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pathways and mitigation of inflammation may  
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Abstract: Azithromycin is a macrolide-type antibiotic used against a broad range of bacterial infection, such as 
respiratory tract, skin, ear, eye infections, and sexually transmitted diseases. The ongoing severe acute respiratory 
syndrome (SARS) mediated by Corona Virus 2 (CoVid19) is a global health concern and various countries witnessed 
the loss of precious human life. In fall 2020, the absence of specific suitable medication or vaccine is still a major 
cause of concern to fight the pandemic while different countries have already started using their own medication 
and available resources to save the life of their citizens. At the present, in many countries around the world, we 
witnessed the use of the antibiotic azithromycin towards the medication of CoVid19; even its effect on anti CoVid19 
is still controversial. This mini review aims to address whether azithromycin can affect molecular pathway involved 
in inflammatory immunity upon viral infection, to find out the rationale behind the use of azithromycin in the treat-
ment of CoVid19. Overall, the data show that the mechanism of action of azithromycin in viral infection may be 
dependent on a global amplification of the interferon-dependent pathways mediating antiviral responses, leading 
to a reduction of viral replication, together with a strong impairment of the inflammatory pathways, relying on MAPK 
cascade inactivation.
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Introduction

Coronavirus Disease 2019 (COVID-19), a res- 
piratory illness caused by a novel β-corona- 
virus called SARS-CoV-21, was first identified in 
the Wuhan City, Hubei Province of China in 
December 2019, subsequently World Health 
Organization (WHO) declared COVID-19 as a 
pandemic on March 11, 2020 (https://www.
medscape.com/viewarticle/924596). Thereaf- 
ter the disease has spread across the globe 
with its unique characteristic of fast spreading 
and causing more death than previous known 
coronavirus. Till date this pandemic has affect-
ing nearly 40 million of cases, causing the 
death of more than 1,000,000 people in 215 

countries with no effective treatments and only 
partial understanding of the immunological 
response to the virus. Nevertheless, some 
countries have begun to use the macrolide anti-
biotic azithromycine, alone and in combination 
with other medications for treatment of COVID-
19 patients (Source: ICMR, Indian Council of 
Medical Research). Indeed, azithromycin exhib-
its anti-viral activity aside from its antibacterial 
effect, providing additional therapeutic benefit. 
Considering the pharmacokinetics of azithromy-
cin, it achieves high tissue concentration and 
hence able to deliver the compound to the site 
of viral infection, especially the lungs [1]. It is 
more stable in acidic media, with a single day 
dosage due to its long half-life period (11-14 hrs 
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for single dosage and 68 hrs for multiple dos-
ages). The metabolism of azithromycin is very 
slow and does not inhibit the cytochrome p450 
enzyme system [2, 3]. Azithromycin inhibits the 
protein synthesis by binding to the 50S sub-
unit of the bacterial ribosome, where its pre-
vents the transfer of tRNA from A to P site of the 
ribosome and aborts the growth of polypeptide 
[1].

Azithromycin efficacy in the treatment of COVID-
19 remains unclear. Very recently, the Brasilian 
COALITION II clinical trial showed that adding 
azithromycin to standard of care treatment 
(which included hydroxychloroquine) did not 
improve clinical outcomes [4]. These data sug-
gest that azithromycin might not be beneficial 
in hospitalised patients with aggressive dis-
ease. On the other hand, a French study showed 
that azithromycin reinforces the significant 
reduction/disappearance of viral load in COVID-
19 patients treated with hydroxychloroquine 
[5]. Therefore, the role of azithromycin in COVID-
19 should be strengthened by additional place-
bo-controlled trials in hospitalised patients, 
earlier in the disease progress. Because of its 
large use in the therapy for COVID-19, estab-
lishing whether azithromycin is helpful in earlier 
stages of the disease is an important research 
priority [6]. 

Since it is counterintuitive to use an antibiotic 
to treat viral infection, more information on the 
molecular mechanisms exerted by azithromy-
cin is needed before any conclusions can be 
made regarding the possible benefits and risks 
of using azithromycin in patients with COVID-19 
or with other viral pandemic events. This short 
Review aims to highlight recent data in the lit-
erature showing that azithromycin can affect 
inflammatory immunity, exploiting molecular 
pathways involved in immunomodulation dur-
ing viral infection, to fill a current research gaps, 
with the potential future developments in the 
field. Indeed, azithromycin, among the molecu-
lar mechanisms involved in viral infection, can 
cause a significant increase in interferon (IFN)-
mediated antiviral responses leading to a 
reduction of viral replication, together with a 
strong impairment of the inflammatory path-
ways, both of them relying on a tight control of 
MAPK cascade activation. 

Azithromycin action against viral infection

Azithromycin could act on different points of 
the viral cycle, exhibiting both antiviral and 

immunomodulatory properties. For example, it 
can inhibit SARS-CoV-2 binding to the human 
ACE2 receptor, by associating to the spike pro-
tein of SARS-CoV-2. Unexpectedly, azithromycin 
is similar to the sugar moiety of GM1, a lipid raft 
ganglioside acting as a host attachment cofac-
tor for respiratory viruses. Therefore, it may 
interacts with the ganglioside-binding domain 
of SARS-CoV-2 spike protein, acting as a com-
petitive inhibitor of SARS-CoV-2 attachment to 
the host-cell membrane [7] (Figure 1). Azith- 
romycin may also affect membrane fusion, 
endocytosis, and lysosomal protease activa-
tion, as cathepsins or furins, implicated in the 
cleavage of the spike protein of SARS-CoV-2 
(Figure 1). On the other hand it can stabilize 
epithelial tight junctions or decrease mucus 
hyper secretion, which may improve mucocili-
ary clearance [8].

Regarding the immunomodulatory properties 
and the involved molecular pathways, azithro-
mycin treatment can impact on T-lymphocyte, 
suppressing CD4+ T-cell activation by inhibiting 
m-TOR activity [9]. Moreover, azithromycin 
down-regulates NK cytotoxicity and cytokine 
production upon mycoplasma infection [10]. 
Azithromycin also down-regulates cytokines 
and chemokines production, and may increase 
apoptosis by shifting alveolar macrophages to 
anti-inflammatory phenotype [8]. In terms of 
affected molecular pathways, in addition to 
m-TOR, in a murine model of chronic asthma, 
long-term azithromycin treatment ameliorates 
not only airway inflammation but also airway 
remodelling by influencing both the Mitogen 
Activated Protein Kinase (MAPK) and the NF-κB 
signal pathways, thus being an effective adju-
vant therapy in a chronic, severe asthma with 
remodelling airway [11] (Figure 1).

Azithromycin has proved to possess antiviral 
effect against a broad variety of viruses, includ-
ing rhinovirus (RN), influenza, and Zika. Asthma 
exacerbations caused by RN leads to higher 
rate of morbidity and mortality. In addition, 
asthma patient also exhibit low level produc-
tion of IFN-α and IFN-β that are required to fight 
viral infection [12, 13]. To overcome the prob-
lem, researchers have implemented the use of 
azithromycin to combine both antibacterial and 
anti-inflammatory activities [14, 15]. Study  
led by Gielen et al., (2010) reported that in pri-
mary human bronchial epithelial cells, azithro-
mycin significantly increased RN1B- and RN16-
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induced IFN and IFN-stimulated gene expres-
sion and protein production with concurrent 
reduction of viral replication and release [15], 
thus demonstrating that azithromycin has anti-
RN activity in bronchial epithelial cells and, dur-
ing RN infection, increases the production of 
IFN-stimulated pathways. Moreover, RV infec-
tion is also the major cause of chronic obstruc-
tive pulmonary disease (COPD) exacerbations 
and may contribute to the development into 
severe stages of COPD. By comparing primary 
bronchial epithelial cells from COPD donors 
and healthy individuals it has been shown th- 
at azithromycin transiently increased RV16-
induced expression of IFN-β in COPD cells but 
not in healthy epithelial cells. Azithromycin also 
decreased viral load, supporting azithromycin’s 
emerging role in prevention of exacerbations of 
COPD [16]. Similarly, in cystic fibrosis (CF) 
patients, the viral infection in the respiratory 
tract also leads to pulmonary exacerbations 
and it has been reported that azithromycin-
mediated treatment reduces RV replication in 
CF bronchial epithelial cells, possibly through 
the amplification of the antiviral response medi-
ated by the IFN pathway [17]. On the other 

hand, in the absence of acute RN viral infec-
tion, long term and low dose of azithromycin 
(250 mg/day) is associated with the down-reg-
ulation of genes associated with antigen pre-
sentation, IFN-regulated genes, and inflamma-
tory pathways [18]. In lung allograft recipient 
patients, azithromycin proved to reduce the 
inflammation in airways due to RV infection 
[19]. Prophylactic treatment with azithromycin 
was also shown to mitigate the detrimental 
responses as well [19].

Influenza A (H1N1) pdm09 virus was the causal 
factor of the recent global flu pandemic in 
2009, which claimed several hundred lives, 
and currently it also causes seasonal and annu-
al epidemic as well. Application of anti-influen-
za drug neuraminidase and Matrix protein 2 
(M2) channel inhibitors, caused drug resistance 
against H1N1. However, in vivo and in vitro 
study revealed that application of azithromycin 
inhibits the viral progeny and replication [20]. 
Administering of a single intranasal azithromy-
cin treatment to mice infected with H1N1 virus, 
successfully reduced viral load in the lungs and 
relieved hypothermia, which was induced by 

Figure 1. Antiviral mechanisms of azithromycin. In this Figure, a Club cells, also known as bronchiolar exocrine cells, 
and formerly known as Clara cells, is magnified. These cells are dome-shaped cells with short microvilli, and they are 
found in the small airways (bronchioles) of the lung. Upon Covid-19 viral infection, Azithromycin can mimic the GM1 
ganglioside, acting as a competitive inhibitor of SARS-CoV-2 attachment to the host-cell membrane Human Ace2 
receptor. Moreover, azithromycin impairs viral particle endocytosis. In the context of immunomodulatory properties, 
azithromycin down-regulates the MAPK/ERK pathway, as well NF-κB and m-TOR activation, leading to enhancement 
of interferon-dependent antiviral pathways and mitigation of inflammation, with decreased production of cytokines 
and chemokines, such as IL-1β, IL-8, TNF-α, and GM-CSF. (Created with BioRender.com.).
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infection. Moreover, in vitro, progeny virus repli-
cation was remarkably inhibited by treating 
viruses with azithromycin before infection, by 
blocking internalization into host cells during 
the early phase of infection, and targeting newly 
budded progeny virus from the host cells, inac-
tivating their endocytic pathway [20].

Another example comes from Zika virus infec-
tion, where application of azithromycin reduced 
the viral proliferation in the glial cell population, 
the more susceptible to the Zika virus infection 
[21]. In foetuses and neonates, treatment with 
azithromycin (50 mg/L) attenuates replication 
of Zika virus [22].

Azithromycin also showed potential anti-viral 
and anti-inflammatory activity in a mouse mo- 
del of viral bronchiolitis, one of the most sub-
stantial health burdens for infants and young 
children worldwide, where it attenuates airways 
inflammation in the pre-bronchial space, airway 
lumen, and alveolar space [23], also decreas-
ing the accumulation of inflammatory cells 
(macrophage, lymphocytes, and neutrophils) in 
the lung tissue [24]. While such clinical out-
comes are promising for the future manage-
ment of these diseases, however, the underly-
ing mechanisms remain still largely unclear.

Signalling cascade of azithromycin: involve-
ment of the MAPK cascade

The MAPK, including Extracellular Receptor li- 
ke Kinases (ERK), c-Jun NH2-terminal Kinase 
(JNK), and p38MAPK, are important signalling 
molecule associated with diverse cellular 
mechanisms in the cell [25]. 

It has been known from many years that the 
MAPK cascade is associated with the Inter- 
leukin (IL)-8 gene expression, a prototypic hu- 
man chemokine, as the founding member of 
the chemokine superfamily. In healthy tissues, 
IL-8 is barely detectable, but it is rapidly induced 
by 10 to 100-fold in response to proinflamma-
tory cytokines such as tumour necrosis factor 
(TNF) or IL-1, bacterial or viral products, and 
cellular stress [26, 27]. The p38MAPK and ERK 
increase IL-8 expression in human bronchial 
cells, while ERK has been reported to activate 
the NF-κB-p65 pathway in airway bronchial 
cells [26-28]. The connection between azithro-
mycin and the MAPK cascade originated from 
the observation that azithromycin can modu-

late ERK phosphorylation and interleukin-8 (IL-
8)/GM-CSF production in human bronchial cells 
[29].

Cytokines and chemokines play critical roles in 
the pathogenesis of asthma. Indeed, azithro-
mycin, frequently used in asthmatic children 
with lower respiratory tract infection, inhibits 
the accumulation of neutrophils in lung airways 
by affecting interleukin-17 downstream signal, 
and by inhibiting the release of neutrophil mobi-
lizing cytokines MIP-2, CXCL-5, and GM-CSF 
[30]. In THP-1 human monocytic cells, azithro-
mycin suppressed Lipopolysaccharide (LPS)-
induced Macrophage-Derived Chemokines 
(MDC) expression via the JNK and the NF-κB- 
p65 pathways. Azithromycin also suppressed 
LPS-induced IFN-inducible protein-10 (IP-10/
CXCL10), a T helper (Th)1-related chemokine 
contributing to asthmatic airway inflammation 
and hypersensitivity [31] via the MAPK-JNK/
ERK and the NFκB-p65 pathway [32], thus ben-
efiting asthmatic patients by suppressing che-
mokines expression. Moreover, when treated 
with bacterial super antigen, azithromycin (5 
µg/ml) suppress the proliferation, interleukin 
production and the MAPK pathway in human 
mononuclear cells [30]. Therefore, the suppres-
sion of MAPK pathway by azithromycin [30] 
might impact on the activation of viral progeny. 
Indeed, the concentration of TNF-α, and ILs (IL-
2, 4, 5, and 10) in Concanavalin A-stimulated 
PBMC decreased by 65-68% in the presence of 
azithromycin [30]. Azithromycin was also re- 
ported to modulate the ERK-mediated path-
ways and to inhibit the production of inflamma-
tory cytokines and chemokines in epithelial 
cells from infertile women with recurrent Chla- 
mydia trachomatis infection [33]. 

It is already known that the MAPK pathways 
may be altered/involved in viral infection, as a 
cellular signalling pathways exploited by virus-
es for their own replication machinery, includ-
ing translation, transport across nuclear mem-
brane, as well as capsid assembly, and spread-
ing, and reactivation of virus latency [33, 34]. 
The attenuated MAPK pathway is the rate limit-
ing step for the activation and progeny of viral 
infection and dampening its activation can 
directly inactivate the pathway that allow viral 
progeny [34]. On the basis of these data, the 
inhibition of MAPK cascade by azithromycin 
might play an important role towards the Co- 
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Vid19 infection. Moreover, azithromycin in LPS-
stimulated THP-1 cells decreased the TNF-α 
production, together with a decrease in p38 
MAPK activation [35]. However, the level of 
IKB-α (an inhibitor of the NF-κB pathway) 
remained unaltered [35]. The fact that the LPS-
induced TNF-α release from the THP-1 cells 
was inhibited by heat shock protein 70 (HSP-
70) inhibitors, and that the induction of HSP-70 
by LPS get attenuated by azithromycin [35], 
demonstrate that azithromycin restrains the 
production of TNF-α by modifying HSP-70 and 
p38-related signalling pathway [35]. 

Moreover, in human airway smooth muscle 
cells, bronchial vascular changes associated 
with elevated expression of pro-angiogenic 
fibroblast growth factor FGF-1 and FGF-2 get 
influenced by the application of azithromycin 
[36], indicating that azithromycin attenuates 
FGF-induced VEGF via reducing p38 MAPK sig-
nalling [36]. Neonatal inflammation, which is 
mediated in part by TLR and inflammasome sig-
nalling, can contribute to host defence against 
infection. Azithromycin also exerts immune-
modulatory effects on toll like-receptor (TLR)- 
and/or inflammasome-mediated cytokine pro-
duction in human new-born and adult whole 
blood in vitro [37]. Indeed, azithromycin alone, 
at clinically relevant 2.5-20 µM concentration, 
or in combination with the phosphodiestera- 
se pentoxifylline, and with the steroid dexa-
methasone, strongly affects TLR- and/or inflam-
masome-mediated cytokine production. The 
authors suggest that its anti-inflammatory 
mechanisms may rely on modulation of NF-κB, 
MAPK, TLR, IFNs, and inflammasome path-
ways, and that dampening of these pathways 
may contribute to the observed synergistic 
immune-modulatory effects of these drug 
combinations. 

Conclusions

In an era of precision medicine, the unique anti-
inflammatory profiles of azithromycin could 
pave the way for more balanced anti-inflamma-
tory drug combinations suitable to fight viral 
infection. During the global crisis such as that 
due to CoVid19, the need to discover new drugs 
or to repositioning old medicines for new uses 
is urgent. Many patients around the world have 
been already treated with these drugs in this 
pandemic situation. In fall 2020, still, there is 

no specific treatment for disease caused by the 
novel coronavirus. Some treatments have pro-
duced different results in different setting, rais-
ing the need for larger, more rigorously designed 
studies to clear up the confusion. Therefore, 
given the safety profile of azithromycin, its use 
together with specific MAPK cascade inhibitors 
may be tested in the viral infection, in particular 
against SARS-Cov-2 infection. Future studies, 
including animal models and clinical trials, 
should assess the safety and efficacy of these 
combinations in treating CoVid19 patients.
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