
Azithromycin and hydroxychloroquine in hospitalised patients
with confirmed COVID-19: a randomised double-blinded
placebo-controlled trial

Pradeesh Sivapalan1, Charlotte Suppli Ulrik 2, Therese Sophie Lapperre 3, Rasmus Dahlin Bojesen4,5,
Josefin Eklöf 1, Andrea Browatzki6, Jon Torgny Wilcke1, Vibeke Gottlieb1, Kjell Erik Julius Håkansson2,
Casper Tidemandsen2, Oliver Tupper2, Howraman Meteran 1, Christina Bergsøe 2, Eva Brøndum2,
Uffe Bødtger5,7, Daniel Bech Rasmussen4, Sidse Graff Jensen1, Lars Pedersen 3, Alexander Jordan1,
Helene Priemé8, Christian Søborg 8, Ida E. Steffensen8, Dorthe Høgsberg1, Tobias Wirenfeldt Klausen8,
Martin Steen Frydland 2, Peter Lange8,9, Asger Sverrild3, Muhzda Ghanizada3, Filip K. Knop10,11,
Tor Biering-Sørensen12, Jens D. Lundgren13 and Jens-Ulrik Stæhr Jensen 1,11, the ProPAC-COVID writing
group on behalf of the ProPAC-COVID Study Group14

1Dept of Internal Medicine, Pulmonary Medicine Section, Gentofte University Hospital, Hellerup, Denmark. 2Dept of Respiratory
Medicine, Respiratory Research Unit, Hvidovre and Amager University Hospital, Hvidovre, Denmark. 3Dept of Respiratory Medicine,
Bispebjerg and Frederiksberg Hospital, Copenhagen, Denmark. 4Dept of Surgery, Slagelse Hospital, Slagelse, Denmark. 5Dept of
Respiratory Medicine, Næstved Hospital, Næstved, Denmark. 6Dept of Respiratory and Infectious Diseases, Nordsjællands Hospital,
Hillerød, Denmark. 7Institute of Regional Health Research, University of Southern Denmark, Odense, Denmark. 8Dept of Medicine,
Section of Respiratory Medicine, Herlev Hospital, Herlev, Denmark. 9Institute of Public Health, Section of Epidemiology, University of
Copenhagen, Copenhagen, Denmark. 10Center for Clinical Metabolic Research, Gentofte University Hospital, Hellerup, Denmark. 11Dept
of Clinical Medicine, Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark. 12Dept of Cardiology,
Gentofte University Hospital, Hellerup, Denmark. 13Dept of Infectious Medicine, Rigshospitalet, Copenhagen, Denmark. 14A complete
list of members of the Proactive Protection with Azithromycin and hydroxyChloroquine in Hospitalised Patients With COVID-19
(ProPAC-COVID) Study Group is provided in supplementary appendix 3.

Corresponding author: Jens-Ulrik Stæhr Jensen ( jens.ulrik.jensen@regionh.dk)

Shareable abstract (@ERSpublications)
There are no beneficial or harmful effects from the combined intervention of hydroxychloroquine
and azithromycin for hospitalised patients with confirmed coronavirus disease 2019 (COVID-19)
https://bit.ly/3c0s6XG

Cite this article as: Sivapalan P, Ulrik CS, Lapperre TS, et al. Azithromycin and hydroxychloroquine in
hospitalised patients with confirmed COVID-19: a randomised double-blinded placebo-controlled trial.
Eur Respir J 2022; 59: 2100752 [DOI: 10.1183/13993003.00752-2021].

Abstract
Background Combining the antibiotic azithromycin and hydroxychloroquine induces airway
immunomodulatory effects, with the latter also having in vitro antiviral properties. This may improve
outcomes in patients hospitalised for coronavirus disease 2019 (COVID-19).
Methods Placebo-controlled double-blind randomised multicentre trial. Patients aged ⩾18 years, admitted
to hospital for ⩽48 h (not intensive care) with a positive severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) reverse transcription PCR test were recruited. The intervention was 500 mg daily
azithromycin for 3 days followed by 250 mg daily azithromycin for 12 days combined with 200 mg twice-
daily hydroxychloroquine for all 15 days. The control group received placebo/placebo. The primary
outcome was days alive and discharged from hospital within 14 days (DAOH14).
Results After randomisation of 117 patients, at the first planned interim analysis, the data and safety
monitoring board recommended stopping enrolment due to futility, based on pre-specified criteria.
Consequently, the trial was terminated on 1 February 2021. 61 patients received the combined intervention
and 56 patients received placebo. In the intervention group, patients had a median (interquartile range) 9.0
(3–11) DAOH14 versus 9.0 (7–10) DAOH14 in the placebo group (p=0.90). The primary safety outcome,
death from all causes on day 30, occurred for one patient in the intervention group versus two patients
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receiving placebo (p=0.52), and readmittance or death within 30 days occurred for nine patients in the
intervention group versus six patients receiving placebo (p=0.57).
Conclusions The combination of azithromycin and hydroxychloroquine did not improve survival or length
of hospitalisation in patients with COVID-19.

Introduction
Early in the coronavirus disease 2019 (COVID-19) pandemic, some evidence, mainly from laboratory
studies, suggested that chloroquine and its less toxic derivative hydroxychloroquine, often used as an
antirheumatic drug, had an antiviral effect on coronaviridae by inhibiting several pH-dependent steps in
replication and endosomal viral uptake into human cells [1]. These findings have been confirmed in
laboratory studies of primate cells infected with severe acute respiratory syndrome coronavirus (SARS)-1 [2].
In addition, hydroxychloroquine may bind to host cell sialic acids and gangliosides with high affinity, thus
protecting the cell against binding to SARS-coronavirus (CoV)-2 via its spike protein [3]. Administered at
recommended doses, in most countries up to 400–500 mg daily, hydroxychloroquine seems to be safe, even
when used for longer periods, and costs are low [4].

Azithromycin is a macrolide antibiotic, which has proven effective in reducing airway inflammation and
consequent hospitalisation-requiring exacerbations of COPD, asthma and bronchiectasis [5–7]. Recently, a
strong association was found in critically ill patients with acute respiratory distress syndrome between
treatment with azithromycin and improved survival [8], as summarised with greater power in systematic
meta-analyses [9, 10]. Furthermore, hydroxychloroquine and azithromycin may act synergistically to
prevent the coronavirus from binding to ganglioside receptors on human cells [11].

Important trials show positive outcomes for agents such as remdesivir, anti-interleukin-6 and convalescent
plasma in milder cases and early disease stages [12–14], but these interventions seem to be less effective
in severely ill patients [15]. Conversely, in more severe cases, immunosuppressive pharmaceuticals such as
corticosteroids do show some effect [16]. Thus, there appears to be a window of opportunity for antiviral
treatment in the early and less-severe disease stages [17].

The present trial assessed whether a combination of azithromycin and hydroxychloroquine, both in
moderate and approved (for rheumatic indications) dosing regimens, would increase the number of days
alive and discharged from hospital among hospitalised patients with COVID-19.

Methods
The trial protocol and statistical analysis plan are available in the supplementary material (appendices 1
and 2) and have been published previously [18, 19]. The study was approved by the ethics committees
of all participating sites (H-20022574), the Danish Medicines Agency (EudraCT no 2020-001198-55)
and the Danish Data Protection Agency. It was monitored in accordance with good clinical practice
(GCP) by the GCP units of the participating regions in Denmark. The study was conducted in
accordance with the Declaration of Helsinki [20]. No financial incentive was provided to the
investigators or participants. There was an independent data and safety monitoring board (DSMB),
consisting of three clinicians and researchers who are experts in performing large randomised studies.
Additionally, the DSMB had access to the trial statistician, Tobias Wirenfeldt Klausen, a highly skilled
biostatistician, who also supervised the interim analyses. Tobias Wirenfeldt Klausen was available any
time the DSMB wanted his input. He was blinded to treatment allocation, as only the trial pharmacist
had the key to unblind.

This DSMB reviewed the trial’s progress and performed safety, efficacy and data completeness evaluations
during the trial. It was not possible (in the interest of timeliness) to involve patients or the public in the
design, conduct, reporting or dissemination of our research. This study is a primary analysis and is
described in accordance with the Consolidated Standards of Reporting of Randomised Trials guidelines.

Study design and sites
The Proactive Protection with Azithromycin and hydroxyChloroquine in hospitalised patients with
COVID-19 (ProPAC-COVID) study was a multicentre, double-blinded, placebo-controlled, randomised
clinical trial investigating whether adding 15-day treatment with azithromycin and hydroxychloroquine to
standard of care could decrease the period of hospitalisation and reduce the risks of noninvasive
ventilation (NIV), admittance to an intensive care unit (ICU) and death. Patients were enrolled between 6
April 2020 and 21 December 2020 at six hospitals in Denmark within the COPD Trial Initiative (COP:
TRIN) collaboration (www.coptrin.dk). The dosages selected were based on well-tolerated doses used to
treat other diseases (e.g. rheumatological diseases), while lowering risk of cardiac side-effects. The
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durations were selected to ensure coverage of patients with prolonged admissions for a relatively large
part of the admissions and to securely cover the entire observation period of the primary outcome. In
addition, durations were chosen to protect against secondary infections from Gram-positive
micro-organisms.

Participants
Eligible patients had to be 1) ⩾18 years of age; 2) admitted to hospital with a confirmed positive reverse
transcription (RT)-PCR test for SARS-CoV-2 infection; and 3) hospitalised for ⩽48 h. Each patient
provided signed informed consent to participate. Patients were excluded if they met any of the following
criteria: 1) received >5 L oxygen supply; 2) known intolerance/allergy to the study drugs; 3) neurogenic
hearing loss; 4) psoriasis; 5) retinopathy; 6) maculopathy; 7) visual field changes; 8) were breastfeeding/
pregnant; 9) severe liver disease (international normalised ratio >1.5 spontaneously); 10) severe
gastrointestinal disease (investigator-assessed liver disease, severe ulcerative colitis or Crohn’s disease,
peptic ulcer disease or cancer); 11) neurological or haematological disorder; 12) estimated glomerular
filtration rate (eGFR) <45 mL·min −1·1.73 m−2; 13) clinically significant cardiac conduction disorder/
arrhythmia or a prolonged corrected QT interval (QTcF) (i.e. >480 ms for males or >470 ms for females);
14) myasthenia gravis; 15) receiving treatment with digoxin; 16) glucose-6-phosphate dehydrogenase
deficiency; 17) porphyria; 18) hypoglycaemia (blood glucose <3.0 mmol·L–1); 19) unable to give informed
consent; 20) severe linguistic problems that significantly hindered cooperation; or 21) were receiving
treatment with ergot alkaloids. The investigators evaluated patient eligibility based on these criteria.

Randomisation and masking
The study pharmacist generated the randomisation sequence, which was then entered into the online
platform REDCap electronic data-capture tools hosted by the participating Danish regions. Patients were
randomised 1:1 to azithromycin plus hydroxychloroquine or matching placebo capsules. Randomisation
was performed in blocks of unknown and varying size, and the final allocation was blinded and stratified
for age (>70 years versus ⩽70 years), site of recruitment and whether the patient had any of the following
chronic lung diseases (yes versus no): COPD, asthma, bronchiectasis or interstitial lung disease. All
patients and study staff were blinded to participant treatment assignments. This included outcome
assessors, investigators and study nurses, as well as research and clinical staff. The DSMB remained
blinded throughout and made all recommendations blinded to treatment allocations. Only the trial’s chief
pharmacist held the key for unblinding. Formal unblinding took place on 1 February 2021 after the DSMB
recommendation had been received and acknowledged.

Intervention
Patients were randomised to one of two treatment arms: 1) 500 mg azithromycin once daily plus 200 mg
hydroxychloroquine twice daily on days 1–3 and then 250 mg azithromycin once daily plus 200 mg
hydroxychloroquine twice daily on days 4–15; 2) placebo instead of both types of intervention medication.
Medication (both arms) was marked with neutral labels, e.g. “azithromycin group A” and “azithromycin
group B”. An important safety consideration for both study drugs was QTc prolongation [21, 22].
Therefore, trial personnel measured the QTc at least twice during the period of hospitalisation.

Primary and secondary end-points
The primary end-point was the number of days alive and out of hospital (DAOH) within 14 days from
randomisation. This outcome measure was developed by trialists to be both sensitive and clinically relevant,
and it provides a method for counting days with sustained recovery without lead-time bias [23–25]. For the
first secondary end-point, each patient was placed in one of the following eight categories on day 5 and day
15, as described in our previous research [12]: 1) discharged from hospital with no restrictions on activities;
2) discharged from hospital, but with restrictions on activities (may/may not be receiving long-term oxygen
therapy at home); 3) hospitalised and under observation, but not receiving supplemental oxygen or any
other treatment; 4) hospitalised and not receiving supplemental oxygen, but receiving other treatment
(which may/may not be related to COVID-19); 5) hospitalised and receiving supplemental oxygen by a
method other than those described in 2) or 3), such as from a nasal catheter; 6) hospitalised and receiving
NIV or oxygen from a high-flow device; 7) hospitalised and receiving mechanical ventilation or extra
corporeal membrane oxygenation; or 8) dead. The trial included eight other secondary outcomes: 1) number
of days in an ICU (time frame 14 days); 2) number of days NIV was required during hospitalisation (time
frame 14 days); 3) mortality rates (time frames 30, 90 and 365 days); 4) length of hospitalisation (time
frame 14 days); 5) DAOH (time frame 30 days); 6) time to readmission for any reason (time frame 30 days);
7) change in patient’s pH, arterial oxygen or carbon dioxide tension measurements (time frame 4 days); and
8) time until no supplementary oxygen was required or until the patient was given “long-term oxygen
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therapy” (time frame 14 days). Outcomes with follow-up >30 days will be reported later. All outcomes and
analyses were conducted in strict concordance with the statistical analysis plan.

Sample size calculation
The sample size for the primary outcome (DAOH14) was calculated assuming a two-sided significance
level of 5% and power (1 – β) of 80%. A group-sequential study design with one planned interim analysis
at half-target recruitment was used. The standard deviation was set at 4 days [23] and the detection limit
was set at 1.5 days (both directions). StudySize software (version 3.0; CreoStat HB, Gothenburg, Sweden)
was used to calculate the sample size of 226 participants.

Statistical analysis
We compared outcomes using t-tests or Mann–Whitney U-tests for continuous variables (depending on
distribution), Chi-squared tests or Fisher’s exact test for nominal variables, and log-rank tests to compare
Kaplan–Meier survival curves. Cumulative event estimates were generated using hazard ratios with 95%
confidence intervals in Cox proportional hazards models. Adjustment for continuous data was performed
using multiple-effects models. The primary analysis was based on intention-to-treat (ITT), and a secondary
per-protocol analysis was performed for both primary and secondary outcomes. A p-value <0.05 was
considered statistically significant and all analyses were two-sided. We originally planned to perform an
interim analysis between the groups when the study had reached 50% of the total sample size. However, in
response to a subsequently retracted article by MEHRA et al. [26], the Danish Medicines Agency demanded
that we performed an extraordinary acute interim analysis (without unmasking) on the first 75 patients who
had been recruited. This was reviewed by the DSMB, who recommended continuing to accrue patients
(May 2020). The first planned interim analysis was conducted at 117 patients (50% recruited), and the trial
was stopped due to futility (February 2021). Sensitivity analyses for the primary outcome included 1) a
modified ITT population of patients who received part or complete treatment with the intervention (all
days); 2) a per-protocol population who received both interventional drugs for all planned days; and 3) a
multiple-effects adjusted model for the primary outcome, in which adjustment was made for the following
parameters: 1) age (per year increase), 2) sex (male versus female), 3) body mass index (per unit increase),
4) oxygen therapy at inclusion (yes versus no), 5) remdesivir (yes versus no), 6) any pre-existing lung
disease (obstructive, interstitial or bronchiectasis: yes versus no), 7) diabetes mellitus (yes versus no) and
8) QTc across median (yes versus no). Statistical analyses were performed using SAS software (version
9.4; SAS Institute, Cary, NC, USA) and R software (version 3.4.3; R Development Core Team, Vienna,
Austria).

Stopping the trial
On 1 February 2021, the trial was stopped for futility based on recommendations from the DSMB who
met on 29 January 2021 and discussed the report from the first planned interim analysis. The maximum
post-conditional power to cross any boundary in the O’Brien–Fleming plot [27] was 0.064, which was
below the threshold of 0.2 communicated from the steering committee to the DSMB prior to the meeting.
The interim analyses were performed in accordance with the trial monitoring guidelines. After reviewing
the post-conditional power, the remaining data in the interim analysis and the available published data, the
DSMB recommended stopping the trial on grounds of futility (the DSMB recommendation is included in
the supplementary material (appendix 4)).

Results
Out of the 664 patients screened, 117 were eligible for study inclusion (figure 1). Reasons for exclusion
included inability to give informed consent (18.8% of exclusions); eGFR <45 mL·min−1·1.73 m−2 (17.9% of
exclusions); and declined to participate (16.3% exclusions). Of the patients enrolled, 61 patients were
randomised to the azithromycin plus hydroxychloroquine arm and 56 to the placebo arm. Participants had a
median (interquartile range (IQR)) age of 65 (52–77) years and 65 (56%) of them were male. The median
(IQR) time since symptom onset was 8 (4–10) days. Baseline characteristics of patients randomised to the
intervention and placebo groups are presented in table 1, and in supplementary tables E1 and E2 (appendix 3).

Primary outcome
Primary outcome assessment after randomisation was completed for 117 (100%) patients. We observed no
significant difference between the two randomised groups for the primary outcome of DAOH14: median
(IQR) 9.0 (3–11) DAOH14 in the hydroxychloroquine plus azithromycin group versus 9.0 (7–
10) DAOH14 in the placebo group (p=0.91) (table 2, figure 2).
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Secondary outcomes
At 15 days after randomisation, there was no significant difference between the hydroxychloroquine plus
azithromycin group and the placebo group in COVID outcomes scale score (OR 1.0, 95% CI 0.5–2.2;
p=0.91; figure 3 and supplementary table E6 (appendix 3)). A post hoc analysis of the ordinal outcome at
day 5 was requested by the steering committee after unblinding to provide a time-updated assessment of
clinical status; this analysis also suggested that the two groups were similar (OR 0.9, 95% CI 0.4–1.8;
figure 3 and supplementary table E7 (appendix 3)). In addition, we found no differences between the
groups in the pre-specified subsidiary clinical outcomes (table 2, figure 2). We tested for an interaction
between the trial intervention and symptom duration (<8 days versus ⩾8 days) and found no interaction
(p=0.79).

Adverse event data are presented in table 3 and supplementary table E8 (appendix 3). During follow-up,
one (1.64%) out of 61 patients in the hydroxychloroquine plus azithromycin group and two (3.6%) out of
56 patients in the placebo group had a recorded QTc >500 ms (table 2). Adverse events involving

547 excluded

Not meeting inclusion criteria

 >48 h since admission n=84

 Negative COVID-19 test n=8

Discharged n=33

Moved to another section n=10

Declined to participate n=89

Particpating in another study n=11

Dead before recruitment n=1

Exclusion criteria:

 Use of oxygen >5 L·min–1 at recruitment n=33

 Neurogenic hearing loss n=3

 Psoriasis n=2

 Retinopathy, maculopathy and visual field changes n=17

 Breastfeeding n=1

 Severe liver diseases n=1

 Severe GI, neurological/haematological disorders n=13

 eGFR <45 mL·min–1·1.73 m–2 n=98

 Clinically significant cardiac issues n=14

 Treatment with digoxin n=1

 Severe mental illness which impedes cooperation n=103

 Severe linguistic problems that hinder cooperation n=25

664 assessed for eligibility

117 randomised

Randomisation
61 allocated to hydroxychloroquine or

azithromycin intervention

Received allocated intervention n=61

Did not receive allocated intervention n=0

61 completed intervention

Lost to follow-up n=0

Discontinued intervention n=0

61 analysed

Excluded from analyses n=0

56 allocated to placebo

Received allocated intervention n=56

Did not receive allocated intervention n=0

56 completed intervention

Lost to follow-up n=0

Discontinued intervention n=0

56 analysed

Excluded from analyses n=0

Follow-up

Analysis

Enrolment

FIGURE 1 Consolidated Standards of Reporting of Randomised Trials diagram. COVID-19: coronavirus disease 2019; GI: gastrointestinal; eGFR:
estimated glomerular filtration rate.
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diarrhoea (n=12 versus n=3), nausea (n=11 versus n=6) and dizziness (n=10 versus n=3) were more
frequent in the hydroxychloroquine plus azithromycin patient group than in the placebo group. Conversely,
adverse events involving a prolonged QTc (>470 ms for females and >480 ms for males) were more
frequent in the placebo group (n=4 versus n=7). Only two serious adverse events were reported, both in
the placebo group (supplementary table E8 (appendix 3)).

TABLE 1 Baseline patient demographic and clinical characteristics

All Hydroxychloroquine plus azithromycin Placebo

Patients 117 61 56
Age, years 65 (52–77) 68 (52–80) 63 (52–74)
Male 65 (56) 36 (59) 29 (52)
Race/ethnicity
Caucasian 98 (84) 53 (87) 45 (80)
African (including Afro-American) 1 (1) 0 (0) 1 (2)
Asian 12 (10) 6 (10) 6 (11)
Unknown/other 6 (5) 2 (3) 4 (7)

Body mass index, kg·m–2 27.2 (24.8–32.2) 29.0 (24.9–33.3) 26.8 (24.6–31)
Smoking characteristics
Current smoker 6 (5) 4 (7) 2 (4)
Ex-smoker 48 (41) 29 (48) 19 (34)
Never-smoker 63 (54) 28 (46) 35 (62)
Pack-years (current and ex-smokers), years 20 (8–35) 20 (8–35) 25 (10–35)

Comorbidities
Asthma 26 (22) 12 (20) 14 (25)
COPD 10 (9) 8 (13) 2 (4)
Bronchiectasis 4 (3) 3 (5) 1 (2)
Previous myocardial infarction 6 (5) 3 (5) 3 (5)
Heart failure 8 (7) 5 (8) 3 (5)
Diabetes 28 (24) 17 (15) 11 (9)
Chronic renal insufficiency 8 (7) 5 (8) 3 (5)

Time since symptom onset, days 8 (4–10) 7 (4–10) 8 (5–11)
Use of oxygen therapy 69 (59) 34 (56) 35 (62)
Use of continuous positive airway pressure 23 (20) 12 (20) 11 (20)
Use of noninvasive mechanical ventilation 4 (3) 3 (5) 1 (2)
Infiltrate(s) on chest radiograph 85 (73) 43 (70) 42 (75)
Oxygen use, L·min–1 1 (0–2) 0 (0–2) 1 (0–2)
Clinical findings
Systolic blood pressure, mmHg 125 (115–137) 127 (118–141) 122 (111–134)
Diastolic blood pressure, mmHg 74 (65–82) 76 (68–87) 72 (63–79)
Heart rate, beats·min–1 77 (69–86) 78 (71–89) 74 (68–84)
Oxygen saturation with nasal oxygen, % 95 (94–97) 95 (94–97) 95 (94–97)
Respiratory rate, breaths·min–1 19 (18–20) 19 (18–20) 18 (18–20)
Temperature, °C 37.2 (36.8–37.8) 37.2 (36.8–37.8) 37.2 (36.9–37.7)

Laboratory measurements
Leukocyte count, ×109 cells·L–1 5.9 (4.6–8.0) 5.8 (4.6–7.9) 5.9 (4.5–9.0)
Blood eosinophil count, ×109 cells·L–1 0.01 (0.00–0.04) 0.02 (0.01–0.05) 0.01 (0.00–0.02)
C-reactive protein, mg·L–1 62 (36–130) 58 (37–120) 71 (34–132)
Fibrin D-dimer, mg·L–1 0.60 (0.37–1.20) 0.55 (0.37–1.35) 0.68 (0.36–1.10)
Ferritin, µg·L–1 458 (221–1100) 410 (176–1060) 504 (262–1102)
Lactate dehydrogenase, U·L–1 278 (218–346) 270 (214–342) 278 (233–351)

Arterial blood gas
PCO2

(baseline), mmHg 35.0±6.8 35.9±8.3 34.1±4.9
PO2

(baseline), mmHg 72.8±22.5 72.5±26.0 73.2±18.5
HCO3

– (baseline), mmHg 23.93±3.74 24.39±4.44 23.46±2.86
pH (baseline) 7.46±0.04 7.46±0.04 7.46±0.03

QTc(F) 417 (401–436) 414 (400–436) 420 (404–434)
Remdesivir use 28 (25) 13 (22) 15 (28)
Dexamethasone use 36 (32) 17 (28) 19 (35)

Data are presented as n, median (interquartile range), n (%) or mean±SD. PCO2
: carbon dioxide tension; PO2

: oxygen tension; HCO3
–: bicarbonate;

QTc(F): corrected QT interval.
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Discussion
The ProPAC-COVID trial was stopped at half recruitment based on pre-specified futility criteria after a
recommendation from the DSMB, in agreement with monitoring guidelines. Compared to placebo, the
combination of azithromycin and hydroxychloroquine did not seem to have any effect on the measured
outcomes. The primary outcome, DAOH14, was similar in both arms, as was the ordinal outcome measure
and the rates of death from all causes and readmissions.

Our trial is the first to report on this combination of hydroxychloroquine plus azithromycin administered in
normal recommended doses for 15 days versus placebo. Other trials have reported either a mono-drug
intervention versus placebo or higher doses of hydroxychloroquine plus azithromycin versus one of these
drugs.

One previous trial has reported on a dosing regimen of hydroxychloroquine similar to ours [28], albeit for
a period of 5 days and without azithromycin; that trial was also stopped for futility and reported neutral
results. In our trial, the study participants were generally not severely ill, which was congruent with the
intention and rationale of the trial: to reduce viral replication (hydroxychloroquine) and hyperinflammation
(azithromycin) before organ failure was evident. Some of the reasons that this combination of drugs failed

TABLE 2 Primary and secondary outcomes

Hydroxychloroquine plus azithromycin Placebo p-value

Primary outcome
ITT
DAOH14 9.0 (3.0–11.0) 9.0 (7.0–10.0) 0.90
Adjusted# DAOH14, estimated mean
difference (95% CI)

−0.7 (−2.2–0.8) Ref. 0.36

Modified ITT
DAOH14 9.0 (3.0–11.0) 9.0 (7.0–10.0) 0.94

Per-protocol
DAOH14 10 (9.0–11.0) 10 (7.0–10.0) 0.11

Secondary outcomes
Admitted to ICU 4 (6.6) 3 (5.4) 0.78
Days at ICU or dead within 14 days 14 (9.5–14) 11 (4–14) 0.46
NIV 3 (4.9) 1 (1.8) 0.35
Days on NIV or death <14 days, mean

(95% CI), days
6.7 (–9.1–22.4) 9.0 (NA) 0.78

Mortality at 30 days 1 (1.6) 2 (3.6)
Mortality at 30 days, unadjusted HR (95% CI) 0.5 (0.0–5.0) Ref. 0.52
Mortality at 30 days, adjusted# HR (95% CI) 0.08 (0.001–11.7) Ref. 0.32
Duration of hospitalisation, days 4 (2–8) 4 (3–6) 0.73
Days alive and out of hospital at

30 days
26 (21–28) 26 (23–27) 0.88

Readmission or death within 30 days 9 (7.7) 6 (5.1)
Time to readmission or death

<30 days, HR (95% CI)
1.4 (0.5–3.8) Ref. 0.57

Time to readmission or death
<30 days, adjusted# HR (95% CI)

1.2 (0.3–4.2) Ref. 0.76

Change in pH (day 1–day 4), mean
(95% CI)

0.0 (–0.03–0.01) 0.0 (–0.02–0.01) 0.44

Change in PO2
(day 1–day 4), mean

(95% CI), mmHg
–3.0 (–9.8–3.9) –0.2 (–8.3–7.8) 0.70

Change in PCO2
(day 1–day 4), mean

(95% CI), mmHg
1.7 (–0.7–4.0) 1.4 (–0.4–3.3) 0.86

Time to no oxygen, unadjusted HR (95% CI) 0.8 (0.5–1.5) Ref. 0.52
Time to no oxygen, adjusted# HR (95% CI) 0.4 (0.2–1.0) Ref. 0.04
QTc (F) >500 ms 0 (0) 2 (4.0) 0.23

Data are presented as median (interquartile range) or n (%), unless otherwise stated. ITT: intention to treat;
DAOH14: days alive and out of hospital at 14 days; ICU: intensive care unit; NIV: noninvasive ventilation; HR:
hazard ratio; PO2

: oxygen tension; PCO2
: carbon dioxide tension; QTc: corrected QT interval; NA: not applicable.

#: adjusted for age (per year increase), sex, body mass index (per unit increase), oxygen supply at baseline (yes/
no), pre-existing lung disease (yes/no), diabetes (yes/no), remdesivir (yes/no), QTc across median (yes/no).
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to benefit patients with COVID-19 may include inability of the drugs to penetrate into the airway
epithelium, lower potency in vivo than in vitro and neutralisation of beneficial and harmful effects.

Although we are aware that the trial may have had insufficient power to analyse all the pre-specified
outcome measures, the uniform neutrality of all the analysed outcomes strongly suggests that the
intervention resulted in no benefit or harm. Of special interest, we used the recommended doses of the two
drugs and respected the contraindications of hydroxychloroquine and azithromycin when recruiting
participants, and we did not observe changes in cardiac rhythm nor the QTc(F). Other trials investigating
hydroxychloroquine/chloroquine have reported such changes, but in those trials, substantially higher doses
than are recommended for other indications were used [29, 30].

Our results are consistent with those from other trials investigating the effects of hydroxychloroquine and
azithromycin separately. A possibility of “neutralising” harm from drug toxicity and potential benefits
against COVID-19 exists, although this is not considered to be likely, since we did not observe a higher
incidence of serious adverse effects in the intervention arm. A recent placebo-controlled trial by SELF et al.
[28], investigating the effects of a 5-day treatment course of hydroxychloroquine at a similar dose to our
trial, was also stopped for futility (close to the target sample size) and was neutral with regards to all
outcome measures. In the open-label RECOVERY trial [31], 500 mg of daily azithromycin for 10 days
produced no benefit or harm, which was consistent with results from the COALITION II trial in which an
identical azithromycin regimen was compared to placebo when added to high-dose hydroxychloroquine
(800 mg·day–1). In the COALITION I trial [32], patients with suspected or confirmed COVID-19 were
randomised to open-label treatment with 1) standard care; 2) high-dose hydroxychloroquine for 7 days; or
3) a combination of high-dose hydroxychloroquine (800 mg daily) and high-dose azithromycin (500 mg
daily) for 7 days. The results were neutral on all outcomes, except for QTc, which was significantly longer
in the two actively treated groups. Taken together, all the trials that tested hydroxychloroquine versus
standard care, azithromycin versus standard care or azithromycin plus hydroxychloroquine have produced
neutral results, except with regard to the QTc, which has been somewhat higher in patients who received
high-dose hydroxychloroquine/chloroquine. Trial patients who received normal recommended doses of
hydroxychloroquine/chloroquine did not exhibit prolonged QTc values.

One strength of the present study is that all enrolled patients had RT-PCR-confirmed COVID-19; in other
trials exploring these drugs, patients with suspected but not necessarily confirmed COVID-19 were
enrolled [29, 31, 32]. Additionally, the double-blind and placebo-controlled design is an important
strength, especially when comparing outcomes such as the ordinal outcome and length of hospitalisation,
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which are heavily influenced by physician decisions. The discontinuation of the present study before full
recruitment may be considered a limitation. However, we did use a relatively sensitive primary outcome.
For the current study with admitted patients with lower respiratory tract infection, the standard deviation is
3.5–4.0 [23, 33]. Using this, and setting the detection limit at 1.5 days’ change (both ways) in DAOH, we
reached the sample size, the trial was planned for. It can be discussed whether 1.5 days’ change is
sensitive enough; however, the study group decided that if DAOH could not change by ⩾1.5 days, we
would consider the effect to be of limited clinical value. At the time of trial termination, the chance of
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FIGURE 3 Clinical status (coronavirus disease 2019 outcomes scale category) on a) day 5 and b) day 15. ECMO: extracorporeal membrane
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TABLE 3 Adverse events

All adverse
events

Hydroxychloroquine and
azithromycin

Placebo

Cardiac disorders
Prolonged QTc 11 4 7
Chest pain 7 3 4

Gastrointestinal disorders
Diarrhoea 15 12 3
Vomiting 4 2 2
Nausea 17 11 6
Abdominal pain 14 7 7

Nervous system and psychiatric disorders
Headache 8 3 5
Dizziness 13 10 3

Respiratory, thoracic and mediastinal
disorders
Bronchospasm 5 3 2

Skin and subcutaneous tissue disorders
Itching 3 3 0
Rash

Vascular disorders
Bleeding 2 2 0

Any serious adverse events 2 0 2

Data are presented as n. QTc: corrected QT interval.
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crossing a boundary of efficacy or harm was very low and when considered in the context of the evidence
currently available, it seems unlikely that further recruitment would have demonstrated any effect. As the
median time from onset of symptoms was 8 days, the study intervention could potentially have an effect if
administered earlier in the course of the disease. However, this has not been studied in other trials. Our
trial cannot answer this question directly; however, such an effect in patients with a shorter duration of
symptoms seems unlikely, as this had no effect on our results since there was no interaction between the
study intervention and symptom duration regarding the primary outcome. Thus, we conclude that our trial
results were neutral. The combination of azithromycin and hydroxychloroquine did not increase the
likelihood of survival or discharge from hospital of patients with COVID-19. This conclusion is consistent
with recent European Respiratory Society COVID-19 guidelines [34], which reported no clinical benefits
associated with using hydroxychloroquine and/or azithromycin to treat patients hospitalised with
COVID-19 (in the absence of bacterial infection).
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