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Background: Azithromycin has been widely used in the management of COVID-19. However, the evidence on its
actual effects remains disperse and difficult to apply in clinical settings. This systematic review and meta-
analysis summarizes the available evidence to date on the beneficial and adverse effects of azithromycin in
patients with COVID-19.

Methods: The PRISMA 2020 statement criteria were followed. Randomized controlled trials (RCTs) and observational
studies comparing clinical outcomes of patients treated with and without azithromycin, indexed until 5 July 2021,
were searched in PubMed, Embase, The Web of Science, Scopus, The Cochrane Central Register of Controlled
Trials and MedRXivs. We used random-effects models to estimate pooled effect size from aggregate data.

Results: The initial search produced 4950 results. Finally, 16 studies, 5 RCTs and 11 with an observational design,
with a total of 22 984 patients, were included. The meta-analysis showed no difference in mortality for those
treated with or without azithromycin, in observational studies [OR: 0.90 (0.66-1.24)], RCTs [OR: 0.97 (0.87-1.08)]
and also when both types of studies were pooled together [with an overall OR: 0.95 (0.79-1.13)]. Different indi-
vidual studies also reported no significant difference for those treated with or without azithromycin in need
for hospital admission or time to admission from ambulatory settings, clinical severity, need for intensive care, or
adverse effects.

Conclusions: The results presented in this systematic review do not support the use of azithromycin in the man-
agement of COVID-19. Future research on treatment for patients with COVID-19 may need to focus on other

drugs.

Introduction

Azithromycin has been widely used in the management of COVID-
19.12 It is a broad-spectrum antibiotic, which is rapidly absorbed
after oral intake, and has a long half-life. Evidence suggests that
azithromycin has antiviral activity in bronchial epithelial cells, to-
gether with anti-inflammatory and immunoregulatory effects.?
The association of azithromycin with improved outcome in
patients with other viral pneumonias, and in those with acute lung
injury admitted in intensive care, has also been reported.” The pos-
sible beneficial effect of azithromycin in patients with COVID-19
and bacterial superinfection has been considered as well.! It is an
economical drug that can be used in the early stages of COVID-19.
However, the possible QT prolongation and cardiotoxicity associ-
ated with azithromycin are a concern.™

A number of individual studies have investigated the effect of
azithromycin on different clinical outcomes among patients with

COVID-19. The reviews where these articles are summarized are
either narrative, they focus on the effect of azithromycin in com-
bination with hydroxychloroquine, or are restricted to studies with
a particular design. Therefore, the evidence on the actual benefi-
cial or harmful effects of azithromycin in patients with COVID-19
remains disperse and difficult to apply in clinical settings.® This
systematic review and meta-analysis summarizes the evidence on
the beneficial and adverse effects of azithromycin in patients with
COVID-19.

Methods

This systematic review and meta-analysis was registered in the
International prospective register of systematic reviews (PROSPERO) with
the reference CRD 42021252219, and it was conducted following the
PRISMA 2020 statement criteria.® Randomized controlled trials (RCTs)
and observational studies comparing clinical outcomes of patients treated
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with and without azithromycin were searched and considered for inclusion.
All the publications indexed up to 5 July 2021 in the following six databases
were reviewed: PubMed, Embase, The Web of Science, Scopus, The
Cochrane Central Register of Controlled Trials (CENTRAL) and MedRXivs.
The following search strategy was used: ((‘Azithromycin’[Mesh]) OR
‘Macrolides’[Mesh]) AND (((‘Coronavirus’[Mesh]) OR ‘COVID-19’[Mesh]) OR
‘SARS-CoV-2’[Mesh]). Studies in the bibliography of all the relevant reviews
identified in the initial search were also considered for inclusion. The for-
ward citation tool in The Web of Science was used and all papers that cited
those included in the review were also considered for inclusion. There were
no restrictions on the basis of language, sample size, or duration of follow-
up. Studies were not included in the following cases: (i) they reported out-
comes of specific participants (i.e. cancer patients only); (ii) there was no
comparison army; (ii) azithromycin was compared against an intervention
different to placebo or standard care; (iv) the effect of azithromycin in com-
bination with another drug was the objective of the study; (v) the exposure
was not specifically azithromycin (i.e. antibiotics, macrolides); (vi) the study
had an observational design but no multivariate analysis, with adjustment
for potential confounders, had been conducted.

Where several articles reported results from the same population, data
were taken from the publication with the longest follow-up. The quality of
all studies was assessed according to accepted criteria.” Authors of studies
were contacted when it was unclear whether papers met the inclusion cri-
teria, and to verify methods and results that may not have been reported.

We used random-effects models to estimate pooled effect size from
aggregate data.® The majority of the studies provided estimates on the risk
of death, ORs, relative risks (RRs), or HRs. We pooled these using ORs, where
RRs were transformed to ORs, and HRs were used as proxy measures for
ORs as the percentage of the outcome was relatively small and the follow-
up period was short.® When an RCT did not report a summary estimate, but
provided numbers of deaths in each exposure group, the OR was calculated
and used in the pooled summary estimates. When observational studies
did not provide numerical measurements of effect for death, they could
not be included in the meta-analysis and their results are presented
narratively. Observational studies and RCTs are displayed in one forest plot
stratified by study design.

The summaries for outcomes other than death were reported narrative-
ly, due to the different methods used across studies and the small number
of studies that investigated each outcome.

Between-study heterogeneity was assessed using I? statistics, which
describes the percentage of variation across studies that is due to hetero-
geneity rather than chance.® Publication bias was assessed visually using
funnel plots and contour-enhanced funnel plots, and the Egger test was
used to assess asymmetry and small study effects.* Statistical analysis
was performed using the software STATAV.16.

Results

The initial search produced 4950 results, seven of them were
reviews relevant to this topic.?*#"” The full text of 35 articles was
assessed. Finally, our systematic review included 16 studies, with a
total of 22 984 patients.'® >3 The studies assessed at each stage of
the search are presented in Figure 1. Five of the studies were RCTs
and 11 had an observational design. They had been conducted in
Brazil, France, Italy, Iran, Spain, Turkey, the UK and the USA.
Four studies had been conducted in ambulatory settings, 11 in
hospitals, and one included both hospital and ambulatory
patients. The sample size ranged from 111 to 7763 patients.'®*?
The characteristics of the studies included in this systematic review
are presented in Tables 1 and 2.

The dose of azithromycin was reported in 11 studies. In four of
them, patients received 500 mg/day for 5 days.' 22 Patients were

given 500 mg on the first day and then 250 mg/day the following
4days in three studies.”> "> In two studies, patients were treated
with 500 mg/day for 10days.'®?® In one study, patients received
500mg/day for 14days?’ and in another one 500 mg/day for
3 days.?® All studies compared the outcomes of patients treated
with azithromycin against those for the ones that had only
received standard care. In two studies, it was specified that
patients did not received hydroxychloroquine, neither in the inter-
vention arm, nor in the comparison one.>%*3 Two studies reported
that patients in both arms had received hydroxychloroquine and
lopinavir/ritonavir.**%* Finally, one study reported that patients
in both arms had been treated with hydroxychloroquine and
steroids.??

Death was the outcome in 13 studies, length of hospital
admission in 6 studies, need for ICU care in 4 studies and need
for admission in 2 studies. Other secondary outcomes were
also reported in individual studies. Tables 1 and 2 present the
outcomes reported in each study. All RCTs were considered of
good quality. While one of them had a substantially smaller
sample size, its results on mortality were consistent with the
ones reported in larger studies.*® All observational studies were
also considered to have good quality. In one of them, only avail-
able as an abstract, the quality was difficult to assess.?’
However, while this study reported results consistent with the
ones presented in the other papers, no numerical results were
presented; therefore, it was not included in the meta-analysis
(Tables S1 and S2, available as Supplementary data at JAC
Online).

The meta-analysis showed no difference in death for those
treated with or without azithromycin, in observational studies
[OR: 0.90 (0.66-1.24)], RCTs [OR: 0.97 (0.87-1.08)] and when
studies with both designs were pooled together [OR: 0.95
(0.79-1.13)] (Figure 2). In the study by Hinks and colleagues,?’
the outcome was death or need for admission, and this was
used as a proxy for death in the meta-analysis. Excluding this
study had minimal effect on the magnitude and the signifi-
cance of the results, with an overall OR 0.95 (0.79-1.14). Two
further observational studies, which did not present a measure
of effect and could not be included in the meta-analysis,
reported narratively no evidence of association between treat-
ment with azithromycin and death.?*?° Two observational
studies contributed with large weight to the meta-analysis.?%33
Azithromycin was associated with reduced mortality in one of
them,?® and with increased mortality in the other.>* When
these two studies were removed from the meta-analysis, a
lower heterogeneity was observed, but the pooled association
between azithromycin and mortality remained not significant
[OR:0.95 (0.87-1.04)] (Figure 3).

Three observational studies and one RCT reported no associ-
ation between the use of azithromycin and the length of hospital
admission, 29242631 while another RCT showed evidence of hos-
pital admission shorter by 1 day for those who received azithromy-
cin.'? The two observational studies and the two RCTs that had
need for ICU as an outcome reported it not to be associated with
azithromycin.*®2%2% One observational study and one RCT, con-
ducted both in the community, reported no association between
treatment with azithromycin and need for admission.?*?®
Azithromycin was not associated with serious adverse events,*®2°
QT prolongation, 2639 arrythmia, #1926 or need for resuscitation®®*°
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Initial Search: 4950

(PubMed: 573; Embase: 1172; Web of Science: 648; Scopus:
2233; CENTRAL: 203; MedRXivs: 121)

Previous reviews related to this topic: 7

A
A 4

Not fitting inclusion criteria: 4916

(488 references)

v

Selected for full text assessment: 27

A
Selected for full text assessment: 2

Papers citing included studies: 722

A 4

A\ 4
l«———| Selected for full text assessment: 6

\ 4

Total selected for full text assessment: 35

Not fitting inclusion criteria: 19

A

\ 4

Studies included: 16

Figure 1. Studies identified at each stage of the search.

(Tables 1 and 2). The reasonably symmetrical funnel plot, and Discussion

the contour-enhanced funnel plot at significance levels 1%, 5%  This systematic review and meta-analysis presents strong evi-
and 10%, supports the hypothesis that there was no publication  dence on the lack of association between azithromycin and any
bias (Figures S1-S4). clinical benefit in the management of COVID-19.2* This evidence is
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Table 1. RCTs included in the systematic review

Author/year/ N AZM/standard Outcomen
country Setting care Outcome AZM/comparison Effect
ATOMIC2/ Comm 147/148 Death or need for admission 15/17 OR:0.91 (0.43-1.92),P=0.80
2021/UK Time to admission HR: 0.95 (0.46-1.96), P=0.89
Maximum clinical severity OR:0.91 (0.57-1.46), P=0.69
COALITION II/ Hosp 214/183 Higher category of clinical status OR:1.36 (0.94-1.97)
2020/Brazil score
Death 90/73 HR: 1.08 (0.79-1.47), P=0.63
Difference median length 26/18 8.00 (0.81-15.19), P=0.064
of admission (days)
Serious adverse events 102/75 No difference in adverse events
P=0.35
QT prolongation 47142 No difference. No difference in ven-
tricular arrythmia or need for
resuscitation
PRINCIPLE/ Comm 540/875 Clinical recovery Day 28 402/631
2021/UK Time to clinical recovery HR: 1.08 (0.95-1.23)
Need of admission 16/28 OR:0.3(-1.7t02.2)
RECOVERY/ Hosp 2582/5181 Death 561/1162 RR:0.97 (0.87-1.107), P=0.50. This
2021/UK result was also not significant in
different age or gender categories
Median length of admission (days) 10/11
Discharged alive on Day 28 (%) 68/69 RR: 1.04 (0.98-1.10), P=0.19
Need for mechanical ventilation or 25/26 RR:0.95 (0.87-1.03), P=0.24
death (%)
Serious adverse events 1/0 No difference in arrythmias
Sekhavati/ Hosp 56/55 Mean length of admission (days) 4.61/5.96 P=0.02
Iran/2020 Need for ICU 217 P=0.070
Death 0/1 P=0.495
No difference in QT prolongation or
arrythmia
AZM, azithromycin; Hosp, hospital; Comm, community.
Table 2. Observational studies included in the systematic review
N AZM/
standard Outcome n AZM/
Author/year/country Setting care Outcome comparison Effect
Albani/2020/Italy Hosp 421/605 Death 69/172 OR: 0.60 (0.42-0.85)
Need for ICU 20/46 OR: 1.08 (0.57-2.05)
Median length 6/6 OR:1.17(1.10-1.25)
of admission (days)
Arshad/2020/USA Hosp 1471409 Death 33/108 HR: 1.050 (0.682-1.616)
Ayerbe/2020/Spain Hosp 1223/796 Death 146/140 OR:0.53 (0.19-1.50),
P=0.233
Guérin/2020/France Comm 34/34 Time to clinical 12.9/25.8 (P=0.0149)
recovery (days)
Need for ICU 8/1
Serious adverse effects None reported
in the AZM group

Continued
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Table 2. Continued

N AZM/
standard Outcome n AZM/
Author/year/country Setting care Outcome comparison Effect
Cardiovascular events None reported
in the AZM group
Ip/2020/USA Hosp 256/2256 Death HR: 0.89 (0.72-1.10), P=0.28
Length of admission HR: 1.45 (0.88-2.41), P=0.150
Kokturk/2021/Turkey Hosp 738/762 Death 34/33 OR: 1.54 (0.48-4.98),P=0.472
Pathak/2021/USA Hosp Need for ICU. No association between
ICU death azithromycin and the
outcomes
Rodriguez- Hosp 120/63 Death 716 P=0.501
Molinero/ Length of admission HR: 1.45 (0.88-2.41), P=0.150
2020/Spain
Rosenberg/2020/USA Hosp 121/211 Death 21/28 HR: 0.56 (0.26-1.21)
Cardiac arrest 5/7 HR: 0.64 (0.27-1.56)
Abnormal ECG HR: 0.95 (0.47-1.94)
Szente-Fonseca/ Comm 380/337 Need for OR:0.93 (0.60-1.45)
2020/Brazil admissions (114)
Wang/2020/USA Hosp and 535/4165 Death 124/168 OR: 1.57 (1.14-2.16), P=0.006
comm
AZM, azithromycin; Hosp, hospital; Commm, community.
%
Study_Date_Country OR/HR (95% CI) Weight
Observational |
Alabni 2020 (ltaly) _°_E 0.60 (0.42,0.85)  12.07
Arshad 2020 (USA) —— 1.05(0.68, 1.62)  9.54
Ayerbe 2020 (Spain) —0—:'— 0.53 (0.19, 1.50) 2.51
Ip 2020 (USA) - 0.89 (0.72,1.10)  17.34
Rosenberg 2020 (USA) —o—i- 0.56 (0.26, 1.21)  4.20
Wang 2020 (USA) | —— 157 (1.14,2.18)  13.07
Kokturk 2021 (Turkey) —_— 154 (0.48 4.96) 2.03
Subtotal (I-squared = 70.5%, p = 0.002) <> 0.90 (0.66, 1.24) 60.75
RCT i
COALITION Il 2020 (Brazil) 1.08(0.79, 1.47)  13.48
Sekhavati 2020 (Iran) € *> 0.32 (0.01, 8.06) 0.29

ATOMIC2 2021 (UK)
RECOVERY 2021 (UK)
Subtotal (l-squared = 0.0%, p = 0.807)

0.91(0.43,1.92)  4.42
0.96 (0.85, 1.08)  21.07
0.97 (0.87,1.08)  39.25

Overall (I-squared = 53.6%, p = 0.018) 0.95 (0.79, 1.13) 100.00

NOTE: Weights are from random effects analysis

| !
5 10

Favour Azithromycin Favour Control

Figure 2. Forest plot of observational studies and RCTs on the association between treatment with azithromycin and death.
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%

Study_Date_Country OR/HR (95% CI) Weight
[
Observational |
Arshad 2020 (USA) —:0— 1.05 (0.68, 1.62) 4.61
Ayerbe 2020 (Spain) —_— 0.53(0.19,1.50)  0.80
Ip 2020 (USA) -OI- 0.89 (0.72, 1.10) 19.30
Rosenberg 2020 (USA) —0—:‘— 0.56 (0.26, 1.21) 1.46
Kokturk 2021 (Turkey) —:r—o— 1.54 (0.48, 4.96) 0.63
Subtotal (l-squared = 0.0%, p = 0.442) <)> 0.89 (0.74, 1.07) 26.80
d
|
RCT i
COALITION Il 2020 (Brazil) —— 1.08 (0.79, 1.47) 9.11
Sekhavati 2020 (Iran) & < i 0.32 (0.01, 8.06) 0.08
ATOMIC2Z 2021 (UK) —0:— 0.91 (0.43, 1.92) 1.565
RECOVERY 2021 (UK) hd 0.96 (0.85, 1.08) 62.45
Subtotal (I-squared = 0.0%, p = 0.807) { 0.97 (0.87, 1.08) 73.20
b
l
Overall (I-squared = 0.0%, p = 0.716) G 0.95 (0.87, 1.04) 100.00
I
NOTE: Weights are from random effects analysis E
[ [ [

Favour Azithromycin

Figure 3. Forest plot of observational studies and RCTs on the association
and Wang et al.>* excluded).

consistent across 16 studies conducted in Europe, America and
Asia with diverse methodology and design. There is also no evi-
dence of azithromycin being associated with any serious adverse
events, including cardiovascular disease.

This systematic review has some limitations. Only one person
extracted most of the data (L.A.). Even so, all data were checked
for accuracy on repeated occasions and all analyses were con-
ducted several times and checked by a senior statistician (S.A.). It
is also possible that some publications may have been missed. The
use of standard care, provided in addition to azithromycin in the
intervention arm, and on its own in the comparison arm, was not
described in some studies. It is not clear how differences in stand-
ard care across the studies may have affected the results. Evenin
studies where other drugs are mentioned, clinicians use numerous
pharmacological, and not pharmacological, interventions that are
not possible to account for, and this limitation affects all reviews of
clinical studies. Some RCTs adjusted the treatment effect for con-
founders, but not all did so. In those adjusted however, there was
no considerable difference between the unadjusted and adjusted
estimates, likely due to the balanced characteristics of the com-
pared groups, achieved by randomization.

The comprehensive search in six databases and critical assess-
ment of 16 studies, which added together a large number of
patients, represent the strengths of this systematic review. The

5 10
Favour Control

between treatment with azithromycin and death (studies by Albani et al.?°

inclusion of both observational and interventional studies, based in
different settings and looking at various outcomes, are also posi-
tive aspects of this research. Furthermore, the sensitivity analyses
that were conducted add consistency to the results. The use of a
random-effects model was a conservative choice. The overall
estimate remained significant despite the increased width of the
confidence intervals, providing support to the significance of the
findings.

The results presented in this systematic review do not support
the use of azithromycin in the management of COVID-19. They
also show no evidence of any harm caused to patients who
received it, which would be consistent with the well-established
safety profile reported before for azithromycin.* Future research
on repurposed or innovative treatment for patients with COVID-19
may need to consider alternative drugs.
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