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Visual Abstract

IMPORTANCE Azithromycin has been hypothesized to have activity against SARS-CoV-2. Supplemental content

OBJECTIVE To determine whether oral azithromycin in outpatients with SARS-CoV-2 infection
leads to absence of self-reported COVID-19 symptoms at day 14.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial of azithromycin vs matching
placebo conducted from May 2020 through March 2021. Outpatients from the US were
enrolled remotely via internet-based surveys and followed up for 21 days. Eligible participants
had a positive SARS-CoV-2 diagnostic test result (nucleic acid amplification or antigen) within
7 days prior to enrollment, were aged 18 years or older, and were not hospitalized at the time
of enrollment. Among 604 individuals screened, 297 were ineligible, 44 refused
participation, and 263 were enrolled. Participants, investigators, and study staff were masked
to treatment randomization.

INTERVENTIONS Participants were randomized in a 2:1 fashion to a single oral 1.2-g dose of
azithromycin (n = 171) or matching placebo (n = 92).

MAIN OUTCOMES AND MEASURES The primary outcome was absence of self-reported
COVID-19 symptoms at day 14. There were 23 secondary clinical end points, including
all-cause hospitalization at day 21.

RESULTS Among 263 participants who were randomized (median age, 43 years; 174 [66%)]
women; 57% non-Hispanic White and 29% Latinx/Hispanic), 76% completed the trial.

The trial was terminated by the data and safety monitoring committee for futility after the
interim analysis. At day 14, there was no significant difference in proportion of participants
who were symptom free (azithromycin: 50%; placebo: 50%; prevalence difference, 0%;
95% Cl, -14% to 15%; P > .99). Of 23 prespecified secondary clinical end points, 18 showed
no significant difference. By day 21, 5 participants in the azithromycin group had been
hospitalized compared with O in the placebo group (prevalence difference, 4%:; 95% Cl,
-1% to 9%; P = .16).

CONCLUSIONS AND RELEVANCE Among outpatients with SARS-CoV-2 infection, treatment
with a single dose of azithromycin compared with placebo did not result in greater likelihood
of being symptom free at day 14. These findings do not support the routine use of
azithromycin for outpatient SARS-CoV-2 infection.
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zithromycin is a broad-spectrum azalide antibiotic

that has anti-inflammatory and antiviral properties

and that has been hypothesized to have activity
against SARS-CoV-2.' The anti-inflammatory effects of
azithromycin may reduce cytokine levels that may help pre-
vent progression to tissue damage and severe COVID-19,
especially if administered early in the disease course.! If
found to be effective, azithromycin is inexpensive, widely
available, and has an excellent safety profile and would be an
attractive candidate for outpatient use. Alternatively, if found
to be ineffective, its use should be curtailed to prevent the
selection for macrolide resistance.?

Randomized clinical trials of hospitalized patients and in
outpatients with presumed COVID-19 have failed to find evi-
dence to support the use of azithromycin for COVID-19 treat-
ment with or without the use of hydroxychloroquine.3-®
Comparing treatment with azithromycin without concurrent
hydroxychloroquine vs placebo in patients with laboratory-
confirmed SARS-CoV-2 infection could provide more defini-
tive evidence of its efficacy for COVID-19. This randomized
clinical trial of outpatients with documented recent SARS-
CoV-2 infection evaluated whether a single oral dose of
azithromycin was effective for prevention of progression of
COVID-19 in outpatients.

Methods

Trial Design

The Azithromycin for COVID-19 Trial, Investigating Outpa-
tients Nationwide (ACTION) study was a 2:1 randomized
clinical trial evaluating the efficacy of a single oral 1.2-g dose
of azithromycin compared with placebo on self-reported
COVID-19 symptoms among outpatients throughout the US.
Participants were recruited from May 22, 2020, through
March 16, 2021. Follow-up was complete on March 31, 2021.
The study was reviewed and approved by the institutional
review boards at the University of California, San Francisco
(protocol 20-30504) and Stanford University (protocol
56834) and was conducted under an Investigational New
Drug application (No. 149526) from the US Food and Drug
Administration. All participants completed an electronic
written informed consent process in either English or
Spanish. To complete the informed consent process, study
staff reviewed the study with participants, reviewed the con-
sent form, and answered any questions. If interested, partici-
pants digitally signed the informed consent document. The
trial protocol and statistical analysis plan are available in
Supplement 1.

Study Setting and Recruitment

Participants were recruited from across the US. The trial was
advertised via traditional methods (eg, flyers in testing sites),
letters mailed to patients who tested positive for SARS-CoV-2
at the Stanford Clinical Virology Laboratory, and social
media. Potential participants completed an online survey
instrument that assessed their eligibility. Study staff
attempted to contact each potential participant 3 times by
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Key Points

Question Does a single oral dose of azithromycin lead to absence
of symptoms at day 14 in outpatients with COVID-19 compared
with placebo?

Findings In this randomized trial that included 263 participants
with SARS-CoV-2 infection, treatment with a single oral dose of
azithromycin, 1.2 g, vs placebo resulted in self-reported absence of
COVID-19 symptoms at day 14 in 50% vs 50%; this was not
statistically significant.

Meaning Among outpatients with SARS-CoV-2 infection,
treatment with a single dose of oral azithromycin compared with
placebo did not result in a greater likelihood of being free of
symptoms at day 14.

telephone and once by email if unable to contact the partici-
pant by telephone. If a potential participant could not be con-
tacted or was no longer in their eligible window from the date
of their SARS-CoV-2 test, they were counted as “eligible but
not enrolled.” If a participant was successfully contacted,
they were provided with details on the study and sent an
electronic copy of the informed consent document via email.
Participants unable to complete the electronic informed con-
sent were mailed a paper copy of the consent document. Par-
ticipants filled out an online baseline survey and were mailed
a study kit overnight, which consisted of the study medica-
tion and instructions. All documents were available in
English and Spanish. Race and ethnicity were self-reported
by participants based on fixed categories with the option to
report an “other” race or ethnicity to comply with US Food
and Drug Administration guidelines.

Eligibility Criteria

Participants were eligible for the trial if they had a docu-
mented positive SARS-CoV-2 test result (nucleic acid amplifi-
cation or antigen) within 7 days before enrollment. If partici-
pants had multiple tests, the first positive test date was
considered the date that they tested positive. Participants
uploaded proof of SARS-CoV-2 positive test results during
screening or emailed results directly to study staff. Partici-
pants were excluded if they were younger than 18 years, had
aself-reported macrolide allergy, were concurrently taking hy-
droxychloroquine if they were older than 55 years (to reduce
the potential risk of QT-interval prolongation), were concur-
rently taking nelfinavir or warfarin, were currently pregnant
(self-report), or were unable to receive study drug in the mail
or to complete online questionnaires. Participants were not re-
quired to be symptomatic to be eligible for the trial.

Randomization

Participants were randomized in a 2:1 ratio to azithromycin or
matching placebo. Randomization was unrestricted (no
blocking or stratification), and the sequence was generated
by the study’s unmasked data team using a computer-
generated pseudo-random number generator in R (R Founda-
tion). A 2:1 allocation ratio was chosen to increase the prob-
ability that participants received the active study drug
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without compromising statistical power. The 2:1 allocation
ratio led to approximately a 10% increase in overall sample
size relative to a 1:1 allocation ratio.

Interventions and Masking

To facilitate masking and allocation concealment, letters
were randomly assigned (eg, A, B, C; 6 letters total) to each
study treatment (azithromycin or placebo). Study medication
bottle labeling was identical with the exception of the treat-
ment letter to allow for masking of investigators, study staff,
and participants. Participants were randomly assigned to
receive 1 of the 6 treatment letters and were sent a medica-
tion bottle labeled with that treatment letter. Only the study’s
unmasked data team was aware of which treatment letters
corresponded to azithromycin and placebo. After randomiza-
tion, participants were sent a single oral 1.2-g dose of azithro-
mycin suspension or matching placebo (Pfizer Inc) via over-
night mail. The placebo was specifically formulated to match
the azithromycin. Allocation was concealed by not revealing
the letter randomly assigned to the participant until after
enrollment and baseline assessments were complete.

In the event that a study participant’s treating physician
thought it necessary for the safety of the participant to know
whether they received azithromycin or placebo, an
unmasked member of the study team directly contacted the
treating physician to reveal this information. Treatment allo-
cation information was divulged only at the request of a
treating physician.

Outcomes

All prespecified primary and secondary clinical end points
are reported herein (see Supplement 1 for full list of prespeci-
fied primary and secondary end points). The prespecified pri-
mary end point was self-reported absence of COVID-19 symp-
toms at day 14. Prespecified secondary end points included
adverse events at day 3, hospitalization and/or death by day
21, emergency department and/or urgent care use by day 21,
household members who were diagnosed with or developed
symptoms of COVID-19 by day 21, and patient-reported
COVID-19 symptoms at day 21 (including fever, cough, diar-
rhea, abdominal pain, anosmia, conjunctivitis, sore throat,
shortness of breath, myalgia, fatigue, dizziness, and an open-
ended “other” category). Laboratory end points will be
reported in a separate article.

Outcome Assessment

Participants completed online surveys at days 3, 7, 14, and 21
after enrollment to assess outcomes. At day 3, participants
were asked if they had experienced vomiting, nausea, diar-
rhea, rash, or abdominal pain since they took their study
medication to assess possible adverse effects of the study
medication. Participants were asked about symptoms at each
time point. Participants were asked if they had stayed in a
hospital setting (defined as in the emergency department or
admitted to the hospital for =24 hours), if they had visited an
emergency department or urgent care center, and if any
household members had been diagnosed with or developed
symptoms of COVID-19 since their last survey.
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Protocol Changes

The original primary outcome for the trial was hospitaliza-
tion. Prior to the first interim analysis, the proportion of par-
ticipants who were hospitalized was substantially lower than
10% as assumed during the original trial design phase
(Supplement 1). Given the lower risk of hospitalization and
slower than anticipated enrollment, the principal investiga-
tors proposed to the data and safety monitoring committee
(DSMC) on October 15, 2020, that the primary outcome be
changed to absence of self-reported symptoms by the 14-day
study visit, without unmasking treatment allocation or per-
forming any data analysis. The DSMC approved this change
on the same day. The study biostatistician reestimated the
sample size for the new primary outcome (described in
the Sample Size section), and a new interim monitoring
schedule was proposed consisting of a single interim analy-
sis when half of the new sample size target had been
enrolled and reached their 14-day visit (described in the
Interim Analysis section). The changes were implemented
in the statistical analysis plan, in the manual of operations
and procedures, and on ClinicalTrials.gov on December 15,
2020, prior to the interim analysis or to unmasking of treat-
ment allocation.

Trial Oversight

The DSMC, consisting of experts in biostatistics, trial design,
epidemiology, and infectious disease, oversaw the trial. The
DSMC met 3 times during the course of the trial to review and
approve the study design prior to the start of enrollment, to
review proposed changes in the primary end point, and to
review the results of the interim analysis. The study protocol
stipulated that serious adverse events were to be reported to
the study’s medical monitor, who subsequently determined
if they were related to study participation. Any serious
adverse event determined to be possibly related to study par-
ticipation was to be reported to the DSMC in real time.

Sample Size

The original sample size estimation was based on the original
primary outcome, hospitalization by day 14 (Supplement 1).
The sample size target was revised after the change in the pri-
mary end point to absence of self-reported symptoms at day
14. Assuming 50% of participants would be symptom free at
day 14, 20% loss to follow-up, and an a = .05, inclusion of 455
participants would provide approximately 80% power to
detect an increase in the proportion of participants who were
symptom free from 50% to 65% at day 14. At the time the
trial was designed, there was little evidence to guide sample
size assumptions. The 15% difference was chosen because it
was judged to be a clinically meaningful difference, the
sample size would be feasible to recruit, and the difference
was consistent with clinical improvement at 14 days in an
early trial of lopinavir-ritonavir and with assumptions for
other ongoing trials of azithromycin for COVID-19.78

Interim Analysis
A single interim efficacy analysis after 50% of the target

population was enrolled and had reached their day 14 end
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Figure. Flow of Participants in a Trial of Azithromycin for Treatment of SARS-CoV-2 Infection in Outpatients

604 Outpatients with acute SARS-CoV-2
assessed for eligibility

341 Excluded
118 Tested outside time window
73 Could not be reached for consent
70 Tested negative for SARS-CoV-2
45 Refused
8 Use of antibiotic outside study
7 Did not want to receive placebo
7 No longer feeling ill
14 Other
9 No reason given/unknown
— 19 Aged <18y
3 Unable to complete online questionnaires
3 Unable to receive study drug in mail
2 Macrolide allergy
2 Aged >55 y and taking hydroxychloroquine
1 Taking nelfinavir or warfarin
1 History of prolonged QT interval
1 Pregnant
1 Located outside the US
1 Required surrogate consent
1 Hospitalized

(" 263 Randomized

171 Randomized to azithromycin
129 Received azithromycin as randomized
26 Unknown if azithromycin was taken?
16 Did not take azithromycin
7 Did not receive package
3 Received antibiotic outside study
2 No reason given
1 Other medical problems
1 Feeling better
1 Rash
1 Pregnant

!

145 Included in adverse event analysis (day 3)
23 Lost to follow-up®
3 Missing outcome data

92 Randomized to placebo
65 Received placebo as randomized
21 Unknown if placebo was taken?
6 Did not take placebo

2 Received antibiotic outside study
1 Did not receive package
1 Other medical problems
1 Physician advised against it
1 Did not want to take it

72 Included in adverse event analysis (day 3)
14 Lost to follow-up®
6 Missing outcome data
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131 Included in primary analysis (day 14)
36 Lost to follow-upP
4 Missing outcome data

125 Included in secondary analysis (day 21)
46 Lost to follow-up®

70 Included in primary analysis (day 14)
18 Lost to follow-up®
4 Missing outcome data

72 Included in secondary analysis (day 21)
20 Lost to follow-upP

2 Did not complete survey at day 3.

®oss to follow-up numbers are

cumulative.

point was prespecified (at P = .001) using a Lan-DeMets a
approach with an O’Brien-Fleming boundary.

Statistical Analysis

In the case of the trial being stopped for any reason, the pre-
specified final analysis would include all outcomes among
participants who had been enrolled at the time the trial was
stopped. Participants were analyzed according to their ran-
domization group, and all participants with complete data at
day 14 were included in the primary analysis. Methods for
handling missing data in sensitivity analyses are described
below. The primary analysis estimated the prevalence differ-
ence comparing the proportion of patients who were symp-
tom free at 14 days in the azithromycin vs placebo groups.
The prevalence ratio and corresponding 95% confidence

JAMA Published online July 16, 2021

intervals were estimated using a nonparametric bootstrap. P
values for differences between groups were calculated using
a permutation test with the prevalence difference between
groups as the test statistic and 10 000 iterations. For the sec-
ondary end points of hospitalization, emergency department
use, incident COVID-19 among other household members,
and specific COVID-19 symptoms, the difference in preva-
lence between groups and the 95% confidence interval for
the difference were estimated. P values were estimated for
differences between groups as with the primary outcome.
The proportion of participants experiencing each adverse
event was calculated by treatment group.

A series of subgroup analyses for the primary end point
were prespecified, including by age (>60 vs <60 years), pres-
ence of self-reported COVID-19 symptoms at enrollment vs
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Table 1. Baseline Participant Characteristics, Medications, and Symptoms

Azithromycin Placebo
Characteristics (n=171) (n=92)
Age, median (IQR), y 42 (35-49) 44 (35-51)
Sex, No. (%) n=168 n=92
Female 117 (69) 57 (62)
Male 51 (30) 35(38)
Geographic region,
No. (%)?
West 79 (46) 40 (44)
Southeast 38(22) 14 (15)
Southwest 24 (14) 16 (17)
Midwest 21(12) 16 (17)
Northeast 9 (5) 6(7)
Race and ethnicity, n=167 n=92
No. (%)°
Non-Hispanic White 94 (56) 56 (61)
Latinx/Hispanic 49 (29) 27 (30)
Non-Hispanic Black 11 (7) 1(1)
Non-Hispanic Asian 6 (4) 3(3)
Non-Hispanic 2(1) 1(1)
Middle Eastern/Arab
Non-Hispanic 0 1(1)
Native American
More than 1 race 4(2) 3(3)
Preferred not to answer 1(1) 0
Alcohol consumption 23 (14) 9(10)
>3 times per wk, No. (%)¢
Current use, No. (%)
Cigarettes 13 (8) 5(5)
Marijuana 9 (5) 6(7)
e-Cigarettes/vaping 8 (5) 2(2)
Cigars 1(1) 1(1)
Comorbidities, No. (%)¢
Asthma 21(12) 11 (12)
Hypertension 20(12) 12 (13)
Diabetes 5@3) 5(5)
Chronic obstructive 4(2) 0
pulmonary disease
Chronic kidney disease 1(1) 1(1)
Cancer 1(1) 0
Stroke 1(1) 1(1)
Recent macrolide use 22 (13) 11(12)

(<30d), No. (%)

Recent hydroxychloroquine 1(1) 0
use (<7 d), No. (%)

Current medications,

No. (%)°
ACEl or ARB 15(9) 14 (15)
Metformin 4(2) 3(3)
Omeprazole 1(1) 1(1)
Tacrolimus 1(1) 0

Current vitamin/supplement

use, No. (%)f
Vitamin D 64 (37) 37 (40)
Vitamin C 61 (36) 33(36)
Multivitamin 52 (30) 27 (29)
Zinc 49 (29) 20 (22)
Omega-3 fatty acid 14 (8) 6 (7)

(continued)
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Table 1. Baseline Participant Characteristics, Medications, and Symptoms
(continued)

Azithromycin Placebo
Characteristics (n=171) (n=92)
Self-reported symptoms, No. (%)
Multiple symptoms 152 (89) 82 (89)
Cough 111 (65) 61 (66)
Fatigue 107 (63) 55 (60)
Fever 87 (51) 40 (44)
Myalgia 82 (48) 40 (44)
Anosmia 80 (47) 39 (42)
Sore throat 71 (42) 37 (40)
Diarrhea 45 (26) 20 (22)
Shortness of breath 45 (26) 17 (19)
Dizziness 39 (23) 15 (16)
Abdominal pain 29 (17) 12 (13)
Conjunctivitis 8 (5) 2(2)
None 12(7) 6(7)
No. of symptoms, median (IQR) 5(3-6) 4 (3-6)
Duration of symptoms prior to test, 3(2-4.5) 3(2-4)
median (IQR), d
Days between positive test result and 3 (1-5) 2 (1-4)

enrollment, median (IQR)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; IQR, interquartile range.

2 West: Colorado, Montana, Washington, Utah, Nevada, California; Southwest:
Texas, Oklahoma, New Mexico, Arizona; Midwest: Ohio, Indiana, Michigan,
lllinois, Missouri, Wisconsin, Minnesota, lowa, Kansas, Nebraska, South
Dakota; Southeast: Virginia, Tennessee, North Carolina, South Carolina,
Georgia, Alabama, Arkansas, Louisiana, Florida; Northeast: Connecticut,
New York, Pennsylvania, New Jersey; states were divided into regions based
on geographic and cultural similarities.

b Race and ethnicity were self-reported and are shown for all participants who
reported race and ethnicity information.

¢ Alcohol consumption more than 3 times per week regardless of number of
drinks.

d Comorbidities were self-reported by participants.

€ Current medications were self-reported by participants. Participants were
given a list of medications that were thought to be associated with COVID-19
progression at the time of the study design (March 2020) and were asked to
check any that they were currently taking.

f Current supplement use was self-reported by participants. Participants were
given a list of vitamins and supplements thought to be associated with
COVID-19 progression at the time of the study design (March 2020) and were
asked to check any that they were currently taking.

asymptomatic at enrollment, and high risk vs low risk, with
high risk defined as age 60 years or older and reported hyper-
tension, cardiovascular disease, diabetes, or obstructive
or restrictive lung disease at enrollment (Supplement 1). The
presence of interaction on the additive scale was tested for
using an interaction term between treatment group and each
effect modifier in linear binomial models. Because all analy-
ses were prespecified, no adjustments for multiple compari-
sons were made. All tests were 2-sided and an a < .05 was
considered statistically significant. Because of the potential
for type I error due to multiple comparisons, findings for
analyses of secondary end points should be interpreted as
exploratory.

A prespecified analysis to account for missing out-
comes using inverse probability weighting was completed as
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Table 2. Participants With Absence of Symptoms at Day 14 by Randomized Treatment Group, Overall and in Prespecified Subgroups

Absence of symptoms at day 14, No./total (%)

Prevalence ratio

Prevalence difference,

Azithromycin Placebo % (95% Cl) (95% Cl) P value®

All participants 66/131 (50) 35/70 (50) 0(-14to 15) 1.01 (0.76-1.39) >.99
By age, y

<60 61/121 (50) 31/62 (50) 0 (=15 to 16)

>60 5/10 (50) 4/8 (50) 0 (-46 to 46) 99
By baseline COVID-19 symptoms®

Asymptomatic 9/10 (90) 3/4 (75) 15 (-46 to 76)

Symptomatic 57/120 (48) 32/66 (48) -1(-17 to 15) =2

@ Permutation test P value, 10 00O replicates (primary analysis) or P value for
interaction on the additive scale (subgroup analyses), estimated with a
linear-binomial model.

b A single participant in the azithromycin group did not have baseline symptom
information.

Table 3. Adverse Events by Randomized Study Group by Day 3
After Enrollment®

No. (%)
Adverse events Azithromycin (n = 145)  Placebo (n = 72)
Diarrhea 60 (41) 12 (17)
Nausea 32(22) 7 (10)
Abdominal pain 25(17) 1(1)
Vomiting 5(03) 2(3)
Rash 4(3) 2(3)
Other® 10 (7) 3(4)
>1 Adverse events 82 (57) 19 (26)
>2 Adverse events 38 (26) 5(7)

@ Adverse events were recorded at day 3 of the trial to capture recent events
following treatment administration and to ensure that participants had
received their study medication package and taken the medication before
completing the survey.

b Other adverse events were recorded in an open text field and included

abdominal pain, stomach cramps and diarrhea, fever, light-headedness, hives,
fatigue, cough, anosmia, and painful respiration.

a robustness check, assuming that the outcomes were miss-
ing at random (Supplement 1).° As an additional robustness
check, assuming that outcomes were missing not at random,
a pattern-mixture model approach was used modeling
absence of symptoms at day 14 with a linear probability
model as a function of covariates listed for the inverse
probability-weighted estimator. Missing outcomes were
imputed using the model fit to predict, adding a shift param-
eter that varied across a range of values. All analyses were
conducted in R version 4.0.2 (R Foundation).

. |
Results

A total of 263 participants were enrolled, of whom 171 were
randomized to azithromycin and 92 to placebo, with 76%
completing the day 14 study visit (77% in the azithromycin
group and 76% in the placebo group) (Figure; eTable 1 in
Supplement 2). The percentage and distribution of baseline
characteristics among participants completing the trial and
who did and did not report taking the study medication
were similar between groups (eTables 2-5 in Supplement 2).
The median time from positive test result to enrollment in

JAMA Published online July 16, 2021

the study was 3 days (azithromycin: 3 days; placebo: 2 days)
(Table 1). The median age of the study population was 43
years and 66% were female. The most commonly reported
symptoms at baseline included cough (azithromycin: 65%;
placebo: 66%), fatigue (azithromycin: 63%; placebo: 60%),
and fever (azithromycin: 51%; placebo: 44%) (Table 1). Most
participants reported multiple symptoms (azithromycin:
89%; placebo: 89%). Treatment allocation information was
given to the treating physicians of 4 participants.

The interim analysis population was reached on Febru-
ary 3,2021. Onreview of the prespecified interim analysis, the
DSMC requested an assessment of conditional power to in-
form recommendation about continuing the trial.'® This analy-
sis yielded a conditional power of 17% assuming data for the
remainder of the trial was consistent with a 15-percentage-
point increase in proportion of patients with no self-reported
symptoms in the azithromycin group vs the placebo group.
Given the low conditional power and noting that recruitment
was taking longer than originally anticipated, the DSMC rec-
ommended stopping for futility on March 16, 2021.

Primary Outcome

The proportion of participants reporting being symptom free
at the day 14 study visit was not significantly different be-
tween groups (50% of participants in each group) (Table 2). This
corresponded to a prevalence difference of 0% (95% CI, -14%
to 15%; P > .99) and a prevalence ratio of 1.01 (95% CI, 0.76-
1.39; P > .99).

Five participants were considered high risk by the pre-
specified definition, precluding subgroup analysis by risk
stratification. Among individuals aged 60 years or younger,
the prevalence difference was 0% (95% CI, -15% to 16%), and
among individuals older than 60 years, the prevalence differ-
ence was 0% (95% CI, -46% to 46%), with no significant dif-
ference in estimates between groups (P > .99 for interaction)
(Table 2). Similarly, there was no significant difference
among asymptomatic (prevalence difference, 15%; 95% CI,
-46% to 76%) compared with symptomatic participants
(prevalence difference, -1%; 95% CI, -17% to 15%; P = .52 for
interaction) (Table 2). Sensitivity analysis assuming data
were missing at random using inverse probability weighting
(prevalence difference, 0%; 95% CI, -15% to 15%) and data
missing not at random (assuming a 4-fold reduction in odds
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Table 4. Secondary Outcomes by Randomized Study Group Through Day 21

No. (%) with outcome

Azithromycin Placebo
Outcomes (n=125) (n=72) Difference, % (95% Cl) Pvalue®
Incident outcomes by day 21
Participant hospitalized 5(4) 0 4(-1t09) .16
Participant emergency department 18 (14) 2(3) 12 (3t0 20) .01
or urgent care visit
COVID-19 illness among other 33/522 (6) 20/278 (7) -1(-5to03) .65
household members®
Participant self-reported symptoms 2 Permutation test P value, 10 000
atday 21 replicates.
Absence of symptoms 71(57) 43 (60) -3(-181t0 12) 77 ® Includes participants from 134
Fever 1(1) 1(1) -1(-4t03) >.99 households in the azithromycin
e 14 (11 13 (18 ~7(~18105 20 group and 69 households in the
- . (1) (18) ( ) placebo group. The 95% Cls were
Diarrhea 4(3) 1(1) 2(-3t07) 65 estimated through bootstrap
Abdominal pain 0 1(1) -1(-5t02) 36 resampling households with
Anosmia 12 (10) 9(12) -3(-13t07) 64 replacement.

. A = € Other symptoms at day 21 were
ST 20 L 2E2w ) ZE recorded in an open text field and
Sore throat 4(3) 4(6) -2(-10to5) 47 included anosmia, nausea,
Shortness of breath 16 (13) 4 (6) 7 (-2to 16) 14 headaches, difficulty focusing,

. = forgetfulness/brain fog, headache,
Myalgia > 3@ 0(-6106) >99 cold, rapid heartbeat, heaviness in
Fatigue 32 (26) 17 (24) 2(-12to 16) .86 chest/chest pressure, back pain,
Dizziness 6 (5) 3(4) 1(-6t07) >.99 insomnia, night sweats, weakness,
Other® 10 (8) 9(12) -4 (-15t06) 33 blurry vision, congestion, and

rhinitis.

of absence of symptoms at day 14 among those missing data,
conditional on all other measured covariates, prevalence dif-
ference, 1%; 95% CI, -14% to 15%) were consistent with the
primary outcome (eTable 6 in Supplement 2). Varying
assumptions for the missing not at random analyses were
consistent with the primary outcome (eTable 6).

Secondary Outcomes

By day 3, more participants reported gastrointestinal adverse
events in the azithromycin group compared with placebo, in-
cluding diarrhea (azithromycin: 41%; placebo: 17%), abdomi-
nal pain (azithromycin: 17%; placebo: 1%), and nausea (azithro-
mycin: 22%; placebo: 10%) (Table 3). There were no significant
differences in specific self-reported COVID-19 symptoms re-
ported at day 14 (Table 4). No serious adverse events were re-
ported, and there were no deaths in either study group. Among
participants followed up through day 21, 5 reported having been
hospitalized, all of whom were in the azithromycin group
(Table 4). Reasons for hospitalization included difficulty breath-
ing (n = 2), pneumonia (n = 1), low oxygen saturation (n = 1),
and abdominal pain (n = 1). By day 21, emergency department/
urgent care visits in the azithromycin group were signifi-
cantly higher than in the placebo group (azithromycin: 14%;
placebo: 3%; difference, 12%; 95% CI, 3%-20%; P = .01)
(Table 4). There were no significant differences in the other
18 secondary outcomes (Table 4).

|
Discussion

In this randomized clinical trial of single-dose oral azithromy-
cin for outpatient COVID-19, there was no significant differ-

jama.com

ence in self-reported symptom absence 14 days after enroll-
ment among participants randomized to azithromycin
compared with placebo. These results build on those of pre-
vious randomized clinical trials of azithromycin for COVID-19
in both outpatient and inpatient settings, none of which have
found a benefit of azithromycin for the treatment of
COVID-19.%>%!" In hospitalized patients, trials of azithromy-
cin with or without hydroxychloroquine failed to find an ef-
fect of azithromycin on clinical outcomes or mortality, with no
obvious safety signal.*>!! In outpatients and those with sus-
pected COVID-19, azithromycin did not prevent progression
to hospitalization or improve time to viral clearance of SARS-
CoV-2 in nasal swabs.?® The present trial adds to the evi-
dence against clinical benefit of azithromycin for COVID-19.

Most participants enrolled in this trial were symptomatic
at baseline, and the distribution of symptoms mirrored other
settings.'>'® Overall, participants in this study were young and
had mild disease courses. Enrollment was not restricted based
on symptoms, disease severity, or risk of progression to se-
vere disease to evaluate if azithromycin was efficacious very
early in COVID-19 before it had progressed. These results can-
not be extrapolated to patients with more severe disease or
those at higher risk of progression.

Exploratory secondary analyses evaluated clinical out-
comes such as hospitalization and emergency department use
and should be interpreted as hypothesis generating. Mild gas-
trointestinal adverse events following azithromycin adminis-
tration are well established.'*® Participants receiving azithro-
mycin reported more gastrointestinal adverse events 3 days
after treatment administration compared with placebo. All hos-
pitalizations occurred in the azithromycin group, and there was
more emergency department use in the azithromycin group
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compared with placebo. Most hospitalizations were due tore-
spiratory issues, although 1 participant reported being hospi-
talized for severe abdominal pain. Additional research is needed
to confirm these findings.

Overuse of antibiotics during the COVID-19 pandemic may
lead to increased selection for antimicrobial resistance.'”*® Par-
ticipants reporting recent macrolide use were not excluded;
12.5% of participants reported that they had used a macrolide
within 30 days of enrollment. Antibiotic treatment is known
to select for antimicrobial resistance.?'°-2! Widespread use of
azithromycin for COVID-19 in the absence of a clear bacterial
indication may contribute to resistance selection.

Limitations

This study has several limitations. First, although the trial was
originally designed to evaluate prevention of hospitalization,
due to a lower event rate than planned, the primary outcome
was changed to symptom absence by day 14 prior to the first
interim analysis. This study was underpowered for hospital-
ization end points. Second, a substantial proportion of par-
ticipants reported not taking their allocated study medica-
tion or had missing adherence data. Nonadherence to the
allocated study medication may have biased results toward the
null. Third, loss to follow-up was higher than planned. The
study was conducted remotely without any physical patient
contact in order to reduce transmission risk, which may have
facilitated loss to follow-up. Email, telephone, and next-of-
kin information was collected from all participants. Multiple
reminders were sent to complete surveys to mitigate loss to

Effect of Oral Azithromycin vs Placebo on COVID-19 Symptoms in Outpatients With SARS-CoV-2 Infection

follow-up. Baseline characteristics for those retained and not
retained after 14 days were similar, and sensitivity analyses ac-
counting for missing outcomes did not change any conclu-
sions of the study. If participants who were hospitalized or oth-
erwise incapacitated were not followed up, hospitalization and
other poor outcomes could be underestimated. Fourth, the time
between receipt of a positive test result and enrollment in the
study was a median 1 day longer among participants random-
ized to azithromycin compared with placebo. A longer time be-
tween positive test results and enrollment could mean that
those participants were further along in their disease course
and less likely to have persistent symptoms. Fifth, partici-
pants had to be able to complete online questionnaires and re-
ceive study materials at a physical location to participate in the
trial, which may have selected for a younger and lower-risk
population, limiting generalizability to those at increased risk
of poor outcomes. However, given that azithromycin is rou-
tinely prescribed to patients with COVID-19 in lower-risk sub-
groups, broad inclusion may improve generalizability to lower-
risk outpatient management.

. |
Conclusions

Among outpatients with SARS-CoV-2 infection, treatment with
a single dose of azithromycin compared with placebo did not
result in greater likelihood of being symptom free at day 14.
These findings do not support the routine use of azithromy-
cin for outpatient SARS-CoV-2 infection.
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