0012), in comparison to
fluvoxamine. Moreover, a reduction in IL-6 values was
observed for fluvoxamine plus bromhexine on days 5
(p < 0.0001), 7 (p < 0.0001), and 9 (p < 0.0001), fluvox-
amine plus cyproheptadine on day 9 (p < 0.0001), and
niclosamide plus bromhexine on days 5, 7, 9, and 14 (all
p < 0.0001), when compared to fluvoxamine. The
reduction in IL-1β values was also noticed for fluvox-
amine plus bromhexine on days 5, 7, 9, and 14 (all
p < 0.0001), fluvoxamine plus cyproheptadine on day 7
(p < 0.0001) and 9 (p < 0.0001), and niclosamide plus

bromhexine on days 5, 7, and 9 (all p < 0.0001), in
comparison to fluvoxamine.

Interestingly, niclosamide plus bromhexine demon-
strated reduced TNF-α values compared to both fluvox-
amine plus bromhexine on days 5 (p < 0.0001), 7
(p < 0.0001), and 9 (p = 0.0022), and fluvoxamine plus
cyproheptadine on days 5 (p < 0.0001), 7 (p < 0.0001),
and 9 (p = 0.012). Similarly, a reduction was observed for
IL-8 in comparison to fluvoxamine plus bromhexine on
day 5 (p < 0.0001) and fluvoxamine plus cyproheptadine
on days 5 and 7 (all p < 0.0001). Higher IL-6 values were
noted for fluvoxamine plus bromhexine on day 14
(p < 0.0001) and fluvoxamine plus cyproheptadine on
days 5 (p < 0.0001), 7 (p < 0.0001), 9 (p = 0.0052), and 14
(p < 0.0001) compared to niclosamide plus bromhexine.
Additionally, a reduction in IL-1β values was observed
for niclosamide plus bromhexine compared to fluvox-
amine plus bromhexine on day 14 (p = 0.023) and flu-
voxamine plus cyproheptadine on days 5 and 7 (all
p < 0.0001). Fluvoxamine plus cyproheptadine demon-
strated a reduction in TNF-α on days 5 (p = 0.077) and 7
(p < 0.0001). Similarly, for IL-8, significant reductions

a b c

d e

Fig. 3: a) Cycle threshold (Ct) values for different days since onset of treatments, level of systemic pro-inflammatory cytokines b) IL-6, c) IL-8, d)
TNF-α, e) IL-1β for different days since treatment initiation. (Standard care (n = 63), Fluvoxamine (n = 62), Fluvoxamine + Bromhexine (n = 58),
Fluvoxamine + Cyproheptadine (n = 62), Niclosamide + Bromhexine (n = 57)). 273 participants from the standard care group, 100 participants
from the fluvoxamine-only group, 120 participants from the fluvoxamine + bromhexine group, 85 participants from the fluvoxamine +
cyproheptadine group, and 115 participants from the niclosamide + bromhexine group declined to provide voluntary nasal and blood samples.
In Ct values and cytokine measurements, the most recent assessment was used for analysis as 1 missing value in standard care on day 5, 2
missing values in fluvoxamine on day 9, 2 missing values in fluvoxamine + bromhexine on day 5, 1 missing value in
fluvoxamine + cyproheptadine on day 5, and 2 missing values in Niclosamide + Bromhexine on day 14.
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were observed on days 5 (p < 0.0001) and 7 (p < 0.0001).
Additionally, for IL-6, reductions were noted on days 5
(p = 0.002), 7 (p < 0.0001), and 9 (p = 0.0061). Lastly, for
IL-1β, significant reductions were observed on days 5
(p < 0.0001) and 7 (p < 0.0001), with a further reduction
on day 14 (p = 0.023), all compared to fluvoxamine plus
bromhexine.

Post-acute sequelae of COVID-19 syndrome (PASC)
The presence of PASC symptoms was assessed in the
trial participants using a questionnaire 90 days after the
end of treatment. The questionnaire used for this
assessment was based on the best evidence available on
PASC at the time of the trial conduction (authors
acknowledge the continually evolving nature of PASC
definitions). The percentage of participants reporting
any PASC symptoms was significantly (p < 0.0001)
higher in the standard care arm relative to those in the
treatment arms (Table 5). None of the participants in the
treatment arms reported long-term cognitive symptoms
on 90-day follow up, and there were substantial re-
ductions in the incidence of other PASC symptoms re-
ported among participants in the treatment arms
relative to standard care (Table 5). Compared to fluvox-
amine monotherapy, treatment with the combination
agents was associated with a lower incidence of all PASC
symptoms. We ran 2 x P generalized Fisher’s exact test
(to examine whether any groups differed) and 2 x 2
Fisher’s exact tests to pairwise compare the individual
groups (with p-values adjusted for multiple testing). The
results of these comparisons can be found in
Supplementary Table S7.

Discussion
In this clinical trial, early treatment with the combina-
tion agents of fluvoxamine plus bromhexine, fluvox-
amine plus cyproheptadine, or niclosamide plus
bromhexine, among outpatients diagnosed with
COVID-19 completely eliminated the risk of clinical
deterioration within the acute phase (28 days) compared
to those who received standard care. Moreover, treat-
ment with the combination agents was superior to

fluvoxamine alone, as 9 participants in the fluvoxamine
arm eventually experienced clinical deterioration
requiring low-flow oxygen between study days 14 and 28
(all after completion of the 14-day fluvoxamine course).
This observation supports the hypothesis that the com-
bination agents possess higher efficacy and durability of
benefit relative to fluvoxamine alone and to standard
care. This benefit was supported by two compelling lines
of virologic and biochemical evidence.

Beyond the risk of clinical deterioration in the acute
setting, the early use of combination agents in this trial
was associated with a lower burden of PASC symptoms
relative to standard care in long-term follow-up. PASC is
not only a significant source of morbidity and disability
for the affected individuals but also a matter of world-
wide concern with grave long-term economic and
healthcare implications. PASC symptoms are often
multisystemic, and can be clustered into three groups of
symptoms: primarily cardiorespiratory symptoms, my-
algias/autonomic instability, and cognitive impair-
ment.37,43,44 These symptoms can manifest as severe
disabling fatigue, cognitive impairment, chest pain, and
difficulty breathing. The frequency and severity of PASC
symptoms is directly correlated with the severity of the
initial COVID-19 infection.44,45 Given the level of
disability caused by PASC-associated cognitive impair-
ment,44,46 these findings alone represent an important
advancement in knowledge regarding the prevention of
this syndrome. It has been suggested that S1R agonists
such as fluvoxamine may be associated with lower risk of
PASC symptoms.36,47 Furthermore, a recent study linking
PASC with reduced levels of serotonin, a neurotrans-
mitter involved in learning, memory, and mood, points
toward a new potential mechanism underlying post–
COVID-19 conditions,48,49 which might have potential to
be mitigated by treatment with SSRIs like fluvoxamine.
In addition to vaccination, early treatment with antiviral
nirmatrelvir-ritonavir has been associated in a large
retrospective analysis with a 26% reduction in the risk of
PASC. Similarly, and of more relevance to low-resource
settings, SSRI use during acute COVID-19 has also
been associated with a 26% reduction in the risk of

Standard care
(n = 336)

Fluvoxamine
(n = 162)

Fluvoxamine +
Bromhexine (n = 178)

Fluvoxamine +
Cyproheptadine (n = 147)

Niclosamide +
Bromhexine (n = 172)

Myalgia (%) 333 (99.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Cognitive symptoms/Headache (%) 324 (96.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Pain (%) 277 (82.4) 50 (30.9) 14 (7.9) 11 (7.5) 5 (2.9)

Anxiety/Depression/Fatigue (%) 327 (97.3) 61 (37.7) 14 (7.9) 11 (7.5) 5 (2.9)

Abdominal symptoms (%) 313 (93.2) 69 (42.6) 52 (29.2) 47 (32.0) 13 (7.6)

Abnormal breathing (%) 281 (83.6) 95 (58.6) 79 (44.4) 69 (46.9) 52 (30.2)

Chest/Throat pain (%) 283 (84.2) 60 (37.0) 14 (7.9) 27 (18.4) 22 (12.8)

Anya (%) 336 (100.0) 97 (59.9) 87 (48.9) 76 (51.7) 70 (40.7)

aAny of the symptoms in the above rows.

Table 5: PASC symptoms summary.
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PASC.12,48 The frequency and severity of PASC symp-
toms appear to be directly correlated with the severity of
the initial COVID-19 infection.50 Specifically, a higher
serum IL-6 level upon infection with COVID-19 was
associated with a higher risk of PASC later on.51 Addi-
tionally, individuals with PASC were found to harbor
persistently elevated levels of IL-6, TNF-α, and IL-1β (43,
44), all of which were decreased rapidly and significantly
in those treated with the combination agents in this trial.
With these factors in mind, it is not unexpected that
treatment with the combination agents in this trial low-
ered the risk of PASC symptoms—particularly the
cognitive symptoms—as these agents blunted the eleva-
tion in the key cytokine mediators implicated as risk
factors for PASC development, suppressed the viral load
early on, and reduced the overall severity of the initial
disease.

To the best of our knowledge, this is the first large,
randomized controlled trial to show significant treat-
ment benefit in a vaccinated population by reducing
inflammation and increasing the speed of viral clear-
ance by using repurposed drugs in the early treatment
of COVID-19. This open-label, randomized clinical trial
also demonstrated the feasibility of a fully remote
(contactless) study during the SARS-CoV-2 pandemic.
Adult outpatients with mild COVID-19 are often in self-
quarantine, but few studies have focused on the care of
this vulnerable population.

Given the safety, tolerability, ease of use, low cost,
and widespread availability of these medications, our
findings might influence national and international
guidelines on the clinical management of COVID-19.
Our results are consistent with earlier single-therapy
fluvoxamine, bromhexine, and niclosamide trials con-
ducted in other countries, and with several observational
studies involving a different population of hospitalized
SARS-CoV-2 patients.14–16,23,31,52–54 However, those studies
used different doses of these drugs and included patients
with symptoms beginning within 7 days of the screening
date. For example, several fluvoxamine trials used
100 mg twice or thrice daily for 10 or 15 days.14–16,31,36 The
doses of fluvoxamine in our trial are lower than in some
other studies.14,16 The key difference lies in the early
administration within 48 h of symptom onset, which has
been shown in our study to reduce viral load and prevent
excessive inflammation. Reducing viral load earlier and
modulation of immune responses may be the key to
prevent the bombardment of inflammation-causing
molecules, which spurs the failure of multiple organs
and a septic shock-like syndrome.13,55

The underlying mechanisms by which fluvoxamine,
bromhexine, cyproheptadine, and niclosamide affect
COVID-19 remain outcomes. However, several hy-
potheses have been suggested, and potential mecha-
nisms are supported by in vitro and in vivo studies as
well as numerous clinical studies.14–16,23,31,52–54,56 Previous
studies have suggested that fluvoxamine, an SSRI, has

beneficial effects in the treatment of acute COVID-
1915,17,57 and reduces the risk of developing post-acute
sequelae of SARS-CoV-2 infection (PASC).15,48 The spe-
cific mechanisms underlying these benefits are thought
to involve fluvoxamine’s activation of the S1R in multi-
ple cell types leading to immunomodulatory effects, and
its ability to modulate serotonin in platelets and im-
mune cells.12,48,58 In COVID-19, intense platelet activa-
tion occurs due to specific antibodies, which
significantly release serotonin from platelets.58–60 This
excessive serotonin release has been implicated in acute
lung injury and other pathogenic effects observed in
COVID-19.59,61 By depleting platelet serotonin, early use
of fluvoxamine may lower the risk of acute lung injury,
lung edema, hypoxemia, and other effects caused by
platelet serotonin release.62–64 Additionally, decreased
platelet serotonin release may attenuate endothelial
injury and immunopathology and reduce the risk of
viral persistence.63 Fluvoxamine’s benefits may also
involve antiviral effects through the functional inhibi-
tion of acid sphingomyelinase pathway.63

The 5HT2 receptor plays a crucial role in mediating
the pathogenic effects of serotonin.64 Agents with potent
5HT2 receptor antagonism, such as mirtazapine, have
shown survival benefits in COVID-19.63,65 In this study,
cyproheptadine, a widely available and affordable 5HT2
receptor antagonist,66 was chosen to be used in combi-
nation with fluvoxamine to enhance its therapeutic ef-
fects and reduce serotonergic side effects. Moreover,
bromhexine hydrochloride inhibits TMPRSS2, a key
protein involved in SARS-CoV-2 cell entry and replica-
tion, potentially reducing viral infectivity and aiding
viral clearance.23,52,53,67 Additionally, niclosamide has
antiviral effects by blocking spike-induced cell fusion
and syncytia formation, inhibiting the procoagulant ef-
fect of the virus on platelets, and promoting faster viral
clearance and symptom resolution.26,68

Our findings clearly show that the most plausible
explanation is that early treatment of COVID-19 using
these drug combinations can dampen the immune
system’s overreaction to SARS-CoV-2 infection.
Although these drugs are relatively mild antivirals,
our findings show that they can substantially impact
viral clearance when given shortly after symptom
onset. Given the association between lower viral load
in early disease and reduced risk of subsequent hos-
pital admission and mortality in COVID-19, it is
plausible that rapid reduction in the viral load as a
result of early treatment with the combination agents
in this trial may have reduced the risk of clinical
deterioration. Furthermore, it is important to note
that fluvoxamine has been recognized for its CYP2D6
inhibiting activity. In this trial, the combination of
bromhexine and cyproheptadine may elevate the blood
levels of fluvoxamine, potentially resulting in benefi-
cial effects. The study population received a mix of
vaccination platforms, and due to this mix-match, it
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may not have produced the expected level of immu-
nity. Our recent study on this matter demonstrated
that this mix-match contributed to immune imbal-
ances,6 shedding light on a possible explanation of
why individuals in standard care experienced clinical
deterioration. Additionally, the type of vaccine
received is relevant in the context of evolving evidence
on vaccine effectiveness against different
variants.3,6,7,9,10,13,69 While all vaccines aim for compa-
rable efficacy, subtle variations in their performance
against specific strains might impact outcomes.

Early innate immune evasion strategies used by
SARS-CoV2 to circumvent type I interferon signaling to
gain a window of opportunity for virus propagation is a
key factor in clinical deterioration.1,2 Therefore, an early
anti-inflammatory and antiviral response may be most
beneficial to prevent severe illness in vulnerable adults if
these drugs are taken soon after infection occurs. Cur-
tailing the excessive production of pro-inflammatory
cytokines early on with the use of the combination
agents in this trial may have further reduced the risk of
clinical deterioration and poor outcomes.

Our results also suggest that an early anti-
inflammatory and antiviral response lowers the risk of
Long COVID symptoms/PASC. Importantly, these
drugs can create similar clinical outcomes as currently
approved antiviral drugs for SARS-CoV2.30,70–75 In addi-
tion, the absolute number of serious adverse events
associated with fluvoxamine-only, fluvoxamine + brom-
hexine, fluvoxamine + cyproheptadine, and niclosamide
+ bromhexine was lower than for standard care, poten-
tially reflecting the modulatory effect of these drugs on
systemic inflammation in these participants. Other
widely available drugs have similar mechanisms of ac-
tion as the ones used in this trial,76 and we recommend
further study into other repurposed, widely available
drugs that can prevent clinical deterioration of COVID-
19 patients and reduce the threat and burden of SARS-
CoV-2 infection.

This study highlights the importance of continued
community testing for COVID-19. In addition to iden-
tifying when to isolate and thereby helping interrupt
chains of transmission,11,77 community testing is crucial
for identifying the need for therapeutic interventions
that prevent disease progression and clinical deteriora-
tion,78 not only for COVID-19 but other infections
too.69,79,80 In light of the results of this trial, communities
that do not encourage regular testing for COVID-19 may
be placed at a disadvantage and face an increased
healthcare burden compared to communities that
encourage testing only at the point where therapeutic
intervention is clearly required.

The main strengths of our trial include the rapid
recruitment, enrollment, and treatment of participants
within 72 h of symptom onset with drug combinations.
Early treatment using these drug combinations appears
to drastically change the clinical trajectory resulting in

fewer hospitalizations and less PASC symptoms, which
suggests these combination therapies could be impor-
tant interventions for outpatient care. Our study estab-
lishes strong evidence for the benefit of fluvoxamine
alone, fluvoxamine + bromhexine, fluvoxamine +
cyproheptadine, and niclosamide + bromhexine among
vaccinated outpatients with early COVID-19.

This study has some limitations. First, this study was
conducted as an unblinded, open-label trial due to
limited funding as well as the limitations posed by the
challenging and costly nature of achieving blinding for a
combination of agents that each have distinct dosing
regimens. To further confirm the results of this study,
authors encourage other trial networks to conduct addi-
tional controlled, double-blinded trials of the combina-
tion agents that demonstrated efficacy in this trial versus
other established COVID-19 treatments and/or placebos.
Additionally, an inherent limitation in this study and
other outpatient, contactless trials enrolling a population
experiencing large and disruptive waves of COVID-19
lies in the large number of participants who may not
initiate treatment after randomization for reasons that
are not entirely unexpected. In this study, among the
1900 participants who were randomised, 593 partici-
pants did not receive treatment after randomisation.
This was primarily because they could not clearly
confirm their baseline eligibility using the study self-
assessment supplies sent to each patient. Additionally,
234 participants voluntarily withdrew from the study
before initiating treatment because, during random-
isation, some participants provided inaccurate informa-
tion about their medical history or current lifestyle,
including hiding illicit drug use, in an attempt to access
COVID-19 care. Furthermore, some participants in the
treatment arms withdrew from the study for unknown
reasons, possibly influenced by the open-label nature of
the study. To overcome potential challenges related to
this issue, including conducting the trial in remote set-
tings, we conducted a statistical analysis comparing the
demographics and baseline disease characteristics of
individuals who did not receive standard treatment as
randomised to those who received standard treatment as
randomised. No discernible differences were observed,
thus ensuring the comparability of arms at baseline.
Lastly, some participants in standard care received the
anti-viral drug favipiravir and may have experienced
some benefits as a result of this treatment. However, it is
important to acknowledge that the evidentiary founda-
tion supporting the use of favipiravir was limited, and
ongoing controversies existed regarding the efficacy of
alternative treatment modalities. Therefore, some par-
ticipants in the standard care arm chose not take the
favipiravir. We did not randomised participants to favi-
piravir within the standard care and therefore we cannot
analyze them as a separate group. However, we believe
this will have had minimal effect on the primary
outcome as reflected in the results, and if anything
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would understate the effectiveness of the combination
therapies against a ‘no treatment’ arm. The absence of
bromhexine-only, cyproheptadine-only, and
niclosamide-only arms limits the ability to attribute
observed effects specifically to each component. A more
comprehensive evaluation, including monotherapy
arms, would have provided a clearer understanding of
the individual contributions of bromhexine, cyprohep-
tadine and niclosamide.

Early treatment with the combination agents
fluvoxamine plus bromhexine, fluvoxamine plus cypro-
heptadine, or niclosamide plus bromhexine, among
outpatients diagnosed with COVID-19 was associated
with reduced risk of clinical deterioration, hospitaliza-
tion, and death in the acute phase, and was associated
with significant and rapid reduction in the viral load and
in the levels of serum cytokines IL-6, TNF-α, IL-8, and
IL-1β. Early treatment with these combination agents
was associated with a lower burden of PASC symptoms
long-term. Larger, randomized, controlled, double-
blinded trials are warranted with these combination
agents to confirm the findings of this open-label trial.
Given the strong evidence for the benefit of immuno-
modulators like fluvoxamine and antivirals such as
nirmaltravir/ritonavir, it may at this point be most
ethical to compare to active single- or combination-agent
controls rather than placebos. The current findings may
be particularly important in areas of the world where
vaccination and expensive new antiviral treatments are
not readily available. Our findings strongly suggest that
treatment with effective repurposed drugs has high
potential to prevent clinical deterioration (including
hospitalization and death) in vaccinated and unvacci-
nated COVID-19 patients.
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