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ABSTRACT
In light of the accumulating evidence for survival benefit coming from the use of macrolides
for community-acquired pneumonia (CAP), a
group of experts from the field of internal
medicine and infectious diseases frame a position statement on the use of macrolides for the
management of bacterial CAP and for infection
by the novel coronavirus (COVID-19). The
statement is framed taking into consideration
existing publications and own research
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experience. The main content of this statement
is that the combination of one b-lactam and a
macrolide should be the first treatment of
choice for patients with severe bacterial CAP.
Severity is assessed as scoring 2 or more points
on the CURB65 scoring system of severity or as
pneumonia severity index III to V or C-reactive
protein more than 150 mg/l; the suggested
macrolide is either azithromycin or clarithromycin. The experts also suggest that in
COVID-19 pneumonia, the combination of one
b-lactam and a macrolide should be reserved
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only when there is strong suspicion of bacterial
co-infection.

Keywords: Community-acquired pneumonia;
COVID-19; Azithromycin; Clarithromycin;
Immunomodulation
Key Summary Points
Patients presenting to the emergency
department with CAP should be evaluated
for severity and the need of
hospitalization. CURB65, PSI and CRP are
suggested as the tools of choice. Regarding
CURB65, patients scoring 0–1 points can
be treated as outpatients; patients scoring
2 points should be managed for 24–48 h
under hospital supervision for probable
deterioration; and patients scoring 3
points or more should be hospitalized
The first choice of treatment for patients
scoring 2 or more points on CURB65 or
PSI III to V or CRP more than 150 mg/l
should be the combination of one blactam and a macrolide; the suggested
macrolide is azithromycin or
clarithromycin
In COVID-19 pneumonia, the
combination of one b-lactam and a
macrolide should be reserved only when
there is strong suspicion of bacterial coinfection

DIGITAL FEATURES
This article is published with digital features,
including a summary slide, to facilitate understanding of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14672379.

INTRODUCTION
The empirical management of community-acquired pneumonia (CAP) is one of the most
important challenges in infectious diseases. The
emerging resistance of the most common
pathogens and the constantly aging population
who is bearing comorbidities that increase the
risk of unfavourable outcome in CAP are the
main challenges.
The new guidelines for the management of
CAP published by the American Thoracic Society and the Infectious Diseases Society of
America (ATS/IDSA) in 2019 reintroduce the
macrolide group of antibiotics as the prime tool
in our armamentarium for patient management
[1]. The Hellenic Sepsis Study Group (HSSG)
(www.sepsis.gr) has published four booklets in
the years 2008, 2011, 2014 and 2017 for the
management of sepsis where the intravenous
use of clarithromycin has been suggested not
only for the management of CAP but also for
severe sepsis by Gram-negative bacteria based
on evidence coming from two randomized
clinical trials (RCTs) conducted in Greek populations [2, 3]. This position of the HSSG alongside recent evidence for the salient importance
of adjunctive clarithromycin therapy in CAP [4]
prompted the generation of this position paper
for the role of macrolides in the empirical
treatment of CAP coming from four scientific
societies of Greece.

METHODS
A panel of nine experts were invited to participate: one expert (PG) from the Hellenic Society
for Infectious Diseases; one expert (ML) from
the Hellenic Society for the Management of
AIDS; three experts (CG, GLD and GP) from the
Hellenic Society for Chemotherapy and four
experts from the HSSG (MS, PP, HS and EJGB).
These experts virtually met on 3 October 2020
where they decided that their position statement needs to cover two main aspects: (a) the
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current role of macrolides for the management
of CAP and (b) the probable role of macrolides
for CAP in documented infection by the novel
coronavirus SARS-CoV-2 (COVID-19). During
this meeting, two appointed members (EJGB
and MS) presented evidence published over the
last 5 years followed by discussion. It was decided that the two members would draft the first
version of the statement and the main discussion points would be the core of the manuscript. The next virtual meeting took place on
12 February 2021. Before the meeting the
manuscript draft was distributed to all members
of the panel. During the meeting, all experts
provided their comments and finalized the
manuscript. The final published statement was
a consensus of all meeting participants.
Compliance with Ethics Guidelines
This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

POSITION 1
Macrolides Have a Major Adjunctive Role
and Should Always Be Included
in the Starting Treatment Regimen of CAP
Requiring Hospitalization
In order to develop this position point a thorough search was conducted in the PubMed with
the combination [macrolides OR azithromycin
OR clarithromycin] AND pneumonia, filtering
from January 2016 until January 2021. A total of
1415 article titles were retrieved. After exclusion
of meta-analyses, reviews, case reports and basic
research manuscripts, 11 manuscripts were
retrieved; three report on macrolide resistance
for respiratory pathogens; and eight are clinical
studies reporting on the outcome of empirical
management of CAP. A synopsis of these eight
clinical studies is provided in Table 1. All studies
were conducted among patients hospitalized
with CAP [4–11].
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Only one of the eight studies analysed in
Table 1 was a randomized clinical trial. This trial
[7] was conducted in HIV-positive individuals
and failed to demonstrate any survival benefit
from the addition of a macrolide to ceftriaxone
probably because the most of these patients had
microbiologically confirmed pneumonia due to
P. jirovecii and M. tuberculosis. In six studies the
addition of a macrolide improved the outcome
of the patients. In these studies, the most
commonly reported pathogen was S. pneumoniae. Most of clinical benefit was for patients
with severe pneumonia as this is expressed by
classes IV and V according to the pneumonia
severity index (PSI). One of the studies was a
prospective cohort from Spain [9]. Multivariate
analysis among patients with C-reactive protein
above 150 mg/l denoted that treatment with
the combination of b-lactam with a macrolide
was independently associated with protection
from death by pneumococcal CAP whereas the
presence of septic shock and acute respiratory
distress syndrome were independent drivers
towards unfavourable outcome. One of the
studies demonstrated that in order for the
macrolide benefit to be shown, therapy should
start before b-lactams [5]. The authors hypothesize that the action of b-lactams on the bacterial cell wall leads to the release of pathogenassociated molecular patterns which stimulate
pro-inflammatory host responses. The preceding treatment with macrolides attenuates this
pro-inflammatory effect.
One of the studies is a retrospective analysis
of prospectively collected data from the HSSG.
The aim of this study was not to refer to the
macrolide group of antibiotics in general but to
run a direct comparison of the treatment outcomes of a combination of b-lactam with clarithromycin to the combination of b-lactam and
azithromycin [4]. Analysed patients had sepsis
according to the Sepsis-3 definitions and comparisons to patients treated with monotherapies
either with b-lactams or with moxifloxacin/
levofloxacin were done. The four groups of
comparisons were fully matched using three
different scores of severity (acute physiology
and chronic health evaluation—APACHE II
score, pneumonia severity index—PSI and
sequential organ failure assessment—SOFA
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Table 1 Published clinical studies between 2016 and 2021 on the adjunctive role of macrolides for the management of
severe community-acquired pneumonia (CAP)
References Design

Groups

Most common Outcome measure
pathogens

[4]

b-lactam monotherapy = 130

Not reported

Retrospective
analysis of
prospectively
collected data of
patients with
CAP and sepsis
using matching

b-lactam plus clarithromycin = 130

28-day mortality:
b-lactam
monotherapy = 36.8%
(p = 0.009)*

b-lactam plus azithromycin = 130
Moxiﬂoxacin/levoﬂoxacin
monotherapy = 130

b-lactam plus
clarithromycin = 20.8%
b-lactam plus
azithromycin = 33.8%
(p = 0.026)*
Moxiﬂoxacin/
levoﬂoxacin
monotherapy = 32.8%
(p = 0.049)*

[5]

Retrospective
Macrolide start 1 h before bNot reported
analysis from the
lactam = 99
CAPO database
Macrolide start 1 h after b-lactam = 305
of patients with
CAP treated with
macrolide/blactam
combination

[6]

Retrospective
analysis from the
CAPO database
of patients with
microbiologically
conﬁrmed CAP

No macrolide = 302
Macrolide = 247

Streptococcus
pneumoniae
75%

Time to clinical stability:
3.5 days vs 4.3 days
(p = 0.011)

In-hospital 30-day
mortality:
Non-severe CAP: nonmacrolide 4.4%;
macrolide 0.7%;
p = 0.012
Severe CAP: nonmacrolide 16.4%;
macrolide 5.8%;
p = 0.027
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Table 1 continued
References Design

Groups

Most common Outcome measure
pathogens

[7]

Ceftriaxone ? placebo = 112; 20%
severe

Pneumocystis
jirovecii 20%
vs 29%

In-hospital mortality:
11% vs 15%

Mycobacterium
tuberculosis
13% vs 12%

14-day mortality: 4% vs
11%

RCT in HIVpositive
individuals

Ceftriaxone ? macrolide = 113; 15%
severe

(p = 0.610)

(p = 0.09)

Streptococcus
pneumoniae
10% vs 10%
[8]

Retrospective
analysis of
prospectively
collected data

b-lactam monotherapy = 369
b-lactam plus macrolide = 225

Streptococcus
pneumoniae
17.9% vs
18.2%
Klebsiella
pneumoniae
15.4% vs
9.3%

[9]

Prospective cohort

b-lactam plus macrolide = 932; severe
57%
Fluoroquinolone ± b-lactam = 783;
severe 60%

30-day mortality: 13.8%
vs 1.8% (p \ 0.001)
Early treatment failure:
18.4% vs 7.6%
(p \ 0.001)
LOS: 16 days vs 10 days
(p \ 0.001)

Streptococcus
pneumoniae
45% vs 44%

30-day mortality

Polymicrobial
16% vs 12%

Pneumococcal
pneumonia 4% vs 9%
(p = 0.004)

Overall 5% vs 8%
(p = 0.015)

CRP [ 150 mg/l 3% vs
8% (p \ 0.001)
[10]

Retrospective
analysis of
prospectively
collected data of
patients with
CAP and sepsis
using propensity
score matching

b-lactam plus azithromycin = 560
b-lactam plus levoﬂoxacin = 560

Not reported

28-day mortality: 19.3%
vs 20.7% (p = 0.601)
In-hospital mortality:
24.8% vs 26.8%
(p = 0.495)
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Table 1 continued
References Design

Groups

Most common Outcome measure
pathogens

[11]

Ceftriaxone ? clarithromycin
(n = 104); 22% severe

Streptococcus
pneumoniae
33.6% vs
24.1%

Open-label quasiRCT

Ampicillin/sulbactam ? clarithromycin
(n = 108); 13% severe

Efﬁcacy end-oftreatment: 57% vs 94%
(p = 0.055)

Mycoplasma
pneumoniae
36.5% vs
25.9%
CAPO database of hospitalized patients with CAP from 83 hospitals in 16 countries, CRP C-reactive protein, LOS length
of hospital stay, n number of patients, RCT randomized clinical trial, vs versus
*p values refer to comparisons with the b-lactam plus clarithromycin group

score), Charlson’s comorbidity index and the
type of administered b-lactam. There was a
profound survival benefit of the combination of
b-lactam with clarithromycin (28-day mortality
20.8%) over the combination of b-lactam with
azithromycin (28-day mortality 33.8%; p of
comparison 0.026). This benefit of the combination of b-lactam with clarithromycin was also
found over the other two groups of treatment.
These results corroborate information coming from two meta-analyses published before
2016. The first analysed 16 observational studies
and found that the addition of a macrolide to
one b-lactam was associated with cumulative
odds ratio for mortality 0.67 (0.61–0.73). The
same meta-analysis reported that the benefit
was larger for severe patients and for CAP due to
S. pneumoniae [12]. The second meta-analysis
was based on 16 studies; 13 observational
studies and 3 RCTs. The meta-analysis showed
survival benefit with the combination of one blactam and a macrolide, but only when the
observational studies were included. The
explanation provided by the authors was that
patients participating in the RCTs had lower
severity [13]. One of these RCTs compared the
impact of the addition of clarithromycin versus
placebo to b-lactams for the achievement of
clinical stability after 7 days of treatment.
Although the study was designed as a non-

inferiority trial, the authors failed to prove their
non-inferior hypothesis; by day 7, 41.2% of
patients treated with b-lactam and placebo were
still unstable compared to 33.6% of patients
treated with b-lactam and clarithromycin [14].
The benefit shown with macrolide adjunctive treatment may be explained by the
immunomodulatory effect on the pro-inflammatory response of the host. It is very difficult
to provide robust evidence of this effect in a
clinical setting. The main obstacle is the
antibacterial activity of macrolides against
implicated pathogens which does not allow one
to clearly conclude whether the benefit derives
from the antimicrobial or from the
immunomodulatory activity. In an attempt to
decipher this, two RCTs were conducted among
patient populations with infections by Gramnegative bacteria that are not included in the
macrolide antimicrobial spectrum. In both trials, the studied macrolide was clarithromycin.
The first study was conducted in 200 Greek
patients with ventilator-associated pneumonia
(VAP) [2] and the other in 600 Greek patients
with Gram-negative infections and systemic
inflammatory response syndrome (SIRS) [3]. The
study of patients with VAP showed major survival benefit after 90 days; survival was 40%
among patients treated with placebo and standard-of-care (SOC) antibiotics and 57% among
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patients treated with clarithromycin and SOC
antibiotics (p = 0.023) [2]. The study of patients
with SIRS due to Gram-negative infections
showed most of the survival benefit after
28 days among patients with septic shock and
multiple organ dysfunction [3]. A randomized
clinical trial of oral Clarithromycin in Community-acquired pneumonia to attenuatE inflammatory
responsE
and
improve
outcomeS (ACCESS) is the first on-going RCT
that has been designed to study the potential of
clarithromycin to modulate the inflammatory
response of the host in severe pneumonia. Participants have CAP aggravated by sepsis defined
by the Sepsis-3 definitions, at least two signs of
SIRS and procalcitonin more than or equal to
0.25 ng/ml; they are blindly randomized to
treatment with placebo and ceftriaxone or
clarithromycin and ceftriaxone. The primary
endpoint is early response after 72 h defined by
decrease of the baseline respiratory symptoms
score and at least 30% decrease of the baseline
SOFA score or at least 80% decrease of the
baseline procalcitonin (EudraCT 2020-00445215; Clinicaltrials.gov NCT04724044).
It is the feeling of the panel that the data of
the clinical efficacy of macrolides should be
interpreted with caution in the light of the
prevalence of resistant isolates which differs
considerably from one geographic region to the
other. This variation in prevalence is between
19.4% and 72% for the invasive isolates [15–17]
and between 34.3% and 98.2% for the non-invasive isolates of S. pneumoniae [18, 19]. The
2019 ATS/IDSA guidelines clearly distinguish
between patients in need of hospitalization and
those in need of outpatient management. Their
first suggestion for patients in need of hospitalization is the combination of one b-lactam
with a macrolide. For outpatient treatment, the
suggestion relies on the presence of risk factors
such as chronic heart failure, chronic renal
disease, chronic obstructive pulmonary disease
and liver cirrhosis. In the absence of these risk
factors, guidelines suggest that macrolide
monotherapy should be reserved for communities with resistance rates of less than 25%. In
the presence of these risk factors, the guideline
favours the use of the combination of one blactam with a macrolide [1].
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A balance should be applied in everyday
clinical practice between the excess use of
macrolides in CAP and the need to reserve them
where there is real clinical demand. The need
for this balance comes from the risk of the
emergence of macrolide resistance in the case of
excess prescription. The real benefit from the
adjunctive use of macrolides to b-lactams in
CAP is for severe patients. Although severity can
easily be assessed by using bedside signs of
instability like hypotension, mental deterioration and excess breathing [20], it is also
expressed by clinical scores like PSI and CURB65
that can be used for the early prediction of the
risk for unfavourable outcome. In a systemic
review of eight studies, high risk for death was
found for patients with PSI classes IV and V and
for patients with CURB65 2 or more [21]. In the
ProHOSP cohort, 925 patients with CAP were
followed up for 5 years; 417 were non-survivors.
Survival analysis showed that patients with
PSI III or more and CURB65 1 or more were at
the greatest likelihood for death during the first
year. Patients distributed to the upper quartile
of values CRP were also at high risk of death
[22]. We suggest that PSI III or more, CURB65 2
or more and CRP more than 150 mg/l should be
used as predictors of severity alongside haemodynamic instability (Fig. 1).
Comment 1 (CG) Existing data on the ability
of macrolides to modulate the exaggerated
response of the host are impressive. These are
further enhanced by the improvement of the
outcome of patients with severe infections by
Gram-negative bacteria against which macrolides are inactive.
Comment 2 (PG) In the light of the analysed
data, I feel that most of the benefit from the
addition of macrolides is for patients with CAP
in need of hospitalization. This is associated
with the beneficial action on the attenuation of
SIRS. We should also consider that most of
patients treated as outpatients receive most
benefit with b-lactam monotherapy. However,
as far intravenous administration is concerned
clarithromycin induces superficial thrombophlebitis at a greater rate than azithromycin.
In addition, when compared to fluoroquinolones for use for respiratory infections,
namely moxifloxacin and levofloxacin, patients
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Fig. 1 The positions of macrolides in the management
algorithm of community-acquired pneumonia. *Risk factors: chronic heart failure, chronic obstructive pulmonary
disease, chronic liver disease, chronic renal disease, diabetes
mellitus, alcoholism, malignancy, asplenia. **Suggested

macrolide: azithromycin 500 mg once daily for 5 days or
clarithromycin 500 mg twice daily for 7 days. #Suggested
quinolone: moxiﬂoxacin or levoﬂoxacin

treated with macrolides present with fewer
adverse events on the cardiovascular system like
QTc prolongation and aneurysm rupture [23].
These are reasons making respiratory fluoroquinolones less popular for respiratory tract
infections than macrolides among the medical
community.
Comment 3 (ML) We need to remember that
the selection of patients for hospitalization
should rely on the CURB65 score and that
amoxicillin remains the b-lactam of choice for
outpatient management. A recent analysis of
725 patients with CAP admitted at the emergency department were classified into low risk,
intermediate risk and high risk for unfavourable
outcome according to the presentation of 0–1
points, 2 points and 3 or more points on
CURB65. Mortality after 28 days was 5.8%,
13.5% and 27.0%, respectively [24].
Comment 4 (GP) It should never be ignored
that a major role for the inclusion of macrolides
in the treatment regimen of bacterial CAP is the
implication of atypical pathogens against which
macrolides are active. The use of molecular
detection techniques has revealed their

presence in 10–30% of severe CAP and this is a
fair reason for the co-administration of macrolides with b-lactams.
The position of the expert panel for the role
of macrolides for the management of CAP is
shown in the algorithm in Fig. 1.

POSITION 2
Position of Macrolides in Empirical
Treatment of COVID-19
Early in the course of the COVID-19 pandemic,
azithromycin and hydroxychloroquine were
introduced in the empirical treatment of
patients. This was based on the results of an
open-label non-randomized trial of 36 patients,
6 of whom were treated with this combination;
the study showed faster viral clearance in comparison with a control group [25]. However, the
limited number of patients and the selection of
the control group raised serious concerns for the
efficacy of this combination. The limited efficacy of azithromycin became evident when the
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results of the randomized clinical trials were
published. A summary of these results is provided in Table 2 [26–28]. All three trials are
open-label and randomized in design. The first
trial showed improvement of oxygen saturation
at hospital discharge [26] whereas the other two
trials enrolling much greater numbers of
patients failed to disclose any efficacy from
azithromycin treatment [27, 28].
There are several studies showing benefit
from the use of macrolides in cell systems of
viral infections. These studies either demonstrate attenuation of the inflammatory response
or inhibition of viral entry into airway epithelial
cells. Although rhinoviruses were used as
infective agents in the cell systems, results were
extrapolated to SARS-CoV-2. The addition of
azithromycin in a cell system by large-sized and
small-sized airway epithelial cells in vitro
infected by the rhinovirus RV1b decreased viral
replication after 24 and 48 h; this was accompanied by reciprocal decrease of the concentrations of interleukin (IL)-6, of IL-8 and of
RANTES in cell supernatants [29]. The decrease
of viral replication may be mediated through
stimulation of the production of the antiviral
interferons I and III effected through the addition of macrolides in the growth medium [30].
Three in vitro studies support that the mode
of action of macrolides may be associated with
the prevention of viral entry into the airway
epithelial cells. In the first study, nasal epithelial cells were isolated from excised nasal specimens during surgery of 15 patients with asthma
and 12 patients without asthma. Cells were pretreated with clarithromycin and then infected
with rhinovirus RV14. Results showed a
decrease of the relative amount of viral RNA in
the cell with a parallel decrease of ICAM-1 (intercellular adhesion molecule 1) that facilitates
viral entry into the cells. This finding alongside
a decrease of cell vacuolization favoured inhibition of viral entry in the nasal epithelial cells
by clarithromycin [31]. In the second study,
epithelial cell lines were infected with pseudovirus mimicking SARS-CoV-2 in the presence
of increasing concentrations of azithromycin.
The cell infection rate was reduced and this was
associated with an increase of the acidification
of the intracellular vesicles containing the virus
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[32]. In line with this, treatment of nasal
epithelial cells with azithromycin modulated
gene expression towards downregulation of
endocytosis pathways associated with TMPRSS2
and TMPRSS11D encoding the serine proteases
that are necessary for the entry of SARS-CoV-2
into the epithelial cell [33].
These results from in vitro culture systems
suggest that the main mode of action of macrolides is associated with the modulation of the
machinery of the airway epithelial cells so that
they resist invasion by SARS-CoV-2. As a consequence, there may be a window over the time
course of COVID-19 where the use of macrolides is of major benefit. The findings of the
open-label non-randomized ACHIEVE trial in
90 patients with moderate COVID-19 are in line
with this hypothesis. In the ACHIEVE trial
(Anti-inflammatory
ClaritHromycin
to
ImprovE SARS-CoV-2 Infection Early) 90
patients were treated orally with clarithromycin
500 mg twice daily for 7 days; co-administration
of hydroxychloroquine/chloroquine phosphate
was
not
allowed
(EudraCT
number
2020-001882-36; National Ethics Committee
approval 45/20; National Organization for
Medicines approval ISO 36/20; ClinicalTrials.gov NCT04398004). Results of the study have
not yet been published but they are available as
a preprint [34]. The primary study endpoint was
defined as at least 50% decrease of the respiratory symptoms score for participants with lower
respiratory tract infection or as no hospital
readmission for participants with upper respiratory tract infection. This was achieved in
91.7% of patients starting clarithromycin in the
first 5 days from symptoms onset and in 81.4%
of patients starting clarithromycin later than
5 days from symptoms onset. This association
of the achievement of the primary endpoint
with the delay in start of treatment was found
only for patients infected by the B1.1. European
variant of SARS-CoV-2; patients infected by
other variants had similar benefit irrespective of
treatment delay. Significant decrease of the viral
load was found over time of treatment. The
decrease of the viral load in the nasopharynx of
patients at the end of treatment was greater
among patients who had enhanced Th1
responses.

Infect Dis Ther (2021) 10:1081–1095

1090

Table 2 Prospective trials of the use of macrolides for the management of COVID-19
References Design

Baseline
severity

Groups of
treatment (n)

Primary
endpoint

Main secondary
endpoints

Serious adverse
events

[26]

Open-label,
Hospitalized,
randomized
severe

Control (56):
Mean hospital
Discharge SpO2: NR
(LPV/r
stay: 5.96 days
92.4% vs 93.9%
400/100 mg
vs 4.61 days
(p = 0.030)
bid ? HCQ
(p = 0.020)
Discharge
400 mg qd) for Need for ICU
respiratory rate:
5 days
admission: 7%
17.4 vs 15.8
Case (55): (AZM vs 2%
breaths/min vs
500 mg qd
(p = 0.070)
(p = 0.010)
LPV/r
Death: 1% vs 0%
400/100 mg
(p = 0.495)
bid ? HCQ
400 mg qd) for
5 days

[27]

Open-label,
Hospitalized,
randomized
mild to
moderate

SOC (227)
SOC ? HCQ
400 mg bid for
7 days (221)
SOC ? AZM
500 mg
qd ? HCQ
400 mg bid for
7 days (217)

Median (IQR)
Need of
HCQ ? AZM:
7-level ordinal
mechanical
2.1%
outcome at
ventilation:
HCQ: 1%
15 days*: 1
6.9% vs 7.5% vs
AZM: 0%
(1–2), 1 (1–2),
11.0%
1 (1–2)
In-hospital death:
3.5% vs 4.4% vs
2.9%
Thromboembolic
complications:
1.2% vs 1.9% vs
1.2%
Acute kidney
injury: 2.9% vs
2.5% vs 3.5%
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Table 2 continued
References Design
[28]

Baseline
severity

Open-label,
Hospitalized,
randomized
severe

Groups of
treatment (n)

Primary
endpoint

SOC (183)

Difference in
Death at 29 days:
score of
40% vs 42%
6-point
(p = 0.630)
ordinal scale at LOS of survivors:
day 15: 1.36
18 days vs
(0.94–1.97)
26 days
(p = 0.110)
(p = 0.064)

SOC ? AZM
500 mg qd for
10 days (214)

Main secondary
endpoints

Serious adverse
events
38% vs 42%
(p = 0.350)

Secondary
infections: 36%
vs 41%
(p = 0.290)
AZM azithromycin, bid two times daily, HCQ hydroxychloroquine, ICU intensive care unit, LOS length of hospital stay,
LPV/r lopinavir/ritonavir, n number of patients, NR not reported, qd once daily, SAEs serious adverse events, SOC
standard-of-care, SpO2 oxygen saturation, vs versus
*The levels of the scale are deﬁned as follows: (1) not hospitalized with no limitation in activities; (2) not hospitalized with
limitation in activities; (3) hospitalized and not receiving supplementary oxygen; (4) hospitalized and receiving supplementary oxygen; (5) hospitalized and receiving supplementary oxygen by high-ﬂow nasal cannula or non-invasive ventilation; (6) hospitalized and receiving mechanical ventilation; (7) death

Comment 1 (HS) I would like to address two
main arguments in favour of the use of azithromycin in patients with COVID-19. The first
argument is the results of an RCT where
patients with influenza A and B were randomized to oral treatment with oseltamivir 75 mg
twice daily for 5 days (n = 25 patients) or oral
administration of a combination of azithromycin 500 mg once daily and oseltamivir
75 mg twice daily for 5 days (n = 25). The study
was successful in the primary endpoint which
was an attenuation of the systemic inflammatory response as this was found by the decrease
of circulating IL-6, IL-8 and IL-17 over time [35].
The second argument is the in vitro evidence
that azithromycin interacts with the CD147
receptor of SARS-CoV-2 and does not allow viral
entry into the airway epithelial cells [36].
Comment 2 (GP) The difference in half-life of
clarithromycin compared to azithromycin may
be of major importance for administration in
COVID-19 pneumonia. The empirical overconsumption of antibiotics during the COVID-19

era may lead to substantial induction of resistance, and antibiotics with longer half-life, like
azithromycin, are more likely to induce resistant floras.
Comment 3 (GD) The lack of positive results
from RCTs on the use of azithromycin for
COVID-19 narrows the indication of co-administration of b-lactams and macrolides only
for patients with COVID-19 and strong suspicion of bacterial co-infection.

REPORTED ON-GOING
CHALLENGES
Point 1 (CG) The results of published clinical
trials discourage the use of azithromycin for the
management of COVID-19. The results of the
ACHIEVE study demonstrate the importance of
the administration of clarithromycin in the
modulation of the response of the host. The
enhancement of the antiviral efficacy of
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macrolides in co-administration of remdesivir is
a point of further research.
Point 2 (PG) The time point of start of treatment seems to be a salient factor for successful
management. COVID-19 bears the features of
viral infections necessitating intervention at
zero time, if probable. The benefit shown from
the ACHIEVE trial from early start of clarithromycin is a promising result.
The position of the expert panel for the
mechanism of action of macrolides in COVID19 pneumonia is shown in Fig. 2.

•

•

FINAL STATEMENT

Patients presenting to the emergency department with CAP should be evaluated for
severity and the need of hospitalization.
CURB65, PSI and CRP are suggested as the
tools of choice. Regarding CURB65 patients
scoring 0–1 points can be treated as outpatients; patients scoring 2 points should be
managed for 24–48 h under hospital supervision for probable deterioration; and
patients scoring 3 points or more should be
hospitalized.
The first choice of treatment for patients
scoring 2 or more points by CURB65 or PSI
III to V or CRP more than 150 mg/l should be
the combination of one b-lactam and a
macrolide; the suggested macrolide is azithromycin or clarithromycin.
In COVID-19 pneumonia, the combination
of one b-lactam and a macrolide should be

Taking into consideration all the positions and
the points of discussion, the following position
statement was agreed by all experts:

•

Fig. 2 Suggested mechanism of macrolide action in
COVID-19 pneumonia. Macrolides may act either at the
levels of Th1 lymphocytes and NK cells or at the levels of

airway epithelium. The mechanism of action is shown in
dashed outlined boxes. : increase, ICAM intracellular
adhesion molecule, IL interleukin

Infect Dis Ther (2021) 10:1081–1095

reserved only when there is strong suspicion
of bacterial co-infection.
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