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Coronavirus: a shift in focus away from IFN response and towards
other inflammatory targets
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Abstract
In the past two decades, two beta-coronaviruses, severe acute respiratory syndrome-related coronavirus (SARS-CoV-1) and the
Middle East respiratory syndrome-related coronavirus (MERS-CoV), have infected approximately 8000 and 2500 across the
globe, respectively (de Wit et al. 2016; Amanat and Krammer 2020). The current viral pandemic, caused by SARS-CoV-2, has
already affected 4.23 M in less than a year. Of greater concern, the disease caused by SARS-CoV-2, COVID-19, still has a
rapidly increasing global burden (Wu et al. 2020; Zhu et al. 2020). To better understand the biology of COVID-19, an initial
barrage of studies compared SARS-CoV-2 to other respiratory viruses: MERS-CoV, SARS-CoV-1, human parainfluenza virus 3
(HPIV3), respiratory syncytial virus (RSV), and Influenza A Virus (IAV). These studies indicate that SARS-CoV-2 infected
individuals have a consistent chemokine signature comprising cytokines and monocyte-associated chemokines (CCL2 and
CCL8). Therefore, it appears that monocyte cytokine production, particularly in those with a diminished innate immunity, is a
driving feature of COVID-19 infection.
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Although still fairly new, COVID-19 has quickly caused a
global public health crisis and dominated world news. SARS-
CoV-2 is particularly devastating in those with compromised
immune systems, especially older adults whose immune sys-
tems are typically diminished due to age and/or the presence of
chronic diseases. The weakened innate immunity of elderly
individuals leads them to be one of the subpopulations most
susceptible to SARS-CoV-2 infection, subsequent development
of COVID-19, and a more severe presentation of the disease.

The entry mechanisms and life cycle of SARS-CoV-2 have
been explored and indicate that the virus binds to the ACE2
receptor and initiates fusion between the viral membrane and
host cell (Astuti and Ysrafil 2020). Pattern Recognition
Receptors (PRFs) detect the foreign viral RNA and oligomerize
(Janeway Jr. and Medzhitov 2002). This recognition process,

i.e. oligomerization, activates transcriptional factors, such as
Interferon Regulator Factors (IRFs) and Nuclear Factor (NF)
kB (Hur 2019), responsible for triggering one of two viral im-
mune responses: 1) induction of Type I and III interferons (IFN-
I and IFN-III) with the upregulation of Interferon-Stimulated
Genes (ISGs), or 2) chemokine secretion that recruits subsets
of leukocytes (Lazear et al. 2019; Proudfoot 2002; Sokol and
Luster 2015). However, coronaviruses, including SARS-CoV-
2, have an array of immuno-evasion characteristics that permit
them to effectively avoid these cellular antiviral mechanisms
(Astuti and Ysrafil 2020).

Blanco-Melo et al. (2020) compared the transcriptional re-
sponse of SARS-CoV-2 to that of other viruses. They catego-
rized each viruses’ transcriptional responses through a variety
of model systems: in vitro tissue culture, ex vivo infection of
primary cells, and in vivo samples of COVID-19 patients and
animals. Sequencing the polyA RNA of infected cells reveals
that A549 lung alveolar cells were non-permissive to SARS-
CoV-2. These scientists were able to bypass the low expres-
sion of the viral receptor ACE2 in A549 cells and map 300x
more coverage of the genome (30kB) via supplementation
with ACE2, thus bolstering the rate of SARS-CoV-2 infec-
tion. Their western blot and qPCR analyses show elevated
nucleocapsid (N) expression and a greater concentration of
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envelope (E) and non-structural protein 14 (nsp14) in cells
with a higher presence of ACE2. Additionally, cells treated
with universal IFNb show a decrease in viral replication when
IFN-I is added, an observation consistent across other studies
(Lokugamage et al. 2020). Blanco-Melo et al. (2020) postulate
that the high induction of ISG during SARS-CoV-2 infection
is independent of IFN-I/-III signals because the induction of
cytokines and chemokines is minimally affected by treatment
with ruxolitinib. Differential expression analysis show that
cells with a high viral replication rate, of SARS-CoV-2 and
other viruses, do not produce similar host responses. Even
with no significant IFN-I/-III expression, low SARS-CoV-2
multiplicity of infection (MOI) in A549 cells is concomitant
with ISG and proinflammatory cytokine signatures. Normal
human bronchial epithelial (NHBE) cells typically have a
strong chemotactic and inflammatory response with a lack
of IFN expression, yet SARS-CoV-2 triggers chemokine sig-
nals and pathway responses to IFN-II.

Blanco-Melo et al. (2020) compared postmortem lung sam-
ples of male patients, over the age of 60, with or without
COVID-19, to further examine low IFN-I/-III and high che-
mokine signatures. Genetic analysis reveals an increase in
innate and humoral responses. Furthermore, the immune re-
sponse pathways induced by SARS-CoV-2 infection show
high levels of CCL2 and CCL8. They expanded upon their
research by obtaining serum samples from two SARS-CoV-2
positive individuals who tested negative for IFNb and IFNl,
and found an increase in IL-6, IL-1b, IL1RA, CCL2, CCL8,
CXCL2, CXCL8, CXCL9, and CXCL16 levels. Elevation of
CXCL9, CXCL16, CCL8, CCL2, and CXCL8 may be the
signature of COVID-19 pathology.

In conclusion, the transcriptional footprint of SARS-CoV-2
is different from those of other respiratory viruses. Although a
low IFN-I/-III response is observed, evidence suggests there is
a consistent chemokine signature. The knowledge derived
from the work of Blanco-Melo et al. (2020) may help identify
which individuals are at highest risk to develop severe
COVID-19. Furthermore, their work demonstrates that induc-
tion of CCL2, CCL8, and neutrophils is consistent with the
increased neutrophil levels observed in COVID-19 patients.
The results of this study also suggest a possible parallel be-
tween COVID-19 and cytokine release syndrome. Therefore,
tocilizumab should be considered a possible treatment.
Additionally, this study offers an explanation as to why sub-
jects with a healthy immune system are typically asymptom-
atic: hypothesizing that the lack of selective death of Type II
pneumocytes prevents fluid leakage and the loss of air function
in the lungs. Since research has demonstrated that IFN re-
sponse is not essential for COVID-19-induced inflammation,
studies should review their treatment approach and focus on
inflammatory targets other than IFN. Although the study has
many strengths, Blanco-Melo et al. (2020) did not focus on
specific treatments. Future research should attempt to rapidly

develop FDA-approved drugs with immunomodulating prop-
erties. The research accomplished by Blanco-Melo et al.
(2020) serves as a strong foundation for such studies aimed
at inflammatory targets other than IFNs. Data from their work
lays the groundwork for the development of immunomodula-
tory COVID-19 treatments.
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