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Azithromycin (AZM) is commonly used in Covid-19 patients based on low-quality
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efficacy of AZM in treating Covid-19 patients using published randomized
controlled trials. Google Scholar, PubMed, Scopus, Cochrane Library, Clinical Trials.
gov, MEDLINE, bioRxiv and medRxiv were searched for relevant studies. The
random-effects model was used to pool estimates using the Paule-Mandel estimate
for heterogeneity. The odds ratio and raw difference in medians were used for
dichotomous and continuous outcomes, respectively. The analysis included seven
studies with 8822 patients (median age, 55.8 years; 61% males). The risk of bias was
assessed as ‘low’ for five of the seven mortality results and as ‘some concerns’ and
‘high’ in one trial each. There were 657/3100 (21.2%) and 1244/5654 (22%) deaths
among patients randomized to AZM and standard of care, respectively. The use of
AZM was not associated with mortality in Covid-19 patients (OR = 0.96, 95% ClI
0.88-1.05, p = 0.317 based on the random-effect meta-analysis). The use of AZM
was not associated with need for invasive mechanical ventilation (OR = 0.96, 95%
Cl10.49-1.87, p = 0.85) and length of stay (A = 1.11, 95% Cl —2.08 to 4.31, p = 0.49).
The results show that using AZM as routine therapy in Covid-19 patients is not
justified due to lack of efficacy and potential risk of bacterial resistance that is not

met by an increased clinical benefit.
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1 | INTRODUCTION

In December 2019, an outbreak was reported in Wuhan, Hubei
province, China, caused by a novel coronavirus, severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2).! On March 11,
2020, the World Health Organization (WHO) declared the severe
acute respiratory syndrome caused by SARS-CoV-2 a global
pandemic due to rapid transmission across countries.? On 16
August 2020, more than 20 million cases of Corona Virus Disease
2019 (Covid-19) and nearly 760,000 deaths from SARS-CoV-2
were recorded.® Patients with Covid-19 can experience a range
of clinical manifestations, from asymptomatic to severe symptom-
atic disease.* The disease can cause respiratory distress that can
progress to hypoxic respiratory failure. Hospital care and pro-
longed use of breathing support may be needed in such cases.’
Several studies demonstrated that the leading causes of death in
COVID-19 are acute respiratory failure and sepsis.®”® Many
pharmacological agents have been utilized to handle the disease
and its life-threatening complications. Most of these agents are
repurposed drugs approved for other indications or other viral
infections.” Among these medications is azithromycin (AZM). AZM
is a broad-spectrum macrolide antibiotic of the azalide class.'®
Macrolide antibiotics have some potentially useful anti-
inflammatory and immunomodulatory effects along with their
obvious antibacterial properties.!'? They have been associated, in
many studies, with beneficial outcomes in both acute and chronic
inflammatory disorders.’>'* However, the benefits should always
be weighed against the potential risk of developing antimicrobial
resistance (AMR).1314

The immunomodulatory properties of macrolides include the
ability to down-regulate prolonged inflammation, inhibiting bac-
terial biofilm formation, decreasing the production of oxygen free
radicals, inhibiting neutrophil chemotaxis, accelerating neutrophil
apoptosis and blocking the activation of nuclear transcription
factors.?>> Numerous studies have demonstrated the in vitro
antiviral activity of AZM against many viral pathogens such as
Zika Ebola, influenza HINZ1 virus, enterovirus and rhinovirus.'®
Several mechanisms have been proposed for the potential anti-
viral action of AZM.'® One plausible mechanism is that AZM in-
terferes with SARS-CoV-2 entry through binding interaction
SARS-CoV-2  spike
angiotensin-converting enzyme-2 (ACE2) protein.'” In the early

between protein and host receptor

days of the outbreak, AZM was used commonly in combination
with HCQ based on insufficiently good quality evidence.'®?
However, later on, the use of HCQ in Covid-19 was abandoned
and halted due to lack of efficacy and increased risk of toxicity
like QT prolongation and cardiotoxicity, especially when combined
with other QT-prolonging drugs as AZM.2°2® Some cohort

M,242> while

studies have reported beneficial outcomes using AZ
others could not confirm its efﬁcacy.zé'27 Here, we conducted a
systematic review and meta-analysis on randomized controlled
trials to evaluate the safety and efficacy of AZM in treating

Covid-19 patients.

2 | METHODS

2.1 | Development of meta-analysis protocol

A quick literature search was initially performed (using Google
scholar, PubMed, clinicaltrials.gov and Cochrane database) to identify
study protocols for randomized trials that assess the efficacy and/or
safety of AZM in Covid-19 patients. These protocols were used to
draft the keywords for literature review and sentinel articles that
would later be used to ensure the accuracy of the search process. In
addition, the protocol for the current systematic review and meta-
analysis (including outcomes and subgroup analysis) was drafted
based on these protocols before examining the actual results for the
trials (even if trial results were available) to reduce bias. The plans for
the prospective meta-analysis and drafts of the protocol were
developed and reviewed by two members of the research team (S.F.F
and AM.K) and delivered to the remaining members of the team to
commence the search and data extraction process. The protocol was
registered and made publicly available on the PROSPERO database
(CRD42021237776) on 17 February 2021, before data collection
was started to reduce bias.

2.2 | Database search and identification of trials
Pubmed, Cochrane library, Clinicaltrials.gov, Google scholar, Scopus,
MEDLINE, bioRxiv and medRxiv were searched for completed clinical
trials published in any language evaluating the effect of AZM in pa-
tients 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 randomized controlled trials ac-
cording to validated filters. E-mail alerts were used to identify any
articles that were published after the search was concluded.

2.3 | Ethics approval

All trials secured institutional review board approval, but approval
was not required for the secondary data analysis reported here.
Informed consent for participation in each trial was obtained and was

consistent with local institutional review board requirements.

2.4 | Eligibility criteria

The systematic review and meta-analysis were conducted according
to the PRISMA guidelines. Studies were included/excluded if the
following inclusion criteria were met: (a) placebo-controlled or ran-
domized controlled clinical trial, (b) suspected or confirmed Covid-19
patients, (c) the intervention group included patients who received
AZM and (d) the control group included patients who received only
standard of care (SOC) (with or without HCQ) or SOC in addition to
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placebo. The following exclusion criteria were used: (a) RCTs with a
low number of patients (<20 patients), (b) non-randomized clinical
trials (cohort or case-control studies or (c) RCTs which did not report
at least any of the outcomes of interest.

2.5 | Quality assessment and risk of bias

For each trial, we assessed the risk of bias (‘low risk’, ‘some concerns’
or ‘high risk’ of bias) in the overall effect of AZM on mortality using
version 2 of the Cochrane Risk of Bias Assessment Tool (Risk of Bias
2 or ROB-2). The tool is structured into five domains through which
bias might be introduced into the result (Sterne et al., 2019). The risk
of bias for the effect of assignment to the intervention (intention to
treat; ITT) was assessed (Table S9).

Risk of bias assessment was based on the following information
reported in trial protocols and flowcharts following the Consolidated
Standards of Reporting Trials: (a) the methods used to generate the
allocation sequence and conceal randomized allocation; (b) whether
patients and health professionals were blinded to assigned inter-
vention; (c) the methods used to ensure that patients received their
allocated intervention and the extent of deviations from the assigned
intervention and (d) the methods used to measure mortality and
serious adverse events. The risk of bias assessments was done
independently by two of the investigators, and disagreements were

resolved through discussion and consulting with a third author.

2.6 | Outcomes

The primary outcome of the meta-analysis was all-cause mortality up
to 30 days after randomization and was determined based on the
available literature and the methodology of the included studies that
start. The outcomes were specified a priori before data collection and
extraction. Shorter-term mortality (up to 15 days) was acceptable if
longer-term mortality was not available. Secondary categorical out-
comes included the need for invasive mechanical ventilation (IMV) (in
patients who were not MV at baseline), successful cessation of IMV
(in patients who were ventilated at baseline), discharge within the
study period, virological clearance and clinical status score (ordinal
scale). Secondary outcomes also included the length of the hospital
stay (LOS) across survivors and ventilation-free days. Safety out-
comes included the proportion of patients with QT corrected interval

(QTc) interval prolongation and cardiac arrhythmia.

2.7 | Data extraction

Three research team members screened and agreed on the included
studies (N.A, N.M and A.K). Quantitative data were extracted from
the included studies by two reviewers (N.M and N.A) and cross-
checked by two reviewers (M.S and AK) for completeness and ac-

curacy. Full-text papers for the eligible studies were retrieved. The

following relevant information was extracted: the first author or trial
name, publication year, demographic characteristics (age and
gender), comorbidities, medications used during admission, trial
registration number, dose regimen, sample size (ITT population) and
outcome data. The counts and percentages were extracted for
QT-interval
arrhythmia, need for IMV and successful cessation of IMV). The

dichotomous outcomes (mortality, prolongation,

median (IQR) or mean + SD were extracted for LOS.

2.8 | Statistical methods

For dichotomous outcomes, the odds ratio (OR) was used as the
measure of effect size. The OR and the corresponding 95% confi-
dence intervals (Cls) were calculated from event numbers extracted
from each study. Fixed and random-effects models were used to pool
estimates from the included studies. The primary analysis was an
inverse variance random fixed-effect meta-analysis of ORs for overall
mortality. We also conducted fixed-effects meta-analyses (with the
Paule-Mandel estimate of heterogeneity).2®

For studies with a zero cell count in one of the arms, a treatment
arm continuity correction was applied.2° This continuity correction
was used to calculate individual study results with confidence limits
and conduct meta-analysis based on the inverse variance method.
Studies with zero events in both arms were excluded. The Hartung-
Knapp adjustment®32 was applied to account for uncertainty in
estimating between-study variance in the random-effects meta-
analysis. This variance is imprecisely estimated when few studies
are included and when some studies are small (both of which are the
case with this meta-analysis), leading to underestimation of the 95%
Cls when the random-effects model is used.

For the LOS, the pooled raw difference of medians across groups
was calculated for each study and subsequently pooled across
studies. The meta-median package was used for the analysis. The
quantile estimation method®® was applied. The method can be used
to calculate a pooled effect size even if different measures were used
across studies (mean and SD vs. median and IQR). The same approach
was used to calculate the pooled median and 95% confidence interval
for descriptive purposes.

Heterogeneity between trials was assessed using the I? statistic
and derived p values for heterogeneity using the Cochran Q statistic.
Heterogeneity was measured using the weighted sum of squares test.
Thus, it was assumed that the treatment effects were distributed
homogeneously; that is, the difference between each treatment ef-
fect estimate and the overall treatment effect estimate were nor-
mally distributed.

Estimates from subgroups within the same study were pooled
using a fixed-effects model and used in the meta-analysis. The 95% ClI
and Z-statistic were calculated and used for hypothesis testing.
Sensitivity (influence) analysis was performed using the leave-one-
out method to investigate the source and possible causes of het-
erogeneity, in case of moderate to substantial heterogeneity
(I2 > 50%), and to test the robustness of the results. Forest plots
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were used to visualize the meta-analysis results. The effect size was
estimated using the modified ITT (mITT) population of each trial. p
values <0.05 was considered statistically significant. All analyses
were performed using R v 3.6.3.34

2.9 | Subgroup analysis

Subgroup analysis was performed based on the severity of the dis-
ease (severe vs. non-severe). The subgroup analyses were defined a
priori except for the hospital setting, which was agreed upon during
study selection. Covid-19 was classified as severe if at least one of
the following criteria were used for inclusion: use of supplemental

oxygen, use of a high-flow nasal cannula, use of non-invasive or IMV.

2.10 | Meta-regression analysis

Meta-regression analysis was initially planned to assess the associ-
ation of the observed effect size with AZM dose regimen, the
severity of the disease, age, the % of patients who used HCQ, % of
patients on invasive MV at baseline, cumulative dose of AZM, dura-
tion of AZM (10 days vs. < 10 days), setting (hospital vs. community)
and severity of the disease. However, the number of available studies

was below the recommended threshold of 8-10 studies.®®

3 | RESULTS

3.1 | Database search

The initial literature search was conducted on February 12, and e-mail
alerts were used to identify additional candidate studies published
before data analysis was started (Figure 1). Four studies were identi-
fied using the search strategy,””’ and two additional studies were
identified at a later stage using e-mail alerts.®®*” One additional trial,
the ATOMIC2 trial, was included when it was published in April 2021.%8

3.2 | Study characteristics

Details regarding the design of the included studies are shown in
Table 1. All seven studies were randomized clinical trials. Only one
was a double-blinded placebo-controlled RCTs” and all remaining six
were open label. Primary outcomes were assessed at 6 days (Q-
PROTECT), 15 days (COALITION 1) and 28-30 days (five studies).
The secondary outcomes were also assessed at 29 days for the
COALITION | trial. All studies reported the results based on pre-
specified protocols, and all were prospectively registered at one of
the clinical trials registry platforms. Four trials were conducted in
hospital settings, and three (Q-PROTECT, ATOMIC2 and PRINCIPLE
trials) were conducted in community settings.>®*® Only two

39,40

studies included patients with severe Covid-19.

The PRINCIPLE, ATOMIC2 and RECOVERY trials assessed the
effect of AZM as a standalone therapy, while the remaining four
studies included HCQ in the SOC arm. Two studies included high-risk
patients or patients with severe Covid-19,>%%° and two included
patients with mild-moderate Covid-19.3%4*

All studies analysed the results using either the ITT or the mITT
result. The COALITION | and COALITION Il were conducted by the
same research group in two different patient populations (mild-
moderate and severe Covid-19, respectively). Five of the studies had
a multi-centre setting. The RECOVERY, ATOMIC2 and PRINCIPLE
trials were conducted in the United Kingdom; COALITION | and Il
were conducted in Brazil by the same research group; one was
conducted in Qatar (Q-PROTECT) and one in Iran. The primary
outcome in the Q-PROTECT was virological cure at 6 days. However,
it was included as it assessed the mortality and adverse effects (QTc
interval prolongation and arrhythmia). Variable AZM regimens were
used with a cumulative dose ranging from 1.5 to 7 g. AZM 500 mg
was used for 10 days in two studies and 14 days in the ATOMIC2
study. The lowest and highest cumulative doses were used in the
PRINCIPLE (1.5 g) and ATOMIC2 (7 g) trials, respectively.

3.3 | Patient characteristics

The characteristics of the included patients are shown in Table 2. The
median age (Figure S1) across studies was 54.35 years (95% CI
47.88-60.85 years), with males representing 66% of the total pop-
ulation (Figure S2). High heterogeneity was observed for gender and
age across studies (12 = 99%). HCQ was used in all patients in four
studies and <1% in the RECOVERY, ATOMIC2 and PRINCIPLE trials.
No death cases were observed across the two trials conducted in the
community settings (Table S8). All recruited patients were 18 years
old and above, except the PRINCIPLE trial, which included only
elderly patients above 50 years of age. The pooled median time to
symptoms (Figure S3) was 7.24 days (95% Cl 6.52-7.95 days).

3.4 | Risk of bias assessment

The risk of bias was assessed as ‘low’ in five of the seven mortality
results (Table 3) and as ‘some concerns’ in the PRINCIPLE trial as the
analyses used might not have been sufficient to estimate the effect of
assignment to intervention.” The risk of bias was assessed as ‘High’
in the study conducted by Sekhavati et al. as more severe symptoms

were observed in the control group than the case group at baseline.*?

3.5 | Primary outcome

38-42 reported the estimates for mortality (n = 8754).

Five studies
Two of the studies conducted in the community settings did not
report any deaths and were not included in the analysis. The random-

effects model was used to pool estimates (Figure 2A). No statistically
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FIGURE 1 PRISMA flow chart for study selection

significant difference was observed between groups (OR = 0.96, 95%
Cl = 0.88-1.05, p = 0.317). Results did not change when the fixed-
effects model was used. No heterogeneity was observed between
studies (12 = 0, p = 0.87). Subgroup analysis by severity did not affect
the mortality estimate. The analysis was not stratified by setting as
only two deaths occurred in the community setting. Sensitivity
analysis (using the leave-one-out method) did not alter the signifi-

cance of the results (Figure S4).

3.6 | Secondary efficacy outcomes

The need for IMV was reported in four studies (n = 8158). The

percentage was calculated from patients who were not ventilated at

baseline to reduce bias. The number of patients who required IMV
during hospital stay could not be retrieved in the COALITION Il
study and were not applicable in the Q-PROTECT trial. Pooled re-
sults from four studies (three studies were excluded as no events
occurred in both arms) showed that the need for IMV at up to
30 days (Figure 2B) was not significantly different between groups
(OR = 0.96, 95% Cl 0.49-1.87, p = 0.85) with low heterogeneity
observed between studies (1> = 15%, p = 0.21). Results did not
change when the fixed-effects model was used. Omitting any of the
trials did not affect the significance of the results (Figure S5).
Discharge within the study period (Figure 2C) was reported in
three studies (n = 8491) and was not significantly different between
groups (OR = 0.93, 95% CI 0.5-1.7, p = 0.67). Cessation of IMV was

reported in two studies®®*° that included patients who were
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TABLE 3 Summary of risk of bias assessment in the estimated effect of azithromycin on mortality in each trial, with brief explanation of

judgements
Risk of bias domains (assessment for the effect of assignment to intervention)
1. Randomization 2. Deviation from the 3. Missing 4. Measurement 5. Selection of the
process intended interventions  outcome data  of the outcome reported results Overall risk
Studies Results of mortality outcome of bias
Butler CC et al. Low Some concerns® Low Low Low Some Concerns
(PRINCIPLE) (2021)
Cavalcanti et al. Low Low Low Low Low Low
(COALITION 1) (2020)
Furtado et al. Low Low Low Low Low Low
(COALITION 1) (2020)
Hinks at al. Low Low Low Low Low Low
(ATOMIC2) (2021)
Horby et al. Low Low Low Low Low Low
(RECOVERY) (2021)
Omrani et al. Low Low Low Low Low Low
(Q-PROTECT) (2020)
Sekhavati et al. (2020) High® Low Low Low Some concerns® High

Note: Studies ordered alphabetically by author.

2Deviation from the intended interventions: concerns about the different analyses used to estimate the effect of assignment to intervention.

bRandomization process: symptoms were more severe (significant more frequent symptoms) in the control group.

Selection of the reported results: mortality rate was not among the protocol's outcomes.

ventilated at baseline. Thus, a meta-analysis of this outcome was not
performed.
The length of hospital stay was reported in five studies. Three

38,41,42 and

studies reported the mean and the standard deviation,
two reported the median and IQR.2?*C The pooled raw difference in
medians from the random-effects model did not reveal a statistically
significant difference in the median LOS between patients who
received AZM and patients who received the SOC (A = 1.11, 95% Cl
—2.08 to 4.31, p = 0.49), and results did not change when the fixed-
effects model was used (Figure 3). High heterogeneity was observed
between studies (12 = 88%, p < 0.01). Stratifying the analysis by
severity did not affect the statistical significance of the pooled esti-
mate. Sensitivity analysis was performed to investigate the source of
heterogeneity and assess the robustness of the results. The results
were robust to the leave-one-out sensitivity analysis, although the
heterogeneity between studies decreased to 65% when the COALI-
TION Il study was removed (Figure S6).

3.7 | Secondary safety outcomes

Six and five studies reported the proportion of patients who expe-
rienced arrhythmia and QTc interval prolongation, respectively. Only
three trials reported at least one event for each outcome and were
included in the meta-analysis. Two studies,*>*! that reported the
incidence of arrhythmia were using either chloroquine (CQ) or
hydroxychloroquine (HCQ) compared to all three that reported the

incidence of QTc interval prolongation.2¢*%41 Nonetheless, the use
of these drugs was not significantly different between the arms of
any of the included studies (Tables S7 and S8). The pooled estimate
for arrhythmia (Figure 4A) was not statistically significant (OR = 0.91,
95% Cl 0.67-1.25, p = 0.34). Leave-one-out sensitivity analysis did
not affect the statistical significance of the estimate. Similarly, the
pooled estimate, using a random-effects model, for the association
between AZM use and QTc interval prolongation incidence (Figure
4B) was not statistically significant (OR = 1.06, 95% Cl 0.65-1.72,
p = 0.67).

4 | DISCUSSION
COVID-19 is a life-threatening condition caused by the novel SARS-
CoV-2. Generally, the symptoms resemble viral Pneumonia with main
clinical manifestations of fever, cough, myalgia, fatigue and dysp-
noea.*>** Besides the respiratory system, other organ systems can
also be involved to a lesser extent, including the gastrointestinal,
neurological and hematopoietic  systems.*> Regarding life-
threatening complications of SARS-CoV-2 infection, dyspnoea is
the main symptom predictive of severe COVID-19 and ICU
admission.*

Outbreaks of such epidemics often present unique challenges for
healthcare workers and beg for selecting the appropriate clinical
treatments with no time available to discover new drugs.’ Several

trials are becoming increasingly interested in reusing existing drugs
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(@)

AZT SoC Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
COALITION II 90 214 73 183 Jk 1.09 [0.73; 1.63] 7.4% 7.4%
RECOVERY 561 2582 1162 5181 i 0.96 [0.86; 1.08] 91.5% 91.5%
COALITION | 5 172 7 159 —t 0.65 [0.20; 2.09] 0.9% 0.9%
Sekhavati et. al 0 56 1 55 0.33 [0.01; 8.08] 0.1% 0.1%
ATOMIC2 1 76 1 76 EE— 1.00 [0.06; 16.28] 0.2% 0.2%
Fixed effect model 3100 5654 0.96 [0.87; 1.08] 100.0% -
Random effects model 0.96 [0.88; 1.05] --  100.0%
Heterogeneity: = 0%, 2= 0,p=0.87 f T AU T !
(b) 0.01 01 051 2 10 30
AZT socC Favors AZT Favors SOC Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
RECOVERY 211 2430 461 4881 i 0.91 [0.77; 1.08] 94.0% 71.4%
COALITION | 19 172 12 159 = 152 [0.71; 3.24] 4.8% 21.5%
Sekhavati et. al 0 56 3 85— —mti— 0.13  [0.01; 263] 0.3% 1.8%
PRINCIPLE 2 183 4 222 ——— 0.60 [0.11; 3.33] 0.9% 5.3%
Fixed effect model 2841 5317 0.93 [0.78; 1.09] 100.0% -
Random effects model 0.96 [0.49; 1.87] - 100.0%
Heterogeneity: /2 = 15%, 12 = 0.0533, p = 0.31 I J T 1
0.01 01 051 2 10 30
(C) Favors AZT Favors SOC
AZT socC Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
COALITION II 69 214 76 183 0.67 [0.44;1.01] 5.6% 25.6%
RECOVERY 1788 2582 3525 5181 1.06 [0.96; 1.17] 91.3% 57.0%
COALITION | 140 172 129 159 1.02 [0.59;1.77] 3.1% 17.4%
Fixed effect model 2968 5523 1.03 [0.93; 1.14] 100.0% -
Random effects model 0.93 [0.51; 1.70] - 100.0%

Heterogeneity: /2 = 55%, 12 = 0.0310, p = 0.11 I
0.01

0.1
Favors SOC Favors AZT

051 2 10 30

FIGURE 2 Association between AZM use and (a) 28-day all-cause mortality; (b) Need for invasive mechanical ventilation; (c) Discharge
within the study period effect size is shown for each trial, overall and stratified by the severity. AZM, azithromycin

that can directly enter phase Il or IV clinical trials to save cost and
time.?*” These drugs include AZM, CQ, HCQ, lopinavir/ritonavir,
Remdesivir, Tocilizumab, Interferon and Dexamethasone.’ Many of
them, such as Remdesivir, HCQ, lopinavir/ritonavir and interferon,
later on, are recognized to have little or no effect on overall mortality,
need for ventilation and LOS.*® Only dexamethasone®’ and tocilizu-
mab”°~>% have been shown to decrease mortality, need for ventilation
and length of hospital stay compared to usual supportive care.

AZM is a broad-spectrum antibiotic indicated for the treatment
of susceptible bacterial infections of respiratory, enteric and geni-
tourinary tract systems.*® In addition to its antibacterial activity, it
has well-established anti-inflammatory and immunomodulatory ef-

fects.>*>> AZM is considered safe and well-tolerated by adult

patients of all ages.”® Nonetheless, several studies in recent years
have found a correlation between macrolides and cardiotoxicity.>”
QT-interval prolongation, torsades de pointes (TdP), ventricular
tachycardia and sudden cardiac death have all been identified as side
effects of macrolides in vulnerable patients.””>®

Additionally, it has been proven that HCQ can prolong the QT
interval and potentially initiate ventricular arrhythmias.>® Hence, the
combination of these medications poses a considerable safety
risk.2%:°9:60 Thereby, current clinical evidence does not recommend
using HCQ alone or in combination with AZM for COVID-19.%*

Initially, few studies have assessed AZM alone in the manage-
ment of COVID-19.°2 However, most of these studies were obser-
and with results. A meta-analysis of

vational inconclusive
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Weight Weight
Study TE seTE 95%-Cl (fixed) (random)
COALITION I 8.00 1.6480 i — 8.00 [ 4.77;11.23] 2.6% 17.4%
RECOVERY -1.00 0.4582 J:> -1.00 [-1.90;-0.10] 33.8% 20.9%
COALITION | 0.70 0.8222 f'— 0.70 [-0.91; 2.31] 10.5% 20.1%
Sekhavati et. al -1.35 0.5542 | -1.35 [-2.44;-0.26] 23.1% 20.7%
ATOMIC2 0.32 0.4865 0.32 [-0.63; 1.27] 30.0% 20.8%
Fixed effect model -0.27 [-0.79; 0.25] 100.0% --
Random effects model 111 [-2.08; 4.31] - 100.0%
Heterogeneity: /2 = 88%, 1° = 12.5164, p </0.01 ! ' '
-20 -10 0 10 20

Favors AZT Favors SOC

FIGURE 3 Association between AZM use and length of stay in each trial, overall and according to the severity. AZM, azithromycin; SeTE,
standard error for the total effect; TE, total effect (raw difference in medians)

(a)
AZT
Study Events Total
COALITION II 8 241
RECOVERY 101 2314
COALITION | 1 172
Fixed effect model 2727

Random effects model

Heterogeneity: P =0%,1°=0, p=0.69

(b)
AZT
Study Events Total
COALITION 1l 47 241
COALITION | 14 85
Q-PROTECT 37 152
Fixed effect model 478

Random effects model

Heterogeneity: P=0%,12=0, p=0.63

SOC Weight Weight
Events Total Odds Ratio OR 95%-Cl (fixed) (random)
5 198 —ﬂ—*— 1.33 [0.43;4.12] 4.3% 4.3%
224 4670 - 0.91 [0.71;1.15] 94.8% 94.8%
2 159 i 0.46 [0.04;5.11] 0.9% 0.9%
|
|
5027 I 0.91 [0.72; 1.16] 100.0% -
0.91 [0.67; 1.25] - 100.0%
I | | I | | 1
01 02 05 1 2 5 10
SOC Weight Weight
Events Total Odds Ratio OR 95%-Cl (fixed) (random)
42 198 — 0.90 [0.56; 1.43] 49.1% 49.1%
11 77 —:r'— 1.18 [0.50;2.79] 14.5% 14.5%
31 152 — 1.26 [0.73;2.16] 36.4% 36.4%
|
427 I 1.06 [0.76; 1.47] 100.0% -
| | I <<;| | I : 1.06 [0.65; 1.72] - 100.0%
01 02 05 1 2 5 10

Favors AZT Favors SOC

FIGURE 4 Association between AZM use and (a) incidence of arrhythmia and (b) incidence of QTc interval prolongation. AZM,

azithromycin; QTC, Q-T corrected interval
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observational studies showed that HCQ combined with AZM did not
improve mortality risk compared with HCQ alone.®® Moreover, Das
and colleagues reported a substantial increase in mortality with the
addition of AZM.%* In this study, we assessed the efficacy and safety
of AZM in the management of COVID-19 to provide sufficient
conclusive evidence regarding the use of AZM in COVID-19.

The current meta-analysis included seven randomized clinical
trials to compare mortality based on the use of AZM. Some studies
such as the ATOMIC2 and Q-PROTECT might have been under-
powered to detect a meaningful difference due to the low number of
events in both arms, while studies such as the RECOVERY and
COALITION Il were sufficiently powered. Nonetheless, none of these
trials showed a favourable effect for AZM on mortality, suggesting
that AZM does not improve mortality in COVID-19 patients. In
addition, the length of stay and need for IMV were not significantly
different between groups which even adds more evidence to
discourage the use of AZM as a SOC in COVID-19 patients.

The duration of AZM use ranged from 3 to 14 days with incon-
sistent dose regimens across studies. Nonetheless, the lack of benefit
was consistent across studies. As discussed by Zimmermann and
colleagues,®® the immunomodulatory effect of macrolides is thought
to start at a lower dose and last for a longer duration than their
antibacterial effect. This may be attributed to drug accumulation
within immune cells. The authors further stated that AZM was less
frequently associated with changes in immunological markers than
other macrolides and attributed that to the shorter duration of AZM
use in the included studies.’® In the current meta-analysis, the
ATOMIC2 trial did not report any benefit for AZM, although the
cumulative dose (7 g) and duration (500 mg daily for 14 days) were
higher than the remaining studies, which suggests that even higher
dose regimens of AZM would not yield clinically relevant effects in
Covid-19 patients.

In the current meta-analysis, the incidence of arrhythmia and
QTc interval prolongation was not significantly different between
groups. Some studies were not focused, nor powered to assess,
clinical endpoints (including therapeutic risks) or rare events such
as TdP.%¢*2 The varying definitions for QTc interval prolongation
and deviations from the study protocol may have also introduced
bias into the results. For example, the Q-PROTECT's initial pro-
tocol called for withdrawing participants for QT prolongation
exceeding 30 ms, but the protocol was modified to increase the
cut-off to 60 ms as the study staff was not following the protocol
and were retaining participants whose QT prolongation did not
reach 60 m.

We did not assess outcomes such as virological cure as the meta-
analysis was focussed on clinical outcomes such as mortality and
length of stay. Nonetheless, trials such as the Q-PROTECT assessed
virological cure as a primary outcome, and results showed that
virological cure at Day 14 was more favourable for placebo than for
either HCQ or HCQ + AZM, which even adds more evidence to
discourage the use of AZM in patients with Covid-19.3¢ We also did
not include the recent study conducted by Johnston and colleagues

as it assessed the virological cure, which was not one of the outcomes

for the current systematic review. Nonetheless, the authors
concluded that neither HCQ nor HCQ/AZM shortened the clinical
course of outpatients with Covid-19.%°

It should be noted that AZM is an antibacterial agent, and its
irrational use in COVID-19 patients may lead to increased bacterial
resistance and adverse events. Widespread use of AZM leads to a
dilemma of bacterial resistance risk that is not limited to the in-
dividuals using it and affects the whole community level in the first
place.®® Additionally, the risk is actually beyond resistance against
AZM only and extends to other antibiotic classes leading to multidrug

68,69 and

resistance.®” The association between AZM use, penicillin use
multidrug resistance”’®”* has been reported in Streptococcus Pneumonia
patients. As discussed by Garcia-Rey,®® macrolides and B-lactams had
similar global contributions to penicillin resistance. Moreover, a
marked increase in macrolide resistance has been observed in many
countries with both long and short courses of use. As discussed by
Serisier,®” the widespread use of macrolides such as AZM in chronic
obstructive pulmonary disease and bronchiectasis patients can sub-
stantially influence AMR rates of a range of respiratory microbes.

The emergence of AMR is a major clinical problem worldwide.
Improper use of antibiotics during the pandemic might increase the
long-term threat of AMR.”272 Pandemic stress on healthcare systems
may jeopardize antibiotic stewardship programs designed to help
hospitals reduce AMR risks. Furthermore, there is no reported evi-
dence that AZM has any anti-inflammatory effect against Covid-19
disease, as is suggested by other disease states.”* Thus, there is no
convincing clinical evidence to suggest that the benefits of AZM for
Covid-19 surpass the risks of treatment, and the routine use of AZM
in Covid-19 patients should be discontinued.

5 | LIMITATIONS

The current study had several limitations. First, the current meta-
analysis included only seven studies. Nonetheless, the included tri-
als had a large sample size to pool and reach reliable conclusions for
the primary and secondary efficacy outcomes. Second, there was a
high risk of bias in assessing outcomes such as arrhythmia and QTc
interval prolongation, and the effect might have been confounded by
the use of chloroquine and HCQ, which are associated with a higher
incidence of arrhythmia. Some studies also lacked sufficient power to
detect a statistically significant difference in mortality and the inci-
dence of arrhythmia due to the low number of events in both arms.
Defining clinical outcomes other than all-cause mortality such as
arrhythmia and QTc interval was insufficient and inconsistent across
studies. Third, the data were insufficient to perform a meaningful
meta-regression and subgroup analysis. Fourth, two of the seven
RCTs had some concerns or a high risk of bias for the mortality
outcome. However, the weights of the meta-analysis on all-cause
mortality were dominated by data from the RECOVERY trial, which
had a low risk of bias. Fifth, three studies were conducted in hospi-
talized settings, and two of them included only patients with severe

Covid-19. Thus, the generalizability of the results is unclear.
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6 | CONCLUSION

The current meta-analysis is the first to explore the association be-
tween AZM use and outcomes in Covid-19 patients using sufficiently
powered, low risk of bias randomized clinical trials. The results
showed that the use of AZM was not associated with mortality, time
to discharge, length of stay or the need for IMV in Covid-19 patients.
Based on the results, the use of AZM in clinical practice as a
component of the SOC in Covid-19 patients is not recommended and
should be discontinued due to the increased risk of bacterial resis-

tance that is not justified by evidence of benefit.
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