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Medical Advisory Committee Monthly Meeting
Tuesday, February 23, 2021 @6:30 p.m.
s AGENDA

Meeting called to order @ 6:30 p.m. Joseph Cervia, MD

Review of Minutes from last meeting All Committee Members
(January 26, 2021)

Avrticles for Review:
1. Antibody Status and Incidence of SARS-CoV-2 Infection
in Health Care Workers Joseph Cervia, MD

2. The NEW ENGLAND JOURNAL OF MEDICINE
Repurposed Antiviral Drugs for Covid-19-Interim WHO
Solidarity Trial Results Joseph Cervia, MD

3. Azithromycin in patients admitted to hospital with COVID-19
(RECOVERY): a randomized, controlled, open-label, platform
Trial Early High-Titer Plasma Therapy to Prevent Severe

Covid-19 in Older Adults Joseph Cervia, MD
Discussion All Committee Members
Next Meeting: Tuesday, March 23, 2021 @ 6:30 p.m. Joseph Cervia, MD
Adjourned: Meeting will be adjourned at 7:30 p.m. Joseph Cervia, MD

501 Franklin Ave, Suite 300
Garden City, NY 11530
1-888-746-2200




L" HealthCare Partners, IPA
‘ HealthCare Partners, Management Services Organization

HealthCare Partner Management Services Organization
Medical Advisory Committee meeting
Tuesday, January 21, 2020

PRESENT: Joseph Cervia, MD; Donald Claxon, MD; Peggy McCoy, Executive Assistant; Lisa Boodram, Pharm.D, VP.;
Roger Boykin, MD; Roman Urbanczyk, MD; Edward Zamecki, MD, HNYMPC; Lorraine Marin, MD; Oncology;
Kauser Yasmeen, MD; Noel Brown, MD, Senior VP ; Nancy Klotz, MD, HNYMPC, CMO

EXCUSED: Asif Rehman, MD; Robert LoNigro, MD, President; Sandra M. Mitchell, RN, VP Medical Mgmt.; Wesner Moise, MD.;
Joseph Padula, MD; James Di Maio, MD;

FINDINGS / DISCUSSION / FOLLDW:
AGENDA UP/
RESPONSIBLE PARTY
ITEM CONCLUSIONS / RECOMMENDATIONS RELLON TARGET
DATE
Call to Order The January 26, 2021 Medlcal Advisory Committee meeting N/A Joseph Cervia, MD N/A
EEE— was called to order at 6:40 p.m.
Approval of The Minutes from the December 15, 2020 were reviewed and _
Minutes from approved as presented. Approved as Presented. Joseph Cervia, MD N/A
last meeting
Open Issues N/A N/A Joseph Cervia, MD. N/A
Articles 1. Safety and efficacy of the BNT126b2b2mRNA Discussion with Committee Joseph Cervia, MD N/A
Covid 19 Vaccine — Pfizer
Members
e Safety: Vaccine recipients had local reactions
(pain, erythema, swelling) and systemic
reactions (e.g. fever, headache, myalgias) at
higher rates than placebo recipients, with more
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FOLLOW-
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reactions following the second dose. Most were
mild to moderate and resolved rapidly.

Efficacy: The vaccine showed some early
protection 12 days after the first dose; 7 days
after the second dose, 95% efficacy was
observed.

Conclusions: Two doses of an mRNA-based
vaccine were safe over a median of two months
and provided 95% protection against
symptomatic Covid-19 in persons 16 years of
age or older.

In this article there was a chart and graph which were
discussed as well.

2. Efficacy and Safety of MRNA-1273 SARS-CoV=
Vaccine — Moderna

Safety: Vaccine recipients had higher rates of
local reactions (e.g., pain, erythema, swelling)
and systemic reactions (e.g., headaches, fatigue,
myalgia) than placebo recipients than among
placebo recipients. Most reactions were mild to
moderate and resolved over 1-3 days.

Efficacy: The incidence of Covid-19 was lower
among vaccine recipients as early as 14 days
after the first dose. Protection in the vaccine
group persisted for the period of follow-up.

Conclusions: Two doses of a SARS-CoV-2
mRNA-based vaccine were safe and provided
94% efficacy against symptomatic Covid-19 in
persons 18 or older.

Discussion with Committee
Members

Joseph Cervia, MD

N/A
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FINDINGS / DISCUSSION / FOLLOW
AGENDA UP/
RESPONSIBLE PARTY
ITEM CONCLUSIONS / RECOMMENDATIONS HELTLON Tgiﬁ?
In this article there were charts and graphs that were
discussed.
Articles - cont’d 3. Early High-Titer Plasma Therapy to Prevent . . . . .
' Discussion with Committee Joseph Cervia, MD N/A

Severe Covid-19 in Older Adults

Therapies to interrupt the progression of early
coronavirus disease 2019 (Covid-19) remain
elusive. Among them, convalescent plasma
administered to hospitalized patients has been
unsuccessful, perhaps because antibodies should
be administered earlier in the course of illness.

Methods: We conducted a randomized, double-
blind, placebo-controlled trial of convalescent
plasma with high IgG titers against severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) in older adult patients within 72 hours
after the onset of mild Covid-19 symptoms. The
primary end point was severe respiratory disease,
defined as a respiratory rate of 30 breaths per
minute or more, an oxygen saturation of less than
93% while the patient was breathing ambient air,
or both. The trial was stopped early at 76% of its
projected sample size because cases of Covid-19
in the trial region decreased considerably and
steady enrollment of trial patients became
virtually impossible.

Results: A total of 160 patients underwent
randomization. In the intention-to-treat
population, severe respiratory disease developed
in 13 of 80 patients (16%) who received
convalescent plasma and 25 of 80 patients (31%)
who received placebo (relative risk, 0.52; 95%
confidence interval [CI1], 0.29 to 0.94; P = 0.03),

Members
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FOLLOW-
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ITEM CONCLUSIONS / RECOMMENDATIONS ACTION Tg§$ET

with a relative risk reduction of 48%. A modified
intention-to-treat analysis that excluded 6
patients who had a primary end-point event
before infusion of convalescent plasma or
placebo showed a larger effect size (relative risk,
0.40; 95% ClI, 0.20 to 0.81). No solicited adverse
events were observed.

e CONCLUSIONS: Early administration of high-
titer convalescent plasma against SARS-CoV-2
to mildly ill infected older adults reduced the
progression of Covid-19.

In this article there were charts and graphs which were
discussed as well.

Presentation Breakthrough of the Year 2020 — Science Magazine Discussion with Committee Joseph Cervia, MD N/A

e The Covid 19 vaccine has been recognized as the Members
breakthrough of the year. Very interesting article in
Science magazine that Dr. Joseph Cervia highly
recommends.

. The next Medical Advisory Committee meeting will be held
Next Meeting on Tuesday, February 23, 2020 @6:30 p.m. N/A N/A N/A

Adjournment The meeting was adjourned at 7:40 p.m. N/A Joseph Cervia, MD. N/A

Joseph Cervia, MD Date — 02/23/2021
Medical Director Reviewer, Medical Advisory
Committee Chair
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ORIGINAL ARTICLE

Antibody Status and Incidence of SARS-CoV-2
Infection in Health Care Workers

S.F. Lumley, D. O’Donnell, N.E. Stoesser, P.C. Matthews, A. Howarth, S.B. Hatch,
B.D. Marsden, S. Cox, T. James, F. Warren, L.J. Peck, T.G. Ritter, Z. de Toledo,
L. Warren, D. Axten, R.J. Cornall, E.Y. Jones, D.I. Stuart, G. Screaton, D. Ebner,

S. Hoosdally, M. Chand, D.W. Crook, A.-M. O’Donnell, C.P. Conlon,
K.B. Pouwels, A.S. Walker, T.E.A. Peto, S. Hopkins, T.M. Walker, K. Jeffery,
and D.W. Eyre, for the Oxford University Hospitals Staff Testing Group*

ABSTRACT

BACKGROUND
The relationship between the presence of antibodies to severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and the risk of subsequent reinfection remains
unclear.

METHODS

We investigated the incidence of SARS-CoV-2 infection confirmed by polymerase
chain reaction (PCR) in seropositive and seronegative health care workers attend-
ing testing of asymptomatic and symptomatic staff at Oxford University Hospitals
in the United Kingdom. Baseline antibody status was determined by anti-spike
(primary analysis) and anti-nucleocapsid IgG assays, and staff members were fol-
lowed for up to 31 weeks. We estimated the relative incidence of PCR-positive test
results and new symptomatic infection according to antibody status, adjusting for
age, participant-reported gender, and changes in incidence over time.

RESULTS

A total of 12,541 health care workers participated and had anti-spike IgG mea-
sured; 11,364 were followed up after negative antibody results and 1265 after
positive results, including 88 in whom seroconversion occurred during follow-up.
A total of 223 anti-spike—seronegative health care workers had a positive PCR test
(1.09 per 10,000 days at risk), 100 during screening while they were asymptomatic
and 123 while symptomatic, whereas 2 anti-spike—seropositive health care workers
had a positive PCR test (0.13 per 10,000 days at risk), and both workers were asymp-
tomatic when tested (adjusted incidence rate ratio, 0.11; 95% confidence interval,
0.03 to 0.44; P=0.002). There were no symptomatic infections in workers with
anti-spike antibodies. Rate ratios were similar when the anti-nucleocapsid IgG assay
was used alone or in combination with the anti-spike IgG assay to determine base-
line status.

CONCLUSIONS
The presence of anti-spike or anti-nucleocapsid IgG antibodies was associated with
a substantially reduced risk of SARS-CoV-2 reinfection in the ensuing 6 months.
(Funded by the U.K. Government Department of Health and Social Care and others.)

N ENGL J MED 384;6 NEJM.ORG FEBRUARY 11, 2021

The New England Journal of Medicine

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr.
Eyre at the Microbiology Department,
John Radcliffe Hospital, Headley Way,
Oxford OX3 9DU, United Kingdom, or at
david.eyre@bdi.ox.ac.uk.

*A complete list of members of the Ox-
ford University Hospitals Staff Testing
Group is provided in the Supplemen-
tary Appendix, available at NEJM.org.

This article was published on December
23,2020, at NEJM.org.
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DOI: 10.1056/NEJMoa2034545
Copyright © 2020 Massachusetts Medical Society.
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The NEW ENGLAND JOURNAL of MEDICINE

EVERE ACUTE RESPIRATORY SYNDROME

coronavirus 2 (SARS-CoV-2) infection pro-

duces detectable immune responses in most
cases reported to date; however, the extent to
which previously infected people are protected
from a second infection is uncertain. Understand-
ing whether postinfection immunity exists, how
long it lasts, and the degree to which it may pre-
vent symptomatic reinfection or reduce its sever-
ity has major implications for the SARS-CoV-2
pandemic.

Postinfection immunity may be conferred by
humoral and cell-mediated immune responses.
Key considerations when investigating postinfec-
tion immunity include identifying functional cor-
relates of protection, identifying measurable sur-
rogate markers, and defining end points, such as
prevention of disease, hospitalization, death, or
onward transmission.!

The assay-dependent antibody dynamics of
SARS-CoV-2 anti-spike and anti-nucleocapsid anti-
bodies are being defined.>® Neutralizing antibod-
ies against the spike protein receptor-binding
domain may provide some postinfection immu-
nity. However, the association between antibody
titers and plasma neutralizing activity is assay-
and time-dependent.’*°

Evidence for postinfection immunity is emerg-
ing. Despite more than 76 million people infected
worldwide and widespread ongoing transmission,
reported reinfections with SARS-CoV-2 have been
rare, occurring mostly after mild or asymptom-
atic primary infection,”?° which suggests that
SARS-CoV-2 infection provides some immunity
against reinfection in most people. In addition,
small-scale reports suggest that neutralizing anti-
bodies may be associated with protection against
infection.” We performed a prospective longitu-
dinal cohort study of health care workers to as-
sess the relative incidence of subsequent positive
SARS-CoV-2 polymerase-chain-reaction (PCR) tests
and symptomatic infections in health care work-
ers who were seropositive for SARS-CoV-2 anti-
bodies and in those who were seronegative.

METHODS

COHORT
Oxford University Hospitals offer SARS-CoV-2 test-
ing to all symptomatic and asymptomatic staff
working at four teaching hospitals in Oxfordshire,
United Kingdom. SARS-CoV-2 PCR testing of com-

N ENGL ) MED 3846
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bined nasal and oropharyngeal swab specimens
for symptomatic staff (those with new persis-
tent cough, temperature >37.8°C, or anosmia or
ageusia) was offered beginning on March 27, 2020.
Asymptomatic health care workers were invited
to participate in voluntary nasal and oropharyn-
geal swab PCR testing every 2 weeks and sero-
logic testing every 2 months (with some partici-
pating more frequently for related studies)
beginning on April 23, 2020, as previously de-
scribed.>? Staff were followed until November 30,
2020. Deidentified data were obtained from the
Infections in Oxfordshire Research Database,
which has generic research ethics committee,
Health Research Authority, and Confidentiality
Advisory Group approvals.

LABORATORY ASSAYS

Serologic investigations were performed with use
of an anti-trimeric spike IgG enzyme-linked im-
munosorbent assay (ELISA), developed by the Uni-
versity of Oxford,”* and an anti-nucleocapsid IgG
assay (Abbott). See the Supplementary Appendix,
available with the full text of this article at NEJM
.org, for details on the assays and PCR tests.

STATISTICAL ANALYSIS

We classified health care workers according to
their baseline antibody status. Those with only
negative antibody assays were considered to be
at risk for infection from their first antibody as-
say until either the end of the study or their first
PCR-positive test, whichever occurred earlier.
Those with a positive antibody assay were con-
sidered to be at risk for infection (or reinfection)
from 60 days after their first positive antibody
result to either the end of the study or their next
PCR-positive test, whichever occurred earlier, ir-
respective of subsequent seroreversion (i.e., any
negative antibody assay occurring later). The
60-day window was prespecified to exclude per-
sistence of PCR-positive RNA after the index
infection that led to seroconversion, on the basis
of earlier reports of RNA persistence for 6 weeks
or more.?>?>?¢ Similarly, we considered only PCR-
positive tests occurring at least 60 days after the
previous PCR-positive test.

We used Poisson regression to model the in-
cidence of PCR-positive infection per at-risk day
according to baseline antibody status, adjusting for
incidence over time, age, and participant-reported
gender. Primary analyses used anti-spike IgG as-
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ANTIBODY STATUS AND SARS-COV-2 IN HEALTH CARE WORKERS

say results, which were expected before the start
of the study to be more closely related to neutral-
izing activity and protection from infection.”* We
also investigated anti-nucleocapsid antibody as-
say results and a combined model with three base-
line antibody statuses (both assays negative, both
positive, or only one positive). Sensitivity analyses
investigated the effect of different asymptomatic
testing rates according to antibody status and dif-
ferent follow-up windows (see the Supplementary
Appendix).

RESULTS

BASELINE ANTI-SPIKE IGG ASSAYS
AND PCR TESTING RATES
A total of 12,541 health care workers underwent
measurement of baseline anti-spike antibodies;
11,364 (90.6%) were seronegative and 1177 (9.4%)
seropositive at their first anti-spike IgG assay,
and seroconversion occurred in 88 workers dur-
ing the study (Table 1, and Fig. S1A in the Sup-
plementary Appendix). Of 1265 seropositive health
care workers, 864 (68%) recalled having had symp-
toms consistent with those of coronavirus disease
2019 (Covid-19), including symptoms that pre-
ceded the widespread availability of PCR testing
for SARS-CoV-2; 466 (37%) had had a previous
PCR-confirmed SARS-CoV-2 infection, of which
262 were symptomatic. Fewer seronegative health
care workers (2860 [25% of the 11,364 who were
seronegative]) reported prebaseline symptoms,
and 24 (all symptomatic, 0.2%) were previously
PCR-positive. The median age of seronegative
and seropositive health care workers was 38 years
(interquartile range, 29 to 49). Health care work-
ers were followed for a median of 200 days (inter-
quartile range, 180 to 207) after a negative anti-
body test and for 139 days at risk (interquartile
range, 117 to 147) after a positive antibody test.
Rates of symptomatic PCR testing were sim-
ilar in seronegative and seropositive health care
workers: 8.7 and 8.0 tests per 10,000 days at
risk, respectively (rate ratio, 0.92; 95% confi-
dence interval [CI], 0.77 to 1.10). A total of 8850
health care workers had at least one postbase-
line asymptomatic screening test; seronegative
health care workers attended asymptomatic
screening more frequently than seropositive health
care workers (141 vs. 108 per 10,000 days at
risk, respectively; rate ratio, 0.76; 95% CI, 0.73
to 0.80).

INCIDENCE OF PCR-POSITIVE RESULTS ACCORDING
TO BASELINE ANTI-SPIKE IGG STATUS

Positive baseline anti-spike antibody assays were
associated with lower rates of PCR-positive tests.
Of 11,364 health care workers with a negative
anti-spike IgG assay, 223 had a positive PCR test
(1.09 per 10,000 days at risk), 100 during asymp-
tomatic screening and 123 while symptomatic.
Of 1265 health care workers with a positive anti-
spike IgG assay, 2 had a positive PCR test (0.13 per
10,000 days at risk), and both workers were asymp-
tomatic when tested. The incidence rate ratio for
positive PCR tests in seropositive workers was 0.12
(95% CI, 0.03 to 0.47; P=0.002). The incidence of
PCR-confirmed symptomatic infection in sero-
negative health care workers was 0.60 per 10,000
days at risk, whereas there were no confirmed
symptomatic infections in seropositive health
care workers. No PCR-positive results occurred
in 24 seronegative, previously PCR-positive health
care workers; seroconversion occurred in 5 of
these workers during follow-up.

Incidence varied by calendar time (Fig. 1),
reflecting the first (March through April) and
second (October and November) waves of the
pandemic in the United Kingdom, and was con-
sistently higher in seronegative health care work-
ers. After adjustment for age, gender, and month
of testing (Table S1) or calendar time as a con-
tinuous variable (Fig. S2), the incidence rate ratio
in seropositive workers was 0.11 (95% CI, 0.03 to
0.44; P=0.002). Results were similar in analyses
in which follow-up of both seronegative and sero-
positive workers began 60 days after baseline
serologic assay; with a 90-day window after
positive serologic assay or PCR testing; and after
random removal of PCR results for seronegative
health care workers to match asymptomatic test-
ing rates in seropositive health care workers
(Tables S2 through S4). The incidence of positive
PCR tests was inversely associated with anti-spike
antibody titers, including titers below the posi-
tive threshold (P<0.001 for trend) (Fig. S3A).

ANTI-NUCLEOCAPSID IGG STATUS

With anti-nucleocapsid IgG used as a marker for
prior infection in 12,666 health care workers
(Fig. S1B and Table S5), 226 of 11,543 (1.10 per
10,000 days at risk) seronegative health care work-
ers tested PCR-positive, as compared with 2 of
1172 (0.13 per 10,000 days at risk) antibody-posi-
tive health care workers (incidence rate ratio ad-

N ENGL J MED 384;6 NEJM.ORG FEBRUARY 11, 2021
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Table 1. Demographic Characteristics and SARS-CoV-2 PCR Testing for 12,541 Health Care Workers According to SARS-CoV-2 Anti-Spike

1gG Status.*
Anti-Spike Seronegative Anti-Spike Seronegative Anti-Spike
at Baseline and at Baseline, Converting Seropositive
throughout Follow-Up to Seropositiver at Baseline
Characteristic (N=11,276) (N=88) (N=1177)
Age —yr
Median (IQR) 38 (29-49) 41 (28-49) 38 (29-49)
Range 16-86 21-67 17-69
Gender — no. (%)
Female 8360 (74.1) 68 (77) 835 (70.9)
Male 2900 (25.7) 20 (23) 339 (28.8)
Other 16 (0.1) 3(03)
Race or ethnic group — no. (%)§
White 8313 (73.7) 58 (66) 703 (59.7)
Asian 1719 (15.2) 20 (23) 287 (24.4)
Black 425 (3.8) 4(5) 81 (6.9)
Chinese 121 (1.1) 0 9 (0.8)
Other 698 (6.2) 6 (7) 97 (8.2)
Role — no. (%)
Nurse or health care assistant 3930 (34.9) 43 (49) 555 (47.2)
Physician 1671 (14.8) 4(5) 184 (15.6)
Administrative staff 1452 (12.9) 10 (11) 95 (8.1)
Medical or nursing student 578 (5.1) 6(7) 36 (3.1)
Laboratory staff 413 (3.7) 3 (3) 36 (3.1)
Physical, occupational or speech therapist 342 (3.0) 7(8) 37 (3.1)
Porter or domestic worker 319 (2.8) 0 58 (4.9)
Security, estates, or catering staff 245 (2.2) 3(3) 23 (2.0)
Other 2326 (20.6) 12 (14) 153 (13.0)
Symptoms resembling Covid-19 between February 1, 2826 (25.1) 34 (39)9 810 (68.8)
2020, and baseline serologic assay — no. (%)
=1 PCR test for symptoms before baseline — no. (%) 857 (7.6) 10 (11) 358 (30.4)
=1 Positive PCR test with symptoms before baseline — 19 (0.2) 5 (6) 239 (20.3)
no. (%)
Person-days of follow-up 2,036,358 7121 (while seronegative) 152,983
5076 (while seropositive)
Positive PCR during follow-up — no.
Total 197 26| 2
Symptomatic 106 17 0
Asymptomatic 91 9 2

* Percentages may not total 100 because of rounding. Covid-19 denotes coronavirus disease 2019, IQR interquartile range, and PCR poly-
merase chain reaction.

T Those in whom seroconversion occurred were included in the analysis twice, once while they were at risk for infection and antibody-negative
and then subsequently while they were antibody-positive and at risk for reinfection.

1 Gender was reported by the participants. “Other” includes transgender and nondisclosed gender; the categories were combined owing to
small numbers.

§ Race and ethnic group were reported by the participants.

9§ Twenty additional health care workers in whom seroconversion occurred reported symptoms between baseline testing and seroconversion.

| All PCR-positive results in workers with seroconversion occurred while they were in the seronegative follow-up group. A single health care
worker in whom seroconversion occurred first tested PCR-positive while asymptomatic, and is recorded in the asymptomatic category, but
also had a further PCR-positive result when symptomatic 8 days later.
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justed for calendar time, age, and gender, 0.11;
95% CI, 0.03 to 0.45; P=0.002) (Table SG6). The
incidence of PCR-positive results fell with increas-
ing anti-nucleocapsid antibody titers (P<0.001
for trend) (Fig. S3B).

A total of 12,479 health care workers had both
anti-spike and anti-nucleocapsid baseline results
(Fig. S1C and Tables S7 and S8); 218 of 11,182
workers (1.08 per 10,000 days at risk) with both
immunoassays negative had subsequent PCR-pos-
itive tests, as compared with 1 of 1021 workers
(0.07 per 10,000 days at risk) with both baseline
assays positive (incidence rate ratio, 0.06; 95% CI,
0.01 to 0.46) and 2 of 344 workers (0.49 per 10,000
days at risk) with mixed antibody assay results
(incidence rate ratio, 0.42; 95% CI, 0.10 to 1.69).

SEROPOSITIVE HEALTH CARE WORKERS

WITH PCR-POSITIVE RESULTS

Three seropositive health care workers subsequent-
ly had PCR-positive tests for SARS-CoV-2 infection
(one with anti-spike IgG only, one with anti-
nucleocapsid IgG only, and one with both anti-
bodies). The time between initial symptoms or
seropositivity and subsequent positive PCR testing
ranged from 160 to 199 days. Information on the
workers’ clinical histories and on PCR and sero-
logic testing results is shown in Table 2 and
Figure S4.

Only the health care worker with both anti-
bodies had a history of PCR-confirmed symptom-
atic infection that preceded serologic testing; af-
ter five negative PCR tests, this worker had one
positive PCR test (low viral load: cycle number,
21 [approximate equivalent cycle threshold, 31])
at day 190 after infection while the worker was
asymptomatic, with subsequent negative PCR tests
2 and 4 days later and no subsequent rise in
antibody titers. If this worker’s single PCR-posi-
tive result was a false positive, the incidence rate
ratio for PCR positivity if anti-spike IgG—sero-
positive would fall to 0.05 (95% CI, 0.01 to 0.39)
and if anti-nucleocapsid IgG—seropositive would
fall to 0.06 (95% CI, 0.01 to 0.40).

A fourth dual-seropositive health care worker
had a PCR-positive test 231 days after the worker’s
index symptomatic infection, but retesting of the
worker’s sample was negative twice, which sug-
gests a laboratory error in the original PCR re-
sult. Subsequent serologic assays showed waning
anti-nucleocapsid and stable anti-spike antibodies.

N ENGL ) MED 384;6 NEJM.ORG
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P 34 Antibody Status
B —— Negative
2 E Positive
v ®©
)
Sg
S
£
s 5 15 Adjusted
S o Incidence RR, 0.11
z (95% Cl, 0.03-0.44)
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April-June  July Aug. Sept. Oct. Nov.
2020 2020 2020 2020 2020 2020
Days at Risk
Seronegative 456,963 307,508 316,141 312,027 332,704 329,469
Seropositive 316 19,474 31,601 34,011 36,824 37,098

Figure 1. Observed Incidence of SARS-CoV-2-Positive PCR Results
According to Baseline Anti-Spike IgG Antibody Status.

The incidence of polymerase-chain-reaction (PCR) tests that were positive
for SARS-CoV-2 infection during the period from April through November
2020 is shown per 10,000 days at risk among health care workers according
to their antibody status at baseline. In seronegative health care workers,
1775 PCR tests (8.7 per 10,000 days at risk) were undertaken in symptom-
atic persons and 28,878 (141 per 10,000 days at risk) in asymptomatic per-
sons; in seropositive health care workers, 126 (8.0 per 10,000 days at risk)
were undertaken in symptomatic persons and 1704 (108 per 10,000 days
at risk) in asymptomatic persons. RR denotes rate ratio.

DISCUSSION

In this longitudinal cohort study, the presence of
anti-spike antibodies was associated with a sub-
stantially reduced risk of PCR-confirmed SARS-
CoV-2 infection over 31 weeks of follow-up. No
symptomatic infections and only two PCR-positive
results in asymptomatic health care workers were
seen in those with anti-spike antibodies, which
suggests that previous infection resulting in anti-
bodies to SARS-CoV-2 is associated with protec-
tion from reinfection for most people for at least
6 months. Evidence of postinfection immunity
was also seen when anti-nucleocapsid IgG or the
combination of anti-nucleocapsid and anti-spike
IgG was used as a marker of previous infection.

The incidence of SARS-CoV-2 infection was
inversely associated with baseline anti-spike and
anti-nucleocapsid antibody titers, including titers
below the positive threshold for both assays, such
that workers with high “negative” titers were rela-
tively protected from infection. In addition to the
24 seronegative health care workers with a previ-
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Table 2. Demographic, Clinical, and Laboratory Characteristics of Health Care Workers with Possible SARS-CoV-2 Reinfection.

No. of Days

Follow-up Serologic

Timing of PCR, Ct Value,
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ous positive PCR test, it is likely that other health
care workers with baseline titers below assay
thresholds, which were set to ensure high speci-
ficity,”® had been previously infected with SARS-
CoV-2 and had low peak postinfection titers or
rising or waning responses at testing.’

Two of the three seropositive health care
workers who had subsequent PCR-positive tests
had discordant baseline antibody results, a find-
ing that highlights the imperfect nature of anti-
body assays as markers of previous infection.
Neither worker had a PCR-confirmed primary
SARS-CoV-2 infection. Subsequent symptomatic
infection developed in one worker, and both
workers had subsequent dual antibody serocon-
version. It is plausible that one or both had false
positive baseline antibody results (e.g., from im-
munoassay interference®). The health care work-
er in whom both anti-spike and anti-nucleocap-
sid antibodies were detected had previously had
PCR-confirmed SARS-CoV-2 infection; the sub-
sequent PCR-positive result with a low viral load
was not confirmed on repeat testing and was not
associated with a change in IgG response. These
results could be consistent with a reexposure to
SARS-CoV-2 that did not lead to symptoms but
could also plausibly have arisen from undetected
laboratory error; although contemporaneous re-
testing of the PCR-positive sample was not un-
dertaken, samples tested 2 and 4 days later were
both negative. If the PCR-positive result is incor-
rect, the incidence rate ratio for PCR positivity if
anti-spike IgG-seropositive would fall to 0.05.
We detected and did not include in our analysis
a presumed false positive PCR test in a fourth
seropositive health care worker.

Owing to the low number of reinfections in
seropositive health care workers, we cannot say
whether past seroconversion or current antibody
levels determine protection from infection or de-
fine which characteristics are associated with
reinfection. Similarly, we cannot say whether
protection is conferred through the antibodies
we measured or through T-cell immunity, which
we did not assess. It was not possible to use se-
quencing to compare primary and subsequent
infections, since only one of the three seropositive
health care workers with a subsequent PCR-posi-
tive test had PCR-confirmed primary infection
and that worker’s original sample was not stored.
Our study was relatively short, with up to 31
weeks of follow-up. Ongoing follow-up is needed
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in this and other cohorts, including the use of
markers of both humoral and cellular immunity
to SARS-CoV-2, to assess the magnitude and du-
ration of protection from reinfection, symptom-
atic disease, and hospitalization or death and the
effect of protection on transmission.

Health care workers were enrolled in a volun-
tary testing program with a flexible follow-up
schedule, which led to different attendance fre-
quencies. Although health care workers were
offered asymptomatic PCR testing every 2 weeks,
the workers attended less frequently than that
(mean, once every 10 to 13 weeks). Therefore,
asymptomatic infection is likely to have been
underascertained. In addition, as staff were told
their antibody results, “outcome ascertainment
bias” occurred, with seropositive staff attending
asymptomatic screening less frequently. However,
a sensitivity analysis suggests that the differing
attendance rates did not substantially alter our
findings. Staff were told to follow guidance on
social distancing and use of personal protective
equipment and to attend testing if Covid-19 symp-
toms developed, even if the worker had been
previously PCR- or antibody-positive. This is re-
flected in the similar rates of testing of symptom-
atic seropositive and seronegative health care
workers.

Some health care workers were lost to follow-
up after terminating employment at our hospi-
tals; this was likely to have occurred at similar
rates in seropositive and seronegative staff. Not
all PCR-positive results from government symp-
tomatic testing sites were communicated to the
hospital. This is a study of predominantly healthy
adult health care workers 65 years of age or young-
er; further studies are needed to assess postinfec-
tion immunity in other populations, including
children, older adults, and persons with coexist-
ing conditions, including immunosuppression.

In this study, we found a substantially lower
risk of reinfection with SARS-CoV-2 in the short
term among health care workers with anti-spike
antibodies and those with anti-nucleocapsid
antibodies than among those who were sero-
negative.
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WHO Solidarity Trial Consortium*

ABSTRACT

BACKGROUND

World Health Organization expert groups recommended mortality trials of four
repurposed antiviral drugs — remdesivir, hydroxychloroquine, lopinavir, and inter-
feron beta-1a — in patients hospitalized with coronavirus disease 2019 (Covid-19).

METHODS

We randomly assigned inpatients with Covid-19 equally between one of the trial
drug regimens that was locally available and open control (up to five options, four
active and the local standard of care). The intention-to-treat primary analyses ex-
amined in-hospital mortality in the four pairwise comparisons of each trial drug
and its control (drug available but patient assigned to the same care without that
drug). Rate ratios for death were calculated with stratification according to age
and status regarding mechanical ventilation at trial entry.

RESULTS
At 405 hospitals in 30 countries, 11,330 adults underwent randomization; 2750
were assigned to receive remdesivir, 954 to hydroxychloroquine, 1411 to lopinavir
(without interferon), 2063 to interferon (including 651 to interferon plus lopinavir),
and 4088 to no trial drug. Adherence was 94 to 96% midway through treatment,
with 2 to 6% crossover. In total, 1253 deaths were reported (median day of death,
day 8; interquartile range, 4 to 14). The Kaplan—Meier 28-day mortality was 11.8%
(39.0% if the patient was already receiving ventilation at randomization and 9.5%
otherwise). Death occurred in 301 of 2743 patients receiving remdesivir and in 303
of 2708 receiving its control (rate ratio, 0.95; 95% confidence interval [CI], 0.81 to
1.11; P=0.50), in 104 of 947 patients receiving hydroxychloroquine and in 84 of
906 receiving its control (rate ratio, 1.19; 95% CI, 0.89 to 1.59; P=0.23), in 148 of
1399 patients receiving lopinavir and in 146 of 1372 receiving its control (rate ratio,
1.00; 95% CI, 0.79 to 1.25; P=0.97), and in 243 of 2050 patients receiving inter-
feron and in 216 of 2050 receiving its control (rate ratio, 1.16; 95% CI, 0.96 to 1.39;
P=0.11). No drug definitely reduced mortality, overall or in any subgroup, or re-
duced initiation of ventilation or hospitalization duration.

CONCLUSIONS
These remdesivir, hydroxychloroquine, lopinavir, and interferon regimens had little
or no effect on hospitalized patients with Covid-19, as indicated by overall mortal-
ity, initiation of ventilation, and duration of hospital stay. (Funded by the World
Health Organization; ISRCTN Registry number, ISRCTN83971151; ClinicalTrials.gov
number, NCT04315948.)
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N FEBRUARY 2020, AWORLD HEALTH ORGA-

nization (WHO) research forum on corona-

virus disease 2019 (Covid-19) recommended
evaluation of treatments in large, randomized
trials,! and other WHO expert groups identified
four repurposed antiviral drugs that might have
at least a moderate effect on mortality: remdesivir,
hydroxychloroquine, lopinavir, and interferon
beta-1a.?> In March 2020, the WHO began a large,
simple, international, open-label, randomized trial
involving hospital inpatients to evaluate the ef-
fects of these four drugs on in-hospital mortality.
The trial was adaptive; unpromising drugs could
be dropped and others added. Hydroxychloro-
quine, lopinavir, and interferon were eventually
dropped from the trial, but others, such as mono-
clonal antibodies, will be added. We report interim
results for the original four drugs.

METHODS

TRIAL DESIGN
The protocol, which was published previously’ and
is available with the full text of this article at
NEJM.org, was designed to involve hundreds of
hospitals in dozens of countries. Trial procedures
were minimal but rigorous, with data entry through
a cloud-based Good Clinical Practice—compliant
clinical data management system that recorded
demographic characteristics, respiratory support,
coexisting illnesses, and local availability of trial
drugs before generating the treatment assign-
ment. Written informed consent was provided by
patients, or if they were unable to do so, by their
legal representatives.®> Consent forms were retained
by signatories and encrypted for records. The en-
rollment of patients who provided consent took
just a few minutes. Eligible patients were 18 years
of age or older, were hospitalized with a diagnosis
of Covid-19, were not known to have received
any trial drug, were not expected to be transferred
elsewhere within 72 hours, and, in the physician’s
view, had no contraindication to any trial drug.
The same cloud-based system was used to
report any suspected unexpected serious adverse
reaction. It was also used to record death in the
hospital or discharge alive (with documentation
of respiratory support in the hospital, trial-drug
timing, use of nontrial drugs, and probable cause
of death). National and global monitors raised or
resolved queries (or both) and checked progress
and completeness.

TREATMENT REGIMENS

The trial drugs were remdesivir, hydroxychloro-
quine, lopinavir, and interferon beta-1a (given with
lopinavir until July 4). The hydroxychloroquine,
lopinavir, and interferon regimens were discon-
tinued for futility on, respectively, June 19, July 4,
and October 16, 2020. Participants were ran-
domly assigned in equal proportions to receive no
trial drug or one of the trial drug regimens that
was locally available (up to five options; all pa-
tients were to receive the local standard of care).
In this open-label trial, no placebos were used.

The controls for a drug were patients assigned
to the standard of care at a time and place in
which that drug was locally available (except that
when interferon was being given only with lopi-
navir, its controls were patients given only lopi-
navir). Assignment to the standard of care at a
hospital in which more than one trial drug was
available would put that patient into the control
group for each of those drugs. Hence, there was
partial overlap among the four control groups.
Each comparison between a trial drug and its
control, however, was evenly randomized (in a 1:1
ratio) and unbiased, because both groups were
affected equally by differences between countries
or hospitals and by time trends in patient char-
acteristics or the standard of care.

Daily doses were those already used for other
diseases, but to maximize any efficacy without
undue cardiac risk, the hydroxychloroquine dose
was based on that for amoebic liver abscess
rather than the lower dose for malaria.* (Hydroxy-
chloroquine slightly prolongs the QT interval,
and an unduly high dose or rapid administration
might cause arrhythmias or hypotension.) Treat-
ments stopped at discharge.

The regimen for remdesivir (intravenous) was
200 mg on day 0 and 100 mg on days 1 through
9. The regimen for hydroxychloroquine (oral)
was four tablets at hour 0, four tablets at hour 6,
and, starting at hour 12, two tablets twice daily
for 10 days. Each tablet contained 200 mg of
hydroxychloroquine sulfate (155 mg of hydroxy-
chloroquine base per tablet; a little-used alterna-
tive involved 155 mg of chloroquine base per
tablet). The regimen for lopinavir (oral) was two
tablets twice daily for 14 days. Each tablet con-
tained 200 mg of lopinavir (plus 50 mg of rito-
navir, to slow hepatic lopinavir clearance). Other
formulations were not provided, so patients who
were receiving mechanical ventilation received
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no trial lopinavir while they were unable to swal-
low. The regimen for interferon (mainly subcuta-
neous) was three doses over a period of 6 days
(the day of randomization and days 3 and 6) of
44 ug of subcutaneous interferon beta-1a; where
intravenous interferon was available, patients
receiving high-flow oxygen, ventilation, or extra-
corporeal membrane oxygenation (ECMO) were
instead to be given 10 g intravenously daily for
6 days.

OUTCOMES
The protocol-specified primary objective was to
assess effects on in-hospital mortality (i.e., death
during the original hospitalization; follow-up
ceased at discharge), regardless of whether death
occurred before or after day 28. The only proto-
col-specified secondary outcomes were the initia-
tion of mechanical ventilation and hospitaliza-
tion duration. Although no placebos were used,
appropriate analyses of these secondary outcomes
can still be informative. Add-on studies that were
led from Canada, France, India, and Norway re-
corded other outcomes (not reported here).

OVERSIGHT AND FUNDING

The trial was registered at the ISRCTN Registry
and ClinicalTrials.gov, with the core protocol
approved by the WHO ethics review committee
and local protocols approved by national ethics
committees and regulatory authorities. Trial con-
duct was in accordance with the principles of the
Declaration of Helsinki and Good Clinical Prac-
tice guidelines. The only exclusions from the
intention-to-treat analyses were the few patients
with no, or uncertain, consent to follow-up. All
other randomly assigned patients were included.
The WHO was the global cosponsor and govern-
ments the national cosponsors, with trial gover-
nance by the executive group of the international
steering committee. External statistical analyses
for the independent data and safety monitoring
committee were unseen by the executive group
or the WHO, with two exceptions. After outside
evidence of the futility of hydroxychloroquine
and lopinavir became available, the executive group
requested unblinded analyses of the findings just
for these two drugs. In addition, after deciding in
a blinded fashion to report all interim results,
the executive group revised this manuscript, which
has been drafted only by the WHO trial team and
external statisticians. Remdesivir was donated by

Gilead Sciences, hydroxychloroquine by Mylan,
lopinavir by AbbVie, Cipla, and Mylan, and inter-
feron beta-1a by Merck (subcutaneous) and Faron
Pharmaceuticals (intravenous).

SAMPLE SIZE

The protocol stated, “The larger the number
entered the more accurate the results will be, but
numbers entered will depend on how the epidemic
develops. . . . it may be possible to enter several
thousand hospitalised patients with relatively mild
disease and a few thousand with severe disease,
but realistic, appropriate sample sizes could not
be estimated at the start of the trial.” The execu-
tive group, whose members were unaware of the
findings, made the decision to release the interim
results.

STATISTICAL ANALYSIS

The intention-to-treat analyses related outcome
to assigned treatment. The primary analyses were
of in-hospital mortality among all randomly as-
signed patients (each drug vs. its control). The
only protocol-specified subgroup analyses involved
patients who already had severe disease at entry
and those who did not. Severity was not protocol-
defined, but separate analyses are provided regard-
ing those receiving some supplemental oxygen or
none and for those already receiving ventilation
at entry or not. Rate ratios for death (or, equiva-
lently, hazard ratios) and P values are from log-
rank analyses stratified according to six strata of
age and ventilation status at entry. Graphs of
mortality according to time are from unstratified
Kaplan—-Meier methods, with denominators cho-
sen to yield in-hospital mortality. (For example,
if 99 of 100 patients were discharged alive before
the last one died, the in-hospital mortality would
be 1% and at the time of that death the probabil-
ity of not having died in the hospital was multi-
plied by 99/100; this denominator included those
already discharged.)

The risk on day N was calculated by first ex-
cluding patients with an outcome not reported or
an entry fewer than N days before data-set closure
(or transferred elsewhere before day N); then, the
number of in-hospital deaths on day N was di-
vided by the total number of patients in the hos-
pital on day N or discharged alive before day N.
This denominator (or “risk set”), which includes
those discharged before day N, was also used to
calculate the contribution of day N to log-rank
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analysis and Cox analysis of in-hospital mortal-
ity. Denominators for the few deaths on day 0,
but not on later days, included patients with no
follow-up reported (because if any patient died
on the day of randomization, this would proba-
bly have been reported).

If the stratified log-rank observed minus ex-
pected number of deaths is O—E with variance V,
the loge rate ratio is calculated as (O—E)/V with
variance 1/V and a normal distribution. If event
times are accurate and b is the log hazard ratio
and L(b) the Cox log-likelihood, the first and
second derivatives of L(b) at b=0 are (O—E) and
—V.> Forest plots (with 95% confidence intervals
only for overall trial results; otherwise, with
99% confidence intervals to allow for subgroup
multiplicity) and chi-square statistics (sum of
[O—EJ?/V, without any P value) help interpret any
heterogeneity of rate ratios between subgroups.
All rate ratios describe proportional risk reduc-
tions; absolute risk reductions would also depend
on background risks. Analyses were performed
with the use of SAS software, version 9.4, and
R software, version 4.02.

Meta-analyses of the major trial results are
based on the inverse-variance-weighted average
of b=log, rate ratio from each stratum of each
trial, with the use of odds ratios when hazard
ratios or rate ratios for death were unavailable.
(This weighted average is derived from the sums
of [O—-E] and of V over strata.’) In general, the
more deaths in a stratum the larger V is and,
correspondingly, the smaller is the variance of the
log, rate ratio, so the more weight that stratum
gets. The variance that is attributed to the result
in each stratum and to the overall weighted aver-
age reflects only the play of chance at random-
ization. Homogeneity of different rate ratios is
not needed for such a weighted average to be
informative.

RESULTS

PATIENT CHARACTERISTICS AND ADHERENCE

From March 22 to October 4, 2020, a total of
11,330 patients were entered in the trial from
405 hospitals in 30 countries in all six WHO
regions. Of these patients, 64 (0.6%) had no, or
uncertain, consent to follow-up, which left 11,266
in the intention-to-treat analyses. A total of 2750
patients were assigned to receive remdesivir, 954
to hydroxychloroquine, 1411 to lopinavir (without

interferon), 2063 to interferon (including 651 to
interferon plus lopinavir), and 4088 to no trial
drug (Fig. 1); reporting is 97% complete for those
who were entered more than 1 month earlier
and 99.7% complete for those who were entered
more than 3 months earlier. All 3 patients for
whom the diagnosis of Covid-19 was later ruled
out were included in the analyses and survived.
Table 1 shows patient characteristics: 9120 (81%)
were younger than 70 years of age, 6985 (62%)
were male, 2768 (25%) had diabetes, 916 (8%) were
already receiving ventilation, and 7002 (62%) un-
derwent randomization on days 0 or 1. For each
drug, patient characteristics were well balanced
by the unstratified 1:1 randomization between it
and its control. Deaths were at a median of day 8
(interquartile range, 4 to 14), and discharges were
at a median of day 8 (interquartile range, 5 to 12).

There were 1253 in-hospital deaths (the pri-
mary outcome, including those before and after
day 28). The Kaplan—Meier risk of in-hospital death
to day 28 was 11.8%; a few in-hospital deaths
occurred later. This risk depended on several
factors, particularly age (20.4% if 270 years and
6.2% if <50 years) and ventilation status (39.0% if
the patient was already receiving ventilation and
9.5% otherwise).

Table 1 also shows adherence. For remdesivir,
the scheduled treatment duration was 10 days (or
to death or discharge). Of those assigned to rem-
desivir, 98% began treatment. Midway through
this period, 96% of the patients were still taking
it (as compared with only 2% of those in the rel-
evant group). Similarly, for other drugs adherence
midway was 94% to 95%, and crossover was 2 to
6%. Trial treatments ceased on schedule (if the
patient was still in the hospital). Absolute differ-
ences (active vs. control) in the use of glucocor-
ticoids (i.e., corticosteroids) and other nontrial
drugs were 0.2 to 3.5 percentage points (Table S2
in the Supplementary Appendix, available at
NEJM.org).

PRIMARY OUTCOME

For each pairwise comparison of a drug and its
control, Figure 2 and Figures S1 through S5
show the results of unstratified Kaplan—Meier
analyses of in-hospital mortality (with numbers
of patients who underwent randomization, in-
hospital deaths each week and after day 28, and
weekly denominators), along with rate ratios for
death stratified according to age and ventilation
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A Remdesivir vs. Its Control B Hydroxychloroquine vs. Its Control
100 15+ Control 100+ 15+
90+ 90
Hydroxychloroquine
80 104 Remdesivir 80 10 yerey a
3 S
i; 70+ i; 70+ Control
g o0 5 § 5
S S
= 50+ = 50
= £
E 40 a 40
3 0 T T T 1 3 0 T T T 1
T 30 0 7 14 21 28 T 30 0 7 14 21 28
= 50| Rate ratio, 0.95 (95% Cl, 0.81-1.11) £ ,0.] Rate ratio, 1.19 (95% Cl, 0.89-1.59)
P=0.50 by log-rank test P=0.23 by log-rank test
104 104
0 T T T 1 0 T T T 1
0 7 14 21 28 0 7 14 21 28
Days since Randomization Days since Randomization
Denominator Denominator
Remdesivir 2743 2159 2029 1918 1838 Hydroxychloroquine 947 889 854 838 833
Control 2708 2138 2004 1908 1833 Control 906 853 823 814 809
No. Who Died No. Who Died
Remdesivir 129 90 48 18 16 Hydroxychloroquine 48 31 13 6 6
Control 126 93 43 27 14 Control 42 27 8 4 3
C Lopinavir vs. Its Control D Interferon vs. Its Control
100 15+ 100+ 15+
Interferon
90 90+
Control
80+ 104 80+ 104
3 3 Control
< 70+ Lopinavir S 70+
2 2
S 60 5 g 607 5+
S S
= 504 = 504
8 £
S 404 B 404
3 0 T T T 1 3 0- T T T 1
T 30 0 7 14 21 28 T 30 0 7 14 21 28
= 50| Rate ratio, 1.00 (95% Cl, 0.79-1.25) £ 50| Rate ratio, 1.16 (95% Cl, 0.96-1.39)
P=0.97 by log-rank test P=0.11 by log-rank test
104 10+ _’_’_ﬁ
0 __'_'_F-TF-— T T 1 0 T T T 1
0 7 14 21 28 0 7 14 21 28
Days since Randomization Days since Randomization
Denominator Denominator
Lopinavir 1399 1333 1282 1257 1243 Interferon 2050 1669 1554 1483 1410
Control 1372 1293 1239 1216 1203 Control 2050 1725 1636 1563 1498
No. Who Died No. Who Died
Lopinavir 57 42 24 15 10 Interferon 101 73 31 24 14
Control 62 48 21 10 5 Control 91 58 31 21 15
Figure 2. Effects of Remdesivir, Hydroxychloroquine, Lopinavir, and Interferon on In-Hospital Mortality.
Shown are Kaplan—Meier graphs of in-hospital mortality at any time (the primary outcome), comparing each treatment with its control
without standardization for any initial patient characteristics. Insets show the same data on an expanded y axis. The rate ratios for death
were standardized for age and for ventilation status at entry. Denominators for the few events on day 0, but not thereafter, include pa-
tients with no follow-up. Numbers of deaths are by week, and then deaths after day 28. Cl denotes confidence interval.
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status; Figure 3 shows the stratified rate ratios ac-
cording to age and according to ventilation status.
No trial drug had any definite effect on mortality,
either overall (each P>0.10) or in any subgroup

N ENGL ) MED 3846
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defined according to age, ventilation status at

entry, other entry characteristics, geographic re-

gion, or glucocorticoid use (Figs. S6 through S9).
Death occurred in 301 of 2743 patients receiv-
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Log-Rank Statistics for
No. of Deaths in
Subgroup Active Treatment Control Active-Treatment Group
O-E Variance
no. of deaths reported/no. of patients (%)
Remdesivir
Age at entry

<50 yr 61/961 (6.9) 59/952 (6.8) 2.3 298

50-69 yr 154/1282 (13.8)  161/1287 (14.2) -7.6 77.5

=70 yr 86/500 (205)  83/469 (21.6) 29 415
Respiratory support at entry

No mechanical ventilation 203/2489 (9.4) 232/2475 (10.6) -15.8 108.0

Mechanical ventilation 98/254 (43.0) 71/233 (37.8) 7.6 40.8
Total 301/2743 (12.5)  303/2708 (12.7) -83 14838

Heterogeneity around total: x2=3.9
Hydroxychloroquine
Age at entry

<50 yr 19/335 (5.7) 19/317 (5.8) 0.9 9.2
50-69 yr 55/410 (12.1) 31/396 (7.1) 10.8 212
=70 yr 30/202 (14.0) 34/193 (17.8) -3.5 15.8
Respiratory support at entry
No mechanical ventilation 69/862 (7.4) 57/824 (6.6) 4.7 314
Mechanical ventilation 35/85 (39.2) 27/82 (32.3) 3.4 14.8
Total 104/947 (10.2) 84/906 (8.9) 8.1 46.2
Heterogeneity around total: x2=5.0
Lopinavir
Age at entry
<50 yr 20/511 (3.6) 27/501 (4.9) -3.0 11.7
50-69 yr 66/597 (9.8) 57/596 (9.1) 2.7 30.4
=70 yr 62/291 (20.4) 62/275 (22.7) 0.0 30.2
Respiratory support at entry
No mechanical ventilation 113/1287 (8.1) 111/1258 (8.7) -1.6 55.6
Mechanical ventilation 35/112 (28.1) 35/114 (28.7) 1.3 16.7
Total 148/1399 (9.7) 146/1372 (10.3) -0.4 723

Heterogeneity around total: x3=1.2
Interferon
Age at entry

<50yr 48/720 (7.5) 35/697 (5.3) 7.5 20.6

50-69 yr 122/934 (14.3) 108/973 (11.4) 13.3 56.9

=270 yr 73/396 (19.9) 73/380 (20.9) -4.0 35.8
Respiratory support at entry

No mechanical ventilation 188/1911 (10.9) 176/1920 (9.5) 9.1 90.3

Mechanical ventilation 55/139 (42.4) 40/130 (33.8) 7.7 23.0
Total 243/2050 (12.9) 216/2050 (11.0) 16.8 1133

Heterogeneity around total: x2=4.8

Rate Ratio for Death
(99% Cl; 95% ClI for total)

1

|

|
— iy 1.08 (0.67-1.73)
0.91 (0.68-1.21)
0.93 (0.63-1.39)
0.86 (0.67-1.11)
- 1.20(0.80-1.80)

> 0.95 (0.81-1.11)
P=0.50

_(\,_L*__

. > 1.10 (0.47-2.57)
——}—-—» 1.66 (0.95-2.91)
—— 0.80 (0.42-1.53)

1

1

|

__.7
-

. 1.16 (0.73-1.84)
Im > 1.26 (0.65-2.46)
—— 1.19 (0.89-1.59)

1

P=0.23

- 0.77 (0.36-1.64)
— 1.09 (0.68-1.74)

1.00 (0.63-1.60)
r 0.97 (0.69-1.37)
- > 1.08 (0.57-2.03)

1.00 (0.79-1.25)
P=0.97

—
L m > 144(0.82-2.54)
—+———— 126 (0.90-178)
T 0.89 (0.58-1.38)
1
1

1.11 (0.84-1.45)
— ' m——» 1.40 (0.82-2.40)

S — 1.16 (0.96-1.39)

P=0.11

0.0

0.5 1.0 15 2.0

Active Treatment Control Better

Better

Figure 3. Rate Ratios for In-Hospital Death, Subdivided by Age and Respiratory Support at Trial Entry.

Analyses in subgroups of age are stratified according to respiratory status at trial entry and vice versa, so each total is stratified for both
factors. The percentages show Kaplan—Meier 28-day mortality. O-E denotes the observed minus expected number of deaths in patients
assigned to active treatment. Diamonds show 95% confidence intervals for treatment effects. Squares and horizontal lines show treat-
ment effects in particular subgroups and their 99% confidence intervals, with an arrow if the upper 99% confidence limit is outside the
range shown. The area of each square is proportional to the variance of O-E in the subgroup it describes.

ing remdesivir and in 303 of 2708 receiving its to 1.59; P=0.23), in 148 of 1399 patients receiv-
control (rate ratio, 0.95; 95% confidence interval ing lopinavir and in 146 of 1372 receiving its con-
[CI], 0.81 to 1.11; P=0.50), in 104 of 947 patients trol (rate ratio, 1.00; 95% CI, 0.79 to 1.25; P=0.97),
receiving hydroxychloroquine and in 84 of 906 and in 243 of 2050 patients receiving interferon
receiving its control (rate ratio, 1.19; 95% CI, 0.89 and in 216 of 2050 receiving its control (rate ratio,
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1.16; 95% CI, 0.96 to 1.39; P=0.11). Unstratified
comparisons yielded similarly null findings (Fig. 2),
as did analyses that excluded patients receiving
glucocorticoids and multivariable sensitivity analy-
ses that estimated trial drug effects simultane-
ously (Table S3). If mechanical ventilation pre-
vented oral administration of lopinavir or other
trial drugs, then this could have reduced any ef-
fects on mortality of assignment to those drugs,
but prespecified analyses of mortality among
patients not already receiving ventilation at entry
also indicated no definite protective effect of any
trial drug (Fig. 3).

SECONDARY OUTCOMES

The prespecified secondary outcomes were venti-
lation and time to discharge. No trial drug reduced
the initiation of ventilation among patients not
already receiving ventilation. Ventilation was initi-
ated after randomization in 295 patients receiving
remdesivir and in 284 receiving its control, in 75
patients receiving hydroxychloroquine and in 66
receiving its control, in 126 patients receiving
lopinavir and in 121 receiving its control, and in
209 patients receiving interferon and in 210 receiv-
ing its control (Table S1). Figure S10 shows the
results for the combined outcome of in-hospital
death or ventilation initiation.

In this open-label trial, patients who would
be considered fit for discharge might be kept in
the hospital somewhat longer just because they
were being given a trial drug, but information
on time to recovery can be obtained by comparing
the effects of different drugs on time to discharge.
Each of the three trial treatments that were
scheduled to last more than 7 days increased the
percentage of patients remaining in the hospital
at day 7 (Table 1). If one of these three drugs had
appreciably accelerated recovery, then the sizes
of these effects should have differed, but they did
not. Figures S11 through S16 plot time to dis-
charge for all patients, those receiving supplemen-
tal oxygen, those not receiving supplemental oxy-
gen, those receiving ventilation, those not receiving
ventilation, and those receiving any respiratory
support. Each drug delayed discharge by approxi-
mately 1 to 3 days while it was being given. Di-
rectly randomized comparisons of one trial drug
with another (Fig. S17) likewise showed no ap-
preciable differences in discharge rates while both
drug regimens continued or after both had ended.

The supplementary analyses (Tables S2 and S3)

tabulate co-medication (only small absolute dif-
ferences were found between each trial drug and
its control) and provide a multivariable Cox re-
gression fitting all four treatment effects simul-
taneously (rate ratios for death were similar to
those in Fig. 3). The analyses also (in Figs. S1
through S9) subdivide 28-day mortality graphs
according to ventilation status at entry and give
subgroup analyses of rate ratios for death ac-
cording to other characteristics and according to
glucocorticoid use (with no noteworthy sub-
group-specific or geographic variation).

All active treatment ended within 14 days,
and the numbers of deaths during this 14-day
period with any cardiac cause mentioned on the
electronic death record were seven with remdesivir
and eight with its control, four with hydroxychlo-
roquine and two with its control, six with lopi-
navir and three with its control, and six with
interferon and eight with its control (Fig. S18).
Many deaths from Covid-19 involve multiorgan
failure, but no death in a patient assigned to a
trial drug was attributed specifically by the doctor
reporting the death to renal or hepatic disease.

META-ANALYSES

There are four trials that have compared remde-
sivir with control: the Solidarity trial (604 deaths
in 5451 randomly assigned patients), the Adaptive
Covid-19 Treatment Trial (ACTT-1) (136 deaths in
1062 patients; mortality was a secondary outcome),
and two smaller trials (41 deaths).*” Figure 4
shows the mortality results from each trial, strati-
fied according to initial respiratory support. With-
in each trial, summation of the observed minus
expected numbers of deaths with remdesivir in
each stratum led to the stratified rate ratio for
death in that trial. Summation of these trial-
specific observed-minus-expected subtotals then
led to an appropriately weighted average of the
results from all trials, which yielded a rate ratio
for death (remdesivir vs. control) of 0.91 (95%
Cl, 0.79 to 1.05).° Figures S19 and S20 show the
mortality results in the trials of hydroxychloro-
quine (rate ratio, 1.09; 95% CI, 0.98 to 1.21) and
of lopinavir (rate ratio, 1.01; 95% CI, 0.91 to 1.13).

DISCUSSION

The main outcomes of mortality, initiation of
ventilation, and hospitalization duration were not
definitely reduced by any trial drug, either overall

N ENGL J MED 384;6 NEJM.ORG FEBRUARY 11, 2021

The New England Journal of Medicine

Downloaded from nejm.org by JOSEPH CERVIA on February 10, 2021. For personal use only. No other uses without permission.

Copyright © 2021 Massachusetts Medical Society. All rights reserved.



REPURPOSED ANTIVIRAL DRUGS FOR COVID-19

Observed—Expected

No. of Deaths in Rate Ratio for Death

Subgroup Remdesivir Control Remdesivir Group (99% Cl; 95% ClI for totals)
Value Variance
no. of deaths reported/no. of patients (%)
Solidarity (stratified according to :
oxygen use and ventilation) !
No supplemental oxygen 11/661 (2.0) 13/664 (2.1) -0.6 6.0 +
Low-flow or high-flow oxygen 192/1828 (12.2) 219/1811 (13.8) -16.9 101.8 —.-—
Ventilation 98/254 (43.0)  71/233 (37.8) 7.6 4038 -
Stratified total: Solidarity 301/2743 (12.5) 303/2708 (12.7)  -10.0 14856 <>
ACTT-1 (stratified according to 1
4 ordinal score levels) '
No supplemental oxygen 3/75 (4.1) 3/63 (4.8) -0.3 1.5 :
Low-flow oxygen 9/232 (4.0)  25/203 (12.7) -3.0 67 —=— !
High-flow oxygen or noninvasive 19/95 (21.2) 20/98 (20.4) 0.2 9.6 :
ventilation i
Invasive ventilation 28/131 (21.9) 29/154 (19.3) 1.8 143 —E——I—
Stratified total: ACTT-1 59/533 (11.1) 77/518 (14.9) -6.4 32.1 S
Trials with few deaths (and i
randomization ratio of 2:1) !
Wuhan: low-flow oxygen 11/129 (8.5) (7/68)x2 (10.3) -0.8 3.7 :
Wuhan: high-flow oxygen or ventilation 11/29 (37.9) (3/10)x2 (30.0) 0.6 1.8 :
International: no supplemental oxygen 5/384 (1.3) (4/200) x2 (2.0) -0.9 2.0 : >
Stratified total: 2:1 trials 27/542 (5.0)  (14/278)x2 (5.0) -1.1 7.5 <_t>
Risk groups (calculated by summation :
of relevant strata) i
Lower risk: strata with no 231/3309 (7.0)  282/3277 (8.6) 276 1216 H
ventilation '
Higher risk 156/509 (30.6)  126/505 (25.0) 101 665 He—
Stratified total 387/3818 (10.1) 408/3782 (10.8) -17.5 188.1 ¢
Heterogeneity between trials (Solidarity vs. ACTT-1 vs. 2:1 trials): x2=0.5 b
OTO 0{5 1.0 1{5 2!0 2{5 3!0

Remdesivir Better Control Better

0.90 (0.31-2.58)
0.85 (0.66-1.09)
1.20 (0.80-1.80)
0.94 (0.80-1.10)

0.82 (0.10-6.61)
030 (0.11-0.81)
1.02 (0.44-2.34)

1.13 (0.57-2.23)
0.82 (0.58-1.16)

0.81
1.40
0.64
0.86

0.21-3.07
0.20-9.52
0.10-3.94
0.42-1.77

)
)
)
)

0.80 (0.63-1.01)

1.16 (0.85-1.60)
0.91 (0.79-1.05)
P=0.20

in the subgroup it describes.

Figure 4. Meta-Analysis of Mortality in Trials of Random Assignment of Remdesivir or Its Control to Hospitalized Patients with Covid-19.

Percentages show Kaplan—Meier 28-day mortality. Values for observed minus expected number of deaths (O-E) are log-rank O-E for
the Solidarity trial, O-E from 2-by-2 tables for the Wuhan’ and international? trials, and w.log, hazard ratio for each stratum in the Adap-
tive Covid-19 Treatment Trial (ACTT-1)° (with the weight w being the inverse of the variance of the log, hazard ratio, which was calculated
from the confidence interval of the hazard ratio). Rate ratios were calculated by taking the log, rate ratio to be (O-E)/V with a Normal
distribution and variance 1/V. Subtotals or totals of (O-E) and of V yield inverse-variance—weighted averages of the log, rate ratios. For
balance, controls in the 2:1 trials were counted twice in the control totals and subtotals. Diamonds show 95% confidence intervals for
treatment effects. Squares and horizontal lines show treatment effects in particular subgroups and their 99% confidence intervals, with
an arrow if the upper 99% confidence limit is outside the range shown. The area of each square is proportional to the variance of O-E

or in any particular subgroup. The findings for
mortality and for initiation of ventilation cannot
have been appreciably biased by the open-label
design without placebos, or by variation in local
care or patient characteristics, and were little
affected when homogeneity was increased by
stratification according to geographic region, age,
or use of ventilation at entry. No trial drug reduced
the initiation of mechanical ventilation. The simi-
larity of this null effect for all four drugs is
further evidence that none has any material ef-

N ENGL ) MED 384;6 NEJM.ORG

fect on major disease progression, a conclusion
supported by analyses of the combined outcome
of death or ventilation initiation.

Although assignment to any of the active trial
treatments in this open-label trial somewhat
delayed discharge from the hospital, this could
have been because some recovered patients oth-
erwise fit for discharge were kept in the hospital
merely to continue their trial treatment. In all
patients and in those not receiving ventilation,
assignment to each active trial drug increased
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the time to discharge by approximately 1 to 3 days
while treatment continued. Because no treatment
had much effect on death or progression to ven-
tilation, the similarity of these four moderate
delays of discharge suggests that none of the
four treatments had a pharmacologic effect that
substantially reduced time to recovery (i.e., fit-
ness for discharge). In particular, it suggests at
most only a small effect of remdesivir on time to
recovery, a conclusion supported by the directly
randomized comparisons between remdesivir and
the other three trial drugs.

ACTT-1, which examined remdesivir, was pla-
cebo-controlled,® which avoids any bias in time to
discharge. In that trial, however, the proportion
of lower-risk patients (i.e., those not already re-
ceiving high-flow oxygen or ventilation) happened
to be appreciably greater in the remdesivir group
than in the placebo group. This chance imbal-
ance might account for some of the differences
in time to recovery between ACTT-1 and the Soli-
darity trial.

The chief aim of the Solidarity trial was to
help determine whether any of four repurposed
antivirals could at least moderately affect in-
hospital mortality. Its results should be consid-
ered in the context of the evidence on mortality
from all trials, but for remdesivir and for inter-
feron it provides more than three fourths of that
evidence (Fig. 4). Stratification of the findings
according to initial respiratory support again
facilitates allowance for the remdesivir group in
ACTT-1 having, by chance, started with a greater
proportion of low-risk patients and a smaller
proportion of high-risk patients than the placebo
group. The stratified rate ratios for death in the
Solidarity trial and ACTT-1 are compatible with
each other, and either singly or together they are
compatible with there being little or no effect of
remdesivir on mortality.

With an appropriately weighted average of the
stratified results from each of the four trials,®
the rate ratio for death with remdesivir as com-
pared with control was 0.91 (95% CI, 0.79 to 1.05).
Interpretation of this should chiefly reflect not
the P value (P=0.20) or point estimate (rate ratio,
0.91) but the confidence interval (0.79 to 1.05),
which shows the range of rate ratios for death
that are compatible with the weighted average of
the findings from all trials. This does not sup-
port the suggestion that remdesivir can prevent
a substantial fraction of all deaths. The confi-

dence interval is compatible with prevention of a
small fraction of all deaths, but it is also com-
patible with prevention of no deaths.

Statistical uncertainties are magnified if at-
tention is restricted to particular subgroups or
time periods.”’ If remdesivir has no effect on
mortality, then chance could well produce some-
what favorable findings in a subgroup of the
results for all trials or striking findings in a
selected subgroup of a particular trial (as in the
unplanned subgroup of ACTT-1 in which the rate
ratio for death was 0.30) (Fig. 4). Although both
the Solidarity trial and ACTT-1 envisaged sepa-
rate analyses involving lower-risk and higher-
risk patients, they did not define how this sub-
division would apply to mortality analyses. The
ACTT-1 protocol prespecified separate analyses
of time to recovery among those with mild-to-
moderate disease not receiving supplemental
oxygen, as did the recent Food and Drug Admin-
istration reanalyses,!* which categorized anyone
receiving even low-flow supplemental oxygen as
having severe disease. This subdivision, however,
leaves few deaths in the no-supplemental-oxygen
category (death in 3 of 75 patients with remde-
sivir and in 3 of 63 with placebo in ACTT-1, in
11 of 661 patients with remdesivir and in 13 of
664 with its control in the Solidarity trial, and in
5 of 384 patients with remdesivir and in 4 of 200
with the standard of care in an international
trial with a 2:1 randomization ratio®).

To augment these small numbers of deaths,
the subtotals in Figure 4 include low-flow oxy-
gen with no supplemental oxygen, which yields
a large lower-risk subgroup and a small higher-
risk subgroup. With this nonprespecified sub-
grouping, there appears to be an absolute reduc-
tion of approximately 1 to 2 percentage points in
mortality among lower-risk inpatients and an
absolute increase of approximately 5 to 6 percent-
age points among higher-risk inpatients. These
absolute differences in the meta-analysis of all
four trials are similar to the absolute differences
seen when the Solidarity trial is subdivided ac-
cording to ventilation status at entry. Neither
subgroup should, however, be considered in isola-
tion from the other or from the confidence in-
terval for overall mortality.

For hydroxychloroquine and lopinavir, the
Solidarity trial showed no definite effect on mor-
tality in any subgroup. The only other substantial
trial is the Randomized Evaluation of Covid-19
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Therapy (RECOVERY) trial,'*** which for these
two drugs was larger than the Solidarity trial and
also showed no benefit. Combination of both trials
reinforces these null findings (Figs. S19 and S20).

For hydroxychloroquine, the joint rate ratio for
death (combining the Solidarity and RECOVERY
trials) was 1.10 (95% CI, 0.98 to 1.23), with no
apparent benefit whether the patient was receiv-
ing ventilation or not. This confidence interval
rules out any material benefit from this hydroxy-
chloroquine regimen in hospitalized patients with
Covid-19. It is compatible with some adverse ef-
fect but is not good evidence for any adverse effect
and is not a safety signal. Despite concerns that
the loading dose could be temporarily cardio-
toxic,* in neither trial was there any excess mor-
tality during the first few days, and cardiac deaths
were too few to be reliably informative. A recent
meta-analysis identified 15 small, randomized
trials with nonzero mortality'*; combining all 17
hydroxychloroquine trials yields a rate ratio of
1.09 (95% CI, 0.98 to 1.21), which still rules out
any material benefit.

For lopinavir, which was always administered
with ritonavir, the joint rate ratio for death
(combining the Solidarity and RECOVERY trials
and the only informative smaller trial®®) was 1.01
(95% CI, 0.91 to 1.13). Although lopinavir tablets
could not be swallowed by patients receiving ven-
tilation, there was no apparent benefit in analyses
that involved only those not already receiving
ventilation at entry. This confidence interval sug-
gests no material effect on mortality and rules
out a 10% proportional reduction. An add-on
study within the Solidarity trial, Discovery, re-
corded many clinical variables and identified an
unexpected increase in the creatinine level (per-
haps because blood lopinavir levels are higher
than in patients with human immunodeficiency
virus infection receiving similar doses'®"), but
the Solidarity and RECOVERY trials recorded no
specifically renal or hepatic deaths with lopinavir.

For interferon beta-la, no other large trials
exist. With 4000 patients, the rate ratio for death
in the Solidarity trial was 1.16 (95% CI, 0.96 to
1.39), or 1.12 (95% CI, 0.83 to 1.51) without
lopinavir co-administration; these findings sug-
gest no mortality reduction. Subcutaneous and
intravenous interferon have different pharmaco-
kinetic characteristics,’®! and glucocorticoids
could affect interferon signaling,*®* but the
clinical relevance of both issues is unclear. Most

interferon was administered subcutaneously, be-
cause intravenous interferon was used only in
patients receiving high-flow oxygen or ventilation,
and distribution of it began only in late May, just
before strong evidence emerged of glucocorticoid
efficacy in such patients.”»” Hence, few patients
received intravenous interferon without a gluco-
corticoid. Approximately half the patients who
were assigned to interferon (and half their con-
trols) received glucocorticoids, but the rate ratio
for death with interferon as compared with its
control seemed unaffected by glucocorticoid use.
Randomization to interferon was discontinued
on October 16, but other trials continue. A re-
port that nebulized interferon beta-1a might be
effective involved only approximately 100 pa-
tients with Covid-19 (ClinicalTrials.gov number,
NCT04385095), but the ongoing placebo-con-
trolled ACTT-3 of subcutaneous interferon beta-
1a aims to involve 1000 patients (NCT04492475),
with examination of time to recovery.

For each of these four repurposed nonspecific
antivirals, several thousand patients have now
undergone randomization in various trials. The
unpromising overall findings from the regimens
tested suffice to refute early hopes, based on
smaller or nonrandomized studies, that any of
these regimens will substantially reduce inpatient
mortality, the initiation of mechanical ventilation,
or hospitalization duration. Narrower confidence
intervals would be helpful (particularly for rem-
desivir), but the main need is for better treat-
ments. The Solidarity trial has been recruiting
approximately 2000 patients per month, and ef-
ficient factorial designs may allow it to assess
further treatments, such as immune modulators
or anti-SARS-Cov-2 monoclonal antibodies.
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trolled by the World Health Organization (WHO) trial team and
writing committee. Any views expressed are those of the writing
committee, not necessarily of the WHO. No funder or donor
unduly influenced analyses, manuscript preparation, or submis-
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analyses or conclusions. Donors of trial drugs were shown the
main results for their drug in the last week of September.
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Azithromycin in patients admitted to hospital with COVID-19
(RECOVERY): a randomised, controlled, open-label, platform
trial

RECOVERY Collaborative Group*

Summary
Background Azithromycin has been proposed as a treatment for COVID-19 on the basis of its immunomodulatory
actions. We aimed to evaluate the safety and efficacy of azithromycin in patients admitted to hospital with COVID-19.

Methods In this randomised, controlled, open-label, adaptive platform trial (Randomised Evaluation of COVID-19
Therapy [RECOVERY)), several possible treatments were compared with usual care in patients admitted to hospital
with COVID-19 in the UK. The trial is underway at 176 hospitals in the UK. Eligible and consenting patients were
randomly allocated to either usual standard of care alone or usual standard of care plus azithromycin 500 mg once per
day by mouth or intravenously for 10 days or until discharge (or allocation to one of the other RECOVERY treatment
groups). Patients were assigned via web-based simple (unstratified) randomisation with allocation concealment and
were twice as likely to be randomly assigned to usual care than to any of the active treatment groups. Participants and
local study staff were not masked to the allocated treatment, but all others involved in the trial were masked to the
outcome data during the trial. The primary outcome was 28-day all-cause mortality, assessed in the intention-to-treat
population. The trial is registered with ISRCTN, 50189673, and ClinicalTrials.gov, NCT04381936.

Findings Between April 7 and Nov 27, 2020, of 16442 patients enrolled in the RECOVERY trial, 9433 (57%) were
eligible and 7763 were included in the assessment of azithromycin. The mean age of these study participants was
65-3 years (SD 15-7) and approximately a third were women (2944 [38%)] of 7763). 2582 patients were randomly
allocated to receive azithromycin and 5181 patients were randomly allocated to usual care alone. Overall,
561 (22%) patients allocated to azithromycin and 1162 (22%) patients allocated to usual care died within 28 days
(rate ratio 0-97, 95% CI 0-87-1-07; p=0-50). No significant difference was seen in duration of hospital stay (median
10 days [IQR 5 to >28] vs 11 days [5 to >28]) or the proportion of patients discharged from hospital alive within 28 days
(rate ratio 1-04, 95% CI 0-98-1-10; p=0-19). Among those not on invasive mechanical ventilation at baseline, no
significant difference was seen in the proportion meeting the composite endpoint of invasive mechanical ventilation
or death (risk ratio 0-95, 95% CI 0-87-1-03; p=0-24).

Interpretation In patients admitted to hospital with COVID-19, azithromycin did not improve survival or other
prespecified clinical outcomes. Azithromycin use in patients admitted to hospital with COVID-19 should be restricted
to patients in whom there is a clear antimicrobial indication.

Funding UK Research and Innovation (Medical Research Council) and National Institute of Health Research.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction

A substantial proportion of individuals infected with
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) develop a respiratory illness requiring
hospital care, which can progress to critical illness with
hypoxic respiratory failure requiring prolonged ventilatory
support. Among patients with COVID-19 admitted to
UK hospitals in the first wave of the epidemic, the case
fatality rate was greater than 26%, and in excess of 37% in
patients requiring invasive mechanical ventilation.!

In patients with severe COVID-19, the host immune
response is thought to play a key role in driving an acute
pneumonic process with diffuse alveolar damage,
inflammatory infiltrates, and microvascular thrombosis.?

www.thelancet.com Vol 397 February 13,2021

The beneficial effects of dexamethasone and other
corticosteroids in patients with hypoxic lung damage
suggest that other drugs that suppress or modulate the
immune system might provide additional improvements
in clinical outcomes.*

Macrolide antibiotics, such as azithromycin, clarith-
romycin, and erythromycin, are widely available and
their safety is well established. In addition to antibacterial
properties, they are known to have immunomodulatory
activity, decreasing production of pro-inflammatory
cytokines and inhibiting neutrophil activation.*” They are
widely used both in bacterial pneumonia due to their
antimicrobial activity and in chronic inflammatory lung
disease due to their immunomodulatory effects.*™ In
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For the protocol, statistical

analysis plan, and additional
information see https://www.
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Research in context

Evidence before this study

Azithromycin is commonly used in patients with COVID-19 for
either its antimicrobial, anti-inflammatory, or purported antiviral
activity. We searched MEDLINE, Embase, bioRxiv, medRxiv, and
the WHO International Clinical Trials Registry Platform, from

Sept 1, 2019, up to Nov 12, 2020, for completed clinical trials
published in any language evaluating the effect of azithromycin
or other macrolide antibiotics in patients with COVID-19.

We used the search terms (“COVID.mp.” OR “COVID-19.mp.” OR
"SARS-CoV-2.mp.” OR “2019-nCoV.mp." OR “coronavirus/” or
"CORONAVIRUS.mp.") AND (“azithromycin.mp.” OR “macrolide.
mp."), filtered by randomised controlled trials according to
validated filters. We identified three published randomised clinical
trials (two at low risk of bias and one with some concerns due to
limited information on the randomisation process) that
compared the effect of azithromycin (500 mg once a day) to usual
care in patients admitted to hospital with COVID-19. In all

three studies, all patients also received hydroxychloroquine.

None of the three studies, which in combination included

1223 patients, found differences in mortality or odds of clinical

addition, azithromycin has in-vitro antiviral activity
against a range of viruses and has been reported to
inhibit SARS-CoV-2 replication in Vero cells and human
epithelial cells at concentrations (50% effective concen-
tration 2-12 pM) that are achieved in lung tissue with a
dose of 500 mg once per day.""

The wuse of macrolides in influenza-associated
pneumonia has been associated with a faster reduction
in inflammatory cytokines and, in combination with
naproxen, decreased mortality.** However, randomised
trials have so far not shown convincing clinical benefit of
macrolides in COVID-19.”"° Here, we report the results of
arandomised controlled trial of azithromycin in which we
aimed to assess whether azithromycin improves clinical
outcomes in patients admitted to hospital with COVID-19.

Methods

Study design and participants

The Randomised Evaluation of COVID-19 Therapy
(RECOVERY) trial is an investigator-initiated, individually
randomised, controlled, open-label, adaptive platform
trial to evaluate the effects of potential treatments in
patients admitted to hospital with COVID-19. Details of
the trial design and results for other possible treatments
(dexamethasone, hydroxychloroquine, and lopinavir—
ritonavir) have been published previously.”** The trial is
underway at 176 hospitals in the UK (appendix pp 2-22),
supported by the National Institute for Health Research
(NIHR) Clinical Research Network. The trial is
coordinated by the Nuffield Department of Population
Health at the University of Oxford (Oxford, UK), the
trial sponsor. The trial is done in accordance with
the principles of the International Conference on

improvement; however, all were underpowered to exclude
moderate but clinically relevant treatment effects.

Added value of this study

The Randomised Evaluation of COVID-19 Therapy (RECOVERY)
trial is a large, randomised trial evaluating the effect of
azithromycin monotherapy on mortality in patients admitted
to hospital with COVID-19. We found no significant difference
between the azithromycin group and the usual care group in
28-day all-cause mortality, the probability of discharge alive
within 28 days, or, among the patients who were not receiving
invasive mechanical ventilation at randomisation, the
probability of progressing to the composite outcome of
invasive mechanical ventilation or death. We saw no evidence
of clinical benefit of azithromycin in any patient subgroup.

Implications of all the available evidence

Azithromycin should not be used to treat patients admitted to
hospital with COVID-19 unless there is a clear antimicrobial
indication.

Harmonisation—-Good Clinical Practice guidelines and
approved by the UK Medicines and Healthcare products
Regulatory Agency and the Cambridge East Research
Ethics Committee (20/EE/0101). The protocol, statistical
analysis plan, and additional information are available
on the study website. Although the azithromycin,
dexamethasone, hydroxychloroquine, lopinavir-ritonavir,
convalescent plasma, and tocilizumab groups have now
been stopped, the trial continues to study the effects of
REGN-COV2 (a combination of two monoclonal anti-
bodies directed against SARS-CoV-2 spike glycoprotein),
aspirin, and colchicine. Other treatments might be
studied in future.

Patients admitted to hospital were eligible for the study
if they had clinically suspected or laboratory confirmed
SARS-CoV-2 infection and no medical history that might,
in the opinion of the attending clinician, put the patient
at substantial risk if they were to participate in the trial.
Initially, recruitment was limited to patients aged at
least 18 years, but from May 9, 2020, the age limit was
removed. Patients with known prolonged QTc interval
or hypersensitivity to a macrolide antibiotic and those
already receiving chloroquine or hydroxychloroquine
were excluded from random assignment between
azithromycin and usual care.

Written informed consent was obtained from all
patients, or a legal representative if they were too unwell
or unable to provide consent.

Randomisation and masking

Baseline data were collected using a web-based case report
form that included demographics, amount of respiratory
support, major comorbidities, suitability of the study
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treatment for a particular patient, and treatment avail-
ability at the study site (appendix pp 23-25). Eligible and
consenting patients were assigned to either usual standard
of care or usual standard of care plus azithromycin or
one of the other available RECOVERY treatment groups
using web-based simple (unstratified) randomisation with
allocation concealed until after randomisation (appendix
pp 23-25). Randomisation to usual care was twice that of
any of the active treatment groups the patient was eligible
for (eg, 2:11in favour of usual care if the patient was eligible
for only one active group, 2:1:1 if the patient was eligible for
two active groups). For some patients, azithromycin was
unavailable at the hospital at the time of enrolment or a
macrolide antibiotic was considered by the managing
physician to be either definitely indicated or definitely
contraindicated. These patients were excluded from the
randomised comparison between azithromycin and usual
care. Patients allocated to azithromycin were to receive
azithromycin 500 mg by mouth, nasogastric tube, or
intravenous injection once a day for 10 days or until
discharge, if sooner. Allocated treatment was prescribed
by the managing doctor. Azithromycin was supplied from
routine National Health Service (NHS) stocks.

For eligible participants, factorial randomisations were
introduced such that participants could simultaneously
be randomly assigned to convalescent plasma versus
REGN-COV2 versus usual care and to aspirin versus usual
care (appendix pp 23-25). Within 21 days of initial random
assignment, participants with evidence of hypoxia and
inflammation could be additionally randomly assigned to
tocilizumab versus usual care alone. Participants and local
study staff were not masked to the allocated treatment. The
steering committee, investigators, and all others involved
in the trial were masked to the outcome data during the
trial.

Procedures

A single online follow-up form was completed when
participants were discharged from hospital, died, or at
28 days after randomisation, whichever occurred earliest
(appendix pp 29-35). Information was recorded on
adherence to allocated study treatment, receipt of other
COVID-19 treatments, duration of admission, receipt of
respiratory or renal support, and vital status (including
cause of death). In addition, routine health-care and
registry data were obtained, including information on
vital status (with date and cause of death), discharge
from hospital, receipt of respiratory support, or renal
replacement therapy. Details of how this information
was used to derive baseline characteristics and clinical
outcomes are provided in the appendix (pp 112-31).

Outcomes

Outcomes were assessed at 28 days after randomisation,
with further analyses specified at 6 months. The primary
outcome was 28-day all-cause mortality. Secondary
outcomes were time to discharge from hospital and,
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among patients not on invasive mechanical ventilation at
randomisation, invasive mechanical ventilation (including
extracorporeal membrane oxygenation) or death. Pre-
specified subsidiary clinical outcomes were cause-specific
mortality, use of haemodialysis or haemofiltration, major
cardiac arrhythmia (recorded in a subset), and receipt
and duration of ventilation. Among those on invasive
mechanical ventilation at randomisation, a subsidiary
clinical outcome of successful cessation of invasive
mechanical ventilation was defined as cessation within
(and survival to) 28 days. Information on suspected
serious adverse reactions was collected in an expedited
manner to comply with regulatory requirements.

Statistical analysis
An intention-to-treat comparison was made between
patients randomly assigned to azithromycin and those

16442 patients recruited*

7009 excludedt
> 3650 azithromycin unavailable
4570 azithromycin considered unsuitable

9433 randomised between azithromycin
and other RECOVERY groups

1670 allocated to other active treatment
551 lopinavir-ritonavir
539 dexamethasone
580 hydroxychloroquine

v

7763 randomised between azithromycin
and usual care alone

v v

2582 allocated azithromycin 5181 allocated usual care alone
2347 of 25061 received 837 of 50541 received
azithromycin or other macrolide§ azithromycin or other macrolide§
—b| 7 withdrew consent | —>| 9 withdrew consent
v v :
375 proceeded to second 893 proceeded to second
randomisationq] H randomisationd]
2582 included in 28-day 4 5181 included in 28-day
intention-to-treat analysis intention-to-treat analysis

Figure 1: Trial profile

*Number recruited overall during the period that participants could be recruited into the azithromycin comparison.
‘tSome patients were included in both of the below groups. 2506 (97%) of those allocated to azithromycin and
5054 (98%) of those allocated to usual care had a complete follow-up at time of analysis. §3993 patients were
additionally randomly assigned to convalescent plasma versus REGN-COV2 versus control (1320 [51-1%] patients
allocated to azithromycin versus 2673 [51-6%] patients allocated usual care) and 975 patients were additionally
randomly assigned to aspirin versus usual care (323 [12-5%] patients allocated to azithromycin versus

652 [12:6%] patients allocated usual care). qlincludes 198 (7-7%) of 2582 patients in the azithromycin group and
450 (8-7%) of 5181 patients in the usual care group allocated to tocilizumab.
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randomly assigned to wusual care but for whom
azithromycin was both available and suitable as a
treatment. For the primary outcome of 28-day mortality,
the log-rank observed minus expected statistic and its
variance were used to both test the null hypothesis of
equal survival curves (ie, the log-rank test) and to calculate
the one-step estimate of the mortality rate ratio. We

Azithromycin (n=2582) Usual care (n=5181)

Age, years 65-4 (15-6) 65-2 (157)
<70* 1508 (58%) 3014 (58%)
>70to <80 615 (24%) 1167 (23%)
>80 459 (18%) 1000 (19%)

Sex
Men 1604 (62%) 3215 (62%)
Woment 978 (38%) 1966 (38%)

Ethnicity
White 1961 (76%) 3978 (77%)
Black, Asian, and 372 (14%) 737 (14%)
minority ethnic
Unknown 249 (10%) 466 (9%)

Number of days since 8 (5-11) 8 (5-11)

symptom onset

Number of days since 2 (1-4) 2 (1-4)
admission to hospital

Respiratory support received

No oxygen received 490 (19%) 918 (18%)
Oxygen onlyt 1940 (75%) 3963 (76%)
Invasive mechanical 152 (6%) 300 (6%)
ventilation

Previous diseases
Diabetes 700 (27%) 1433 (28%)
Heart disease 693 (27%) 1350 (26%)
Chronic lung disease 621 (24%) 1313 (25%)
Tuberculosis 3 (<1%) 16 (<1%)
HIV 7 (<1%) 22 (<1%)
Severe liver disease§ 45 (2%) 65 (1%)
Severe kidney 155 (6%) 334 (6%)
impairmentq
Any of the above 1507 (58%) 3013 (58%)

Use of corticosteroids
Yes 1567 (61%) 3171 (61%)
No 182 (7%) 397 (8%)
Not asked or 833 (32%) 1613 (31%)
missing||

SARS-CoV-2 test result
Positive 2350 (91%) 4743 (92%)
Negative 202 (8%) 386 (7%)
Unknown 30 (1%) 52 (1%)

Data are mean (SD), n (%), or median (IQR). SARS-CoV-2=severe acute respiratory
syndrome coronavirus 2. *Includes 26 children (<18 years). tIncludes 25 pregnant
women. fIncludes non-invasive ventilation. §Defined as requiring ongoing
specialist care. §Defined as estimated glomerular filtration rate <30 mL/min per
1.73 m’. ||Information on use of corticosteroids was collected from June 18, 2020,
onwards, following announcement of the results of the dexamethasone
comparison from the RECOVERY trial.

Table 1: Baseline characteristics

constructed Kaplan-Meier survival curves to display
cumulative mortality over the 28-day period. We used
similar methods to analyse time to hospital discharge and
successful cessation of invasive mechanical ventilation,
with patients who died in hospital right-censored on
day 29. Median time to discharge was derived from Kaplan-
Meier estimates. For the prespecified composite secondary
outcome of invasive mechanical ventilation or death within
28 days (among those not receiving invasive mechanical
ventilation at randomisation) and the subsidiary clinical
outcomes of receipt of ventilation and use of haemodialysis
or haemofiltration, the precise dates were not available and
so the risk ratio was estimated instead.

Prespecified analyses of the primary outcome were
done separately in six subgroups defined by characteristics
at the time of random assignment: age, sex, ethnicity,
days since symptom onset, level of respiratory support,
and use of corticosteroids (appendix p 105). Observed
effects within subgroup categories were compared using
a x2 test for heterogeneity or trend, in accordance with
the prespecified analysis plan.

Estimates of rate and risk ratios are shown with
95% ClIs. All p values are two-sided and are shown
without adjustment for multiple testing. The full
database is held by the study team who collected the data
from study sites and did the analyses at the Nuffield
Department of Population Health (University of Oxford,
Oxford, UK).

As stated in the protocol, appropriate sample sizes could
not be estimated when the trial was being planned at the
start of the COVID-19 pandemic as it was unknown
how large the epidemic would become (appendix p 26).
As the trial progressed, the trial steering committee,
whose members were unaware of the results of the trial
comparisons, determined that sufficient patients should
be enrolled to provide at least 90% power at a two-sided
p value of 0-01 to detect a clinically relevant proportional
reduction in the primary outcome of 20% between the
two groups. Consequently, on Nov 27, 2020, the steering
committee, masked to the results, closed recruitment to

100 b — Azithromycin group
—— Usual care group
304
254
g 20_
2
]
5 157
=
104
5 -
Rate ratio 0-97 (0-87-1-07); log-rank p=0-50
0 T T T 1
0 7 14 21 28
Number at risk Time since randomisation (days)
Azithromycin group 2582 2337 2155 2056 2014
Usual care group 5181 4658 4298 4108 4010

Figure 2: Effect of allocation to azithromycin on 28-day mortality
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the azithromycin comparison as sufficient patients had
been enrolled.

Analyses were done using SAS, version 9.4, and R,
version 3.4.0. This trial is registered with ISRCTN,
50189673, and ClinicalTrials.gov, NCT04381936.

Role of the funding source

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

Results

Between April 7 and Nov 27, 2020, 9433 (57%) of
16442 patients enrolled in the RECOVERY trial were
eligible to be randomly allocated to azithromycin (ie,
azithromycin was available in the hospital at the time
and the attending clinician was of the opinion that the
patient had no known indication for or contraindication
to azithromycin, figure 1, appendix p 38). 2582 patients
were randomly allocated to azithromycin and 5181 were
randomly allocated to usual care, with the remainder being
randomly allocated to one of the other treatment groups.
The mean age of study participants in this comparison was
65-3 years (SD 15-7) and the median time since symptom
onset was 8 days (IQR 5-11; table 1; appendix p 38).

The follow-up form was completed for 2506 (97%)
patients in the azithromycin group and 5054 (98%) patients
in the usual care group. Among patients with a completed
follow-up form, 2269 (91%) allocated to azithromycin
versus 68 (1%) allocated to usual care received at least
one dose, and 2347 (94%) versus 837 (17%) received any
macrolide antibiotic (appendix p 39). The median duration
of treatment with azithromycin was 6 days (IQR 3-10). Use
of other treatments for COVID-19 was similar among
patients allocated azithromycin and among those allocated
usual care, with more than half receiving a corticosteroid,
about a quarter receiving remdesivir, about a fifth receiving
convalescent plasma, and about a twelfth receiving
tocilizumab or sarilumab (appendix p 39).

We observed no significant difference in the propor-
tion of patients who met the primary outcome of
28-day mortality between the two randomised groups
(561 [22%] of 2582 patients in the azithromycin group vs
1162 [22%] of 5181 patients in the usual care group;
rate ratio 0-97, 95% CI 0-87-1-07; p=0-50; figure 2). We
observed similar results across all prespecified subgroups
(figure 3). In an exploratory analysis restricted to the
7093 (91%) of 7763 patients with a positive SARS-CoV-2
test result, the result was similar (rate ratio 0-95, 95% CI
0-86-1-06; p=0-38).

Azithromycin group

Age, years (x3=0-9; p=0-34)

<70 173/1508 (11%)
27010 <80 206/615 (33%)
>80 182/459 (40%)
Sex (xi=1-0; p=0-32)

Men 391/1604 (24%)
Women 170/978 (17%)
Ethnicity (x3=0-4; p=0-54)

White 458/1961 (23%)
Black, Asian, and minority ethnic 66/372 (18%)
Days since symptom onset (x3=0-0; p=0-91)

<7 289/1163 (25%)
>7 272/1418 (19%)
Respiratory support at randomisation (x3=0-1; p=0-70)

No oxygen received 66/490 (13%)
Oxygen only* 430/1940 (22%)
Invasive mechanical ventilation 65/152 (43%)
Use of corticosteroids (x3=1-1; p=0-30)

Yes 332/1567 (21%)
No 26/182 (14%)
Not recorded 202/828 (24%)
All participants 561/2582 (22%)

Usual care group Rate ratio (95% Cl)
341/3014 (11%) —m— 1.02 (0-85-123)
399/1167 (34%) —i— 0-98 (0-83-116)
422/1000 (42%) — 091 (0-76-1.08)
782/3215 (24%) - 1:00 (0-89-1-13)
380/1966 (19%) —mi 0-90 (075-1.07)
936/3978 (24%) s B 099 (0-89-1-11)
145/737 (20%) — il 0-90 (0-68-1-20)
599/2354 (25%) 098 (0-85-112)
558/2812 (20%) : 0-96 (0-83-111)
120/918 (13%) — e 102 (0.76-1-39)
908/3963 (23%) - 0-97 (0-86-109)
134/300 (45%) — 0-94 (070-1-27)
682/3171 (22%) + 0-99 (0-87-1-13)

721397 (18%) 0 - 078 (0-51-1-20)
404/1600 (25%) —— 0-95 (0-80-1-13)
1162/5181 (22%) < 0-97 (0-87-1-07)

: P=0-50
I T T 1
05 075 10 15 20
«— —>
Favours azithromycin  Favours usual care

Figure 3: Effect of allocation to azithromycin on 28-day mortality by baseline characteristics

Subgroup-specific rate ratio estimates are represented by squares (with areas of the squares proportional to the amount of statistical information) and the lines
through them correspond to 95% Cls. The ethnicity, days since onset, and use of corticosteroids subgroups exclude those with missing data, but these patients are
included in the overall summary diamond. Information on use of corticosteroids was collected from June 18, 2020, onwards following announcement of the results
of the dexamethasone comparison from the RECOVERY trial. *Includes patients receiving non-invasive ventilation.

www.thelancet.com Vol 397 February 13,2021

609



Articles

Azithromycin Usual care RR (95% Cl) p value
(n=2582) (n=5181)
Primary outcome
28-day mortality 561 (22%) 1162 (22%) 0-97 (0-87-1.07)  0-50
Secondary outcomes
Time to being discharged alive, 10 (5to>28) 11 (5to >28) NA NA
days
Discharged from hospital within 1788 (69%) 3525 (68%) 1.04(0-98-110) 019
28 days
Receipt of invasive mechanical 603/2430 (25%)  1273/4881 (26%) 0-95(0-87-1-03) 024
ventilation or death*
Invasive mechanical ventilation ~ 211/2430 (9%) 461/4881 (9%) 0-92(0:79-1.07) 029
Death 496/2430 (20%)  1028/4881(21%)  0-97(0-88-1.07)  0-52
Subsidiary clinical outcomes
Receipt of ventilationt 226/1368 (17%) 491/2705 (18%) 0-91(0-79-1-05)  0-20
Non-invasive ventilation 214/1368 (16%) 467/2705 (17%) 0-91(0-78-1.05) 019
Invasive mechanical ventilation 57/1368 (4%) 115/2705 (4%) 0-98(0-72-134)  0:90
Successful cessation of invasive 54/152 (36%) 96/300 (32%) 115(0-82-1-62)  0-42
mechanical ventilation
Use of haemodialysis or 105/2539 (4%) 224/5102 (4%) 0-94 (0-75-1-18)  0-61
haemofiltration§
Data are n (%), median (IQR), or n/N (%), unless otherwise indicated. RR=rate ratio for the outcomes of 28-day
mortality, hospital discharge, and successful cessation of invasive mechanical ventilation, and risk ratio for other
outcomes. NA=not applicable. *Analyses exclude those on invasive mechanical ventilation at randomisation.
‘tAnalyses exclude those on any form of ventilation at randomisation. Analyses restricted to those on invasive
mechanical ventilation at randomisation. SAnalyses exclude those on haemodialysis or haemofiltration at
randomisation.
Table 2: Effect of allocation to azithromycin on key study outcomes
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Allocation to azithromycin was associated with a similar
time until discharge from hospital alive as usual care
(median 10 days [IQR 5 to >28] vs 11 days [5 to >28]) and a
similar probability of discharge alive within 28 days
(69% vs 68%, rate ratio 1-04, 95% CI 0-98-1-10; p=0-19;
table 2). Among those not on invasive mechanical
ventilation at baseline, the number of patients progressing
to the prespecified composite secondary outcome of
invasive mechanical ventilation or death among those
allocated to azithromycin was similar to that among those
allocated to usual care (25% vs 26%, risk ratio 0-95,
95% CI 0-87-1-03; p=0-24; table 2). Allowing for multiple
testing in interpretation of the results, there was no
evidence that the effect of allocation to azithromycin
versus usual care on time until discharge from hospital
alive or on invasive mechanical ventilation or death
differed between prespecified subgroups of patients
(appendix pp 43—44).

We found no significant differences in the prespecified
subsidiary clinical outcomes of cause-specific mortality
(appendix p 40), use of ventilation, successful cessation
of invasive mechanical ventilation, or need for renal
dialysis or haemofiltration (table 2). We observed no
significant differences in the frequency of new cardiac
arrhythmias (appendix p 41). There was one report of
a serious adverse reaction believed to be related to
azithromycin: a case of pseudomembranous colitis from
which the patient recovered with standard treatment.

Discussion

The results of this large, randomised trial show that
azithromycin is not an effective treatment for patients
admitted to hospital with COVID-19. Allocation to
azithromycin was not associated with reductions in
mortality, duration of hospital stay, or the risk of being
ventilated or dying for those not on ventilation at baseline.
These results were consistent across the prespecified
subgroups of age, sex, ethnicity, duration of symptoms
before randomisation, level of respiratory support at
randomisation, or use of corticosteroids at randomisation.

Azithromycin was proposed as a treatment for
COVID-19 on the basis of its immunomodulatory
activity.” Although no major organisation or professional
society has recommended the routine use of azithro-
mycin in COVID-19 unless there is evidence of bacterial
superinfection, it has nevertheless been used widely in
patients with COVID-19, particularly in combination
with hydroxychloroquine.”* Macrolides have long been
suggested as potential therapies for inflammatory viral
pneumonias but this hypothesis has been based on
in-vitro, animal, and observational data, with very little
evidence of benefit in clinical trials.”** The benefit of
dexamethasone in patients with COVID-19 requiring
respiratory support suggests that inflammation has a
causal role in mortality’ Noting that the absence of
meaningful effect of azithromycin was consistent
regardless of whether patients were also being given a
corticosteroid or not, we conclude that the immuno-
modulatory properties of azithromycin are either
insufficient in COVID-19.

Macrolides are commonly used to treat bacterial
infections of the lower respiratory tract because of their
activity against Gram-positive bacteria and atypical
pathogens such as Mycoplasma pneumoniae and Legionella
spp, as well as their excellent tissue penetration. More
than 75% of patients with COVID-19 who were admitted
to hospital in the UK during 2020 were prescribed
antibiotics and the widespread clinical use of macrolides
in COVID-19 is likely to be driven largely by concerns
of bacterial superinfection rather than purported
immunomodulatory activity.” It is therefore important
to highlight that in patients with moderate or severe
COVID-19, who might be expected to have some burden
of secondary bacterial lung infection, there was no
observed clinical benefit of azithromycin use. This
absence of meaningful effect could either reflect the
relatively low rate of secondary bacterial infection in
COVID-19 or the widespread use of -lactam or other
antibiotics, which might have abrogated any antibacterial
benefit of allocation to azithromycin in this trial.*¥ Our
results showed that the addition of azithromycin to
routine clinical care of patients admitted to hospital with
COVID-19 confers no clinical benefit, whether that be
anti-inflammatory or antimicrobial. Although we detected
no harm to individual patients given azithromycin, there
is a risk of harm at a societal level from widespread use of
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antimicrobial agents. Azithromycin is classified within
the WHO Watch Group of Antibiotics (ie, antibiotics that
have higher resistance potential and should be prioritised
as key targets of antimicrobial stewardship programmes).”
In light of the new evidence from the RECOVERY trial,
the widespread use of macrolides in particular and
antibiotics in general in patients with COVID-19 should
be questioned.”

Strengths of this trial included that it was randomised,
had a large sample size, broad eligibility criteria, and
more than 98% of patients were followed up for the
primary outcome. The trial also had some limitations.
Detailed information on laboratory markers of viral
load, inflammatory status, immune response, coexistent
bacterial infection, or use of non-macrolide antibiotics
was not collected, nor was information on radiological or
physiological outcomes. Following random assignment,
17% of patients in the usual care group were given
azithromycin or another macrolide antibiotic. Although
this randomised trial is open label (ie, participants and
local hospital staff are aware of the assigned treatment),
the outcomes are unambiguous and were ascertained
through linkage to routine health data systems (regardless
of treatment allocation).

Three other randomised controlled trials have assessed
the efficacy of azithromycin for the treatment of
COVID-19 in patients admitted to hospital, all of which
additionally treated patients with hydroxychloroquine.”*
The COALITION I and COALITION II trials found
that for patients with COVID-19 who had been admitted
to hospital, treatment with azithromycin and hydroxy-
chloroquine was not associated with any improvement
in mortality, duration of hospital stay, or clinical status
as assessed using an ordinal outcome scale.”® A small
trial in Iran that randomly assigned patients to hydroxy-
chloroquine and lopinavir-ritonavir with or without
azithromycin also found no significant difference in
mortality or intensive care unit admission, but suggested
a reduction in duration of hospital stay.” The total
number of patients in all three previous trials combined
was 1223, with 130 deaths. The RECOVERY trial, with
7763 participants and 1723 deaths in this assessment of
azithromycin, is well powered to detect modest treatment
benefits; however, none were observed.

At the time of writing, 24 trials evaluating the use of
macrolides in patients with COVID-19 were registered in
the WHO International Clinical Trials Registry Platform,
of which three (COALITION I and COALITION II, and
Q-PROTECT, a study in patients who had not been
admitted to hospital) have published results.”** Of the
remaining 21, 16 are studying macrolides in inpatients
either alone or in combination with other putative
treatments, while five are studying macrolides in patients
who had not been admitted to hospital with suspected or
confirmed COVID-19.

Although our findings do not address the use of
macrolides for the treatment of patients with COVID-19
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who had not been admitted to hospital with early, mild
disease, the results do show that azithromycin is not an
effective treatment for patients admitted to hospital with
COVID-19.
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