
*Corresponding author: Martin Balzan, Consultant Respiratory Physician, Ma-
ter Dei Hospital, Dun Karm Street, MSD 2090, Malta, E-mail: Martin.v.balzan@
gmail.com

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

Received: June 25, 2021; Accepted: June 30, 2021; Published: July 07, 2021

Copyright: © 2021 Balzan M. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author 
and source are credited.

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 [5]. 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  

Balzan M, J Clin Immunol Immunother 2021, 7: 067
DOI: 10.24966/CIIT-8844/1000067

HSOA Journal of
Clinical Immunology and Immunotherapy

Hypothesis

Martin Balzan*

Consultant Respiratory Physician, Mater Dei Hospital, Dun Karm Street, 
MSD 2090, Malta

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

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 I 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 I 
IFNs.

 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 I 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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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  

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), ORF1a 
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.

 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  

Coronavirus Protien Immune Evasion Strategy

Nsp1
Cleaves host mRNA, Inhibits protien translation, Supresses 

function of STAT1 and c-jun

Nsp3
Inhibits type I IFN prodcution, Supresses ubiquitation and 

ISGylation, DMV formation

Nsp4 Sequesters viral RNA via DMV formation

Nsp5 Processes antiviral protiens

Nsp6 Sequesters viral RNA via DMV formation

Nsp8 Inhibits MDA5 activation

Nsp13 Remove 5' ppp of viral RNA

Nsp14 RNA cap modification

Nsp15 Remove PUN RNA of viral RNA

Nsp16 RNA cap modification

ORF 3a
Antagonizes IFN signaling, promotes apoptosis and inflam-

masome

ORF 3b Antagonizes IFN signaling

p4a (orf4a) Antagonizes IFN signaling, antagonizes PKR function

ORF 6 Inhibits nuclear transportation of antiviral protiens

ORF 7a
Inhibts host protein translation, active proinflammatory 

pathways

ORF 9b
Processes antiviral protiens, antagonizes IFN signaling 

pathway

N Inhibits TRAF3-TANK-TBK1/IKKꜪ complex formation

M Inhibits viral sensing function of RIG-I and MDA5

Table 1: Immune evasion strategies by corona proteins. Reprinted from 
Kasuga et al. [11].
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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 TLR8, 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 
Nsp1 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
 Wuerth 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-κB 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  

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-α 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-I 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 
to 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] 
DENV serotype 4 (DENV4) non-structural (NS) proteins NS2A and 
NS4B inhibited RIG-I-, MDA5-, MAVS-, and TBK1/IKKε-directed 
IFN-β transcription and dose dependently inhibited the phosphoryla-
tion ofTBK1 and IRF3 [30].

 DENV 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  

Figure 1: The host innate immune sensing pathway targeted by coronavi-
rus. Karuga et al. [11].
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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 14-3-3ε 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  

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.
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