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a b s t r a c t
Objectives: Previous studies ruled out the beneﬁts of azithromycin for treatment of patients with COVID19 who are hospitalized. However, the effects of azithromycin for treatment of patients with positive
SARS-CoV-2 test results in the community remains a matter of debate. This study aimed to assess
whether azithromycin, when used in subjects with positive test results for SARS-CoV-2, is associated with
a reduced risk of hospitalization, in-hospital COVID-19 outcomes, and death.
Methods: Two study cohorts were selected. Cohort A included subjects with positive test results for
SARS-CoV-2 between February 20, 2020 and December 10, 2020; cohort B included subjects infected with
SARS-CoV-2 and hospitalized between February 20, 2020 and December 31, 2020. We compared the risk
of hospitalization, intensive care unit access, need for mechanical ventilation, and death in azithromycin
users versus nonusers. A clustered Fine-Gray analysis was employed to assess the risk of hospitalization;
logistic and Cox regressions were performed to assess the risk of intensive care unit access, mechanical
ventilation, and death.
Results:
In cohort A, among 4861 azithromycin users and 4861 propensity-matched nonusers,
azithromycin use was associated with higher risk of hospitalization (hazard ratio [HR] 1.59, 95% conﬁdence interval [CI] 1.45-1.75) compared with nonuse. In cohort B, among 997 subjects selected in both
groups, azithromycin use was not signiﬁcantly associated with intensive care unit access (odds ratio [OR]
1.22, 95% CI 0.93-1.56), mechanical ventilation (OR 1.30, 95% CI 0.99-1.70), 14-day mortality (HR0.88, 95%
CI 0.74-1.05), or 30-day mortality (HR 0.89, 95% CI 0.77-1.03).
Conclusion: Our ﬁndings conﬁrm the lack of beneﬁts of azithromycin treatment among community patients infected with SARS-CoV-2, raising concern on potential risks associated with its inappropriate use.
© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Abbreviations: ATC, Anatomical Therapeutic Chemical; CI, Conﬁdence Interval;
CVD, Cardiovascular Disease; HAD, Healthcare Administrative Database; HIV, Human Immunodeﬁciency Virus; HPA, Health Protection Agency; HR, Hazard Ratio;
ICU, Intensive Care Unit; ID, Index Date; MV, Mechanical Ventilation; NSAIDs, Nonsteroidal Anti-Inﬂammatory Drugs; OR, Odds Ratio; PSM, Propensity Score Matching;
SD, Standard Deviation.
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COVID-19, caused by the new SARS-CoV-2, continues to be
widespread, with nearly 600 million cases and >6 million deaths
worldwide as of August 29, 2022 (World Health Organization, 2022). Most patients with COVID-19 have ﬂu-like syndrome
with a variety of mild symptoms including rhinitis, pharyngitis,
cough, and fever. However, some patients experience a more lifethreatening disease characterized by respiratory failure, a proinﬂammatory state, and arterial thromboembolism, which may re-
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quire hospitalization and intensive care unit (ICU) admission
(Bonaventura et al., 2021).
Since the early phase of virus diffusion, several drug classes
have been repurposed as potential candidates for treatment of
patients with COVID-19, including nonsteroidal anti-inﬂammatory
drugs (NSAIDs), glucocorticoids, and heparins (Perico et al., 2020;
Sanders et al., 2020). Among others, azithromycin, a secondgeneration macrolide, received increased attention because of
its antiviral and immunomodulatory activities (Abdelmalek and
Mousa, 2022; Langford et al., 2021; Sharma et al., 2021). A body
of evidence on the effect of azithromycin on viral infections such
as Zika, rhinovirus, and Ebola contributed to raising of the hypothesis of potential eﬃcacy of azithromycin against SARS-CoV2 infection resulting from multiple possible mechanisms of action (Bosseboeuf et al., 2018; Gielen et al., 2010; Madrid et al.,
2015). First, azithromycin may prevent virus entry into human
cells by increasing cellular pH and consequently inhibiting endocytotic processes (Echeverría-Esnal et al., 2021; Nitulescu et al.,
2020). Another direct effect of azithromycin is driven by its ability
to bind and inhibit the spike protein of SARS-CoV-2 (EcheverríaEsnal et al., 2021). Second, the drug may modulate the immune
system response by reducing several inﬂammatory mediators such
as inﬂammatory cytokines, tumor necrosis factor, and interleukins,
which have been demonstrated to be major drivers of COVID-19
mortality (Echeverría-Esnal Et al., 2021; Sultana et al., 2020). Finally, some patients with viral infection may develop a secondary
bacterial infection or present with a bacterial coinfection for which
azithromycin could be an effective treatment.
Previous trials investigated the potential eﬃcacy of
azithromycin in patients with COVID-19 who were admitted
to the hospital, but no signiﬁcant results were observed (Furtado
et al., 2020; RECOVERY Collaborative Group, 2021). The potential
effectiveness of azithromycin was also investigated in several
observational studies selectively designed to evaluate azithromycin
use in hospitalized patients with severe COVID-19; although results varied, ﬁndings from previous trials were conﬁrmed (Arshad
et al., 2020; Albani et al., 2020; Kokturk et al., 2021; Ip et al., 2020).
However, there is little evidence regarding the effectiveness of
azithromycin for treatment of individuals with suspected COVID-19
in the community, in whom earlier treatment may prevent either
hospital admission or the occurrence or more severe COVID-19
outcomes. In this regard, one observational study (Szente Fonseca et al., 2020) and two trials (Hinks et al., 2021; Oldenburg
et al., 2021) reported no association between treatment with
azithromycin in the community and need for hospital admission.
Today, the debate on the potential beneﬁcial effects of this
medication is ongoing also because of its use in the general population after positive test results for SARS-CoV-2 infection. Recent studies indicate that azithromycin, along with other medications, is still empirically prescribed by physicians (Jampani and
Chandy, 2021) despite several statements issued by regulatory authorities outlining the lack of evidence for its beneﬁcial effects
(Bartoletti et al., 2022).
Therefore, this study aimed to assess whether treatment with
azithromycin in patients with positive test results for SARS-CoV-2
infection reduces the risk of hospitalization, and whether use of
azithromycin before hospitalization is associated with less-severe
COVID-19 prognosis (indicated by need for mechanical ventilation
(MV), ICU access, and death).

di COVID-19 ed Elaborazione di Strategie e Strumenti di Mitigazione
del Rischio Epidemico [VICES-SMIRE]). The study was funded by
the Lombardy Region and is exempt from institutional review
board authorization and informed consent (according to the General Authorisation for the Processing of Personal Data for Scientiﬁc Research Purposes, issued by the Italian Data Protection
Authority).
This is a large-scale, retrospective cohort analysis based on the
healthcare administrative databases (HADs) of local health protection agencies (HPAs) of Bergamo (HPA-Bergamo) and Brescia (HPABrescia) in Lombardy, northern Italy. The two areas covered a population of about 2.3 million inhabitants and were affected by an intense outbreak during the early stage of the pandemic (Conti et al.,
2020).
Italy has a universal-coverage healthcare system, and care demand is registered electronically for administrative purposes. In
the study, ﬁve different administrative healthcare data sources related to the studied areas were linked through an anonymized individual code: (1) the SARS-CoV-2 swab registry, established on
February 20, 2020 for monitoring individual data on SARS-CoV-2
infection; (2) the hospital discharge database, which collects information on inpatient care supplied by public or private hospitals;
(3) the pharmacy claims database, which includes information on
outpatient- dispensed drugs reimbursed by the national healthcare
system; (4) the chronic morbidity registry, which includes information on patients’ disease based on pharmacy claims, inpatient
records, and disease exemption for copayment records; and (5) the
health registry, which reports data on residents with healthcare
coverage, including date and reasons for entry (i.e., birth and immigration) and exit (i.e., death and emigration).
Study population
Starting with 64,327 individuals who had positive SARS-CoV2 test results between February 20, 2020 and December 31, 2020
(Figure 1), two cohorts were identiﬁed. The ﬁrst cohort (cohort A),
to study the association between azithromycin exposure and risk
of hospitalization, included individuals with swabs with positive
SARS-CoV-2 test results registered between February 20, 2020 and
December 10, 2020. The date of positive test result was considered
the index date (ID). Each individual was then followed until the occurrence of the study outcome (i.e., hospitalization), death, or end
of follow-up (i.e., 21 days), whichever came ﬁrst (Figure 1).
The second cohort (cohort B), to study disease outcomes (i.e.,
ICU access, need for MV, and death) in hospitalized patients, included subjects with positive SARS-CoV-2 test results and a hospitalization within 21 days of the test occurring between February
20, 2020 and December 31, 2020 (Figure 1). The date of hospitalization was considered the ID. Individuals were then followed up
until the occurrence of each of the study outcomes or the end of
the follow-up (i.e., 30 days), whichever came ﬁrst. Subjects with
healthcare coverage beginning after January 1, 2019 were excluded
from the study.
Exposure of interest
Exposure to azithromycin (ATC code: J01FA10) alone was assessed in both cohorts by the presence of at least one pharmacy
claim from 7 days before to 20 days after the swab with positive
test results (exposure period). For hospitalized individuals, the exposure period was truncated to the day before the admission date.
Subjects exposed to antibiotics other than azithromycin or to more
than one antibiotic were excluded from the study cohorts. Therefore, patients exposed to azithromycin (users) were compared with
those not exposed to any antibiotics (nonusers).

Methods
Study design and data source
The study is part of an Italian regional project that assessed
COVID-19 impact on the healthcare system (Valutazione dell’Impatto
28
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Figure 1. Study cohort selection. (a) Cohort A selection to assess the association between use of azithromycin and hospitalization. (b) cohort B selection to assess the
association between previous use of azithromycin and risk of ICU access, need for MV, and death in hospitalized patients infected with SARS-CoV-2.
ICU, intensive care unit; MV, mechanical ventilation.

Patients’ characteristics

categorical variables and Student t-test or Wilcoxon test for continuous variables.
Propensity score matching (PSM) was then applied to reduce
possible bias due to confounding factors between azithromycin
users and nonusers. Propensity scores were computed by age, sex,
comorbidities, and concomitant use of one of the drugs listed
above. All variables were imputed into the model in a nonparsimonious way. PSM was performed using a 1:1 nearest-neighbormatching algorithm without replacement and with a caliper width
equal to 0.2 of the SD of the propensity scores. PSM balance was
tested using standardized differences and variance ratios for all
variables included in the propensity score computation.
In cohort A, the association between use of azithromycin and
risk of hospitalization was analyzed using a clustered Fine-Gray
regression model, with death as competing risk. Results were expressed as hazard ratio (HR) with 95% conﬁdence interval (CI). In
cohort B, the association between previous azithromycin exposure
and 14-day and 30-day mortality was assessed using Cox proportional hazards regression with matched pairs. Patients experiencing ICU access and need for MV were not censored, and stratiﬁed
analyses were carried out to evaluate their effects on mortality. Results were expressed as HR with 95%CI. The association between
use of azithromycin and need for MV or ICU access was assessed
using a logistic regression model with matched pairs. Results were
expressed as odds ratio (OR) with 95% CI.
Subgroup analyses were built by running multiple PSMs according to baseline patients’ characteristics, such as age (<65 or ≥65
years), sex, and presence of CVD, diabetes, and cancer, which are
proven to be associated with poorer COVID-19 prognosis (Bae et al.,
2021). Furthermore, we explored the risk of each study outcome by
calendar date to account for potential changes in COVID-19 management with time. All statistical analyses were performed using R
4.0.5 (R Foundation for Statistical Computing, Vienna, Austria) and
SAS 9.4 (SAS Institute, Cary, North Carolina, USA).

We collected data on sex, age, and comorbidities for each selected individual. Comorbidities were deﬁned using the chronic
morbidity registry, updated on January 1, 2020. We included the
following main categories: Alzheimer’s disease or dementia, respiratory disease, ischemic heart disease, peripheral vascular disease, cerebrovascular disease, hypertension, heart failure, other cardiovascular diseases (CVDs), dyslipidemia, diabetes, chronic liver
disease, rheumatic disease, cancer, and infection with Human Immunodeﬁciency Virus (HIV). We also investigated in both cohorts the exposure to other drugs, such as anticoagulants, NSAIDs,
chloroquine or hydroxychloroquine, corticosteroids for systemic
use (plain), and immunosuppressants, in the 3 months preceding
the ID.
Study outcomes
The outcome of interest for cohort A was hospitalization within
21 days after the ID. The date of hospital admission was retrieved
from the hospital discharge database. In cohort B, we investigated
inpatient and outpatient 14-day and 30-day mortality from the
date of hospitalization (i.e., ID) and the need for MV and ICU access during hospitalization. For the need for MV and ICU access,
only the occurrence of these outcomes was available; no information on the date of these events was recorded.
Statistical analysis
Patients’ demographic and clinical characteristics were summarized using frequency and percentage for categorical variables and
mean and standard deviation (SD) or median and interquartile
range for count variables. Characteristics were compared between
the study groups using Pearson chi-square or Fisher’s exact test for
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Table 1
Demographic and clinical characteristics of patients with positive SARS-CoV-2 test results (cohort A) and of individuals hospitalized with COVID-19 (cohort B), before and after PSM
Cohort A
Characteristics

Azithromycinusers

30

P-value <0.05PSM, propensity score matching.

After PSM

Before PSM

After PSM

Nonusers

Azithromycinusers

Nonusers

Azithromycinusers

Nonusers

Azithromycinusers

Nonusers

37,751

4,861

4,861

1,100

6,169

997

997

20,446 (54.2%)a

2,409 (49.6%)

2,447 (50.3%)

352 (32%)

2,543 (41.2%)

323 (32.4%)

322 (32.3%)

54.6 (17.2)

54.6 (17.2)

66.9 (13.2)

69.2 (15.6)

67.9 (12.6)

67.9 (12.6)

15,531 (41.1%) a
13,038 (34.5%) a
9,182 (24.3%) a

1,227 (25.2%)
2,292 (47.2%)
1,342 (27.6%)

1,227 (25.2%)
2,292 (47.2%)
1,342 (27.6%)

54 (4.9%)
417 (37.9%)
629 (57.2%)

433 (7%) a
1,652 (26.8%)
4,084 (66.2%)

33 (3.3%)
367 (36.8%)
597 (59.9%)

33 (3.3%)
367 (36.8%)
597 (59.9%)

510 (1.4%) a
1,422 (3.8%) a
1,218 (3.2%) a
2,508 (6.6%) a
516 (1.4%)
880 (2.3%) a
7,000 (18.5%) a
750 (2%)
2,412 (6.4%) a
2,402 (6.4%) a
954 (2.5%)
304 (0.8%)
1,687 (4.5%) a
68 (0.2%)

22 (0.5%)
251 (5.2%)
201 (4.1%)
365 (7.5%)
73 (1.5%)
81 (1.7%)
1,212 (24.9%)
97 (2%)
447 (9.2%)
413 (8.5%)
132 (2.7%)
50 (1%)
273 (5.6%)
6 (0.1%)

17 (0.3%)
251 (5.2%)
145 (3%)
299 (6.2%)
58 (1.2%)
60 (1.2%)
1,169 (24%)
58 (1.2%)
386 (7.9%)
360 (7.4%)
114 (2.3%)
52 (1.1%)
284 (5.8%)
7 (0.1%)

9 (0.8%)
63 (5.7%)
84 (7.6%)
131 (11.9%)
24 (2.2%)
29 (2.6%)
428 (38.9%)
45 (4.1%)
180 (16.4%)
160 (14.5%)
45 (4.1%)
15 (1.4%)
91 (8.3%)
2 (0.2%)

125 (2%) a
423 (6.9%)
626 (10.1%) a
1,059 (17.2%) a
234 (3.8%) a
341 (5.5%) a
2,667 (43.2%) a
414 (6.7%) a
1124 (18.2%)
1063 (17.2%) a
360 (5.8%) a
96 (1.6%)
568 (9.2%)
20 (0.3%)

6 (0.6%)
52 (5.2%)
79 (7.9%)
124 (12.4%)
23 (2.3%)
24 (2.4%)
390 (39.1%)
43 (4.3%)
166 (16.6%)
151 (15.1%)
39 (3.9%)
14 (1.4%)
84 (8.4%)
2 (0.2%)

4 (0.4%)
61 (6.1%)
66 (6.6%)
106 (10.6%)
20 (2%)
23 (2.3%)
375 (37.6%)
43 (4.3%)
146 (14.6%)
123 (12.3%)
34 (3.4%)
8 (0.8%)
100 (10%)
2 (0.2%)

1,523 (4%) a
1,066 (2.8%)
337 (0.9%) a
1,320 (3.5%)
263 (0.7%)

440 (9.1%)
238 (4.9%)
132 (2.7%)
430 (8.8%)
39 (0.8%)

389 (8%)
261 (5.4%)
119 (2.4%)
443 (9.1%)
41 (0.8%)

248 (22.5%)
81 (7.4%)
73 (6.6%)
220 (20%)
16 (1.5%)

900
409
106
577
110

187 (18.8%)
68 (6.8%)
37 (3.7%)
156 (15.6%)
14 (1.4%)

178 (17.9%)
61 (6.1%)
28 (2.8%)
160 (16%)
9 (0.9%)

48.8 (22.7)

a

a

a

a

a

(14.6%) a
(6.6%)
(1.7%) a
(9.4%)
(1.8%)

a
a

a
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Total
5,089
Sex, N (%)
Female
2,500 (49.1%)
Age
Age mean ±SD
54.5 (17.3)
Age groups
0-44
1,308 (25.7%)
45-64
2,367 (46.5%)
≥65
1,414 (27.8%)
Comorbidity, N (%)
Alzheimer/dementia
24 (0.5%)
Respiratory disease
273 (5.4%)
Ischemic heart disease
210 (4.1%)
Other cardiovascular diseases
385 (7.6%)
Peripheral vascular disease
81 (1.6%)
Cerebrovascular disease
88 (1.7%)
Hypertension
1,286 (25.3%)
Heart failure
103 (2%)
Dyslipidemia
475 (9.3%)
Diabetes
430 (8.4%)
Chronic liver disease
141 (2.8%)
Rheumatic disease
53 (1%)
Cancer
285 (5.6%)
HIV
6 (0.1%)
Concomitant therapies within 3 months, N (%)
Anticoagulants
560 (11%)
Nonsteroidal anti-inﬂammatory drugs
275 (5.4%)
Chloroquine, hydroxychloroquine
210 (4.1%)
Corticosteroids for systemic use
579-11.4%)
Immunosuppressants
45 (0.9%)
a

Cohort B

Before PSM
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Table 2
Azithromycin use and hospitalization, ICU access, MV, and mortality in patients with COVID-19
Outcome

Relative risk before PSM

Relative risk after PSM

a

Cohort A – patients tested positive to SARS-CoV-2
Hospitalization
Azithromycin nonuser
Azithromycin user

3,711 (9.8%)
854 (16.8%)

Reference
1.74 (1.62-1.87)

527 (10.8%)
820 (16.9%)

Reference
1.59 (1.45-1.75)

Cohort B – patients hospitalized and tested positive to SARS-CoV-2
ICU access
Azithromycin
Azithromycin
MV
Azithromycin
Azithromycin
Mortality at
Azithromycin
Azithromycin
Mortality at
Azithromycin
Azithromycin

nonuser
user

576 (9.3%)
132 (12.0%)

Reference
1.32 (1.08-1.62)

104 (10.4%)
124 (12.4%)

Reference
1.22 (0.93-1.56)

nonuser
user
14 days
nonuser
user
30 days
nonuser
user

549 (8.9%)
133 (12.1%)

Reference
1.41 (1.15-1.72)

101 (10.1%)
127 (12.7%)

Reference
1.30 (0.99-1.70)

894 (14.5%)
153 (13.9%)

Reference
0.96 (0.81-1.14)

167 (16.8%)
148 (14.8%)

Reference
0.88 (0.74-1.05)

1,136 (18.4%)
199 (18.1%)

Reference
0.98 (0.84-1.14)

213 (21.4%)
191 (19.2%)

Reference
0.89 (0.77-1.03)

a
Data presented as HR for hospitalization and mortality and as OR for ICU access and MV.HR,
hazard ratio; ICU, intensive care unit; MV, mechanical ventilation; OR, odds ratio; PSM, propensity
score matching.

Results

0.65, 95% CI 0.45-0.92) was observed in azithromycin users with
ICU access or subjected to MV. Subgroup analyses showed a signiﬁcantly increased risk of ICU access (OR 1.40, 95% CI 1.04, 1.86)
and MV (OR 1.35, 95% CI 1.02-1.79) in azithromycin users without
diabetes (Figure 3). Conversely, previous use of azithromycin was
associated with decreased risk of 30-day mortality in males (HR
0.78, 95% CI 0.63-0.96), in patients aged ≥65 years (HR 0.83, 95% CI
0.71, 0.98), and in those without cancer (HR 0.84, 95% CI 0.72-0.98)
(Figure 3).

Descriptive statistics
Cohort A included 5089 azithromycin users and 37,751 nonusers
(Figure 1). Azithromycin users were more likely to be male (51%
vs 46%) and older (mean age 54.5 vs 48.8 years) compared with
nonusers (Table 1). Azithromycin users also reported signiﬁcantly
higher prevalence of comorbidities and were more likely to use
anticoagulants, NSAIDs, chloroquine/hydroxychloroquine, and corticosteroids for systemic use. The PSM led to the selection of 4861
azithromycin users and 4861 nonusers. The study groups showed
similar distributions of the main demographic and clinical characteristics; no statistically signiﬁcant differences were observed
(Table 1; Figure 1; Supplementary Table 1; Supplementary Figure
1). Cohort B included 1100 azithromycin users and 6169 nonusers
(Figure 1). Nonusers showed a higher prevalence of comorbidities,
whereas users were more likely to be treated with anticoagulants
(23% vs 15%), chloroquine/hydroxychloroquine (7% vs 2%), and corticosteroids for systemic use (20% vs 9%) (Table 1). The PSM led to
the selection of 987 azithromycin users and 987 nonusers; study
groups showed no statistically signiﬁcant differences in main demographic and clinical characteristics (Table 1; Figure 1; Supplementary Table 1; Supplementary Figure 1).

Discussion
This population-based study explored the effects of treatment
with azithromycin in a community setting on major COVID-19related outcomes—namely, hospitalization, ICU access, need for
MV, and death. Our ﬁndings do not support the hypothesis of a
protective role of azithromycin in any observed endpoint. Instead,
our data outline the concern of potential inappropriate use of this
medication, which was empirically prescribed in subjects infected
with SARS-CoV-2 during the pandemic period (European Centre for
Disease Prevention and Control, 2021; Gonzalez-Zorn, 2021; Huang
et al., 2020; Sharma et al., 2021). In fact, despite the massive use of
antibiotics observed in subjects who were developing early symptoms of COVID-19 (Khan et al., 2022; Sharma et al., 2021), several studies have shown that coinfection and secondary bacterial
infection occurred only in 3.5%-14.3% of patients with COVID-19
(Chedid et al., 2021; European Centre for Disease Prevention and
Control, 2021; Hughes et al., 2020; Langford et al., 2020; Lansbury
et al., 2020; Sharma et al., 2021).
Among patients with positive test results for SARS-CoV-2,
azithromycin was associated with a signiﬁcantly increased risk of
hospitalization during 21 days of follow-up. A possible mechanistic explanation for these results may be related to the effects
of this drug on microbiota and on the immune system (Langford
et al., 2021; Wypych and Marsland, 2018; Yin et al., 2022). In fact,
azithromycin may cause a temporary dysbiosis that can result in
the inability of lungs to clear pathogens and can make them more
vulnerable to viral infections. The improper use of antibiotics in
patients without bacterial infections may also cause a cytokinemediated overactivation of the immune system and a septic-shocklike phenomenon, thus worsening the hyperinﬂammation stimulated by COVID-19 (Marsland et al., 2015; McAleer and Kolls, 2018;

Outcomes
Results reported in Table 2 indicate a signiﬁcantly higher risk
of hospitalization in azithromycin users compared with nonusers
(HR 1.59, 95 % CI 1.45-1.75). Results from the subgroup analyses
were consistent with the main results, with higher risks observed
in males (HR 1.37, 95% CI 1.22-1.54), in those aged <65 years (HR
1.45, 95 %CI 1.24-1.69), and in patients without CVDs (HR 1.43, 95%
CI 1.26-1.62), diabetes (HR 1.28, 95% CI 1.15-1.41), and cancer (HR
1.22, 95% CI 1.11-1.35) (Figure 2).
In cohort B, results showed no statistically signiﬁcant associations between ICU access (OR 1.22, 95% CI 0.93-1.56) or need for
MV (OR 1.30, 95% CI 0.99-1.70) and azithromycin use compared
with nonuse (Table 2). Similarly, the Cox regression model did not
show a statistically signiﬁcant effect of azithromycin use on 14day (HR 0.88, 95% CI 0.74-1.05) and 30-day mortality (HR 0.89,
95% CI 0.77-1.03) (Table 2). However, lower 30-day mortality (HR
31
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Figure 2. Subgroup analyses of hospitalization risk in individuals with positive SARS-CoV-2 test results.
CVDs, cardiovascular diseases; Pts, patients.

Wypych and Marsland, 2018). Another possible explanation may
be related to patients’ and clinicians’ risk perception and to differences in disease management over time (Areﬁ et al., 2022; Hayat
et al., 2022). In fact, during the early phases of the pandemic, the
intensity of care of patients with COVID-19 was based mainly on
empirical evidence such as disease severity, clinical symptoms, and
risk of disease progression (Jampani and Chandy, 2021). Therefore,
clinicians were more likely to use azithromycin in patients with
COVID-19 with mild symptoms, with consequent decreased use of
hospital care and potential increased risk of disease worsening (Yin
et al., 2022). This hypothesis is supported by our ﬁndings, which
showed higher risk of hospitalization among younger and healthier
users compared with older users and those with diabetes, CVDs,
and cancer.
Findings from cohort B conﬁrm the evidence from previous
studies that found no beneﬁcial effect of in- and out-of-hospital

treatment with azithromycin (Arshad et al., 2020; Albani et al.,
2020; Kokturk et al., 2021; Ip et al., 2020; RECOVERY Collaborative Group, 2021). Additionally, we were able to provide powerful
new evidence on the potential role of this drug in patients with
COVID-19 who are admitted to the hospital but were treated before
hospitalization. Although not statistically signiﬁcant, results on ICU
access and need for MV mirrored what was observed in cohort A,
thus suggesting that perception of lower risk among azithromycin
users may have inﬂuenced not only the risk of hospitalization but
also hospital-based outcomes such as ICU access and need for MV.
Conversely, the intensity of care within the hospitals may have inﬂuenced the data on mortality, as demonstrated by the statistically
signiﬁcant lower risk observed in azithromycin users who accessed
ICU or were subjected to MV.
This study has limitations. First, the Italian healthcare administrative databases does not include data on in-hospital patient
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Figure 3. Subgroup analyses of (a) risk of intensive care unit access; (b) risk of need for mechanical ventilation; (c) 14-day all-cause mortality; and (d) 30-day all-cause
mortality in individuals hospitalized with COVID-19.
CVDs, cardiovascular diseases; Pts, patients.

management or clinical data such as severity of COVID-19 disease
or results from biological samples (i.e., microbiological tests). Second, the use of PSM analysis (Austin, 2011) allowed us to balance measured baseline demographic and clinical characteristics
between exposed and unexposed groups, as already proposed in
similar studies (Triﬁrò et al., 2020), and thus to minimize potential
confounding by indication. However, we were unable to completely
rule out the presence of residual unmeasured confounders because
of the lack of some relevant information in the Italian healthcare administrative databases, such as COVID-19 disease severity
(National Institutes of Health, 2022) and possible risk factors for
disease outcomes and death in patients with COVID-19, such as
obesity and smoking. Lastly, we were not able to identify the reasons for antibiotic use, as the Italian pharmacy claims database
does not include information on drug indications.
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Conclusion
Our ﬁndings are in line with available evidence that does not
recommend the use of azithromycin as effective treatment for patients with SARS-CoV-2 infection and raise concern on risks associated with inappropriate use of this drug. This highlights the importance of following antibiotic stewardship principles—even during challenging times such as COVID-19 pandemic—because the
use of antibiotics without solid microbiological evidence on bacterial coinfection may result in both no beneﬁcial effects for patients
with COVID-19 and increased risk of adverse events (Chedid et al.,
2021; Sharma et al., 2021). These aspects are crucial for preserving
the effectiveness of these medications and preventing the spread
of drug-resistant organisms.
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