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Abstract
In December 2019, a new variant coronavirus, SARS-CoV-2, emerged in China, which was initially described as a pneumo-
nia of an unknown agent. The new coronavirus spreads mainly by person-to-person transmission through close contact. The 
pathophysiology of COVID-19 is related to a complex immune system response that varies between people and, in severe 
cases of the disease, is characterized by excessive responses called “cytokine storms,” which are associated with complica-
tions that can lead to a state of hypercoagulation and death. Glucocorticoids and azithromycin are drugs that may be effective 
in the treatment. This review aims to highlight the clinical findings that demonstrate the effectiveness of glucocorticoid and 
azithromycin therapy in the treatment of COVID-19. To date, many drugs have been studied for use in combination therapy, 
and the rapid expansion of knowledge about the virology of SARS-CoV-2 generates a more accurate direction in therapy.
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Introduction

In December 2019, cases of pneumonia were reported in 
Wuhan city, China. A novel coronavirus (SARS-CoV-2) was 
found to be the causative agent of the illnesses. On February 
11, 2020, the disease was named COVID-19 by the World 
Health Organization (WHO) [1, 2]. SARS-CoV-2 is a vari-
ant of the coronavirus (CoV), a family of viruses known in 
the 1960s, which received its name due to the spicules on its 
surface that resemble a crown (in Latin-corona). Coronavi-
ruses (CoVs) are classified within the family Coronaviridae, 
subfamily Coronaviriae and comprise four genera: alpha (α), 
beta (β), gamma (γ), and delta (δ) [3]. SARS-CoV-2 has 
been classified as a new member of the genus β coronavirus 

by sequencing its genome and presents as a positive-sense, 
single-stranded RNA virus of approximately 27–32 kb [4]. 
Its genome is made up of four major structural proteins: 
the transmembrane spike (S) and envelope (E), the latter in 
lesser quantities. It also has the more abundant membrane 
protein (M), which supports the envelope, and nucleocapsid 
(N), formed by phosphoprotein N, which binds to the viral 
RNA. All are encoded at the 3′ end of the genome [5, 6].

Coronavirus infections can cause various health con-
ditions, ranging from common cold to severe respiratory 
syndromes, such as severe acute respiratory syndrome 
(SARS-CoV) and the Middle East respiratory syndrome 
(MERS-CoV) [1]. SARS-CoV was responsible for an out-
break in 2002, which started in China and spread to South-
west Asia, North America, Europe, and South Africa. This 
outbreak reached pandemic proportions and respiratory syn-
drome pictures were observed, with a mortality rate close to 
9.6%. In 2012, MERS-CoV became responsible for severe 
respiratory syndrome in the Middle East and South Korea, 
with cases exported in other countries, with an approximate 
35% mortality level [7].

The urgency and emergency of treatment for patients 
affected by COVID-19 generated a search for drugs that 
could be used in the treatment of this disease. Concomi-
tantly, there is the impossibility to plan and implementing 
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works that generate robust scientific evidence on the use of 
certain drugs in a short time. Therefore, many researchers 
look for the repositioning of drugs already approved to con-
trol the infection by the virus [8, 9]. Drugs already used for 
other purposes have been shown to exert an antiviral effect 
through various mechanisms, including blocking viral entry 
into the cell, inhibiting an enzyme encoded by the virus, or 
blocking particle formation [9]. Among the agents used in 
Brazil to control infection by COVID-19, the corticosteroids 
and azithromycin stand out.

Corticosteroids used as therapeutic agents have anti-
inflammatory and immunomodulatory properties. The 
mechanisms of action are characterized by the activation 
or inhibition of various target genes. These molecules act 
on many cells involved in innate immunity (macrophages, 
granulocytes, mast cells) and adaptive immunity (lympho-
cytes). They also act on other cells (fibroblasts, epithelial 
and endothelial cells). The anti-inflammatory efficacy 
can be explained by inhibition of the synthesis of numer-
ous cytokines, enzymes and, mediators of inflammation or 
induction of cytokines and anti-inflammatory molecules 
[10].

Azithromycin is an azalide, a subclass of the macrolide 
antibiotics. It is derived from erythromycin, with a nitrogen 
atom substituted with methyl incorporated in the lactone 
ring, making the 15-molecule lactone ring. It prevents bac-
teria from growing by interfering with the synthesis of their 
proteins. Because it binds to the 50S subunit of the bacte-
rial ribosome, it promotes inhibition of mRNA translation 
[11, 12].

The purpose of this review is to evoke evidence on the 
use of corticoids and azithromycin as a proposed treatment 
in the therapeutic intervention for COVID-19, in addition to 
compiling data on the pathophysiology of the disease.

Methodology

This work has a qualitative approach with an exploratory 
purpose. Bibliographic research was used as a means to 
carry out this review. All the exposed content was based 
on bibliographic references found in scientific publication 
media. The articles made available by the WHO for guidance 
and directives on COVID-19 were also used as reference 
material. The databases used for this work were PubMed, 
Scielo, LILACS, Capes, and Google Scholar.

The following terms were used to perform the searches: 
Coronavirus, Severe Acute Respiratory Syndrome and 
coronavirus, 2019-nCoV, SARS-CoV-2, SARS-CoV, 
MERS-CoV, COVID-19, SARS-CoV and Pathophysiol-
ogy, SARS-CoV and Inflammation, SARS-CoV and Cor-
ticoids, SARS-CoV and Azithromycin. All materials used 

for consultation were published from January 1, 2020, to 
January 1, 2021.

Approximately 824 articles were found on the keywords 
addressed. To carry out this work, 50 articles were chosen. 
The criterion for choosing was the relevance and number of 
citations obtained from each work.

Pathophysiology

SARS-CoV-2 is transmitted predominantly by respira-
tory tract secretions through drops and potentially by the 
fecal–oral route, conjunctiva, and fomites. Fluids such as 
respiratory tract droplets, saliva, feces, and urine can be used 
to trace the path of transmission of viral infection [13]. Pri-
mary replication presumably occurs in epithelial mucosa of 
the upper respiratory system (pharyngeal nasal cavity), then 
spreads to the lower respiratory system and gastrointestinal 
mucosa, leading to viremia with a medium level of viral 
load. At this stage, in a certain number of patients, the infec-
tion remains controlled and asymptomatic. In other patients, 
non-respiratory conditions are observed with acute liver and 
heart damage, renal failure, and diarrhea [14, 15].

Angiotensin-converting enzyme (ACE2) is a functional 
receptor used by SARS-CoV-2 to enter the cell. This type 
I membrane protein is expressed in the lung, heart, kidney, 
and intestine and is mainly associated with cardiovascular 
disease [16–18]. Coronavirus infection is initiated by the 
interaction of the viral envelope with the host’s cell mem-
brane. The virus can bind to the ACE2 protein through its 
Spike S protein. This binding promotes conformational 
changes in one of its subunits (S1), promoting a fusion 
(subunits S2) of the viral envelope in the cell membrane and 
subsequently the endocytosis of the viral genetic material 
[16, 17, 19]. This process is operated by a type of protease 
serine TMPRSS2 (receptor transmembrane protease serine 
2), which has a key role in the cleavage between the S1 and 
S2 units. The remaining viral S2 unit drives and completes 
the fusion in the host’s cell membrane [19].

SARS-CoV-2 exhibits a similar response to that exhib-
ited in SARS-CoV infection, but there is biophysical and 
structural evidence to suggest that SARS-CoV-2 probably 
binds to human ACE2 with 10–20 times more affinity than 
SARS-CoV [14]. Protein S from both strains of the virus can 
down-regulate ACE2 and induce the release of the catalyti-
cally active ectodomain of ACE2. ACE2 has a pivotal role 
in metabolizing angiotensin II to angiotensin [1–7], which 
in turn reduces adverse reactions that include endothelial 
dysfunction, enhanced inflammation state, and increased 
coagulation [19]. Indeed, SARS-CoV-2 can increase inflam-
mation and vascular permeability by raising the levels of 
angiotensin II. This event can cause severe cell death and 
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severely damage vital organs such as the lung, heart, and 
kidneys [5, 17].

The infection promoted by the virus induces an exces-
sive immune reaction in the host, which in turn gener-
ates a “cytokine storm,” composed of pro-inflammatory 
cytokines that act on cardiovascular cells, as well as in sec-
ondary hemophagocytic lymphohistiocytosis [20]. Patients 
with severe COVID-19 infection tend to have much higher 
plasma levels of the cytokines IL-6, IL-8, IL-10, and TNF-α 
than patients without severity. Also, IL-6 and IL-10 levels 
show a continuous increase in severe patients. The progres-
sion of COVID-19 can be predicted from the analysis of 
cytokine levels. Among these, interleukin 6 (IL-6) plays a 
central role in the “cytokine storm”. It is produced mainly 
by macrophages and activated leukocytes and is responsi-
ble for activating and differentiating B and T lymphocytes, 
for inducing the production of acute phase proteins, such as 
C-reactive protein. In addition to inducing fever. It can also 
suppress the functions of T lymphocytes, dendritic cells, and 
macrophages that aim to eliminate the coronavirus, which 
decreases the ability of the immune system to eliminate the 
infection [3, 21]. The “cytokine storm” can promote severe 
damage to vital organs, inducing multiple organ failure, sep-
sis, myocardial and vascular injury. Concerning the heart 
for example cytokines can depress myocardial function 
immediately by activating the neural and subacute sphingo-
myelinase pathway via beta-adrenergic dullness mediated 
by nitric oxide signaling. Through evaluations carried out 
by polymerase chain reactions (RT-PCR), the presence of 
viral particle was verified in cardiomyocytes, which points 
to evidence of toxicity in this organ [19].

Uncontrolled lung inflammation is probably the main 
cause of fatality in SARS-CoV-2 infection. However, the 
reason for these inflammatory processes in response to 
SARS-CoV-2 infection has not yet been fully elucidated 
[5]. The virus initiates its replication by entering the lung 
target cells (pneumocytes II) through interaction with the 
ACE2 receptor. This triggers a complex immune response 
that occurs through the activation of pathogenic Th1 cells, 
CD14+, CD16+, monocytes, alveolar macrophages, and 
Th17 lymphocytes. From this, large amounts of cytokines 
and chemokines are released which attract more inflamma-
tory cells to migrate to the site of inflammation from the 
blood vessels, thus amplifying the inflammatory response. 
This inflammatory response is characterized by lung infiltra-
tion with neutrophils and macrophages, reactive pneumocyte 
hyperplasia, thickening of the alveolar walls, and the pres-
ence of exudate [5].

As a result of all this inflammatory process, the alveolar 
epithelial cells become damaged and the extensive secre-
tion and exudation of phlegm cause significant inhibition 
of the ventilation function of the lungs, leading to hypox-
emia, hypotension, and even shock. This factor results in an 

inefficient supply of oxygen to various organs, including the 
heart. This organ, already affected by the increased oxygen 
demand due to the virus infection and with an increased 
myocardial load induced by the high metabolic rate, enters 
into a greater imbalance between myocardial oxygen supply 
and demand [22].

All disturbances caused in the respiratory system can lead 
to pneumonia or severe acute respiratory syndrome (SARS). 
SARS is a lung disease that prevents sufficient oxygen from 
reaching the lungs and circulation. Once this point of the dis-
ease is reached, the virus reaches the bloodstream, establish-
ing viremia, and the systemic character of the disease [23]. 
In consequence, the extrapulmonary manifestations begin 
in sites whose tissues express the ACE2 receptor [17, 19]. 
Regarding the heart, approximately 7.5% of cardiac cells 
express the ACE2 receptor, which makes it a potentially 
affected organ in cases of infection by the new coronavirus 
[16, 19]. The mechanisms of SARS-CoV-2 injury are not yet 
fully elucidated, although they are probably multifactorial 
[19]. Also, it has not been fully elucidated whether organ 
and tissue injury in a patient with COVID-19 is a direct or 
indirect consequence of virus infection [16].

As the disease progresses, the imbalance increases result-
ing in myocardial injury in COVID-19 patients, especially 
in patients with cardiovascular disease who have already 
exhausted the myocardial reserve capacity. Besides, other 
pathological manifestations ranging from minimal change 
to interstitial inflammatory infiltration and myocyte necro-
sis can be found. Micro-thrombosis, vascular inflammation, 
shock, and arrhythmia can also be found [24]. The excessive 
inflammatory response, called “cytokine storm”, induced by 
the viral infection can generate a hypercoagulation due to 
the inflammation induced by the vascular system, instability 
of atheroma plaques and pathological activation of throm-
bin [16, 22, 24]. This hypercoagulation together with the 
uncontrolled macrophage response and pathological activa-
tion of thrombin are associated with the events of peripheral 
ischemia, deep vein thrombosis (DVT), pulmonary thrombo-
embolism (PTE), and disseminated intravascular coagulation 
(DIC) [2, 22].

The rampant production of cytokines can indiscriminately 
injure many vital organs. In the heart, the injury to the myo-
cardium promotes an increase in the levels of myocardial 
biomarkers, such as troponin. Other changes can also be 
observed in the electrocardiogram (ECG) and echocar-
diogram (ECO) [16]. Another important biomarker in the 
infection by SARS-CoV-2 is the D-dimer. This biomarker 
is indicative of a state of hypercoagulation and the risk of 
SARS. It is associated with an increased risk of mortality 
[2, 16, 22]. In the case of pediatric patients, an exagger-
ated response to the virus is extremely important. However, 
in Italy, the United Kingdom, Spain, the United States, 
France, and Switzerland, there have been reports of children 
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presenting with a multisystemic inflammatory syndrome, a 
rare but very serious condition. In addition, it was found the 
children presented with high fever and a varying number 
of symptoms previously associated with Kawasaki disease, 
such as conjunctivitis, lymphadenopathy, mucocutaneous 
rash, and coronary artery dilation, and, in the most severe 
cases, cardiovascular shock, encephalitis, and multiple organ 
failure. Kawasaki disease is a vasculitis that affects medium-
sized arteries, with a higher incidence in children under 5 
years of age and is the main cause of acquired heart disease 
in developed countries where streptococcal infections are 
commonly treated, and rheumatic fever is rare [25, 26].

In this present study, two types of drugs with potential use 
in the treatment of COVID-19 were addressed: glucocorti-
coids and azithromycin.

Glucocorticoids

Corticosteroids have been widely used during the outbreaks 
of severe acute respiratory syndrome (SARS) and the Mid-
dle East respiratory syndrome (MERS) and are being used 
in patients with SARS-CoV-2 in addition to other types of 
drugs. This medicine is already used in many indications 
for its powerful anti-inflammatory and immunosuppressive 
effects [24, 27, 28]. Corticosteroids are currently among 
the main drugs used in the treatment of COVID-19 as they 
decrease the effect of inflammation-promoting substances 
such as cytokines [2, 3]. It is suggested that the effects of 
corticoids vary depending on the stage of the disease. For 
example, low doses of corticosteroids during the pulmonary 
phase could be beneficial in preventing hyper inflammation, 
while higher doses would be needed to decrease an already 
existing hyperinflammatory process [29].

In SARS-CoV infection, as in influenza, inflammation is 
associated with adverse outcomes. Corticosteroids suppress 
lung inflammation but can also inhibit immune responses 
and pathogen clearance if used early. In COVID-19, inflam-
mation persists after viral clearance. Pulmonary histology 
performed in cases of SARS and MERS infections reveal 
inflammation and diffuse alveolar damage, with a report sug-
gestive of hemophagocytosis [30]. However, a systematic 
review and meta-analysis from ten observational studies on 
influenza with 6548 patients showed increased mortality in 
patients receiving corticosteroids [31].

In March 2020, the RECOVERY (Randomized Evalua-
tion of COVID-19 Therapy) trial was established as a rand-
omized clinical trial to test a range of potential treatments for 
the disease, including low-dose dexamethasone. Over 11,500 
patients were enrolled in the UK. The scientists concluded 
that dexamethasone decreases the risk of death by 35% in 
patients who were receiving mechanical ventilation because 
of COVID-19 [32]. Based on these results, one death would 

be prevented with this treatment in every eight patients on 
mechanical ventilation or one in every 25 among those who 
only required oxygen. In patients with mild cases of corona-
virus, there was no difference in mortality. Data from Bra-
zilian survey also indicate that the medication represents 
an improvement for patients with COVID-19 who require 
ventilatory support. The survival benefit is significant in 
patients sick enough to need oxygen, for whom dexametha-
sone should now become the basic treatment [33].

In September 2020, the WHO published a guideline 
recommending the use of corticosteroids in mild cases of 
COVID-19. Corticosteroids (dexamethasone and predniso-
lone) are on the WHO model list of essential medicines. The 
medicines on this list are those that should be a priority for 
governments in terms of supply and should be available at 
a low cost to stakeholders. The guideline suggests not using 
corticosteroids in mild cases of the disease [3].

Each case should be evaluated individually by the 
attending physician; there are many variations and differ-
ent responses from one patient to another. However, results 
show that the benefit of corticosteroids concerning mortality 
is of critical importance for patients with little or no treat-
ment variation in the severe case of the disease [34].

Azithromycin

Azithromycin is one of the safest and well-tolerated anti-
biotics and has a broad antimicrobial spectrum. Recent 
work demonstrates that macrolides such as erythromycin 
have anti-rhinoviral activity in bronchial epithelial cells in 
addition to increasing the expression of interferon-stimu-
lated genes [35–37]. Several macrolide antibiotics have 
anti-inflammatory effects by inhibiting the production of 
pro-inflammatory cytokines in vitro. This effect occurs 
through suppression of NF-κB activation. The reduction of 
cytokines, such as IL-6 and IL-8, may be an advantageous 
mechanism leading to attenuation of airway inflammation 
[38]. The fact that COVID-19 patients present complications 
of pneumonia and acute respiratory distress is a justifica-
tion for the therapeutic use of azithromycin for the current 
pandemic [39].

In Brazil, the Ministry of Health booklet guides the use 
of azithromycin in the first 5 days of treatment of the dis-
ease [40]. Even without clear evidence, most countries used 
hydroxychloroquine combined or not with azithromycin 
making it one of the combinations used in studies related to 
coronavirus [41, 42].

Conflicting results concern the positive effect of hydrox-
ychloroquine in the treatment of COVID-19. Hydroxy-
chloroquine could block the virus from entering the cell by 
interfering with the glycosylation of ACE2 receptors. The 
therapeutic action of hydroxychloroquine could be potentiated 
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by azithromycin, with the ability to reduce the activities of 
IL6 and TNF-α [43]. Although the antibiotic has no proven 
efficacy against the virus, if consented by the patient it can be 
used off label [41, 42, 44].

The major concern related to the use of these two drugs is 
due to cardiac toxicity when used alone and, of course, in com-
bination. Million et al. conducted an analysis of 1061 patients 
with a positive test for SARS-CoV-2 treated for at least 3 days 
with a combination of hydroxychloroquine and azithromycin 
[45]. Among the eight (0.75%) patients who died, all deaths 
resulted from respiratory failure and not from cardiac toxic-
ity. Rosenberg et al. produced a cohort study in 25 New York 
hospitals, where they randomly chose 1438 patients out of 
7914 diagnosed with COVID-19 and noted that patients with 
a greater chance of cardiac arrest were using hydroxychloro-
quine and azithromycin in comparison with patients who did 
not use the drugs [39].

Furtado et al. evaluated whether the inclusion of azithro-
mycin to the standard treatment, where hydroxychloroquine 
is included, could contribute to a better outcome of critically 
ill hospitalized patients with COVID-19 [41]. As a result, 
they noted no improvement with the addition of the drug. The 
combination of azithromycin and hydroxychloroquine was 
also addressed by Rosenberg et al. [39]; Molina et al. [40] and 
Hraiech et al. [41]. None of the aforementioned authors cited 
any benefit associated with the two drugs in terms of reduced 
mortality or viral elimination. In these studies, there were no 
significant differences between the groups with or without the 
use of the drugs. The use of azithromycin would be appropri-
ate only for the treatment of bacterial co-infections related to 
the disease. For example, in some scenarios of SARS-CoV-2 
infection, the presence of pus and fluid in the lung alveoli cre-
ates a nutritive environment for bacteria such as Pseudomonas 
aeruginosa and Staphylococcus aureus [46]. The studies show 
the action of azithromycin alone makes it even more difficult 
to demonstrate that the role of the drug as a therapeutic agent 
in COVID-19.

The failure of the azithromycin and hydroxychloroquine 
combination led to the non-inclusion of azithromycin in the 
Solidarity study conducted by WHO [39]. Azithromycin is 
currently one of the most widely prescribed for COVID-19 
patients, however, in most of the studies cited in this review, 
it showed no effect in combating the virus. In addition, the 
mass distribution of azithromycin may propagate macrolide 
resistance [47] and the WHO no longer recommends the use 
of antibiotics in the treatment of COVID-19, except in those 
patients with bacterial infection secondary to the disease.

Conclusion

We conclude that corticosteroids may be recommended 
in patients who are in a severe condition since the use of 
dexamethasone lowered mortality in COVID-19 patients 
receiving mechanical ventilation or oxygen therapy. Among 
patients who did not require oxygen therapy, corticosteroids 
increased mortality [32].

There is no evidence of beneficial effects on the risk of 
progression to mechanical ventilation or length of the hospi-
tal for patients in the use of azithromycin. Several large-scale 
randomized clinical trials found no benefit of azithromycin 
in patients hospitalized with COVID-19 [34].
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