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Background: There is scarce information on the human immune  response to the SARS-CoV-2

infection, and on the exacerbated inflammatory reaction observed in severe COVID-19 cases.

Objective: To review the available evidence on the role of interferons type I  and type III to

SARS-CoV-2 infection.

Methods: We reviewed the  available published evidence on the role of immune response

to  SARS-CoV-2 infection as  well as recent publications on characteristics and outcomes of

COVID-19, and their relationship with interferons type I  and type III.

Results: The available data indicates that immune response plays an important role in con-

trolling SARS-CoV-2 infection and the immune dysregulation can significantly modify the

clinical outcomes of affected patients. In addition, the evidence suggests that IFN type I and

III  can play an  important role in controlling viremia and modulating the  immune response

in  COVID-19.

Conclusions: Due to their central role in immune response against SARS-CoV-2 infection, IFN

type  I and III  could be considered for treatment of COVID-19.

©  2020 Sociedade Brasileira de Infectologia. Published by  Elsevier España, S.L.U. This is

an  open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Coronaviruses (CoVs) are enveloped, single-stranded RNA

viruses (ssRNA), that belong to the the Coronaviridae family,

subfamily Orthocoronavirinae. Currently, they are considered

as the main groups of viruses that cause acute respiratory

infections, and one of them, SARS-CoV-2 is responsible for the

pandemic that has affects public health worldwide.1–3

CoVs infect the respiratory tract and cause diseases vary-

ing from mild to  moderate clinical manifestations to the

most serious forms that can be fatal. In severe illness,
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patients present with severe pneumonia associated with acute

lung injury (ALI) and acute respiratory distress syndrome

(ARDS), which are responsible for severe acute respiratory

syndrome (SARS-CoV) and medium-eastern respiratory syn-

drome (MERS-CoV).4–8

The severity of the disease caused by SARS-CoV-2 (named

COVID-19) can be modulated by several factors related to the
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virus-host interaction, such as  viral load, immune response,

age, and presence of comorbidities The severe form of the dis-

ease has been described mainly in elderly individuals, while

young adult individuals, when infected, usually have a  mild

to moderate clinical disease.5,9 However, regardless of indi-

vidual’s age, the presence of comorbidities such as  diabetes,

obesity, heart and kidney failure, among others, is also asso-

ciated with severe disease.10,11 It is possible that the factors

involved in virus-host interaction, such as viral load, viral eva-

sion to host immune responses, and the  exacerbated acute

inflammatory response, can play an important role in defining

the severity of the disease.

In addition, some studies demonstrate that socioeconomic

inequalities and racial differences can also be considered as

important risk factors for the severity of the disease, since

poor sanitary conditions, low socioeconomic conditions and

difficulties in accessing medical care can favor infection dis-

semination and cause clinical complications that increase

mortality due to COVID-19.12,13

A characteristic of CoVs is their rapid viral replication. The

virus can be detected in respiratory tract secretions (bron-

choalveolar aspirate, tracheal aspirate and nasal secretions),

feces, urine and blood (serum/plasma/whole blood).14,15 The

presence of viruses in  the feces suggests oral-fecal trans-

mission and infection of the digestive tract.15,16 Viremia may

contribute to disease severity, probably due to a  failure of the

innate immune mechanisms mediated by interferons (IFNs) in

limiting viral spread to the respiratory airways.17–19 In a study

carried out with patients with MERS-CoV in South Korea, it

was  shown that patients with severe disease had a  high viral

load in respiratory secretions and with a longer duration of

respiratory airway involvement when compared to those with

mild to moderate disease.20

Although elevated viral load may  contribute to dis-

ease severity,12,18 a  study conducted with patients with

SARS-CoV-2 in Wuhan, China, demonstrated that patients

hospitalized in intensive care units showed higher levels of

pro-inflammatory cytokines, IL-2, IL-7, IL-10, G-CSF, IP-10,

MCP1, MIP1A and TNF-� when compared to  those who did

not require intensive therapy, suggesting that increased secre-

tion of pro-inflammatory cytokines is associated with disease

severity.20 However, authors did not evaluate the levels of type

I and type III IFNs, both important cytokines that act in viral

control.

In another study also conducted in Wuhan, China, in a  ret-

rospective cohort of 150 patients with SARS-CoV-2 infection,

it was shown that respiratory failure and myocardial injury

were the main clinical predictors of mortality in such patients,

both associated with elevated levels of serum markers of acute

inflammatory response, such as myoglobin, cardiac troponin,

C-reactive protein, and IL-6.21

Immune  response  in SARS-CoV-2  infection

Innate immune response is  essential for the control and reso-

lution of the disease. However, development of an exacerbated

acute inflammatory response generates an imbalance of the

innate immune system with the massive production of pro-

inflammatory cytokines IL-1�, IL-6 and TNF-� and chemokines

CCL2 / MPC-1, CXCL8/IL- 8 and CXCL10/IP-10 at a systemic

pathological level that can contribute to the severity of the

disease, increasing morbidity and mortality.22–25

CoVs mainly infect the epithelial cells of the respiratory

airways. However, it is possible that alveolar macrophages26

and dendritic cells can also be  infected, although some stud-

ies have shown that these cells are  not permissive to viral

replication, but can act as viral reservoirs.27

Following CoVs entry into human host cells,  viral RNAs are

released and act as  pathogen-associated molecular patterns

(PAMPs), which are recognized by pattern receptors (PRRs) as

toll-like receptors (TLR3, TLR7 and TLR9) and retinoic acid-

inducible (RIG-I) type I receptors.28–31 Signaling at these cell

receptors induces cytosolic translocation of various nuclear

transcription factors such as  NF-kB and the  activating pro-

tein (AP-1) to the cell nucleus, the transcription of genes and

expression of acute inflammatory response proteins, such

as C-reactive protein (CRP), pro-inflammatory cytokines and

chemokines (like IL-1, IL-6, TNF-�, MPC-1, IL-8 and IP-10), as

well as  secretion of soluble factors associated with the inter-

feron protein stimulator gene (ISGs) that encodes interferons

(IFNs) acting in viral control, triggering an  antiviral state.32,33

Type  I  and  type  III-�  interferons

Type I and type III IFNs are cytokines that act on innate

immune response. The existing evidence shows that both IFNs

share common functions in innate antiviral defenses, but with

different intensity and kinetics of immune responses.

Type III IFNs have restricted expression, cell signaling and

compartimentalized activity. They are involved in protection

of epithelial surfaces barriers, where there is wide exposure to

microorganisms and require a locally effective innate immune

response, to maintain viral control and immunity without

generating systemic activation of the immune system that

could trigger an exacerbated acute inflammatory response.

However, type I IFNs are widely expressed and involved in  cel-

lular signaling, which classify them as potent cytokines with

systemic inflammatory effect. They are involved in antiviral

defenses generated by the rupture of epithelial barriers and/or

viral dissemination, as well as in  serious and systemic infec-

tions.

Type I and type III IFNs are essential for maintaining viral

control and limiting viral infections. However, it is still not

clear how these IFNs share the ability to  maintain viral control

in infections. It is unclear whether they are secreted simulta-

neously in immune responses (even in  different sites of action)

or sequentially through immune system signaling, and what

would be the real extents and kinetics of their responses in

infectious and inflammatory diseases. In addition, it is  also

unclear if type I secreted IFNs could be involved in the exac-

erbation of the acute inflammatory response in SARS-CoVs-2.

Interferons (IFNs) are cytokines that can be divided into

three families (type I, type II and type III), according to

their gene homology sequences, cell receptors and functional

activities. They exert effector functions in innate antiviral

defenses, adaptive immune responses, antitumor responses,

and autoimmunity.34–36 Type I IFNs were originally identi-

fied due to their antiviral activities. The family of type I  IFNs
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(mainly IFN-� and IFN-�) in humans includes the  subtypes

IFN-�, IFN-�, IFN-�, IFN-�  and IFN-�. These IFNs signal through

the IFNAR heterodimer receptor, shared with the  IFNAR1 and

IFNAR2 subunits.34

Type III IFNs (IFN-� lambda) include the subtypes IFN-�1

(IL-29), IFN-�2 (IL-28A), IFN-�3 (IL-28B) and IFN-�4. These type

III IFNs signal through the  IFNLR heterodimer receptor shared

with the IFNLR1 (IFNLRA/IL-28R�)  and IL-10R�34–36 subunits.

Both, type I and type III IFNs, are genetically distinct and

have different cell receptors. The signaling pathways are over-

lapping and several functional antiviral activities are shared

with each other.35–37 However, there are subtle differences in

cytosolic signaling, mediated by several activation pathways,

which can directly influence the magnitude and kinetics of its

effector functions.38–40

After viral stimulation, IFNs are induced through the recog-

nition of pathogen-associated molecular patterns (PAMPs)

with pattern recognition (PRRs), endosomal (TLR3 and TLR7)

and cytosolic (RIG-I) receptors inducing activation and phos-

phorylation of the JAK/STAT pathway and the formation of

the heterotrimer complex STAT1-STAT2-IRF9 (ISGF3) which is

involved in the induction of the genes responsible for the

responses to  IFNs in the  promoter region of the IFN stimulating

genes (ISG).41

Type I IFNs are secreted by almost all nucleated cells. How-

ever, depending on the cell type and immune-environmental

status, there may be  differences in  immune responses. Type I

IFNs are characterized as cytokines with a  potent systemic and

inflammatory antiviral effect and act through their receptors

(IFNAR) present in almost all cells. However, when activated,

cells can also trigger robust proinflammatory responses char-

acterized by different secreted proinflammatory cytokines

and chemokines, such as TNF, IL-1� and IL-6.42 Thus, type I

IFNs can be considered as one of the main initiators of pro-

inflammatory cytokine and chemokine secretions associated

with the immunopathology of viral infections.18

On the other hand, type III IFNs are secreted only by some

cells of the immune system, such as dendritic cells, neu-

trophils, hepatocytes and mainly tissue epithelial cells (known

as barrier cells), which also express their cellular recep-

tors (IFNLR).35,36,43,44 In COVID-19 it has been observed that

the so-called “cytokine storm” is similar to the macrophage

activation syndrome, which is characterized by increased

production of IL-6, IL-17, TNF, and chemokine ligand 10

(CXCL10).45

Thus, type III IFNs effectively act in locations of epithelial

barriers (respiratory airways, gastrointestinal tract, hepato-

cytes, female reproductive system and placenta). However,

they are secreted in  low magnitude and have an effective

antiviral function limited to some barrier tissues.18,40,46

Although they provide an innate antiviral defense of lesser

magnitude and lower potency than the antiviral response

mediated by  type I IFNs, they present less inflammatory dam-

age, and are essential in the first innate defenses against

microorganisms found on the epithelial surfaces of such

barriers.42,47 They are critically involved in controlling inflam-

mation and maintaining epithelial barriers integrity without

causing inflammatory tissue damage, whereas type I IFNs pre-

dominate when barrier surfaces are disrupted, or in systemic

infections.48,49 However, there is a  complex interplay between

cytokines in  immune response. For instance, mRNA  expres-

sion of cytokines and chemokines (including type I IFNs) is

negatively regulated by KH-type splicing regulatory protein

(KSRP) at multiple levels.50

In infections with low viral loads, type III IFNs are sufficient

to  maintain viral control and immunity. However, in infections

with high viral loads or in viral spread, the immune mecha-

nisms mediated by type I IFNs are activated to improve host’s

antiviral defenses.48,49

In a study carried out on experimental models for influenza

A virus (IAV) infection, Galani et  al. suggest that viral load is

the key factor that determines the  different contributions of

IFNs to antiviral defenses.18 The viral load acts as the acti-

vation signal in the immune system to  trigger IFN-mediated

antiviral responses with different magnitudes for viral con-

trol. However, it is possible that viral SARS with high morbidity

and mortality is due to the association between high viral load

and acute exacerbated inflammatory response modulated by

intrinsic factors of infected patients.51–53

Studies carried out in  experimental models with the

influenza A  virus (IAV) demonstrated that epithelial cells of

respiratory tract preferentially secrete type III IFNs, indicating

an  important effector role of these IFNs in viral control in the

focus of infection.43 Intranasal administration of type III IFNs

in mice infected with IAV induced a reduction in  respiratory

infection and limited spread of viruses to the lungs, suggesting

that type III IFNs could be used as a prophylactic medica-

tion during epidemics with respiratory viruses, as  part of an

effort to protect people who have not been vaccinated against

IAV.19,55 In addition, in rhinovirus infections IFN-� is predomi-

nantly secreted by bronchial epithelial cells, and the levels are

inversely correlated with viral load and disease severity.54

Studies in experimental models in mouse and human hep-

atocytes have shown that IFN-�s and IFN-� were able to induce

ISGF3 activity and ISG  expression in hepatocytes, by inhibit-

ing the replication of hepatitis B (HBV) and hepatitis C (HCV)

viruses. However, the  magnitude of ISGF3 activity and the

expression of ISG induced by IFN-� were lower than that

induced by IFN-�. Therefore, the available evidence suggests

that this functional difference may  provide a  clinical advan-

tage of IFN-� for the treatment of chronic HCV infection, since

type III IFNs cause less adverse hematopoietic effects than

IFN-�.56–58

The analysis of the viral genome of CoVs, SARS-CoV

and MERS-CoV, demonstrated that these viruses express

several structural and non-structural proteins that can

antagonize innate immune responses mediated by type I

IFNs, suppressing viral control59 and stimulating secretion

of pro-inflammatory cytokines with exacerbation of acute

inflammatory response.60 It is probably this imbalance in

the innate immune system that contributes to disease

severity.61,62 In addition, ssRNA viruses are characterized by

the ability to evade the  mechanisms of the innate immune

system, especially those mediated by signaling at RIG-1

receptors.63,64

In cultures, it was  observed that SARS-CoVs have the

potential to inhibit the secretion of type I IFNs in productively

infected cells. In studies carried out with Ebola virus and IAV,
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viral proteins (VP35 and NS1, respectively) act on IFN signaling

and inhibit the secretion of type I  IFNs.65,66

Dendritic  cells

Dendritic cells (DCs) constitute a heterogeneous family of cells

involved in the innate and adaptive immune response. They

originate from hematopoietic precursors in the bone marrow.

They are generally divided into distinct subpopulations, such

as myeloid DCs (mDC), plasmacytoid DCs (pDC) monocyte

derived dendritic cells (moDC), and Langerhans cells. Langer-

hans’ cells were initially classified as  DCs but according to

their ontogeny these cells are currently being classified as

macrophages.67,68

DCs are the main antigen presentation cells (APCs) involved

in the capture, processing and presentation of viral peptides

associated with class II and class I major histocompatibility

complex (MHC) molecules for TCD4 + and TCD8 + cells (cross-

priming), respectively.69

In CoV infection, DCs are essential in controlling viral infec-

tion, as they are the first cells of the immune system to detect

the virus in tissues of respiratory tract and migrate to periph-

eral lymphoid tissues, to  initiate adaptive immune responses.

They play an important role that involves the innate and adap-

tive immune response, in eradication of viral infection.

DCs, especially pDCs, secrete high levels of both type I

and type III IFNs.47,70 These cells also express cellular PRR

receptors (TLR7, TLR9 and RIG-1) that can detect CoV nucleic

acids (ssRNA) and rapidly induce high-level secretion of type I

IFNs, especially IFN-�, and high levels of type III IFNs. In addi-

tion, these cells also express receptors for type I and type III

IFNs, and for the IFNs regulating factor (IRF-7) that directly

stimulates the expression of these IFNs in an  autocrine and

paracrine manner.71,72

A study carried out with pDCs isolated from peripheral

blood and infected with SARS-CoV demonstrated that these

cells are probably the largest sources of type I IFNs in response

to infection in SARS-CoV and suggested an important role of

pDCs in SARS-CoV viral control.73 However, the antiviral effect

occurs mainly in  systemic infections, when occurs rupture of

local barriers defenses or when viruses reach circulation.46 In

such scenarios pDCs act as  powerful viral sensors of the innate

immune system that are essential for the control of systemic

viral infections.

DCs, especially mDCs, are also  capable of secreting pro-

inflammatory cytokines, such as IL-6, which is a potent

cytokine that stimulates the synthesis of acute phase inflam-

mation proteins, acts in an autocrine manner to secrete

pro-inflammatory cytokines, such as leukocyte chemotactic

cytokines that stimulate leukocyte migration to the focus

of infection. IL-6 also induces activation of the alternative

macrophage (M2) pathway, inducing fibrosis in  lung tissue.74,75

It induces a  cellular immune response mediated by CD4 +

Th17 cells which generates an immune response rich in neu-

trophils and monocytes, through IL-17 secretion.76 Thus, DCs

through IL-6 secretion also contribute to exacerbating the

acute inflammatory response and disease severity. In addi-

tion, a chemokine-like protein produced by plasmacytoid DC

is able to increase alpha-IFN production, but it also causes a

delay in  CD8 + T cell activation, impairing viral clearance.77

Final  considerations

There is no current effective treatment for COVID-19, and new

therapeutic interventions are not expected in the  short-term.

A  recent study demonstrates that SARS-CoV-2 did not signif-

icantly induce types I,  II,  or III interferons in ex-vivo infected

human lung tissues compared to 2003 SARS-CoV.78 A  previ-

ous experiment with MERS-CoV provides evidence on benefits

of the  combination of Lopinavir/ritonavir plus interferon-�1b

in an animal model.79 In addition, a combination of oral rib-

avirin and pegylated interferon alpha-2 was also active against

MERS-CoV.80

Recently, a work indicates that combining

lopinavir/ritonavir plus ribavirin and interferon-�1b was

able to  maintain viral control without excessively activating

the inflammatory response that could contribute to  the

severity of the disease in patients with SARS-CoVs-2.80 Taken

together, these data provides a rational for the  potential role

of IFNs use as a  therapy for SARS-CoV2 infection.
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