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Abstract

This article builds on a previous proposal of a hypothesis where-
by repeated arthropod or sand-fly vector infection of humans by
novel viruses of zoonotic origins carrying bat or mammalian RNA/
DNA, such as phleboviruses may have resulted in the development
of an effective evolutionary immune response to most novel zoonotic
viruses such as SARS-CoV-2 through survival of the fittest possi-
bly over many generations. Phleboviruses and Flaviviruses such as
Dengue Fever virus (DENV), can infect many mammalian species,
including bats and animal husbandry just like coronaviruses. The
resulting mutations when crossing species can expose large pop-
ulations of humans to novel viruses that find the reactive immunity
completely unprepared. Survival over thousands of years of human
evolution was likely to be dependent on strong and resilient innate
immunity, in the form of the Interferon | system.

Phleboviruses and Flaviviruses just like Sars-Covid-1 and 2,
have multiple biochemical pathways to suppress the IRF3/7 path-
way on different levels, which lead to inefficient production of type
1 interferons and an impaired antiviral response. Recently pub-
lished research has shown that 3.5% of patients with life-threatening
COVID-19 pneumonia had known AR IRF7 and IFNAR1 deficiencies
or AD TLR3, TICAM1, TBK1, and IRF3 deficiencies or new (AD UN-
C93B1, IRF7, IFNAR1, and IFNAR2 deficiencies) genetic defects in
the TLR3- and IRF7-dependent induction and amplification of type |
IFNs.
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In this paper, it is being proposed that populations of the geo-
graphical areas of the respective arthropod-borne disease such as
phlebovirus or flavivirus infections may have contributed to select
within the populations’ survival of individuals free from genetic de-
fects of these pathways.

Genetic epidemiological studies determining the prevalence of
deficiencies in Type | interferon genes in the areas where phlebo-
viruses/flaviviruses are present a comparison made with areas of
high case fatality such as Lombardy, the United Kingdom would be
necessary to support such a hypothesis.
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Introduction

Low prevalence of Mortality and case fatality rates to Sars-
Covid-2 were noted in many areas of southern Europe particularly in
areas where phlebotomous sandflies and phlebovirus infections are
prevalent [1]. Phleboviruses carry bat, artiodactyl, and rodent RNA
showing an ability to mutate and evolve across mammalian species,
in a way similar to human coronaviruses [2]. A possible hypothesis
was proposed by this author that by a process of natural selection after
exposure of such novel viruses over many generations it is possible
that the innate immune system could be more protective against novel
viruses such as Sars-Covid-2 [1].

A Brazilian study (still in pre-print) reported that many regions
showed significant negative correlations between Sars-Covid-2 inci-
dence, infection growth rate, and mortality to the percentage of peo-
ple with antibody (IgM) levels for dengue fever [3]. Another study by
Silvestre et al reported lower mortality for Sars-Covid-2 in a group
of patients with a previous history of dengue when compared with
those who had not, and suggested that Dengue fever might induce
immunological protection against severe acute respiratory syndrome
in patients with Sars-Covid-2 infection [4].

Japan and South Korea reported low incidence and low case fatal-
ity rates similar to southern European countries [S5]. The authors sug-
gest a number of explanations such as organisation of public health,
and discipline within the citizens, and the low number of ACE 2 re-
ceptors among the Asian population. One other possibility which the
author of this paper proposes is that the prevalence of the Japanese
B encephalitis virus may be responsible. JBE is a flavivirus just like
dengue, caries RNA from animal species such as bats, birds, pigs,
and horses [2,6] and like phlebovirus, and Coronavirus can mutate
to novel viruses across species. It is possible that by natural selection
over many generations the effectiveness of human innate immunity
is rendered more competent and responsive to novel zoonotic viral
infections.

Zhang et al reported that at least 3.5% of patients with life-threat-
ening Sars-Covid-2 pneumonia had known or new genetic deficien-
cies of the innate immune system, more specifically the type one
interferon system mostly related to the double-stranded RNA sensor
TLR3- and IRF7-dependent induction and amplification of type I
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IFNs [7]. It appears that a robust IFN I response is necessary for the
body to overcome Sars-Covid-2 infection [8].

Type-I IFNs play a major role in innate immunity during viral in-
fections. The body must rely on innate interferon-mediated defences
to limit pathogen replication and allow sufficient time for the devel-
opment of critical humoral protection [9]. Cells stimulated through
IFNAR induce various IFN-stimulated genes (ISGs) to repress viral
replication. IFNB gene promoter activation is induced via the coor-
dinated binding of the homodimer of interferon regulatory factor 3
(IRF3) (or the heterodimer of IRF3 and IRF7), nuclear translocation
of NFkB, and ATF2/cJun (AP1) to the positive regulatory cis-ele-
ments for IFNB gene [9,10].

The aim of this paper is to further update the hypothesis where ar-
thropod Borne infections, particularly by viruses like phlebovirus and
dengue which have a capacity to mutate across mammalian species,
can by natural selection promote stronger innate immunity against
another novel virus such as coronavirus, in particular, the IFN type
I response. The possible biological mechanisms on innate immunity
will be explored.

The Hypothesis

Arthropod-Borne Viruses such as phleboviruses, and flavivirus
e.g. dengue fever possess the ability to cross mammalian species
causing disease. This includes humans, wild animals such as bats, and
animal husbandry or pets associated with humans [2]. Just like Coro-
navirus, this ability to cross species leads to novel infections where
reactive immunity is unlikely to be present in the host, and resolution
of infection and survival must rely exclusively on the innate immuni-
ty in particularly Type I Interferon production and regulation.

Phleboviruses and Flaviviruses also possess many mechanisms
to block the innate naturally IFN I system [11]. Sars-Covid-2 has
multiple mechanisms of blocking the natural innate interferon im-
munity and host survival appears to be heavily dependent on the
function of the TLR7 IRF 7 pathways [7]. In areas where these ar-
thropod-borne diseases are prevalent, because of a similar ability to
produce non-structural proteins which hamper the IRF 3 pathway,
genetic defects in interferon reaction particularly in the TLR7-IRF7
pathway may be wiped out from the populations over many genera-
tions by natural selection, resulting in better outcomes in a modern
aeroplane-spread coronavirus pandemic probably because of a more
resilient IRF 7 interferon 1 pathway.

As arthropod borne viruses are naturally airborne they can spread
disease over wide geographical areas. On the contrary prior to the age
of modern, train or aeroplane transport novel coronaviruses which
spread via airways or fomites were more likely to lead to localized
epidemics e.g. MERS, Sars-covid-1. This has changed with modern
air travel where coronaviruses can cause a pandemic particularly if
they can spread effectively via the airborne route.

Of course, age and other diseases such as diabetes, or cardiovas-
cular compromise, or immunosuppressant medication would be the
main determinants of the clinical outcome of Sars-Covid-2 infections,
but with a stronger baseline level of innate immunity, the outcome
would also make these categories of patients more resilient to Sars-
Covid-2 infection [12].

In summary, arthropod-borne viruses which have the two char-
acteristics of mutating into novel zoonotic viruses and the ability to
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suppress innate immunity may make patients more resilient to Sars-
Covid-2 via a process of natural selection over many generations, in
particular by wiping out genetic defects of Type I interferon innate
immunity.

Sars-Covid-2 immunopathology; TLR7/IRF7 the
Only Lifeline

The ability of Sars-Covid-2 to suppress the innate immune is re-
sponse has been clearly illustrated by Kasuga et al [11]. as shown in
Table 1 and Figure 1. A short summary of the main points is present-
ed here. Sars-covid-2 has a number of evading strategies to evade
host antiviral immunity. Once Sars-covid-2 enters a cell, the genomic
RNA of coronavirus is uncoated from the nucleocapsid (N) protein,
leading to the translation of two open reading frames (ORFs), ORF1la
and ORF1b. This polyprotein is cleaved by NSP3 and NSP5 genes to
form 16 non-structural proteins (ns1-16). NSP 3, 4, and 6 produce a
double membrane vesicle to envelope viral RNA to make detection by
cellular receptors difficult. ‘Pathogen-associated molecular patterns’
Receptors in the cytoplasm (PAMPs) and ‘danger-associated molecu-
lar patterns’ (DAMPs) normally are present in the cytoplasm to detect
viral invasion. Toll-like receptors (TLRs) and retinoic acid-inducible
gene I (RIG-I)-like receptors (RLRs) are two major receptors respon-
sible for sensing RNA virus infection and triggering antiviral IFN ac-

tivity.

Coronavirus Protien Immune Evasion Strategy
Nepl Cleaves host mRNA, Inhibits protien translation, Supresses
s
P function of STAT1 and c-jun
Nsp3 Inhibits type I IFN prodcution, Supresses ubiquitation and
P ISGylation, DMV formation
Nsp4 Sequesters viral RNA via DMV formation
Nsp5 Processes antiviral protiens
Nsp6 Sequesters viral RNA via DMV formation
Nsp8 Inhibits MDAS activation
Nspl3 Remove 5' ppp of viral RNA
Nspl4 RNA cap modification
Nspl5 Remove PUN RNA of viral RNA
Nspl6 RNA cap modification
Antagonizes IFN signaling, promotes apoptosis and inflam-
OREF 3a
masome
ORF 3b Antagonizes IFN signaling
p4a (orfda) Antagonizes IFN signaling, antagonizes PKR function
ORF 6 Inhibits nuclear transportation of antiviral protiens
Inhibts host protein translation, active proinflammatory
ORF 7a
pathways
Processes antiviral protiens, antagonizes IFN signaling
ORF %9b
pathway
N Inhibits TRAF3-TANK-TBK1/IKKE complex formation
M Inhibits viral sensing function of RIG-I and MDAS
Table 1: Immune evasion strategies by corona proteins. Reprinted from
Kasuga et al. [11].

\ J

Studies have also shown that TLR7 plays a critical role in the sens-
ing of coronavirus infection in certain types of immune cells. A recent
clinical study discovered that several natural mutations in the TLR7
gene that cause ‘loss-of-function are associated with the severity and
mortality of young Sars-COVID-2 patients, demonstrating that TLR7
sensing of SARS-CoV-2 is critical for the control of Sars-Covid-2
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Figure 1: The host innate immune sensing pathway targeted by coronavi-
rus. Karuga et al. [11].

pathogenesis [13]. Although SARS-CoV-2 infection can suppress the
type I and III IFN signalling pathways, pro-inflammatory responses
are still robustly induced during SARS-CoV-2 infection[14] mainly
through the TLR7 and IRF7 pathway. It is likely that SARS-CoV-2
is also sensed by these RLRs. RNA sensing TLRs, TLR3, TLR7,
and TLRS, are located in the endosomal membrane and detect dou-
ble-stranded RNA (dsRNA; TLR3) and single-stranded RNA [14].

Nsp1 of coronaviruses has been reported to impede the host innate
immune system by targeting multiple biological pathways, such as
Nspl inhibiting the translation of host antiviral proteins by targeting
the 40S ribosomal subunit, either blocking the assembly of the trans-
lation machinery or inducing the cleavage of 5'-capped host mRNAs
[15,16] and suppresses protein translation by inducing 5'-capped host
mRNA cleavage, blocks mRNA nuclear export by directly inhibiting
nuclear pore complex protein 93 (Nup93), suppressing protein syn-
thesis [17,18].

SARS-Cov-2 Nsp3 can bind to IRF3 and prevent the phosphory-
lation, dimerization, and nuclear translocation of IRF3, resulting in
the suppression of the IFN 3 signalling pathway [19]. The whole im-
pressive array of known interference with the innate immune system
is illustrated in table 1 [11] and is beyond the scope of this paper.
However, the main point is that the outcome of this battle between
the virus and cells of the human body, in particular with inhibition of
the IRF 3 pathway appears to be mainly determined by the efficacy of
the TLR7-IRF7 system’s ability to stimulate the interferon I system
sufficiently, to overcome the virus or at least delay the process until
re-active immunity kicks in. Kasuga et al summarize it “Failure of
timely and appropriate innate immune activation may lead to robust
viral propagation and is directly associated with disease severity and
mortality” [11].

Phlebovirus Non-Structural Proteins. Blockage of
the IRF3 Pathway

Wauerth et al. [20,21] have demonstrated that the Sicilian Sand-fly
Virus (SFSV) suppresses the induction of the antiviral type I inter-
feron (IFN) system in an NS-dependent manner. SFSV NSs interfere
with the TBK1-interferon regulatory factor 3 (IRF3) branch of the
RIG-I signalling pathway but not with NF-«xB activation. In contrast
to IRF3, neither the IFN master regulator IRF7 nor any of the relat-
ed transcription factors IRF2, IRF5, and IRF9 were bound by SFSV
NSs. The authors also state that inhibition of promoter binding by IFN
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transcription factor 3 (IRF3), is a molecular strategy that is unique
among phleboviruses and, among human pathogenic RNA viruses in
general [20].

Although the generation of a full IFN response has been attributed
to the IFN-inducible IRF7 [22], the IRF3 pathway is indispensable for
the induction of the first wave of IFN-a expression from virus-infect-
ed cells and [23].

Sand fly-borne Toscana virus TOSV NSs have been shown to tar-
get IRF-3, preventing its dimerization and, hence, the activation of
IFN transcription [24]. Furthermore, a genetically modified (TOSV),
where the non-structural protein was not expressed TOSV was unable
to (i) suppress interferon (IFN)-b messenger RNA induction; and (ii)
grow efficiently in cells producing IFN-b [25].

Rift Valley fever virus (RVFV) is another phlebovirus that caused
an outbreak in Egypt in1977-78, where there were an estimated of
20,000 to 200,000 human cases and roughly 600 confirmed deaths.
RVFV NSs protein is a type-1 IFN antagonist, and thus supports effi-
cient viral replication in type-I IFN-competent cells or immune-com-
petent hosts [26].

Dengue Fever

A review by Pang et al showed 12.2% (101 out of 827) of bats
with dengue virus RNA positive in urban/rural settings as compared
t0 5.2% (19 out of 362) among bats captured in a forest setting (p-val-
ue <0.05). Moreover, there were 1,335 dogs, 1,310 bovids (e.g. sheep,
cattle, goat), 930 horses, 859 birds (including hens, ducks & geese),
563 pigs and 187 rodents reported with dengue tested positive [27].

DENV can inhibit both the production and the signalling of IFN-I.
The viral proteins, NS2A and NS3, inhibit IFN-I production by de-
grading cellular signalling molecules. In addition, the viral proteins,
NS2A, NS4A, NS4B, and NS5, can inhibit IFN-I signalling by block-
ing the phosphorylation of the STAT1 and STAT2 molecules. Finally,
NS5 mediates the degradation of STAT2 using the proteasome ma-
chinery [28].

Dengue virus Non-structural proteins have also been shown to in-
hibit RIG-I/TBK1-directed IFN responses and restrict IRF3 and IFN
responses and thereby facilitate DENV replication and virulence [29]
DENYV serotype 4 (DENV4) non-structural (NS) proteins NS2A and
NS4B inhibited RIG-I-, MDAS5-, MAVS-, and TBK1/IKKe-directed
IFN-B transcription and dose dependently inhibited the phosphoryla-
tion of TBK1 and IRF3 [30].

DENYV actually produces an intracellular membrane that conceals
dsRNA which diminishes the effect of the host defence mechanism, a
strategy that differs from active suppression of IFN activity, but which
is also utilized by Sars-Covid-2 [31].

Japanese B Encephalitis

JEV can infect humans and a variety of vertebrate animals includ-
ing pigs, horses, birds, sheep, dogs, and birds. However, only pigs
and water birds are considered reservoirs of the virus [32]. JEV and/
or serum antibodies against JEV have been detected in bats in Japan
and China, however, the role of bats in the JEV life cycle is unknown
[32-34].

JEV NS5 inhibits IFN-I signalling inhibition through a Tyk2
phosphorylation blockade. This induces the cytoplasmic retention of
STAT1/2 and prevents IRSE driven transcription. JEV NS5 may act
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through cellular tyrosine phosphatases to exert antagonistic effects
[28,35,36].

Other Common Mechanisms amongst Flavivirus

Another mechanism of active interference with the type I IFN sys-
tem is competitive binding. DENV and WNV NS3 proteins compete
with RIG-I for 14-3-3¢ binding, a chaperone responsible for traffick-
ing RNA-bound RIG-I to the mitochondrial membrane [37].

Three of the most common disease-causing flavivirus-Yellow Fe-
ver, Zika, and Dengue inhibit human signal transducer and activator
of transcription 2 (hSTAT2)-dependent IFN a central regulator of the
type I IFN response [37].

Resolution of the Main Problem of the Original Hy-
pothesis-No Coronavirus in Arthropods

The main problem with the original hypothesis was that corona-
viruses have never been isolated from arthropods, and no arthropod
RNA was ever discovered within the coronavirus genome.

In a pre-industrial scenario when, train, car, or air travel were not
yet developed when coronaviruses crossed species and mutated to a
novel virus unless they had been highly transmissible via the upper
airways such as Sars-Covid-2, they would have probably led to local-
ised epidemics such as Sars-Covid-1 and MERS resulting in reactive
immunity or natural selection by death in a localised population. As
a consequence, a modern coronavirus pandemic is less likely to be
preceded by global resilience specific to coronaviruses.

On the other hand, a novel zoonotic arthropod-borne virus e.g.
Phlebovirus, or Flavivirus would have caused an epidemic, eventu-
ally becoming endemic on a much wider geographical area, usually
limited only by the breeding areas of the arthropod and reservoir host
as determined by climatic or environmental conditions. As a result of
arthropod-borne viruses, the innate immune system of a much wider
population is challenged by a novel zoonotic viral illness when com-
pared to the coronavirus. This may have resulted in more widespread
future protection by the mechanism of “survival of the fittest” leading
to a resilient innate immune response with fewer genetic defects.

Other Possible Problems with the Hypothesis

As stated in the original paper, the incidence of Sars-Covid-2 in-
fection could reflect the effectiveness of public health measures and
the capacity of the health care system to cope with the number of sick
people during the epidemic as well as for the deployment of testing
[1]. Analysis of geographic data provided for example by ECDC is
not age-stratified and might be subject to errors of over or underrepre-
sentation of specific age groups, or vulnerable population subgroups.
However, the original hypothesis refers mainly to data on mortality
and case fatality which tends to be more reliable and consistent in
time rather than data on the total incidence of cases.

How to Test the Hypothesis

The prevalence rates of known genetic deficiencies in Type I inter-
feron genes in the general population in the areas where phlebovirus-
es/flaviviruses are endemic could be compared with areas where such
arthropod-borne viruses are absent, and Sars-Covid-2 mortality and
morbidity was high, such as Lombardy, the United Kingdom or the
Netherlands. While this would prove a possible association, further
studies of the RNA sequences of the viral nonstructural proteins and
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analysis of the chemical composition of the non-structural proteins
themselves, to determine their evolutionary origin could add more
weight to the possible association between arthropod-borne viruses
and Sars-Covid-2 or other coronaviruses with pandemic potential.

Conclusion

Further to the previous hypothesis it is re-iterated that just like
coronaviruses, arthropod-borne viruses such as phlebovirus and fla-
vivirus can cross species such as bats and other artiodactyls and can
give rise to novel zoonotic viruses. It is possible that in certain geo-
graphic areas arthropod-borne infections over many generations lead
to an innate immune response that is resilient to emergent/novel zoo-
notic viral infections such as Sars-Covid-2. Sars-covid-2 is highly ef-
ficient in suppressing the host innate Type I interferon IRF3 response
by means of Non-structural proteins. Viruses such as phlebovirus of
Flavivirus which have similar, but biochemically different modes of
IRF 3 inactivation could have prepared that population by leading
to mortality of those individuals who are not resilient to such an as-
sault in particular those which have genetic defects in the TLR7-IRF7
components. This process could have occurred for thousands of years
over many generations. This would explain lower mortality and case
fatality rates where phleboviruses and Flavivirus are endemic. How-
ever epidemiological studies on the prevalence of genetic defects of
Interferon one production in the general population of these areas are
needed to prove this hypothesis.

References

1. Balzan M (2020) Low Incidence and Mortality from SARS-CoV-2 in
Southern Europe. Proposal of a hypothesis for Arthropod-borne Herd im-
munity. Medical Hypotheses 143: 110121.

2. Babayan SA, Orton RJ, Streicker DG (2018) Predicting reservoir hosts and
arthropod vectors from evolutionary signatures in RNA virus genomes.
Science 362: 577-580.

3. Nicolelis MAL, Raimundo RLG, Peixoto PS, de Andreazzi CS (2020)
How super-spreader cities, highways, hospital bed availability, and dengue
fever influenced the COVID-19 epidemic in Brazil. medRxiv.

4. Silvestre OM, Costa LR, Lopes BVR, Barbosa MR, Botelho KKP, et al.
(2020) Previous Dengue Infection and Mortality in Coronavirus Disease
2019 (COVID-19). Clinical Infectious Diseases.

5. Iwasaki A, Grubaugh ND (2020) Why does Japan have so few cases of
COVID-19? EMBO Molecular Medicine 12: e12481.

6. Wang JL, Pan XL, Zhang HL, Fu SH, Wang HY, et al. (2009) Japanese
encephalitis viruses from bats in Yunnan, China. Emerging Infectious Dis-
eases 15: 939-942.

7. Zhang Q, Bastard P, Liu Z, Pen JL, Velez MM, et al. (2020) Inborn errors
of type I IFN immunity in patients with life-threatening COVID-19. Sci-
ence 370: eabd4570.

8. Zhang Q, Bastard P, Bolze A, Jouanguy E, Zhang SY, et al. (2020)
Life-Threatening COVID-19: Defective Interferons Unleash Excessive
Inflammation. Med 1: 14-20.

9. Stertz S, Hale BG (2021) Interferon system deficiencies exacerbating se-
vere pandemic virus infections. Trends in Microbiology.

10. Honda K, Taniguchi T (2006) IRFs: Master regulators of signalling by
Toll-like receptors and cytosolic pattern-recognition receptors. Nature Re-
views Immunology 6: 644-658.

11. Kasuga Y, Zhu B, Jang KJ, Yoo JS (2021) Innate immune sensing of coro-
navirus and viral evasion strategies. Experimental & Molecular Medicine
53:723-736.

Volume 7  Issue 2 « 100067


https://dx.doi.org/10.24966/CIIT-8844/1000067
https://pubmed.ncbi.nlm.nih.gov/32759006/
https://pubmed.ncbi.nlm.nih.gov/32759006/
https://pubmed.ncbi.nlm.nih.gov/32759006/
https://pubmed.ncbi.nlm.nih.gov/30385576/
https://pubmed.ncbi.nlm.nih.gov/30385576/
https://pubmed.ncbi.nlm.nih.gov/30385576/
https://www.medrxiv.org/content/10.1101/2020.09.19.20197749v1
https://www.medrxiv.org/content/10.1101/2020.09.19.20197749v1
https://www.medrxiv.org/content/10.1101/2020.09.19.20197749v1
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1895/6054970
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1895/6054970
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1895/6054970
https://pubmed.ncbi.nlm.nih.gov/32275804/
https://pubmed.ncbi.nlm.nih.gov/32275804/
https://pubmed.ncbi.nlm.nih.gov/19523297/
https://pubmed.ncbi.nlm.nih.gov/19523297/
https://pubmed.ncbi.nlm.nih.gov/19523297/
https://pubmed.ncbi.nlm.nih.gov/32972995/
https://pubmed.ncbi.nlm.nih.gov/32972995/
https://pubmed.ncbi.nlm.nih.gov/32972995/
https://pubmed.ncbi.nlm.nih.gov/33363283/
https://pubmed.ncbi.nlm.nih.gov/33363283/
https://pubmed.ncbi.nlm.nih.gov/33363283/
https://pubmed.ncbi.nlm.nih.gov/33757684/
https://pubmed.ncbi.nlm.nih.gov/33757684/
https://www.nature.com/articles/nri1900/
https://www.nature.com/articles/nri1900/
https://www.nature.com/articles/nri1900/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8099713/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8099713/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8099713/

Citation: Balzan M (2021) Arthropod-Borne Disease May Lead to a More Resilient Type I Interferon Response to Coronavirus by Reducing Genetic Defects of
Innate Immunity by Natural Selection. J Clin Immunol Immunother 7: 067.

ePage50f5 e

—_

2

14.

15.

16.

17.

18.

20.

2

—_

22.

23.

24.

Quarleri J, Delpino MV (2021) Type I and III IFN-mediated antiviral ac-
tions counteracted by SARS-CoV-2 proteins and host inherited factors.
Cytokine & Growth Factor Reviews 58: 55-65.

. van der Made CI, Simens A, Schuurs-Hoeijmakers J, Heuvel G, Mantere T,

et al. (2020) Presence of Genetic Variants Among Young Men with Severe
COVID-19. JAMA 324: 663-673.

Park A, Iwasaki A (2020) Type I and Type III Interferons-Induction, Sig-
naling, Evasion, and Application to Combat COVID-19. Cell Host & Mi-
crobe 27: 870-878.

Lokugamage Kumari G, Narayanan K, Huang C, Makino S (2012) Severe
Acute Respiratory Syndrome Coronavirus Protein nsp! Is a Novel Eukary-
otic Translation Inhibitor That Represses Multiple Steps of Translation Ini-
tiation. Journal of Virology 86: 13598-13608.

Thoms M, Buschauer R, Ameismeier M, Koepke L, Denk T, et al. (2020)
Structural basis for translational shutdown and immune evasion by the
Nspl protein of SARS-CoV-2. Science 369: 1249-1255.

Huang C, Lokugamage KG, Rozovics JM, Narayanan K, Semler BL, et
al. (2011) SARS Coronavirus nspl Protein Induces Template-Dependent
Endonucleolytic Cleavage of mRNAs: Viral mRNAs Are Resistant to
nspl-Induced RNA Cleavage. PLoS Pathogens 7: e1002433.

Gomez GN, Abrar F, Dodhia MP, Gonzalez FG, Nag A, et al. (2019) SARS
coronavirus protein nspl disrupts localization of Nup93 from the nuclear
pore complex. Biochemistry and Cell Biology 97: 758-766.

. Devaraj SG, Wang N, Chen Z, Tseng M, Barretto N, et al. (2007) Reg-

ulation of IRF-3-dependent innate immunity by the papain-like protease
domain of the severe acute respiratory syndrome coronavirus. The Journal
of Biological Chemistry 282: 32208-32221.

Wauerth JD, Habjan M, Wulle J, Furga GS, Pichlmair A, et al. (2018) NSs
Protein of Sandfly Fever Sicilian Phlebovirus Counteracts Interferon (IFN)
Induction by Masking the DNA-Binding Domain of IFN Regulatory Fac-
tor 3. Journal of Virology 92: €01202-18.

. Wuerth JD, Weber F (2016) Phleboviruses and the Type I Interferon Re-

sponse. Viruses 8: 174.

Honda K, Yanai H, Negishi H, Asagiri M, Sato M, et al. (2005) IRF-7 is the
master regulator of type-I interferon-dependent immune responses. Nature
434: 772-7717.

Sato M, Suemori H, Hata N, Asagiri M, Ogasawara K, et al. (2000) Distinct
and essential roles of transcription factors IRF-3 and IRF-7 in response to
viruses for IFN-alpha/beta gene induction. Immunity 13: 539-548.

Gori-Savellini G, Valentini M, Cusi MG (2013) Toscana Virus NSs Protein
Inhibits the Induction of Type I Interferon by Interacting with RIG-1. Jour-
nal of Virology 87: 6660-6667.

J Clin Immunol Immunother ISSN: 2378-8844, Open Access Journal

DOI: 10.24966/CIIT-8844 /1000067

25.

26.

27.

28.

29.

30.

3

—_

32.

33.

34.

35.

36.

37.

Woelfl F, Leger P, Oreshkova N, Pahmeier F, Windhaber S, et al. (2020)
Novel Toscana Virus Reverse Genetics System Establishes NSs as an An-
tagonist of Type I Interferon Responses. Viruses 12: 400.

Ly HJ, Ikegami T (2016) Rift Valley fever virus NSs protein functions and
the similarity to other bunyavirus NSs proteins. Virology Journal 13: 118.

Pang VJ, Gwee S (2020) Dengue in animals: A systematic review. Interna-
tional Journal of Infectious Diseases 101: 258-259.

Ramirez JAC, Urcuqui-Inchima S (2015) Dengue Virus Control of Type I
IFN Responses: A History of Manipulation and Control. Journal of Inter-
feron & Cytokine Research 35: 421-430.

Chen HW, King K, Tu J, Sanchez M, Luster AD, et al. (1950) The roles
of IRF-3 and IRF-7 in innate antiviral immunity against dengue virus. The
Journal of Immunology 191: 4194-4201.

Dalrymple NA, Cimica V, Mackow ER (2015) Dengue Virus NS Proteins
Inhibit RIG-I/MAVS Signaling by Blocking TBK1/IRF3 Phosphorylation:
Dengue Virus Serotype 1 NS4A Is a Unique Interferon-Regulating Viru-
lence Determinant. mBio 6: €00553-15.

. Uchida L, Espada-Murao LA, Takamatsu Y, Okamoto K, Hayasaka D, et

al. (2014) The dengue virus conceals double-stranded RNA in the intracel-
lular membrane to escape from an interferon response. Scientific Reports
(Nature Publisher Group) 4: 7395.

Liu S, Li X, Chen Z, Chen Y, Zhang Q, et al. (2013) Comparison of ge-
nomic and amino acid sequences of eight Japanese encephalitis virus iso-
lates from bats. Archives of virology 158: 2543-2552.

Cui J, Counor D, Shen D, Sun G, He H, et al. (2008) Detection of Japanese
Encephalitis Virus Antibodies in Bats in Southern China. The American
Journal of Tropical Medicine and Hygiene Am J Trop Med Hyg 78: 1007-
1011.

Miura T, Kitaoka M (1977) Viruses isolated from bats in Japan. Archives
of Virology 53: 281-286.

Cumberworth SL, Clark JJ, Kohl A, Donald CL (2017) Inhibition of type I
interferon induction and signalling by mosquito-borne flaviviruses. Cellu-
lar Microbiology 19: €12737.

Lin RJ, Chang BL, Yu HP, Liao CL, Lin YL (2006) Blocking of Inter-
feron-Induced Jak-Stat Signaling by Japanese Encephalitis Virus NS5
through a Protein Tyrosine Phosphatase-Mediated Mechanism. Journal of
Virology 80: 5908-5918.

Thurmond S, Wang W, Song J, Hai R (2018) Suppression of Type I Inter-
feron Signaling by Flavivirus NS5. Viruses 10: 712.

Volume 7  Issue 2 « 100067


https://dx.doi.org/10.24966/CIIT-8844/1000067
https://www.sciencedirect.com/science/article/pii/S1359610121000034
https://www.sciencedirect.com/science/article/pii/S1359610121000034
https://www.sciencedirect.com/science/article/pii/S1359610121000034
https://pubmed.ncbi.nlm.nih.gov/32706371/
https://pubmed.ncbi.nlm.nih.gov/32706371/
https://pubmed.ncbi.nlm.nih.gov/32706371/
https://pubmed.ncbi.nlm.nih.gov/32464097/
https://pubmed.ncbi.nlm.nih.gov/32464097/
https://pubmed.ncbi.nlm.nih.gov/32464097/
https://pubmed.ncbi.nlm.nih.gov/23035226/
https://pubmed.ncbi.nlm.nih.gov/23035226/
https://pubmed.ncbi.nlm.nih.gov/23035226/
https://pubmed.ncbi.nlm.nih.gov/23035226/
https://pubmed.ncbi.nlm.nih.gov/32680882/
https://pubmed.ncbi.nlm.nih.gov/32680882/
https://pubmed.ncbi.nlm.nih.gov/32680882/
https://pubmed.ncbi.nlm.nih.gov/22174690/
https://pubmed.ncbi.nlm.nih.gov/22174690/
https://pubmed.ncbi.nlm.nih.gov/22174690/
https://pubmed.ncbi.nlm.nih.gov/22174690/
https://pubmed.ncbi.nlm.nih.gov/30943371/
https://pubmed.ncbi.nlm.nih.gov/30943371/
https://pubmed.ncbi.nlm.nih.gov/30943371/
http://europepmc.org/article/PMC/2756044
http://europepmc.org/article/PMC/2756044
http://europepmc.org/article/PMC/2756044
http://europepmc.org/article/PMC/2756044
https://pubmed.ncbi.nlm.nih.gov/30232186/
https://pubmed.ncbi.nlm.nih.gov/30232186/
https://pubmed.ncbi.nlm.nih.gov/30232186/
https://pubmed.ncbi.nlm.nih.gov/30232186/
https://pubmed.ncbi.nlm.nih.gov/27338447/
https://pubmed.ncbi.nlm.nih.gov/27338447/
https://pubmed.ncbi.nlm.nih.gov/15800576/
https://pubmed.ncbi.nlm.nih.gov/15800576/
https://pubmed.ncbi.nlm.nih.gov/15800576/
https://pubmed.ncbi.nlm.nih.gov/11070172
https://pubmed.ncbi.nlm.nih.gov/11070172
https://pubmed.ncbi.nlm.nih.gov/11070172
https://journals.asm.org/doi/10.1128/JVI.03129-12
https://journals.asm.org/doi/10.1128/JVI.03129-12
https://journals.asm.org/doi/10.1128/JVI.03129-12
https://pubmed.ncbi.nlm.nih.gov/32260371/
https://pubmed.ncbi.nlm.nih.gov/32260371/
https://pubmed.ncbi.nlm.nih.gov/32260371/
https://pubmed.ncbi.nlm.nih.gov/27368371/
https://pubmed.ncbi.nlm.nih.gov/27368371/
https://pubmed.ncbi.nlm.nih.gov/25629430/
https://pubmed.ncbi.nlm.nih.gov/25629430/
https://pubmed.ncbi.nlm.nih.gov/25629430/
https://pubmed.ncbi.nlm.nih.gov/24043884/
https://pubmed.ncbi.nlm.nih.gov/24043884/
https://pubmed.ncbi.nlm.nih.gov/24043884/
https://journals.asm.org/doi/full/10.1128/mBio.00553-15
https://journals.asm.org/doi/full/10.1128/mBio.00553-15
https://journals.asm.org/doi/full/10.1128/mBio.00553-15
https://journals.asm.org/doi/full/10.1128/mBio.00553-15
https://www.nature.com/articles/srep07395
https://www.nature.com/articles/srep07395
https://www.nature.com/articles/srep07395
https://www.nature.com/articles/srep07395
https://link.springer.com/article/10.1007/s00705-013-1777-5
https://link.springer.com/article/10.1007/s00705-013-1777-5
https://link.springer.com/article/10.1007/s00705-013-1777-5
https://pubmed.ncbi.nlm.nih.gov/18541785/
https://pubmed.ncbi.nlm.nih.gov/18541785/
https://pubmed.ncbi.nlm.nih.gov/18541785/
https://pubmed.ncbi.nlm.nih.gov/18541785/
https://pubmed.ncbi.nlm.nih.gov/68764/
https://pubmed.ncbi.nlm.nih.gov/68764/
https://pubmed.ncbi.nlm.nih.gov/28273394/
https://pubmed.ncbi.nlm.nih.gov/28273394/
https://pubmed.ncbi.nlm.nih.gov/28273394/
https://pubmed.ncbi.nlm.nih.gov/16731929/
https://pubmed.ncbi.nlm.nih.gov/16731929/
https://pubmed.ncbi.nlm.nih.gov/16731929/
https://pubmed.ncbi.nlm.nih.gov/16731929/
https://pubmed.ncbi.nlm.nih.gov/30558110/
https://pubmed.ncbi.nlm.nih.gov/30558110/

Advances In Industrial Biotechnology | ISSN: 2639-5665

Advances In Microbiology Research | ISSN: 2689-694X

Archives Of Surgery And Surgical Education | ISSN: 2689-3126

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X
Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594
Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562
Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608
Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751
Journal Of Aquaculture & Fisheries | ISSN: 2576-5523

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546

Journal Of Cardiology Study & Research | ISSN: 2640-768X

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844
Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801
Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978
Journal Of Cytology & Tissue Biology | ISSN: 2378-9107

Journal Of Dairy Research & Technology | ISSN: 2688-9315

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783

Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798
Journal Of Environmental Science Current Research | ISSN: 2643-5020
Journal Of Food Science & Nutrition | [ISSN: 2470-1076

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566

Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999
Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044
Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419
Journal Of Obesity & Weight Loss | ISSN: 2473-7372

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649
Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670
Journal Of Plant Science Current Research | ISSN: 2639-3743

Journal Of Practical & Professional Nursing | ISSN: 2639-5681

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177
Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574
Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060
Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284

Journal Of Toxicology Current Research | ISSN: 2639-3735

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | [ISSN: 2573-0193

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829

Trends In Anatomy & Physiology | ISSN: 2640-7752

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us
http://www.heraldopenaccess.us/


info@heraldsopenaccess.us
http://www.heraldopenaccess.us/
https://www.heraldopenaccess.us/submit-manuscript
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

