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A B S T R A C T

Background: Treatment options for outpatients with COVID-19 could reduce morbidity and prevent SARS-
CoV-2 transmission.
Methods: In this randomized, double-blind, three-arm (1:1:1) placebo-equivalent controlled trial conducted
remotely throughout the United States, adult outpatients with laboratory-confirmed SARS-CoV-2 infection
were recruited. Participants were randomly assigned to receive hydroxychloroquine (HCQ) (400 mg BID
x1day, followed by 200 mg BID x9days) with or without azithromycin (AZ) (500 mg, then 250 mg daily
x4days) or placebo-equivalent (ascorbic acid (HCQ) and folic acid (AZ)), stratified by risk for progression to
severe COVID-19 (high-risk vs. low-risk). Self-collected nasal swabs for SARS-CoV-2 PCR, FLUPro symptom
surveys, EKGs and vital signs were collected daily. Primary endpoints were: (a) 14-day progression to lower
respiratory tract infection (LRTI), 28-day COVID-19 related hospitalization, or death; (b) 14-day time to viral
clearance; secondary endpoints included time to symptom resolution (ClinicalTrials.gov: NCT04354428).
Due to the low rate of clinical outcomes, the study was terminated for operational futility.
Findings: Between 15th April and 27th July 2020, 231 participants were enrolled and 219 initiated medication
a median of 5.9 days after symptom onset. Among 129 high-risk participants, incident LRTI occurred in six
(4.7%) participants (two control, four HCQ/AZ) and COVID-19 related hospitalization in seven (5.4%) (four
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control, one HCQ, two HCQ/AZ); no LRTI and two (2%) hospitalizations occurred in the 102 low-risk partici-
pants (one HCQ, one HCQ/AZ). There were no deaths. Among 152 participants with viral shedding at enroll-
ment, median time to clearance was 5 days (95% CI=4�6) in HCQ, 6 days (95% CI=4�8) in HCQ/AZ, and 8 days
(95% CI=6�10) in control. Viral clearance was faster in HCQ (HR=1.62, 95% CI=1.01�2.60, p = 0.047) but not
HCQ/AZ (HR=1.25, p = 0.39) compared to control. Among 197 participants who met the COVID-19 definition
at enrollment, time to symptom resolution did not differ by group (HCQ: HR=1.02, 95% CI-0.63�1.64,
p = 0.95, HCQ/AZ: HR=0.91, 95% CI=0.57�1.45, p = 0.70).
Interpretation: Neither HCQ nor HCQ/AZ shortened the clinical course of outpatients with COVID-19, and
HCQ, but not HCQ/AZ, had only a modest effect on SARS-CoV-2 viral shedding. HCQ and HCQ/AZ are not effec-
tive therapies for outpatient treatment of SARV-CoV-2 infection.
Funding: The COVID-19 Early Treatment Study was funded by the Bill & Melinda Gates Foundation (INV-
017062) through the COVID-19 Therapeutics Accelerator. University of Washington Institute of Translational
Health Science (ITHS) grant support (UL1 TR002319), KL2 TR002317, and TL1 TR002318 from NCATS/NIH
funded REDCap. The content is solely the responsibility of the authors and does not necessarily represent the
views, decisions, or policies of the institutions with which they are affiliated. PAN and MJA were supported
by the Mayo Clinic Windland Smith Rice Comprehensive Sudden Cardiac Death Program.
Trial registration ClinicalTrials.gov number NCT04354428

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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1. Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2),
which causes COVID-19, has spread rapidly throughout the world
since December 2019 [1,2]. Steroids and remdesivir have benefit for
hospitalized patients, but no effective outpatient treatments have
been established [3,4]. SARS-CoV-2 transmission, infection, and
recovery mostly occurs in outpatient settings; over 80% of cases are
mild[5]. Therapies initiated in early infection that decrease the risk of
hospitalization or chronic symptoms and minimize onward transmis-
sion are needed, particularly for individuals with risk factors for
severe COVID-19 [6].

Hydroxychloroquine (HCQ) has in vitro activity against SARS-CoV-
2 [7], and HCQ with azithromycin (AZ) was hypothesized to shorten
the duration of viral shedding based on observational studies [8-11].
Three randomized trials of HCQ treatment of COVID-19 in outpatients
have been performed in predominantly younger populations without
co-morbidities associated with severe COVID-19. These trials showed
that HCQ did not decrease the duration of COVID-19 symptoms
[12,13], or decrease the quantity of SARS-CoV-2 detected in nasal
swabs [13] and a third trial of HCQ with or without AZ did not show a
significant difference in proportion of participants with viral clear-
ance at study day 6 [14]. We hypothesized that studying HCQ with or
without AZ in an outpatient population enriched for those at high-
risk for progression to COVID-19 would provide additional informa-
tion about the utility of these interventions to prevent progression to
lower respiratory tract infection (LRTI), hospitalization, or death. We
evaluated the efficacy of HCQ and HCQ+AZ to prevent progression of
COVID-19 and decrease time to SARS-CoV-2 clearance from nasal
swabs among high- and low-risk outpatients with laboratory-docu-
mented SARS-CoV-2 infection.

2. Methods

2.1. Study design

The study was a randomized, double-blind 3-arm trial, with 1:1:1
randomization to HCQ + folic acid (FA), HCQ and AZ, and ascorbic
acid (AA) and FA as a placebo-equivalent control. Five institutions in
the United States conducted the study with a remote protocol (Sup-
plement). Study visits were conducted via Health Insurance Portabil-
ity and Accountability Act (HIPAA)-compliant telemedicine. The
Western Institutional Review Board (WIRB) approved this study with
reliance agreements with collaborating institutions. The study was
registered at ClinicalTrials.gov (NCT04354428).
r without azithromycin for treatment of early SARS-CoV-2 infection
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2.2. Participants

Participants were recruited through social media or at local sites.
Eligibility criteria included age between 18 and 80 years old, labora-
tory-confirmed SARS-CoV-2 infection diagnosis within the prior 72 h,
able to provide informed consent in English or Spanish and to partici-
pate in telehealth visits. Pregnant and lactating persons were eligible.
The high-risk cohort enrolled participants with established risk fac-
tors for severe COVID-19 including age 60 years or greater; pulmo-
nary disease; diabetes mellitus, hypertension, or self-reported body
mass index �30 kg/m2. Persons who did not meet any of these crite-
ria were enrolled into the low-risk cohort. Exclusion criteria included
cirrhosis, stage IV kidney disease, coronary artery disease, and certain
medications that were associated with torsades de pointes or inter-
acted with study medications (Detailed in Protocol Section 7.9.1).
After counseling about the intervention, study procedures, and risks,
electronic, written informed consent was obtained from all partici-
pants.
2.3. Randomization and masking

Study medications were dispensed according to a computer-gen-
erated randomization sequence. To prevent unblinding, randomiza-
tion occurred by household 1:1:1 to the following interventions,
stratified by site and high- or low-risk cohort: 1) HCQ+FA, 2) HCQ
+AZ, or 3) AA+FA. AA served as the placebo-equivalent for HCQ, with
similar color and both with distinctive taste, and FA was the placebo-
equivalent for AZ. The oral dosing regimen was as follows: HCQ
400 mg (or AA 500 mg) twice on Day 1, followed by HCQ 200 mg (or
AA 250 mg) twice daily for 9 days plus AZ 500 mg (or FA 800 mg)
once on Day 1, followed by AZ 250 mg (or FA 400 mg) once daily for
4 days. The first participant enrolled per household defined the ran-
domization of other household members.
2.4. Procedures

After enrollment, a courier delivered study medication, instruc-
tions, nasal swabs and tubes, a pulse oximeter (Vive Precision), Kar-
diaMobile 6-lead Electrocardiogram (EKG) monitor (AliveCor,
Mountain View, CA), and digital oral thermometer (Adtemp IV,
Hauppauge, NY). Mid-turbinate nasal swabs were self-collected as
previously described [15]. Each morning (Days 2�14, 21, and 28) par-
ticipants received individualized links to surveys to record SpO2,
pulse, respiratory rate, temperature, time of swab collection, medica-
tion adherence, and symptoms (modified FLUPro) [16]. Evening sur-
veys (Days 2�14) captured vital signs and medication adherence.
Study staff were available 24 h/day. Scheduled contact with study
clinicians took place on Days 2, 4, 9, 14, and 28 to assess symptoms,
medication adherence, and adverse events (AEs). Participants
received instructions for returning swabs. Participants completed an
Exit Survey at study completion (Day 28). Data were managed using
REDCap electronic data capture tools hosted at University of Wash-
ington [17,18].
2.5. Laboratory methods

Reverse transcription polymerase chain reaction (RT-PCR) testing
targeted the SARS-CoV-2 nucleocapsid genes N1 and N2 [19]. RT-PCR
was performed on an ABI 7500 real-time PCR system (Applied Biosys-
tems). An internal control amplification, either RNase P or EXO (RNA
spike-in), was performed to monitor RNA extraction and RT-PCR
quality. Specimens were considered positive if either or both the N1
and N2 targets were detected and the cycle threshold (Ct), a semi-
quantitative measure of viral load, was �40.

Please cite this article as: C. Johnston et al., Hydroxychloroquine with o
among high-risk outpatient adults: A randomized clinical trial, EClinicalM
2.6. Outcomes and assessment

2.6.1. Primary outcomes
The primary clinical outcome was development of LRTI, defined by

SpO2<93% on two readings �two hours but �48 h apart with simulta-
neous indication of “trouble breathing”, “wet cough” or “dry cough”
graded at least “somewhat” on the FLU-Pro-survey through Day 14,
COVID-19-related hospitalization, or death. The primary virologic out-
comewas time to cessation of viral shedding, defined by two consecutive
nasal swabs without SARS-CoV-2 detection, through Day 14. Participants
were excluded from viral shedding analyses if the first two collected
swabs were negative for SARS-CoV-2 or�2 swabs were collected.

2.6.2. Secondary outcome
To determine if HCQ or HCQ/AZ was associated with faster symp-

tom resolution among those that had COVID-19 symptoms at base-
line, we analyzed the time to COVID-19 symptom resolution by Day
14. COVID-19 was defined as two of the following: fever (�38 °C),
chills, rigors, myalgia, headache, sore throat, new olfactory or taste
disorders, or one of the following: cough, shortness of breath or diffi-
culty breathing [20]. COVID-19 symptoms were graded by the high-
est self-reported symptom on a 5-point scale. Participants who did
not meet the definition at screening were excluded from the symp-
tom resolution analysis.

2.6.3. Safety measures
Reportable adverse events (AEs) included serious AEs (SAE), AEs

resulting in study medication discontinuation, and AEs assessed related
to study medication. QTc was monitored daily via six-lead EKGs. The
digital recordings were de-identified and transferred to a central facility
(Mayo Clinic, Rochester, MN). The QT intervals were measured by Certi-
fied Rhythm Analysis Technicians using Bazett’s formula. Readings
were returned to the investigator within one hour of receipt. If QTc was
>500 ms or >60 ms above the baseline reading, study medication was
temporarily withheld and the EKGwas repeated. If the QTc abnormality
remained, studymedication was discontinued.

2.6.4. Statistical analysis
The sample size was estimated based on 30% clinical event rate for

the primary clinical outcomes. To detect 50% treatment efficacy with
90% power and two-sided alpha of 0.05, we planned to enroll 165
high-risk participants per randomized group, to provide 93 events
per pairwise comparison. In addition, 45 low-risk participants per
group were planned for complementary assessment of the viral shed-
ding outcome. Clinical outcomes were summarized by counts and
frequency of occurrence. On 27th July 2020, the DSMB reviewed the
small number of clinical endpoints in the high-risk cohort and deter-
mined that operational futility for the primary clinical outcomes was
reached due to low frequency of endpoints. With the low event rate
in the high-risk cohort, thousands of participants per arm would
need to be recruited to detect a significant difference between the
groups, and the decision was made to terminate the trial.

Baseline characteristics were compared across arms using gener-
alized estimating equations with an identity link for continuous char-
acteristics, a log link for count data and a logit link for binary
characteristics with exchangeable correlation within households. We
used a Cox proportional hazards model to estimate the adjusted haz-
ard ratio of viral clearance or COVID-19 disease resolution at Day 14
in the intervention versus control groups. Both endpoints included
pre-specified adjustments for age and sex and stratification by base-
line symptom duration (>4 days). Viral clearance was stratified by
site to control for delays in return of test results, while disease resolu-
tion was stratified by risk cohort. Endpoint time was set at the day of
the endpoint-defining event. Participants who did not reach the effi-
cacy endpoints were censored on the last day when endpoint data
were ascertained. Corresponding 95% confidence intervals (CI) and
r without azithromycin for treatment of early SARS-CoV-2 infection
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Wald test statistics were calculated using robust standard errors from
the sandwich estimator to account for correlation from multiple par-
ticipants within a household [21]. Cumulative incidence and median
event time were calculated using the Kaplan-Meier method. Low lev-
els of viral shedding may not represent viable virus leading to
onward transmission; therefore we conducted a post-hoc sensitivity
analysis using Ct<34 as a cut-off for positivity [22]. In addition, we
performed a post-hoc sensitivity analysis adjusting for baseline viral
load, an approach used in other SARS-CoV-2 clinical trials which use
virologic primary outcomes [23]. For all analyses, two-sided p-val-
ues<0.05 were considered significant.

Safety analyses included counts of AEs; those related to EKG mon-
itoring were tabulated separately from other AEs.

Role of the funding source: The sponsors provided input into study
design. The sponsors had no role in data collection, analysis, interpre-
tation, or writing of the report.

3. Results

3.1. Participants

Between 15th April and 27th July 2020, 271 participants were
screened and 231 participants from 205 households underwent ran-
domization (Fig. 1). The median age was 37 years (range 18�78) and
Fig. 1. Consort diagram showing enrollm

Please cite this article as: C. Johnston et al., Hydroxychloroquine with o
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131 (56.7%) were women (Table 1). Overall, 117 (50.6%) self-identi-
fied as white, 26 (11.3%) as Black, 39 (16.9%) as American Indian/
Alaska Native, 11 (4.8%) as Asian, 3 (1.3%) as Native Hawaiian/Pacific
Islander, and 32 (13.9%) as “other”; 71 (30.7%) identified as Hispanic/
Latinx. The median time between symptom onset and receipt of
study medication was 5.9 days (IQR 4.0�8.2). The groups were well
balanced at baseline (Table 1, Table S1, S2). One-hundred twenty-
nine participants (55.8%) were enrolled into the high-risk cohort
(Table 1); 23 (17.8%) were �60 years, 98 (76%) had BMI�30 kg/m2, 27
(20.9%) had a hypertension, 17 (13.2%) had diabetes mellitus; and 39
(30.2%) had more than one risk factor (Table S3). The remaining 102
participants were enrolled into the low-risk cohort. Twelve partici-
pants (5.2%) refused study participation, were unable to complete
study procedures, or were lost to follow up prior to completing the
enrollment survey (Fig. 1). Participants reported taking 3515 of 4389
(80.1%) expected medication doses, and adherence rates did not dif-
fer by randomized group. The Day 28 survey was completed by 194
participants (84.0%) and 208 (90%) completed the Exit Survey, indi-
cating high participant retention.

3.2. Primary clinical outcomes

Two participants met the definition of LRTI at baseline. For the
remaining high-risk participants, six (4.7%) progressed to LRTI (two
ent and follow up of participants.

r without azithromycin for treatment of early SARS-CoV-2 infection
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Table 1
Baseline characteristics of randomized participants by arm.

Randomized Arm p-value**

Ascorbic acid+
folic acid

HCQ + folic
acid

HCQ +
azithromycin

All

Characteristic Category

Enrolled (n) Total 83 71 77 231
High Risk Cohort 48 37 44 129
Low Risk Cohort 35 34 33 102
Age (years) 18�29 21 (25.3%) 19 (26.8%) 24 (31.2%) 64 (27.7%)

30�39 26 (31.3%) 28 (39.4%) 21 (27.3%) 75 (32.5%)
40�49 16 (19.3%) 13 (18.3%) 14 (18.2%) 43 (18.6%)
50�59 12 (14.5%) 5 (7.0%) 9 (11.7%) 26 (11.3%)
60�69 7 (8.4%) 5 (7.0%) 8 (10.4%) 20 (8.7%)
70�80 1 (1.2%) 1 (1.4%) 1 (1.3%) 3 (1.3%)
Median 38 36 37 37 0.5997
Min, max (18, 70) (19, 78) (18, 71) (18, 78)

Sex Born Female 45 (54.2%) 39 (54.9%) 47 (61.0%) 131 (56.7%) 0.6109
Born Male 38 (45.8%) 32 (45.1%) 30 (39.0%) 100 (43.3%)

Race American Indian or Alaska Native 12 (14.5%) 11 (15.5%) 16 (20.8%) 39 (16.9%)
Asian 4 (4.8%) 3 (4.2%) 4 (5.2%) 11 (4.8%)
Native Hawaiian or other Pacific Islander 2 (2.4%) 0 (0.0%) 1 (1.3%) 3 (1.3%)
Black or African American 7 (8.4%) 10 (14.1%) 9 (11.7%) 26 (11.3%)
White 41 (49.4%) 37 (52.1%) 39 (50.6%) 117 (50.6%)
Other 15 (18.1%) 10 (14.1%) 7 (9.1%) 32 (13.9%)
Prefer not to say 2 (2.4%) 0 (0.0%) 1 (1.3%) 3 (1.3%)

Hispanic or Latina/Latino/Latinx No 52 (62.7%) 48 (67.6%) 59 (76.6%) 159 (68.8%) 0.2043
Yes 30 (36.1%) 23 (32.4%) 18 (23.4%) 71 (30.7%)
Prefer not to say 1 (1.2%) 0 (0.0%) 0 (0.0%) 1 (0.4%)

Preferred Language English 72 (86.7%) 68 (95.8%) 70 (90.9%) 210 (90.9%) 0.1312
Spanish 11 (13.3%) 3 (4.2%) 7 (9.1%) 21 (9.1%)

BMI (kg/m2) <30 48 (57.8%) 43 (60.6%) 42 (54.5%) 133 (57.6%) 0.6887
�30 35 (42.2%) 28 (39.4%) 35 (45.5%) 98 (42.4%)

Symptomatic COVID-19 at screening* No 6 (7.2%) 5 (7.0%) 8 (10.4%) 19 (8.2%) 0.7218
Yes 77 (92.8%) 66 (93.0%) 69 (89.6%) 212 (91.8%)

Time since symptom onset (days)* Median 5.9 5.9 5.8 5.9 0.5427
IQR (4.0, 8.3) (4.0, 7.8) (3.9, 8.3) (4.0, 8.2)

Completed enrollment No 3 (3.6%) 6 (8.5%) 3 (3.9%) 12 (5.2%) 0.4439
Yes 80 (96.4%) 65 (91.5%) 74 (96.1%) 219 (94.8%)

Hours between screening visit and
enrollment survey completion

<24 45 (64.3%) 33 (50.0%) 44 (63.8%) 122 (59.5%) 0.5548

24 - <48 23 (32.9%) 27 (40.9%) 24 (34.8%) 74 (36.1%)
�48 12 (17.1%) 5 (7.6%) 6 (8.7%) 23 (11.2%)

Households Total 70 66 69 205
Number of participants per household 1 60 (85.7%) 61 (92.4%) 61 (88.4%) 182 (88.8%)

2 9 (12.9%) 5 (7.6%) 8 (11.6%) 22 (10.7%)
3+ 1 (1.4%) 0 (0.0%) 0 (0.0%) 1 (0.5%)

* Criteria for symptomatic COVID-19 met at screening. Time since symptom onset computed as the difference in hours between date and time of (any) symptom onset
and the date and time of the enrollment survey.
** Statistical testing across arms performed using separate GEE models for each demographic characteristic and exchangeable correlation within household. The binary

distribution and logit link function were used in all models with the exception of models for age, time since symptom onset, and hours between screening and enrollment
survey, in which the Poisson distribution and log link function were used. P-values computed via Type 3 analyses.
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control, 0 HCQ, four HCQ/AZ) (Table S4) and had sustained hypox-
emia (<93%) for 1�9 days. Seven (5.4%) participants in the high-risk
group had COVID-19 related hospitalizations with length of stay from
2�20 days (four control, one HCQ, two HCQ/AZ) (Table S5), of which
two also reached the LRTI outcome. There were no episodes of LRTI
and two (2.0%) COVID-19 related hospitalizations in the low-risk
cohort (0 control, 1 HCQ, 1 HCQ/AZ). There were no deaths.

3.3. Primary virologic outcome

Overall, 3109 of an expected 3696 (84.1%) nasal swabs were
collected. Seventy-nine participants (34.2%) did not have SARS-
CoV-2 detected or did not complete swabs on Days 1 or 2. The
remaining 152 participants were randomized to HCQ (n = 49),
HCQ/AZ (n = 51), and control (n = 52) and had similar characteris-
tics by group at baseline (Table S6). RNaseP was performed on
586 swabs; only 6 (1.7%) had no RNaseP detected and were
excluded. The remaining swabs had a median RNaseP Ct=25.9
Please cite this article as: C. Johnston et al., Hydroxychloroquine with o
among high-risk outpatient adults: A randomized clinical trial, EClinicalM
(IQR=24.1�27.4) (data not shown). The median time to viral
clearance was 7 days (95% CI=6�10 days) in the control group,
5 days (95% CI=4�6 days) in the HCQ group, and 6 days (95%
CI=4�8) in the HCQ/AZ group (Fig. 2A). In the Cox model com-
pared to the control group, clearance for the HCQ group was 62%
faster (hazard ratio [HR] 1.62, 95% confidence interval [CI]
=1.01�2.60, p = 0.047) and the HCQ/AZ group trended to faster
clearance but did not reach statistical significance (HCQ/AZ:
HR=1.25, 95% CI=0.75�2.07, p = 0.39) (Table 2).

Two post-hoc sensitivity analyses were conducted to interrogate
the finding that HCQ was associated with slightly faster virologic
clearance and to determine whether this would be predicted to have
an impact on viral transmission. When we added baseline viral load
(Ct) to the model, we found that HCQ was no longer significantly
associated with decreased time to viral clearance (HR=1.50, 95%
CI=0.89�2.52, p = 0.126), and the HCQ/AZ results were similar to the
unadjusted model (HR=1.41, 95% CI=0.86�2.32, p = 0.174). A second
sensitivity analysis, using a lower cycle time threshold Ct�34, which
r without azithromycin for treatment of early SARS-CoV-2 infection
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Fig. 2. Kaplan-Meier curve showing time to viral clearance* over 14-days by study arm using a Ct cutoff of �40 (A) or �34 (B). *viral clearance defined as 2 consecutive swabs with-
out SARS-CoV-2 detected.

Table 2
Cox proportional hazards model for time to clearance of nasal SARS-
CoV-2 and time to COVID-19 symptom resolution, stratified by site
and time since symptom onset (>4 days).

N N events HR 95% CI p-value

Viral clearance, SARS-CoV-2 Cutoff Ct�40*
Placebo 52 40 � � �
HCQ 49 43 1.62 1.01�2.60 0.047
HCQ/AZ 51 40 1.25 0.75�2.07 0.39
Viral clearance, SARS-CoV-2 Cutoff Ct�34*
Placebo 40 37 � � �
HCQ 38 37 1.15 0.72�1.85 0.55
HCQ/AZ 40 39 1.31 0.79�2.17 0.29
COVID-19 symptom resolution**

Placebo 72 38 � � �
HCQ 60 30 1.02 0.63�1.64 0.95
HCQ/AZ 65 31 0.91 0.57�1.45 0.70

* A priori, stratified by study site and time of symptom onset,
adjusted for age and sex.
** A priori stratified by time of symptom onset and high/low risk

cohort, adjusted for age and sex.
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is a more relevant threshold for viral transmission, included 118 par-
ticipants (40 control, 38 HCQ, 40 HCQ/AZ) (Fig. 2B). Neither HCQ
(HR=1.15, (95% CI=0.72�1.85, p = 0.55), nor HCQ/AZ was associated
with faster time to clearance (HR=1.31, 95% CI=0.79�2.17, p = 0.29)
(Table 2) in this model.
3.4. Time to symptom resolution

The analysis included 197 participants (85.3%) who met the
COVID-19 definition at screening (Table S7). The median time to
symptom resolution was 11.5 days in the control group, 10.5 days in
the HCQ group and the median time was not reached in the HCQ/AZ
group (50.8% had resolved by Day 14). The upper limits of the 95% CIs
were not evaluable. In the Cox model we found that neither HCQ
(HR=1.02, 95% CI=0.63�1.64, p = 0.95) nor HCQ/AZ (HR=0.91, 95%
CI=0.57�1.45, p = 0.70) were associated with faster resolution of
COVID-19 symptoms (Table 2) Figure 3. Participants had similar
r without azithromycin for treatment of early SARS-CoV-2 infection
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Fig. 2. Continued.
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symptoms ratings by randomized group by system over time (Figure
S1A-G).

3.5. Vital signs monitoring

Among both high- and low-risk participants, the median O2 sat
was 97% at baseline, did not vary throughout the 14-day follow up
period and was similar by arm (Figure S1A). Similarly, the median
baseline temperature (97.7�98.1), pulse (81�82 beats per minute),
and respiratory rate (16�17 breaths per minute) did not differ by risk
group or study arm over time (Figure S2-D).

3.6. Safety analyses

In the HCQ group there were three grade 1 or 2 AEs that were con-
sidered related to the study medication; in the HCQ/AZ group there
were nineteen grade 1 or 2 related AEs (most (13/19, 68%) were GI
related), and in the control group there were five grade 1 or 2 related
AEs (Table 3). The prevalence and intensity of GI symptoms assessed
by FluPro was similar in all randomized groups (Figure S1G). Overall,
11 (4.8%) participants had related AEs resulting in study medication
Please cite this article as: C. Johnston et al., Hydroxychloroquine with o
among high-risk outpatient adults: A randomized clinical trial, EClinicalM
discontinuation; 4 (5.6%) in the HCQ group, 5 (6.5%) in the HCQ/AZ
group, and 2 (2.4%) in control group. The symptoms leading to dis-
continuation included nausea and/or vomiting (n = 3 HCQ/AZ, n = 1
HCQ, n = 2 control), headache (n = 1, HCQ), lower GI distress (n = 1,
HCQ/AZ) and weakness (n = 1, HCQ/AZ), and hives/rash (n = 2 HCQ/
AZ). Two participants in the HCQ arm discontinued study medication
due to QTc prolongation>500 ms; both participants were asymptom-
atic, and no additional participants had QTc>500 ms during the trial.
The median QTc was 408.5 at baseline and did not vary throughout
the study, regardless of randomized group (Figure S3). In the HCQ
group, there were 19 AEs for QTc change of >60 ms, and 7 in the
HCQ/AZ group and 2 in the control group; there were no persistent
QTc>60 ms on repeat EKG and all participants resumed study medi-
cation (Table 3).

4. Discussion

This 3-arm randomized, placebo-equivalent, remotely-conducted
trial showed that HCQ or HCQ/AZ did not expedite resolution of
COVID-19 symptoms compared to placebo-equivalent control among
outpatients with COVID-19. We noted a modestly faster time to viral
r without azithromycin for treatment of early SARS-CoV-2 infection
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Fig. 3. Time to resolution of COVID-19 symptoms by Day 14, by study arm.
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clearance with HCQ but not HCQ/AZ; however, this effect was not
retained in sensitivity analyses, either adjusting for baseline viral
load or excluding samples with low viral load that are unlikely to be
significant for transmission. Given these findings, we caution against
Table 3
Adverse events during the study period.

Placebo HCQ HCQ /AZ Total

Related AEs (non-EKG)
Severity Grade
Grade 1/mild 3 1 8 12
Grade 2/moderate 2 2 11 15
Grade 3/severe 0 0 0 0
Grade 4/potentially -life threatening 0 0 0 0
Grade 5/death 0 0 0 0
Total 5 3 19 27
AEs due to EKG abnormalities*
QTc>60 ms change from baseline* 2 19 7 28
QTc>500ms � 2** � 2

* No changes in QTc>60 ms from baseline were confirmed on repeat EKG. EKG
abnormalities are not mutually exclusive: both QTc>500 ms events were also
>60 ms change from baseline; however, only 1 RAE was reported in these cases,
with >500 ms prioritized over >60 change from baseline.
** Resulted in study drug discontinuation.

Please cite this article as: C. Johnston et al., Hydroxychloroquine with o
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overinterpretation of the virologic data. We designed the trial to
explore whether HCQ and HCQ/AZ decreased the frequency of dis-
ease progression to clinically significant endpoints � LRTI, hospitali-
zation, and death. Although we recruited a population at substantial
risk for developing severe COVID-19, few participants progressed,
resulting in trial discontinuation for operational futility.

Although we were not able to analyze whether HCQ and HCQ/AZ
decreased the risk of COVID-19 disease progression due to rare
events, our findings are consistent with two published randomized
trials of HCQ treatment of COVID-19 in outpatients; both trials
showed that HCQ did not decrease the duration of COVID-19 symp-
toms [12,13]. A trial by Skipper et al. was conducted remotely in the
US and similarly had few hospitalization endpoints and shifted the
primary outcome to symptom resolution; there were no virologic
outcomes in this study [12]. An open-label trial conducted in Spain
found that HCQ was not associated with faster resolution of symp-
toms and the quantity of virus detected at three time points did not
differ by randomization group [13]. Both studies recruited younger
health care workers without risk factors for severe COVID-19. A third
trial randomized, placebo-controlled trial by Omrani et al. showed
HCQ with or without AZ was not associated with a difference in pro-
portion of participants with viral clearance at day 6, among healthy
young men recruited within one day of symptom onset [14]. The
r without azithromycin for treatment of early SARS-CoV-2 infection
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current trial extends these findings in a population enriched with
high-risk participants with laboratory-confirmed infection and pro-
vides daily viral shedding and granular detail on COVID-19 symp-
toms, along with careful safety monitoring.

This is the second rigorously conducted randomized trial of HCQ/
AZ among outpatients with SARS-CoV-2 infection. Our results indi-
cate that HCQ/AZ does not hasten viral clearance as was hypothesized
based on observational studies [8,9], similar to findings by Omrani
et al. [14]. Perhaps more importantly, we did not find that HCQ/AZ
decreases time to resolution of COVID-19 symptoms, a finding which
is consistent with data from randomized controlled trials in hospital-
ized Brazilian patients with moderate or severe disease [24,25]. These
data confirm that this combination has no benefit in outpatients with
COVID-19. Early observational data from inpatients receiving HCQ/AZ
suggested a high frequency of QTc prolongation [26]. We were able
to rapidly operationalize a QTc monitoring system with near real-
time clinically actionable feedback. In our study population, QTc pro-
longation was rare (0.9% participants with QTc>500 ms). More
broadly, HCQ and HCQ/AZ were well tolerated and safe, although the
combination of HCQ/AZ was associated with GI side effects.

We showed that rigorous clinical trials for treatment of COVID-19,
with intensive virologic, vital sign, and cardiac monitoring, can be
successfully conducted remotely with high retention and adherence
to study protocol. The consistency of vital signs data suggests that
remote collection is feasible and reliable. Remote clinical trials may
provide many potential benefits for future studies including but not
limited to: the ability to investigate infectious agents without risk of
exposure, the massive expansion of enrollment catchment areas, and
potential reduction in loss to follow-up. We hypothesize that the
remote platform minimized some traditional barriers for recruit-
ment, allowing for a diverse population of participants [27].

A limitation of the study design was that kit shipment increased
the time from screening to study medication initiation. This may
have affected measurement of the virologic outcome since a large
proportion (34.2%) had already met the definition of viral clearance
at enrollment. In addition, we used ascorbic acid as a placebo-equiva-
lent rather than using a true placebo. While high doses of ascorbic
acid are being studied for treatment of severe COVID-19 in the ICU
setting, the low dose used in this trial is not expected to impact infec-
tion outcomes. Similarly, there are no in vitro data to suggest that the
dose of folic acid used in this study would affect SARS-CoV-2 replica-
tion or viral clearance. However, we cannot rule out these doses of
ascorbic acid and folic acid affected the clinical course of SARS-CoV-2
infection or viral replication. We also had several primary endpoints,
but did not adjust for multiplicity, due to the concerns that endpoints
were likely to be highly correlated. However, we cannot rule out the
possibility that we spuriously found a statistically significant result.

Given that most COVID-19 infections occur in the outpatient set-
ting, it is essential to continue to search for interventions that could
alter the course of early disease and decrease risk of community
transmission. Although we assumed that progression to severe
COVID-19 would be a robust endpoint based on initial observations
[28,29], we found that this was rare. Validated virologic or clinical
risk factors for disease progression would greatly facilitate early
treatment studies. Symptom resolution outcomes have been used in
interventional trials of antivirals for influenza [30], and could be con-
sidered for outpatient COVID-19 trials.

As SARS-CoV-2 continues to disrupt life around the world, we
must continue to search for therapies that reduce morbidity and
transmission. Early treatment of SARS-CoV-2 infection remains an
important goal for pandemic control [6]. Although this study showed
that HCQ and HCQ/AZ are not effective in shortening the time to
COVID-19 symptom resolution or decreasing viral shedding in a way
that would interrupt transmission, important lessons from this trial
can be applied to future trials of outpatient treatment for early SARS-
CoV-2.
Please cite this article as: C. Johnston et al., Hydroxychloroquine with o
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