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ABSTRACT
The issue of host pathogen interactions, and how during evolution they have driven medical, sociopolitical and economic
changes to society, have been crystalized globally in response to the recent SARS-CoV-2 pandemic. There is a long global
history of infectious disease outbreaks, with good evidence as to the nature and efficacy of how they were handled by the
affected communities. A systematic approach in the current epidemic has been less forthcoming, with many responses driven
more by fear, ill-informed media hysteria, and a repeated reliance on poorly-tested treatments, many of which have,
somewhat predictably, proven ineffective, further eroding confidence in governments, medicine, and science.

The overview below highlights in broad strokes those key areas which need consideration in terms of their influence on any

novel infection.

1. What is the epidemiology of the infection; is it new, or a recurrence of an older (modified?) pathogen; and what

factors have led to its presence now?

2. What do we know about host resistance mechanisms to infection and how they might contribute to emerging

infectious disease? Are they different in different microenvironments (e.g. in humans in different organs and
tissues), and do they change over time (both short-term and long-term) post exposure to pathogen?

Can a better understanding of resistance come from an analysis of the genetics of the infectious agent, and that of the
responding host?

Does improved understanding of all these aspects which contribute to the origin of new infectious disease help direct
application of new technologies to improving vaccination regimes to induce resistance, or develop novel
pharmaceuticals directed at disease provoking agents? This review is not restricted to the current SARS-CoV-2
pandemic, although in each section highlighted below there is included a discussion pertinent to this particular

pathogen.
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INTRODUCTION

We live in a planet where, as we hear on a daily basis, the
environment and local ecology is rapidly changing. This has
been argued as a prime factor in the changes in distribution
and host range of many known pathogens, and the evolution
of new ones [1]. A popular theme has been that many new
infections arise from pathogens, previously well adapted to
one species, infecting a new species to cause pathology.
Alternate more controversial views, as discussed below,
have also speculated on the origin of novel infections outside
of this planet [2-5]. It remains a truism nevertheless, that not
all individuals infected with the same pathogen develop
disease, and certainly not the same intensity of disease.
Understanding the nature of host resistance (immunity) is
also a key to developing a consensus strategy to tackling a
widespread infection, as indeed is understanding the genetic

factors, both host and pathogen, which contribute to
variability.

It has become apparent over the last decades with the
growing realization of the problems of drug-resistant
infections incurred by “man-made” selection, e.g. through
antibiotic overuse, it is critical that we characterize host:
pathogen interactions in detail before we can consider how
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we might develop new sustainable methods to target
infectious agents. Such approaches take time. Importantly,
as discussed below, the rapid introduction of novel vaccines
for SARS-CoV-2 has been claimed to be a success of
modern science and medicine yet there remains a concern
that our detailed biological knowledge of this pathogen is so
limited that such a conclusion may be quite premature, and
adverse effects of current vaccine strategies may yet be
revealed.

Each of these concerns is discussed in turn below with
reference to epidemiology; host resistance mechanisms of
disease; genetic variation in infectious agents and host
resistance; and finally new strategies to improve host
resistance (vaccination) and development of technologies for
advanced detection of novel pathogens.

THE EPIDEMIOLOGY OF
INFECTIOUS DISEASE

EMERGENT

Emerging new infectious diseases and the re-emergence of
those thought to be controlled and/or quiescent, have
become a global issue of significant importance. Such
diseases in general fall into one of two categories, namely
Zoonotic diseases which are transmitted from animals to
humans through direct contact or via food/water, and
Vector-borne diseases. Both are major sources of mortality
and morbidity globally [6]. While classically mosquito-
borne viruses are typically responsible for many of the
vector-borne  infections, including  yellow  fever,
chikungunya virus, and dengue virus, most emerging viral
infections have a zoonotic origin, with fruit bats and flying
fox species as the probable wildlife hosts [6]. Amongst those
included in such a list are Hendra virus (equine
morbillivirus), Menangle virus associated with porcine
stillbirths and malformations, and Nipah virus, associated
with pneumonia in pigs and encephalitis in humans [7].
Foremost globally amongst nonzoonotic viruses, are
enterovirus 71 (a common cause of hand, foot, and mouth
disease, which has also been linked with cases of
encephalitis [8]), and HIV [9].

Emerging viral infections of the nervous system caused
primarily by RNA viruses and associated with acute or
subacute encephalitis, are also prominent amongst newer
concerns, with pathology often resulting from a direct viral
effect or from a host immune response against the infection.
Vector-borne viruses transmitted by arthropods, or
arboviruses, and responsible for epidemics with significant
neurological disease, include the Zika virus epidemic in
South Americas (2015), and West Nile and Dengue viruses
[10]. As is discussed in more depth below, other factors
implicated in an increased incidence of novel infections
include altered animal migration, globalization of travel with
disease importation, disruption of ecological niches with
wider dispersal of mosquito vectors [1], and novel and
increased cross-species contact. All have been linked to or
assumed to be re-emergence of “old viruses” often with a
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different pathophysiology, as may be the case for Ebola
virus [10,11].

The argument has been made that one of the major factors in
the increased burden of emerging infections are an
expansion of ecotourism-based industries, altered land-use
practices, and the competition for limited resources which
has led to increased contact between free-ranging wildlife
and humans. This has led to health risks to both humans and
wild-life alike through bilateral exposure to novel pathogens
[10]. An extensive survey of infections has been reported
with Mycobacterium tuberculosis, a human pathogen, in
free-ranging animals in the African continent, along with
discussion of the role permanent reservoirs of Mycobacteria
species in both domesticated and captive/free-ranging
wildlife may play in limiting success on TB eradication
programs, as well, as contributing a significant public health
threat [10-12].

Non-tuberculous mycobacteria, and particularly those of the
Mycobacterium avium complex (MAC), also represent a
significant public health threat [12]. These organisms are
found ubiquitously in soil and water worldwide. Members of
MAC cause an array of infections in both humans and
animals that can be multidrug resistant, and can cause death,
particularly MAC lung disease which is now more prevalent
than tuberculosis in many countries, including the United
States. In a recent review Keen [12] used comparative
genomics to clarify MAC biology, characterizing distinct
genes for virulence and antibiotic resistance in isolates from
different sources, and highlighting the concern regarding
rapid evolution of novel pathogenic sub-strains [12]. The
problems caused by evolution of multidrug resistant bacteria
is nowhere better highlighted than in the clinical concerns
raised by the now widespread dispersion of methicillin-
resistant Staphylococcus Aureus (MRSA). This has been
ably discussed in one pocket of infection (in Rio de Janeiro)
which was caused by an emerging sub-lineage with marked
resistance to monocyte phagocytosis [13]. Another common
pathogen which has come under intense scrutiny with
evidence of emerging increased pathogenicity is Candida.
Candida species represent opportunistic fungal pathogens
which form a part of the normal skin and mucosal
microflora. Their overgrowth can cause life-threatening
invasive infection most prominently in
immunocompromised  patients, while in  healthy
immunocompetent subjects generally a vigorous innate
immune response ensures that no or minimal (oral thrush)
infections occur. Emergence of Candida strains with
molecular strategies to evade host attack by proteolysis of
components of the immune system and/or by interfering
with immune signaling pathways, along with others that are
resistant to current antifungal agents, has again led to
concern [ 14]-see also discussion in [2] and [15].

Conventional dogma stresses that disease emergence
generally “reflects dynamic balances and imbalances, within
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complex globally distributed ecosystems comprising
humans, animals, pathogens, and the environment” and that
“understanding these variables is a necessary step in
controlling future devastating disease emergences” [16,17].
We have argued elsewhere that there are other variables, not
considered to date, which have likely contributed in no small
manner to the widespread dispersion of the current SARS-
CoV-2 pandemic, and they may also help explain other viral
pandemics occurring over the last several decades [2-5,18].
A recent review of the more conventional arguments
summarizes how Coronaviruses, a major cause of respiratory
disease in animals, have been shown to be constantly
evolving, crossing host species barriers, and expanding their
host range. Novel coronaviruses have emerged in humans
and domestic animals, as well as in captive wildlife or wild
populations, raising the concern that evolution and
emergence of novel viruses might be enabled by frequent
cross-species transmission or zoonosis. Thus a recent review
compared across several mammalian host species the current
knowledge of host range and any exceptional circumstances
reported in cases of putative cross-species transmission
events of emerging coronaviruses in humans and common
domestic mammals [19], concluding that all coronaviruses
considered had similar host ranges and were closely related,
suggestive of recent rapid diversification and spread. Their
emergence was  associated  with  high-host-density
environments which could have facilitated multi-species
interactions (e.g., shelters, farms, and markets), all features
consistent with the hypothesis of cross species
infection/evolution of a novel disease. Compelling molecular
and biological arguments suggesting that this is not a likely
explanation for the current pandemic are reviewed in detail
elsewhere by Steele [20] and Lindley & Steele [21], with
further clarification below.

IMMUNE MECHANISMS IMPLICATED IN
VARIABILITY IN RESISTANCE TO INFECTION

The immune system is comprised of both an innate host
defense system and an acquired one. The former, activated
within hours of pathogen contact, is present even in non-
vertebrates, and is thus often regarded as a more “primitive”
host resistance mechanism. Exquisite specificity, or the
ability to discriminate between multiple different foreign
insults by individual cells, is much more limited within the
innate immune system than in the acquired immune system
(Ilymphocyte based). It is nevertheless worthy of note that a
variety of anti-viral genes (> 1000) are activated on
pathogen entry into eukaryotic cells. These in turn encode
molecules targeting multiple generic features of the viral life
cycle (of which the AID/APOBEC and ADAR deaminases
are only a small component of what can be considered an
‘innately reactive anti-viral wall of responses see [21-23].

In the acquired immune response, clonal expansion of
individual T and B lymphocytes, each using a complex gene
splicing event during cell development, occurs following
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pathogen exposure to produce cells with a lymphocyte
receptor recognition repertoire essentially capable of
recognizing an almost infinite number of new determinants
on novel pathogens [24]. These cells undergo further
differentiation events days to weeks after pathogen contact,
to produce specific effector cells with unique biochemical
pathways designed to eradicate specific pathogens
(production of antibodies by progeny of B lymphocytes;
display of “killer pathways” by activated effector T cells).
Following successful eradication of pathogens, cells of the
acquired immune system alter their differentiation pathways
to generate “long-lived specific memory cells”, retaining a
specific memory of past experience and able to expand in
numbers rapidly to combat any recurrence of the same
pathogen, even many years after primary infection. Cells of
the innate immune system use a more restricted pathogen
pattern recognition repertoire (PRR) to detect foreign
material/pathogens  displaying redundant determinants
recognized by those PRRs [25,26]. While pathogen-specific
“memory” was thought not to exist in cells of the innate
immune system, it has become apparent over the past 1-2
decades that at least in vertebrates, a mechanism akin to
“kindling in neuronal pathways” leads to a faster re-
activation of innate immune mechanisms after repeat contact
with the same or similar pathogen [27].

For a viral infectious agent, virus entry, namely attachment
to and penetration into the host target cell, is the first step of
the virus life cycle which governs successful virus
emergence in any host population. This is reflected in the
development of antiviral vaccines, most of which aim to
induce neutralizing antibodies to prevent virus entry into
cells. Anti-hemagglutinin IgG (for influenza virus), and
antibodies targeting the cell surface receptor angiotensin-
converting enzyme 2 (ACE2), as well those enhancing the
cleavage effect of type-II trans membrane serine protease
(TMPRSS2) on the (viral attachment) S protein for SARS-
CoV-2, are examples of this [28,29]. However, other natural
immune defenses are present within cells, known as intrinsic
immunity mechanisms [30] which also interfere with virus
entry. Interferon-induced trans membrane (IFITM) proteins,
which inhibit fusion between viral and cellular membranes,
were the first well described factors which restricted virus
entry. Now multiple other host factors with antiviral
potential have been described [30], including amongst others
lymphocyte antigen 6E (LY6E), nuclear receptor co-
activator protein 7 (NCOA7), and others, though their role(s)
in any particular infection remains to be elucidated [30].

In a recent article we reviewed in some detail the nature of
innate immune mechanisms activated in response to viral
infections [31]. These involve type I and type III interferon
response pathways [27]. [Note that there is considerable
heterogeneity in the interferons themselves, and this alone
can contribute to pathology. This is well documented in a
recent report on Chikungunya virus infection, where it now
seems that only IFN, and not IFN (both type I IFNs) is
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responsible for control of chronicity and viral persistence
[32]]. These IFNs in turn activate cellular AID/APOBEC
and ADAR deaminases inducing mutagenesis of the
pathogen genome by extensively mutating their genomes
with C-to-U (T) and A-to-I(G) mutations [21,33-35]. The
afore-mentioned “training” of innate immunity involves
epigenetic changes (altered DNA methylation; histone
deacetylase activity) which results in more rapid activation
of the genes implicated in response to pathogens [36].
Training of innate immune responses helps explain why
infant mortality, and even adult mortality, is less in BCG
vaccinated cohorts (BCG admixed with adjuvants is an
excellent inducer of innate immune responses) than in non-
vaccinated cohorts from the same population [37]. In
comparison, it is thought that defects in both rapid-response
innate immunity along with defects in acquired immunity,
both of which are evident in the elderly, may be responsible
for their increased morbidity/mortality following viral
infection [38-40].

Innate immunity is relevant too in HIV-1 infection. A
compromised acquired immune system, following viral
mediated destruction of (T) lymphocytes, and in particular
the CD4/CD8 ratio with CD4 lymphopenia, is well
recognized as a cause of pathogenesis [9]. However, the
innate immune system at mucosal surfaces also plays a key
role in viral eradication, including complement, dendritic
cells (DCs), macrophages, and NK cells as well as cytokines
and chemokines The interplay between the host response
and the viral evolution to evade this, involving RNA-
mediated rapid mutations, pathogen-associated molecular
patterns (PAMPs) modification, and attenuation of NK cell
activity and complement receptors, is thought to contribute
to the outcome of HIV-1 infection at mucosal barriers [41].
There is a need to understand/classify the pathogenesis of
any emerging (viral) infection in order to prevent and reduce
transmission and begin to develop rationale therapeutic
approaches to treatment [42]. In a recent study describing
events following HIV-1 and EBOLA viral binding and entry
into dendritic cells, even induction of type 1 interferons on
DCs seemed to represent a double-edged sword in virus
control [43]. Siglec-1, a sialic acid-binding type I lectin
receptor, is upregulated by type I interferons on DCs.
Enveloped viruses including HIV1 and Ebola virus,
incorporate sialic acid-containing gangliosides on their viral
membrane enabling recognition by Siglec-1. The subsequent
enhanced DC infection thus contributes, following DC
migration, to viral spread throughout local tissues.

There is a plethora of data exploring the role of acquired
immune responses to viral and other microbial pathogens,
and since many of these agents encounter their hosts initially
at mucosal surfaces, it is not surprising that studies of
mucosal immunity (as well as innate immunity-see HIV
above) have featured prominently. Conventional dogma is
that activated T lymphocytes are crucial for protective
immunity to viral infections, a feature consistent with what
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we understand about the quite different antigen recognition
by B versus T cells. The latter recognize cell surface MHC-
presented epitopes altered following viral infection, and thus
destroy potential “viral factories” before viral replication is
completed within the infected cell. In contrast, B cell derived
immunoglobulin recognizes the topography of the foreign
determinants on pathogens, which explains the importance
of neutralizing Ig in preventing pathogen binding and entry
to cells (see above). Ig also represents an important host
defense against organisms (bacteria) which exist outside of
cells. Coating these with Ig renders them recognizable by the
(enzymatic) factors in the complement cascade, and also for
opsonization by cells with their own receptors for a region
(Fc) of Ig.

It is important to appreciate that while monitoring of (serum)
Ig may make for easier assessment of development of an
immune response to a pathogen, it may not necessarily
provide useful information about the development of
protective immunity in the infected host, particularly if this
is mediated by T cell or innate immunity, or by secretory
IgA at the mucosal surface (only the 7S monomer is in blood
plasm/serum). Mucosal dimeric (11S) secretory IgA, with
four antigen binding sites arranged as a V-shaped molecule
connected at the base of the alpha chain constant regions by
a J chain, is both non-complement fixing ( and thus a
putative Ab-mediated enhancement blocker) and is highly
avid. Such a molecule is perfectly suited for very strong and
effective neutralization of toxins, viruses, and putative
intracellular pathogens before they bind to mucosal cell
surfaces during respiratory virus infections. In general serum
antibody responses correlate poorly with disease for mild
infections. More robust responses reflect more severe or
persistent/recurrent exposure. In contrast, virus-reactive T-
cell immunity lasts longer.

This importance of attention to the route of infection in
understanding host immunity to infection is highlighted with
the recent SARS-CoV-2 pandemic. This virus primarily
gains entry to the host through the upper airway, yet data
focused on immunity at the local mucosal surfaces is limited
[21,31]. The nasopharyngeal-associated lymphoid tissue
(NALT) is a component of the mucosa-associated lymphoid
tissue (MALT), known to be the largest component of the
entire immune system. Crucial components of the airway
mucosal immune system are secretory IgA (S-IgA) along
with tissue-resident T and B cells, so-called mucosa-
associated invariant T (MAIT) cells and innate immune
components, including complement and mucosal interferons
(IFNs). After SARS-CO-V2 infection mucosal S-IgA as well
as systemic IgG antibody responses are induced [44], with
neutralizing activity of IgA polymers in the nasopharynx far
exceeding (7-15fold) that of IgA monomers or serum IgG
[45], consistent with our prior understanding of mucosal
immunity. SARS-CoV-2 patients with gastrointestinal
symptoms fared better (lower death rate) than patients
without GI symptoms, and intestinal pools of virus were

SciTech Central Inc.
Adv Vaccines Vaccin Res (AVVR)

130



Adv Vaccines Vaccin Res, 5(1): 127-140

detected (likely ongoing MALT stimulation) at > 3months
following overt upper airway disease [46]. Studies of paired
respiratory wash and blood samples of memory T cells
showed detectable activity in NALT unrelated to activity in
serum derived cells, again reflective of the importance of a
tissue compartmentalization of the immune system, and the
likely importance of MALT in a protective SARS-CoV-2
immune response [47]. Importantly, however, in some
SARS-CoV-2 infected individuals there is impairment both
systemically and mucosally, of the type I IFN innate
immune response which can be rectified by mucosally
administered recombinant type I-IFN, with excellent effects
on recovery in infected patients [48].

Other host resistance mechanism(s) exist preventing
uncontrolled inflammation, in vascular tissue [49] which can
be disrupted by infectious agents. A superfamily of
endogenous chemical molecules (chemokines) participate in
the resolution of inflammation, with MCPIP-1 (Regnase-1),
the best-studied member [50], being an endonuclease which
controls the stability of mRNA and microRNA (miRNA), in
turn resolving inflammation and promoting viral clearance.

GENETIC FACTORS CONTROLLING
IMMUNOBIOLOGY OF RESISTANCE TO
INFECTION

Polymorphisms in several immune response genes results in
heterogeneity in natural and induced (by vaccines) immune
responses to many pathogens [51]. Nevertheless, the public-
health paradigm of population-based infectious disease
vaccinology has led to eradication of many diseases,
including smallpox, and control of others including
measles/mumps/rubella/varicella/polio, with a high cost-
benefit ration across global societies. Important genetic
differences (e.g. humans HLA Class II controlling human
antibody responses) can contribute to different responses to
Hepatitis B virus (HBV) and measles virus vaccines [52-57]
with increased susceptibility to HBV in some populations. In
the case of susceptibility to SARS-CoV-2, clear inborn
genetic errors in innate immune anti-viral immunity are
implicated in some vulnerable patients [58]. There are sex-
related differences in response to vaccines, with, in general,
women mounting an increased antibody response over men
[59]. Subtle racial/ethnic differences such as the Km/Gm
antibody carried by Native Alaskans and Native Americans
were hypothesized to lead to impaired immune response to
polysaccharide vaccine antigens [60,61].

Another important HLA-linked polymorphism in infection-
related susceptibility has recently come to light with regard
to a novel antiviral activity in the major histocompatibility
complex (MHC) class II transactivator (CIITA) for Ebola
virus [62]. CIITA is thought to induce resistance by
activating expression of an isoform (p41) of the invariant
chain CD74, which inhibits viral entry by blocking
cathepsin-mediated processing of the Ebola glycoprotein. It
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entry pathway of multiple coronaviruses, including SARS-
CoV-2., implying that CIITA and CD74 have a hitherto
unappreciated role in host defense against a range of viruses,
far beyond their accepted roles in regulation of antigen
presentation. Similarly it has recently been reported that T-
cell immunoglobulin (Ig) and mucin domain (TIM) proteins
play an unexpected but critical role in viral infection,
inhibiting both Ebola virus and HIV-1 release from infected
cells, and resulting in diminished viral production and
replication [63]. Expression of TIM-1 was shown to cause
HIV-1 Gag and mature viral particles to accumulate on the
plasma membrane, a function of the phosphatidylserine (PS)
binding sites of TIM-1. In support of these findings,
knockdown of TIM-3 in differentiated monocyte-derived
macrophages enhanced HIV-1 production.

Not only HLA-related polymorphisms, which control
recognition of antigenic epitopes on the infectious pathogen,
but also cytokine gene polymorphisms are associated with
regulation of immunity to infectious agents [51, 58, 64]. As
noted, above gender differences have been reported for viral
immunity [59, 65, 66] -see [67] for a review of sex related
difference in immunity. Given both qualitative and
quantitative changes in immunity with age, with a marked
shrinkage in the immune response (T cell) repertoire [68]
and expansion of “exhausted T cells with high PD-1
expression [69] during aging, wide variations in response to
both natural infection and vaccination with age are
unsurprising [40].

Original antigenic sin (OAS [70]) describes the phenomenon
whereby the shape of the ongoing immune response to a
persistent/recurrent pathogen is “molded” by the initial
response made. Thus most influenza virus antibodies in a
population show cross-reactivity to the original (pioneer)
strain for that group [71-74]. In general neonatal immune
responses are less heterogeneous than in adults’ counterpart,
contributing to the poor response to vaccination in neonates
particularly when using recombinant antigen (not inactivated
viral) vaccines. Immunity generated by live virus infection
produces a superior response in neonates presumably
reflecting the much broader epitope range of immune
challenge. The decline in the immune repertoire with age,
and thus less efficacious vaccination, is discussed above.
“Imprinting” (how first exposure to a pathogen shapes
subsequent exposures) [73,74], and “interference” (how
antibody to an original strain of pathogen interferes with
subsequent immune responses to different strains),
compounds these age related altered immune responses to
pathogens. Given these observations, some data uncovered
in regards to a recently described variant of SARS-CoV-2,
omicron, with a high number of mutations in key epitopes of
neutralizing antibodies on the viral spike glycoprotein
suggesting a capacity for immune evasion, is worthy of note.
Convalescent and vaccinated individuals showed little serum
neutralizing activity to this variant, yet further boosting with

is now evident that the CD74 p41 also blocks the endosomal mRNA vaccines led to marked increase in serum
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neutralizing activity to omicron. The authors speculated this
may represent an effect of booster-induced conventional
affinity maturation of the Ig response in such individuals
[75]. However, it is important to note that there is little
evidence that serum IgG is an important clinical marker of
vaccine efficacy (see also below), though vaccination does
seem to reduce disease severity. This may be why, following
evolution of novel variants, further vaccination can improve
clinical efficacy, through booster of an unmeasured, non-
serum IgG response.

A frequently used approach to understanding the genetics of
host resistance to pathogens comes from analysis of
“experiments of nature” (susceptibility in natural genetic
variants [57, 58, 60,61]) or deliberate experimentation. For
M tuberculosis, for instance, immunocompromised
individuals have increased susceptibility to tuberculosis,
consistent with studies which indicate that T cell-mediated
immunity plays a critical role in resistance [76,77].
Interferon gamma (IFN) is a principal mediator of
macrophage activation and resistance to intracellular
pathogens, and indeed mice with a targeted disruption of the
IFN gene fail to produce reactive nitrogen intermediates,
cannot restrict growth of the bacilli, and succumb to
tuberculosis. Death is delayed but not prevented by
treatment with exogenous IFN [76]. Independent human
studies confirm the risk associated with defective IFN
production [77].

Influenza, causing some 3 to 5 million cases of severe illness
and 290,000 to 650,000 respiratory deaths per year world-
wide [78], is a disease for which vaccination is the mainstay
of protection, although ongoing annual update of vaccines is
needed to account for antigenic drift in the pathogen
resulting in escape from earlier (effective) immunity.
Vaccine efficacy is conventionally followed using influenza
serum hemagglutination antibody titers, where a pre-
determined increase in titer: e.g. >40 in 18-60-year-olds
with a 4-fold increase in titer post vaccination and >40%
seroconversion in the same group, is historically associated
with ~50% reduction in influenza risk [79], consistent with
data on the importance of anti-HA titers in recovery after
natural infection [78]. This may not be the case in the elderly
[80], where monitoring of cell mediated immune responses
and mucosal secretory IgA (dimeric) may be more valid
predictors of efficacy [31,44,45,80-83]. In the absence of use
of live vaccines, or a live attenuated virus vaccine it is
important that the recombinant material included in any
vaccine covers the antigenic determinants inducing the
relevant immune response (T and/or B cell mediated) in the
population at risk [84-86]. Indeed, extensive work and
analysis over the past 50 years on the alternate feedback and
reciprocal control between cell mediated and humoral
immunities viz. Thl (cell mediated induction of IFN etc.)
and Th2 (largely enhanced humoral IgG1/1gG2, IL-4, IL10
immune reactions), summarized elsewhere [87-90], indicates
that induction of T or B cell immunity itself is open to
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modification. This has generated investigation of whether
vaccinations strategies inducing T and/or B cell immunity
(including for SARS-CoV-2) might be optimal to induce
resistance (see below and [91]).

Successful pathogens have evolved multiple strategies to
survive and persist within host cells. The panoply of
bacterial effector molecules which enable bacteria both to
enter the host cell and manipulate host gene expression to
circumvent clearance by the host immune response are
described in some detail by Denzer [92]. Similarly, Demeure
and colleagues [93] have reviewed the virulence factors, and
their functions, which play roles in the ability of Y. Pestis to
subvert the mammalian innate immune response to cause
pneumonic plague diagnosis. The same genomic correlative
approach has been used to understand
resistance/susceptibility to viral infections, including Zika,
vaccine and dengue viruses. Arboviruses are thought to
maintain a high mutation rates related to the proofreading
ability of their viral polymerases, thus facilitating adaptive
evolution and emergence. It is known that in general, when
assessed experimentally in vitro, viral replicas have a high
fidelity with faithful replication of host cell AID/APOBEC
and ADAR generated errors (C>U, A>I) in the viral
genomes during innate immune response (see [94-97]).

The emergence of the Zika virus infection in 2013-2014 was
associated with an envelope protein V473M substitution
which increased neurovirulence, maternal-to-fetal
transmission, and viremia all of which culminated in rapid
urban transmission- a similar artificially engineered strain
also increased neurovirulence in neonatal mice and produced
higher viral loads in the placenta and fetal heads in pregnant
animals [98]. Studies of different vaccinia strains, in
particular a highly attenuated and non-replicative strain, and
a virulent wild-type (WT) strain, showed that
macrophage/monocyte and CD4" T cell responses to virus
were decreased in mice infected with WT stains, with T cells
showing decreased expression of co-stimulatory molecules
and production of cytokines, including tumor necrosis factor
alpha (TNFa), gamma interferon (IFNy), interleukin-4 (IL-
4), and IL-10, while animals infected with a non-virulent
strain showed robust immunity in all cell types [99]. Similar
studies in animals infected with different isolates of dengue
virus showed that mice infected with isolates with the
highest replicative efficiency for human or mosquito cells in
vitro had the highest mortality, and non-structural proteins
from such isolates caused greatest suppression of host
interferon signaling [100].

Before concluding this section (below) with a review of
genetic susceptibility to SARS-COV-2, it is worth recalling
the previous discussions (above) of mucosal immunity, and
the manner in which secretory IgA (SIgA), which is released
to mucosal surfaces, may act beyond any direct function in
host defense. It has been suggested that in addition to the
direct function it may also contribute to the shaping of
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resident microbial communities by mediating
exclusion/inclusion of respective microbes and regulating
bacterial gene expression-in other words, to regulating the
host microbiome [101]. A recent report on this function has
been published, and also serves to include a discussion of the
relevance of imbalances in the Th17: Treg ratio to the SIgA
axis [46] - the Th17: Treg ratio is known to be associated
with gut microbiome dysbiosis and many chronic
inflammatory conditions [102]. By examining the impact of
Th17: Treg ratios on the IgA-microbiome in diabetic
individuals (the prototype inflammatory condition
considered in this study [102]) a relationship between
Th17:Treg ratios, sIGA and diversity in the stool IgA-
microbiome was seen. The relationship between pathogens
and immunity at mucosal surfaces must thus take into
account also the interaction with the pre-existing mucosal
microbiome in that environment and how that affects host
responses and inflammation. Highly pertinent to this issue, is
the recent study of sIgA responses in immunity to SARS-
CoV-2 by Cervia [103]. These authors reported that serum
antibody production (IgG) against SARS-CoV-2 was most
generally detected in patients with severe COVID-19, and
very high IgA titers were seen in patients who developed
severe acute respiratory distress syndrome. In contrast, mild
disease was associated with only a transient (and reduced
level of) production of SARS-CoV-2-specific antibodies but
did stimulate mucosal SARS-CoV-2-specific IgA secretion.
The possible role of induction of Tregs and other immune
cell activation as a contributory explanation to this
phenomenon is unknown.

Given the discussions above concerning the nature of
immunity to SARS-CoV-2, it is not surprising that multiple
genetic susceptibilities exist for this pathogen, both naturally
acquired and following vaccination. Both SARS-CoV-1 and
SARS-CoV-2 utilize human angiotensin-converting enzyme
2 (ACE2) as the receptor (binding to SARS-CoV spike
protein) to enter cells, and several genetic variants in spike
protein binding are reflected in altered susceptibility to
SARS-CoV-2 infection [104]. Decreased binding in nasal
cells from pediatric patients [105], may help explain their
decreased infection rate. Studies of the mechanism of action
of protective receptor-binding-domain (RBD) neutralizing
antibodies, which either block binding, or a downstream
pathway after initial binding, leading to protection are
consistent with these findings [106]. Exhaustive review of
RBD binding has fostered a greater understanding of novel
viral “escape mutants” which have emerged as the time of
viral exposure in the global population has lengthened, an
understanding which will be key to improving future
vaccination strategies [107].

Interestingly, a large-scale study of evidence for sero-
conversion (to anti-SARS-CoV-2 antibody positive)
following natural infection in Denmark found that
significantly lower seroconversion was seen in individuals
with BMI>30 and also those without clinically significant or
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low grade infection [108]. It is suggested elsewhere that a
rapid innate immune response may be responsible for
clearing viral infection before development of an acquired
immune response in such individuals [31]. A recent study
(albeit based to date only on in vitro findings) has also
suggested an independent novel mechanism by which
SARS-CoV-2 can circumvent at least acquired (adaptive)
immunity, involving a spike protein mediated inhibition of
DNA damage repair [109]. This is dependent upon spike
protein interference with recruitment of DNA repair proteins
BRCALI and 53BP1 to site of DNA damage site. As noted in
section 2. Above, effective V(D)J recombination is a crucial
step in development of an acquired immune response. If this
mechanism of action is upheld, it may have implications for
potential side effects of full-length spike-based vaccines. In
contrast, another study (from Brazil) which attempted to
identify by whole-exome sequencing genetic factors
involved in immune response in symptomatic COVID-19 as
compared to asymptomatic exposed individuals, who were
nevertheless co-habiting partners of the symptomatic
individuals (83 couples studied), concluded that among the
genes related to immune modulation, variants in MICA and
MICB, quantitative differences in which molecules are
thought to modulate natural killer (NK) activity were
associated with symptomatic infections [110]. The authors
suggest that a contributory factor in susceptibility to
infection was a down regulation of NK cell cytotoxic
activity by SARS-CoV-2 in infected individuals but not in
asymptomatic partners.

DEVELOPMENT OF NEW TOOLS TO PROMOTE
RESISTANCE TO EMERGING INFECTIONS

In this concluding section consideration will be given to both
new and old(er) ways to combat pathogen insult. The latter
in particular stresses vaccination regimes, but as has become
clear during the recent SARS-CoV-2 pandemic, there are
novel strategies now emerging even for vaccination
technology. It should be remembered, however, that
although some success has been claimed for their efficacy in
the last year, we are still very much “in the dark” concerning
longer-term effects, both wanted and unwanted, of such
strategies.

In a world in which overuse of antibiotics has heralded an
alarming increase in selection of antibiotic resistant bacterial
pathogens (e.g. MRSA mentioned above, [13]), suitable
alternatives to antibiotics to control bacteria have been
investigated, including the use of bacteriophages. The
biodiversity of phages makes these an attractive
consideration for treatment of a myriad of bacterial
infections [111]. Of particular interest is the notion of
mixing different phages (“generalists” and more bacteria
specific phages) together in cocktails, to increase the
probability of killing target pathogenic bacteria without
having to consider pre-screening strategies (of pathogens)
for their phage susceptibility. There remains, however, the
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concern that bacteriophage viruses can also evolve,
including from an evolutionary specialized to a more
generalized host-use, which may have unwanted effects in
targeting commensal bacteria in normal micro biomes.

A more conventional approach for protection from
pathogens is deliberate vaccination. In the past the focus was
on use of live attenuated or whole cell vaccines, known to
contain inbuilt ‘“adjuvants” (e.g. bacterial cell wall
components; other genetic material including
polynucleotides) which promote auxiliary non-specific
immune stimulation. The field of vaccination itself has been
transformed with the use of purer (recombinant) antigens for
safer vaccines, and with this there has flourished a
development of novel but safe adjuvants, which both
improve the efficacy of these newer recombinant vaccines,
and may even be selected on the basis of their preferential
ability to promote antibody or cellular immunity ([112,113]-
see also [89]). Note, however, that even recombinant
vaccines must be tested for safety, generally over years in
studies with hundreds of thousands of patients of different
ages/sex and other morbidities.

One focus of adjuvanticity is the possibility of rapid
engagement of the innate immune system, which, as was
discussed earlier, can evidently be trained to produce an
enhanced protection from reinfection (with the same
pathogen) and even enhanced immunity to novel pathogens
[27]. Activation of innate immunity may in part at least be
responsible for the observations that infant mortality, and
even adult mortality, is less in BCG vaccinated cohorts that
in non-vaccinated cohorts from the same population [36,37].
This represents the underlying principle behind the
ACTIVATE trial in elderly volunteers to assess the
contribution of BCG vaccine in decreasing susceptibility to
bacterial disease [114].

Other novel approaches have suggested engagement of
natural lipid peroxidation pathways in regulating infectious
pathways and host resistance [115]. Polyunsaturated fatty
acids (PUFA) are a major target of oxygenation either as
natural membranous phospholipids or when released as
mediators by phospholipases. An iron- and lipid
peroxidation-dependent cell necrosis pathway has been
characterized, referred to as ferroptosis, which involves the
accumulation of peroxidized PUFA-containing
phospholipids. This accumulation has been reported to have
profound effects on a number of (physio)-pathological
processes, including cancer, neurodegenerative and
metabolic diseases, and more recently on infection and host
resistance to infection. Perhaps unsurprisingly, it now seems
that some microbial virulence factors can attenuate
ferroptosis regulatory pathways as a means of evasion of
host resistance [115].

As discussed earlier, vaccination strategies have been the
mainstay of control of the incidence of infectious diseases
globally, but the emergence of new viruses with the potential
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to cause pandemics of which SARS-CoV-2 represents but
one pathogen can have a vast global impact. Vaccine
technologies were designed to produce billions of doses in a
short duration, with broad protection against emerging and
re-emerging infectious diseases. Scientific knowledge of the
molecular biology and immunology of adenoviruses (Ad)
has in the past favored Ad vectors as platforms for vaccine
design, inducing both humoral and cell-mediated immune
responses which meet global demand. This underlies the
conventional approach to developing vaccines to respiratory
viruses, including coronaviruses, influenza viruses and
respiratory syncytial viruses [116]. Novel, hitherto untried
(in humans) vaccine strategies were recently developed to
deal with the SARS-CoV-2 pandemic, using synthetic
mRNA strands encoding the SARS-CoV-2-S glycoprotein,
packaged in lipid nanoparticles to deliver mRNA to cells
[117]. Use of a nucleoside-modified mRNA approach
delivers higher maximal tolerable S-protein doses and might
in part explain why these mRNA vaccines induce faster
antibody responses [117]. It is worth noting, however, that
two similar (nucleoside-modified) mRNA vaccines elicit
quite different S-specific CD8'T cell responses, which to
date remains unexplained. More in-depth knowledge on the
in vivo delivery efficiency, and the particular innate immune
effects of the different mRNA vaccines, are needed to
improve the understanding, design and efficacy of mRNA
vaccines in the future. While there is evidence that the
current SARS-CoV-2 vaccines have reduced severity and
hospitalizations, particularly in the most vulnerable cohorts
[118], their long-term safety, particularly in relation to e.g.
autoimmune disease related phenomena, are unknown [119-
124]. It is still unclear whether T and/or B cell immunity
should be targeted for optimal protection. A recent article
describing preliminary studies of a novel SARS-CoV-2
vaccine aimed at targeted induction of long-lived T cell
immunity suggested this may be a superior mechanism of
providing long-term protection. Another approach involves
the concept of production of a universal vaccine [126-127].
This approach suggests the most efficacious way to tackle
changes of viral epitopes targeted by the vaccine, in concert
with the often suboptimal immunogenicity of current
immunization strategies, is best remedied by targeting the
immune response to conserved viral epitopes, along with the
use of novel adjuvants and vaccination platforms.

Throughout this review, we have focused on conventional
understanding of the epidemiology of most emerging
infectious diseases (see section Introduction above). A major
concern in the recent SARS-CoV-2 pandemic was and
remains the controversy regarding our understanding of the
mechanisms of initiation and spread of the disease. Current
dogma still holds that person-to-person spread, including by
aerosols, is predominant, though there are contradictory data
which refute this. A more radical concept, which is
nevertheless consistent with all the global data accumulated
on this pandemic, suggests an origin in the arrival of living
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systems from space, known as Panspermia (viruses,
microorganisms and their spores) with an inciting event
which may have originated in a cloud of dust of cosmic
origin containing a pure culture of the virus arriving in large
quantity first over China, and then dispersed through
stratospheric  transport processes following prevailing
atmospheric drift [128-133]. The “fall-out” of viruses
associated with SARS-CoV-2 would represent only a small
perturbation of the billions of viruses per square meter per
day which fall through the atmosphere. Some of these are
recycled from Earth sources, but many were predicted and
discussed in the past by Hoyle and Wickramasinghe [132,
133].

Assume then that emerging infectious disease may occur as
an “in fall event” from the stratosphere. There has been
confirmed detection of pathogens at heights up to 42km
[134,135], and indeed on the exterior of the ISS orbiting the
earth at over 400Km. Independent measures of the
downward flux of viruses in the Sierra Nevada Mountains
have ranged from 0.25x10° to greater than 7x10'°m/day,
numbers which are not easily explained as having originated
on the ground [136-138]. We can now generate testable
scientific predictions, including a pro-active rather than a
reactive approach to vaccination strategy. If infectious
material is accessible in the stratosphere before falling to
earth, sampling of this material would provide advance
warning (by 1-2 years) of new “emerging” pathogens on
earth, allowing lead-time to investigate responses to
infection and the development of containment/vaccination
[139].

SUMMARY

This review has attempted to draw together our current state
of knowledge both of the etiology of emerging pathogens;
the nature of host resistance to them, and how this is a
function of host genetics and immune resistance; and the
changing face of how we are challenged to develop rapidly
novel responses with the efficacy and variety to combat a
similarly evolving pathogen resistance to host immunity.
The importance of this is highlighted throughout with
attention to the ongoing SARS-CoV-2 pandemic, which
identifies both our limitations, but also offers hope for the
future of innovative technologies. It seems self-evident that
by keeping an open scientific mind and broad perspective on
all aspects of the interaction of pathogens with their hosts,
there is hope that errors of the past, both of omission and
commission, will not spell doom for our future [140,141].

DECLARATIONS

The author confirms he is the sole author of the review
manuscript and that there are no competing interests,
acknowledgements nor funding sources, to declare. The
author acknowledges no appropriate ethics approval and/or
consent to participate is required, and gives consent for
publication.

Gorcezynski RM

REFERENCES

1. Gwee XWS, Chua PEY, Pang J (2021) Global dengue
importation: A systematic review. BMC Infect Dis 21:
1078.

2. Steele EJ, Gorczynski RM, Lindley RA, Tokoro G,
Temple R, et al. (2020) Origin of new emergent
Coronavirus and Candida fungal diseases-Terrestrial or
cosmic? Adv Genet 106: 75-100.

3. Wickramasinghe NC, Steele EJ, Gorczynski RM,
Temple R (2020) Comments on the Origin and Spread
of the 2019 Coronavirus. Virol Curr Res 4: 1.

4. Wickramasinghe NC, Wallis MK, Coulson SG,
Kondakov A, Steele EJ, et al. (2020) Intercontinental
Spread of COVID-19 on Global Wind Systems. Virol
Curr Res 4(1): 1-6.

5. Wickramasinghe NC, Steele EJ, Gorczynski RM,
Tokoro G, Wallis DH, et al. (2021) Footprints of past
pandemics in the human genome. Virol Curr Res 5: 4.

6. Muiioz LS, Garcia MA, Gordon-Lipkin E, Parra B,
Pardo CA (2019) Emerging Viral Infections and Their
Impact on the Global Burden of Neurological Disease.
Nurs Clin North Am 54: 297-311.

7. Mackenzie JS, Chua KB, Daniels PW, Eaton BH, Fields
HE, et al. (2001) Emerging Viral Diseases of Southeast
Asia and the Western Pacific. Emerg Infect Dis 7(3
Suppl): 497-504.

8. CDC (2011) Clusters of Acute Respiratory Illness
Associated with Human Enterovirus 68 - Asia, Europe,
and United States, 2008-2010, MMWR. Available
online at:
https://www.cdc.gov/mmwr/pdf/wk/mm6038.pdf

9. Charles TP, Shellito JE (2016) Human
immunodeficiency Virus infection and host defense in
the Lungs. Seminr Respir Crit Care Med 37: 147-156.

10. McArthur DB (2020) Emerging Infectious diseases.
Nurs Clin North Am 54(2): 297-311.

11. Alexander KA, Plydell E, Williams MC, Lane EP,
Nyange JFC, et al. (2002) Emerging Infectious Disease.
Available online at:
https://wwwnc.cdc.gov/eid/article/8/6/01-0358

12. Keen EC, Choi J, Wallace MA, Azar M, Mejia-Chew
CR, et al. (2021) Comparative Genomics of
Mycobacterium avium Complex Reveals Signatures of
Environment-Specific Adaptation and Community
Acquisition. mSystems 6(5): ¢0119421.

13. Viana AC, Botelho AMN, Moustafa AM, Boge CLK,
Ferreira ALP, et al. (2021) Multidrug-Resistant
Methicillin-Resistant Staphylococcus aureus Associated

SciTech Central Inc.
Adv Vaccines Vaccin Res (AVVR)

135



Adv Vaccines Vaccin Res, 5(1): 127-140

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

with Bacteremia and Monocyte Evasion, Rio de Janeiro,
Brazil. Emerg Infect Dis 27: 2825-2835.

Valand N, Giriia UV (2021) Candida Pathogenicity and
interplay within the immune system. Adv Exp Med Biol
1313: 241-272.

Steele EJ, Gorczynski RM Lindley RA, Tokoro G,
Temple R, et al. (2020) Origin of new emergent
Coronavirus) and Candida fungal diseases-Terrestrial or
cosmic? Adv Genet 106: 75-100.

Morens DM, Fauci AS (2020) Emerging pandemic
diseases: How we got to COVID-19. Cell 183: 837.

Bhadoria P, Gupta G, Agarwal A (2021) Viral
pandemics in the last two decades: An overview. J Fam
Med 8: 2745-2750.

Steele EJ, Gorezynski RM, Rebhan H, Tokoro G, Wallis
DH, et al. (2020) Exploding Five COVID-19 Myths on
its Origin, Global Spread and Immunity. Infect Dis Ther
2(2): 1-15.

Nova N (2021) Cross-Species Transmission of
Coronaviruses in Humans and Domestic Mammals,
What Are the Ecological Mechanisms Driving
Transmission, Spillover, and Disease Emergence? Front
Public Health 9: 717941.

Steele EJ, Gorczynski RM, Rebhan H, Carnegie P,
Temple R, et al. (2020) Implications of haplotype
switching for the origin and global spread of COVID-
19. Virol Curr Res 4: 2.

Lindley RA, Steele EJ (2021) Analysis of SARS- CoV-
2 haplotypes and genomic sequences during 2020 in
Victoria, Australia, in the context of putative deficits in
innate immune deaminase anti- viral responses. Scand J
Immunol 94: e13100.

Schoggins JW, Rice CM (2011) Interferon-stimulated
genes and their antiviral effector functions. Curr Opin
Virol 1: 519-525.

Schneider WM, Chevillotte MD, Rice CM (2014)
Interferon-stimulated genes: A complex web of host
defenses. Ann Rev Immunol 232: 513-545.

Janeway CA, Travers P (1997) Immunobiology. “The
immune system in Health and Disease”. New York,
London. Garland Publications.

Medzhitov R, Janeway CA (1997) Innate immunity:
The virtues of a nonclonal system of recognition. Cell
91:295-298.

Thompson MR, Kaminski JJ, Kurt-Jones EA, Fitzgerald
KA (2011) Pattern recognition receptors and the innate
immune response to viral infection. Viruses 3(6): 920-
940.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Gorcezynski RM

Netea MG (2013) Training innate immunity: The
changing concept of immunological memory in innate
host defense. Europ J Clin Invest 43: 881-884.

Yang J, Li M, Shen X, Liu S (2013) Influenza Virus
entry inhibitors targeting the hemagglutinin. 2013
Viruses 5: 352-373.

Shang J, Wan Y, Luo C, Ye G, Geng Q, et al. (2020)
Cell entry mechanisms of SARS-Co_v2. Proc Natl Acad
Sci USA 117: 11727-11734.

Maidoul S, Compton AA (2021) Lessons in self-
defense: Inhibition of virus entry by intrinsic immunity.
Nat Rev Immunol 22: 339-352.

Gorczynski  RM, Lindley RA, Steele EJ,
Wickramasinghe NC (2021) Nature of acquired immune
responses, epitope specificity and resultant protection
from SARS-CoV-2. J Pers Med 11: 1253.

Locke MC, Fox LE, Dunlap BF, Young AR, Monte K,
et al. (2020) IFNa, but not IFNb, acts early to control
chronic chikungunya virus pathogenesis. J Virol 96(1):
e0114321.

Samuel CE (2011) Adenosine deaminases acting on
RNA (ADARS) are both antiviral and proviral. Virology
411: 180-193.

Vartanian J-P, Henry M, Marchio A, Suspéne R,
Aynaud M-M, et al. (2010) Massive APOBEC3 editing
of hepatitis B viral DNA in cirrhosis. PLoS Pathogens
6: €1000928.

Lindley RA (2020) A Review of the mutational role of
deaminases and the generation of a cognate molecular
model to explain cancer mutation spectra. Med Res
Arch 8(8): 1-35.

Arts RJW, Moorlag SICFM, Novakovic B, Li Y, Wang
SY, et al. (2018) BCG vaccination protects against
experimental viral infection in humans through the
induction of cytokines associated with trained
immunity. Cell Host Microbe 23: 89-100.

Rieckmann A, Villumsen M, Serup S, Haugaard LK,
Ravn H, et al. (2017) Vaccinations against smallpox and
tuberculosis are associated with better long-term
survival; A Danish case-cohort study 1971-2010. Int J
Epidemiol 46: 695-705.

Acharya D, Liu G-Q, Gack MU (2020) Dysregulation of
type I interferon responses in SARS-CoV-2. Nat Rev
Immunol 20: 397-398.

Hadjadj J, Yatim N, Barnabei L, Corneau A, Boussier J,
et al. (2020) Impaired type I interferon activity and
exacerbated inflammatory responses in severe SARS-
CoV-2 patients. medRxiv.

SciTech Central Inc.
Adv Vaccines Vaccin Res (AVVR)

136



Adv Vaccines Vaccin Res, 5(1): 127-140

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Moderbacher CR, Ramirez SI, Dan JM, Grifoni A,
Hastie KM, et al. (2020) Antigen-Specific Adaptive
Immunity to SARS-CoV-2 in Acute COVID-19 and
Associations with Age and Disease Severity. Cell 183:
996-1012.

Murugaiah V, Yasmin H, Pandit H, Ganguly K, Subdei
R, et al. (2021) Innate immune response against HIV-1.
Adv Exp Med Biol 1313: 23-58.

Yang B, Yang KD (2021) Immunopathogenesis of
different emerging viral infections: Evasion, fatal
mechanism, and prevention. Front Immunol 12: 690976.

Perez-Zsolkt D, Martinez-Picardo J, Izquierdo-Useros N
(2019) When dendritic cells go viral: The role of Siglec-
1 in host defense and dissemination of enveloped
viruses. Viruses: 12(1): 8.

Jeyanathan M, Afkhami S, Smaill F, Miller MS, Lichty
BD, et al. (2020) Immunological considerations for
COVID-19 vaccine strategies. Nat Rev Immunol 20:
615-632.

Wang Z, Lorenzi JCC, Muecksch F, Finkin S, Viant C,
et al. (2021) Enhanced SARS-CoV-2 neutralization by
dimeric IgA. Sci Transl Med 13(577): eabf1555.

Livanos AE, Jha D, Cossarini F, Gonzalez-Reiche AS,
Tokuyama M, et al. (2021) Intestinal host response to
SARS-CoV-2 infection and COVID-19 outcomes in
patients with gastrointestinal symptoms.
Gastroenterology 160: 2435-2450.

Farber DA (2021) Tissues, not blood, are where
immune cells act. Nature 593: 507-509.

Monk PD, Marsden RS, Tear VJ, Brookes J, Batten TN,
et al. (2021) Safety and efficacy of inhaled nebulized
interferon beta-la (SNGO0O1) for treatment of SARS-
CoV-2 infection: A randomized, double-blind, placebo-
controlled, phase 2 trial. Lancet Respir Med 9: 196-206.

Fosse JH, Haraldsen G, Falk K, Edelmann R (2012)
Endothelial cells in emerging viral infections. Front
Cardiovasc Med 8: 619690.

Jin Z, Zheng E, Sareli C, Kolattukudv PE, Niu J (2021)
Monocyte chemotactic protein-induced protein 1
(MCPIP-1): A key player of host defense and immune
regulation. Front Immunol 12: 727861.

Poland GA, Ovsyannikova IG, Jacobson RM (2008)
Genetics and immune response to vaccines. In: Kaslow
RA, McNicholl JM, Hill AVS, editors. Genetic
susceptibility to infectious diseases. Oxford University
Press; New York: pp: 414-429.

Desombere I, Willems A, Leroux-Roels G (1998)
Response to hepatitis B vaccine: Multiple HLA genes
are involved. Tissue Antigens 51(6): 593-604.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Gorcezynski RM

Poland GA, Ovsyannikova IG, Jacobson RM, Vierkant
RA, Jacobsen SJ, et al. (2001) Identification of an
association between HLA class II alleles and low
antibody levels after measles immunization. Vaccine
20(34): 430-438.

Wang C, Tang J, Song W, Lobashevsky E, Wilson CM,
et al. (2004) HLA and cytokine gene polymorphisms are
independently associated with responses to hepatitis B
vaccination. Hepatology 39(4): 978-988.

Thio CL, Carrington M, Marti D, O'Brien SJ, Vlahov D,
et al. (1999) Class I HLA alleles and Hepatitis B virus
persistence in African Americans. J Infect Dis 179:
1004-1006.

Thursz M (2004) Pros and cons of genetic association
studies in hepatitis B. Hepatology 40(2): 284-286.

Ovsyannikova IG, Jacobson RM, Dhiman N, Vierkant
RA, Pankratz VS, et al. (2008) Human leukocyte
antigen and cytokine receptor gene polymorphisms
associated with heterogeneous immune responses to
mumps viral vaccine. Pediatrics 121: €1091-e1099.

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

Fischinger S, Boudreau CM, Butler AL, Streeck H,
Alter G (2019) Sex differences in vaccine-induced
humoral immunity. Semin Immunopathol 41(2): 239-
249.

Zimmermann P, Curtis N (2019) Factors That Influence
the Immune Response to Vaccination. Clin Microbiol
Rev 32(2): e00084-18.

Black FL, Schiffman G, Pandey JP (1995) HLA, Gm,
and Km polymorphisms and immunity to infectious
diseases in South Amerinds. Exp Clin Immunogenet 12:
206-216.

Bruchez A, Sha K, Johnson J, Chen L, Stefani C, et al.
(2020) MHC class II transactivator CIITA induces cell
resistance to Ebola virus and SARS-like coronaviruses.
Science 370: 241-247.

Li M, Ablani SD, Miao C, Zheng Y-M, Fuller MS, et al.
(2014) TIM_family proteins inhibit HIV-1 release. Proc
Natl Acad Sci USA 111: 3699-3707.

Shrestha S, Wang C, Aissani B, Wilson CM, Tang J, et
al. (2007) Interleukin-10 gene (IL10) polymorphisms
and human papillomavirus clearance  among
immunosuppressed adolescents. Cancer Epidemiol
Biomarkers Prev 16(8): 1626-1632.

Green MS, Shohat T, Lerman Y, Cohen D, Slepon R, et
al. (1994) Sex differences in the humoral antibody

SciTech Central Inc.
Adv Vaccines Vaccin Res (AVVR)

137



Adv Vaccines Vaccin Res, 5(1): 127-140

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

response to live measles vaccine in young adults. Int J
Epidemiol 23: 1078-1081.

Mitchell LA, Zhang T, Tingle AJ (1992) Differential
antibody responses to rubella virus infection in males
and females. J Infect Dis 166: 1258-1265.

Fish EN (2008) The X-files in immunity: Sex-based
differences predispose immune responses. Nat Rev
Immunol 8(9): 737-744.

Goronzy JJ, Fang F, Cavanagh MM, Qi Q, Weyand CN
(2015) Naive T cell maintenance and function in human
aging. J Immunol 194: 4073-4080.

Lee KA, Shin KS, Kim GY, Song YC, Bae EA, et al.
(2016) Characterization of age-associated exhausted
CD8" T cells defined by increased expression of Tim-3
and PD-1. Aging Cell 15(2): 291-300.

Francis T (1960) On the doctrine of original antigenic
sin. Proc Am Philos Soc 104: 572-578.

Jensen KE, Davenport FM, Hennessy AV, Francis T Jr
(1956) Characterization of influenza antibodies by
serum absorption. J Exp Med 104: 199-209.

Kosikova M, Li L, Radvak P, Ye Z, Wan X-F, et al.
(2018) Imprinting of repeated influenza A/H3 exposures
on antibody quantity and antibody quality: Implications
for seasonal vaccine strain selection and vaccine
performance. Clin Infect Dis 67: 1523-1532.

Jang H, Ross TM (2019) Preexisting influenza specific
immunity and vaccine effectiveness. Expert Rev
Vaccines 18(10): 1043-1051.

Zhang A, Stacey HD, Mullarkey CE, Miller MS (2019)
Original Antigenic Sin: How First Exposure Shapes
Lifelong Anti-Influenza Virus Immune Responses. J
Immunol 202: 335-340.

Gruell H, Vanshylla K, Tober-Lau P, Hillus D,
Schommers P, et al. (2022) mRNA booster
immunization elicits potent neutralizing serum activity
against the SARS-CoV-2 Omicron variant. Nat Med
28(3): 477-480.

Flynn JL, Chan J, Triebold KJ, Dalton DK, Stewart TA,
et al. (1993) An essential role for interferon gamma in
resistance to Mycobacterium tuberculosis infection. J
Exp Med 178: 2249-2254.

Lee S-W, Chuang T-Y, Huang H-H, Lee K-F, Chen TT-
W, et al. (2015) Interferon gamma polymorphisms
associated with susceptibility to tuberculosis in a Han
Taiwanese population. J Micobiol Immunol Infect 48:
376-380.

Ahmed R, Oldstone MBA, Palese P (2007) Protective
immunity and susceptibility to infectious diseases:

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Gorcezynski RM

lessons from the 1918 Nat

Immunol 8: 1188-1193.

influenza pandemic.

Thorrington D, van Leeuwen E, Ramsay M, Pebody R,
Baguelin M (2019) Assessing optimal use of the
standard dose adjuvant trivalent seasonal influenza
vaccine in the elderly. Vaccine 37: 2051-2056.

Shahid Z, Kleppinger A, Gentleman B, Falsey AR,
McElhaney JE (2010) Clinical and immunologic
predictors of influenza illness among vaccinated older
adults. Vaccine 28: 6145-6151.

McElhaney JE, Kuchel GA, Zhou X, Swain SL, Haynes
L (2016) T-cell immunity to influenza in older adults: A
pathophysiological framework for development of more
effective vaccines. Front Immunol 7: 41.

Andrew MK, Bowles SK, Pawelec G, Haynes L,
Kuchel GA, et al. (2018) Influenza vaccination in older
adults: Recent innovations and practical applications.
Drugs Aging 36(1): 29-37.

McElhaney JE, Xie D, Hager WD, Barry MB, Wang Y,
et al. (2006) T cell responses are better correlates of
vaccine protection in the elderly. J Immunol 176: 6333-
6339.

Gianchecchi E, Torelli A, Montomoli E (2019) The use
of cell-mediated immunity for the evaluation of
influenza vaccines: An upcoming necessity. Hum
Vaccin Immunother 15: 1021-1030.

Isakova-Sivak I, Grigorieva E, Rudenko L_ (2020)
Insights into current clinical research on the
immunogenicity of live attenuated influenza vaccines.
Expert Rev Vaccines 19(1): 43-55.

Ng S, Nachbagauer R, Balmaseda A, Stadlbauer D,
Ojeda S, et al. (2019) Novel correlates of protection
against pandemic HINT1 influenza A virus infection. Nat
Med 25: 962-967.

Bretscher PA (1974) Hypothesis: On the control
between cell-mediated, IgM and IgG immunity. Cell
Immunol 13: 171-195.

Mossmann TR, Coffman RL (1989) Th1 and Th2 cells:
different patterns of lymphokine secretion lead to
different functional properties. Ann Rev Immunol 7:
145-173.

Bretscher PA (2014) On the mechanism determining the
TH1/Th2 phenotype of an immune response and its
persistence to strategies for the prevention, and
treatment, of certain infectious disease. Scan J Immunol
79:361-376.

Bretscher PA (2016) Rediscovering the immune system
as an integrated organ. Victoria BC. Friesen Press.

SciTech Central Inc.
Adv Vaccines Vaccin Res (AVVR)

138



Adv Vaccines Vaccin Res, 5(1): 127-140

91. Swadling, L, Diniz MO, Schmidt NM, Amin OE,
Chnadran A, et al. (2021) Pre-existing polymerase-
specific T cells expand in abortive seronegative SARS-
CoV-2. Nature 601(7891): 110-117.

92. Denzer L, Schroten H, Schwerk C (2020) From gene to
protein-how bacteria virulence factors manipulate host
gene expression during infection. Int J Mol Sci 21:
3730.

93. Demeure CE, Dussurget O, Fiol GM, Le Guern A-S,
Savin C, et al. (2019) Yersina Pestis and plague: An
update view on evolution, virulence determinants,
immune subversion, vaccination and diagnostics. Genes
Immun 20: 357-370.

94. Steele EJ, Lindley RA (2020) Analysis of APOBEC and
ADAR deaminase-driven Riboswitch Haplotypes in
COVID-19 RNA strain variants and the implications for
vaccine design. Res Rep pp: el-e146.

95. Aggaewal S, Bradel-Tretheway B, Takimoto T,
Dewhurst S, Kim B (2010) Biochemical
characterization of enzyme fidelity of influenza A virus
RNA polymerase complex. PLoS One 5(4): E10372.

96. Freistadt MS, Vaccaro JA, Eberie KE (2007)
Biochemical characterization of the fidelity of
poliovirus RNA-dependent RNA polymerase. Virology
4: 44,

97. Vekthius AJW (2014) Common and unique features of
viral RNA-dependent polymerases. Cell Mol Life Sci
71: 4403-4420.

98. Chan C, Xia H, Haller SL, Azar SR, Liu Y, et al. (2020)
A Zika virus envelope mutation preceding the 2015
epidemic enhances virulence and fitness for
transmission. Proc Natal Acad Sci USA 117: 20190-
20197.

99. ds Freitas LFD, Oliveira RP, Miranda MCG, Rocha RP,
Barbosa-Stancioli EF, et al. (2019) The virulence of
different vaccinia virus strains is directly proportional to
their ability to down modulate specific cell-mediated
immune compartments in vivo. J Virol 93(6): ¢02191-
18.

100.Zou C, Huang C, Zhang J, Wu Q, Ni X, et al. (2019)
Virulence difference of five type I dengue viruses and
the intrinsic molecular mechanism. Plos Negl Trop Dis
13(3): ¢0007202.

101.Essigmann HT, Hioffman KL, Petrosino JF, Jun G,
Aguilar D, et al. (2021) The impact of the Th17: Treg
axis on the IgA-Biome across the glycemic spectrum.
PLoS One 16(10): e0258812.

102.0menetti S, Pizarro TT (2015) The Treg/Th17 Axis: A
Dynamic Balance Regulated by the Gut Microbiome.
Front. Immunol 6: 639.

Gorcezynski RM

103.Cervia C, Nilsson J, Zurbuchen Y, Valaperti A,
Schreiner J, et al. (2021) Systemic and mucosal
antibody responses specific to SARS-CoV-2 during
mild versus severe COVID-19. J Allergy Clin Immunol
147: 545-557.

104.Ren W, Zhu Y, Lan J, Wang Y, Shi H, et al. (2021)
Susceptibilities of human ACE2 genetic variants in
coronavirus infection. J Virol 96(1): e0149221.

105.Patel AB, Verma A (2020) Nasal ACE2 levels and
COVID-19 in children. JAMA 323(23): 2386-2387.

106.Errico JM, Zhao H, Chen RE, Liu Z, Case JB, et al.
(2021)  Structural mechanism of SARS-COV-2
neutralization by two murine antibodies targeting the
RBD. Cell Rep 37(4): 109881.

107.Yi, C, Sun X, Lin Y, Gu C, Ding L, et al. (2021)
Comprehensive mapping of binding hot spots of SARS-
CoV-2 RBD-specific neutralizing antibodies for
tracking immune escape variants. Genome Med 13(1):
164.

108.Johannnesen CK, Rezahosseini O, Gybel-Brsak M,
Kristensen JH, Hasselbalch RB, et al. (2021) Risk
factors for being seronegative following SARS COoV-2
infection in a large cohort of health care workers in
Denmark. Microbiol Spectr 9(2): ¢0090421.

109.Jiang H, Mei Y-F (2021) SARS-CoV-2 Spike Impairs
DNA  Damage Repair and Inhibits V(D)J
Recombination /n Vitro. Viruses 13: 2056.

110.Castelli EC, de Castro MV, Naslavsky MS, Scliar MO,
Silva NSB, et al. (2021) MHC variants associated with
symptomatic versus asymptomatic SARS CoV-2
infection in highly exposed individuals. Front Immunol
12: 742881.

111.Bono LM, Mao S, Done RE, Okamoto KW, Chan BK,
et al. (2021) Advancing phage therapy through the lens
of virus host-breadth and emergence potential. Adv
Virus Res 111: 63-110.

112.Awate S, Babiuk LA, Mutwiri G (2013) Mechanisms of
action of adjuvants. Front Immunol 4: 114.

113.Cao Y, Zhu X, Hossen MN, Kakar P, Zhao Y, et al.
(2018) Augmentation of vaccine-induced humoral and
cellular immunity by a physical radiofrequency
adjuvant. Nat Commun 9: 3695.

114.NIH (2021) Bacillus Calmette-guérin Vaccination to
Prevent Infections of the Elderly (ACTIVATE).
Available online at:
https://clinicaltrials.gov/ct2/show/NCT03296423

115.Bagayoko S, Meunier E (2021) Emerging roles of
ferroptosis in infectious diseases. FEBS J 2021: 1-22.

SciTech Central Inc.
Adv Vaccines Vaccin Res (AVVR)

139



Adv Vaccines Vaccin Res, 5(1): 127-140

116.Elkashif A, Alhashimi M, Savedahmed EE, Sambhara
S, Mittal SK (2021) Adenoviral vector-based platforms
for developing effective vaccines to combat respiratory
viral infections. Clin Transl Immunol 10(10): e1345.

117.Verbeke R, Lentacker I, De Smedt SC, Dewitte H
(2021) The dawn of mRNA vaccines: The SARS-CoV-2
case. J Control Release 333: 511-520.

118.Rahman K, Shavalch R, Forouhi M, Disfani HF,
Kamandi M, et al. (2021) Effectiveness of COVID-19
vaccines and post vaccination SARS-CoV-2 infection,
hospitalization and mortality: a systematic review and
meta-analysis of observational studies. medRxiv.

119.Lyons-Weiler J (2020) Pathogenic priming likely
contributes to serious and critical illness and mortality

in COVID-19 via autoimmunity. J Transl Autoimmunity
3:100051.

120.Tseng CT, Sbrana E, Iwata-Yoshikawa N, Newman PC,
Garron T, et al. (2012) Correction: Immunization with
SARS Coronavirus Vaccines Leads to Pulmonary
Immunopathology on Challenge with the SARS Virus.
PLoS One 7(8): 10.

121.Lu L, Xiong W, Mu J, Zhang Q, Zhang H, et al. (2021)
The potential neurological effect of the SARS-CoV-2
vaccines: A review. Acta Neurol Scand 144(1): 3-12.

122.Bozkurt B, Kamat I, Hotez PJ (2021) Myocarditis with
COVID-19 mRNA Vaccines. Circulation 144(6): 471-
484.

123.Dotan A, Muller S, Kanduc D, David P, Halpert G, et al.
(2021) The SARS-CoV-2 as an instrumental trigger of
autoimmunity. Autoimmun Rev 20(4): 102792.

124.Yamamoto K (2022) Adverse effects of COVID-19
vaccines and measures to prevent them. Virol J 19(1):
100.

125.Adamo S, Michler J, Zurbuchen Y, Cervia C, Taeschler
P, et al. (2021) Signature of long-lived memory CDS8(+)
T cells in acute SARS-CoV-2 infection. Nature
602(7895): 148-155.

126.Nachbagauer R, Palese P (2020) Is a Universal
Influenza Virus Vaccine Possible? Ann Rev Med 71:
315-327.

127.Morens DM, Taubenberger JK, Fauci AS (2022)
Universal coronavirus vaccines-an urgent need. N Engl
J Med 386: 297-299.

128.Wickramasinghe, NC, Steele EJ, Gorczynski RM,
Temple R (2020) Growing Evidence against Global
Infection-Driven by Person-to-Person Transfer of
COVID-19. Virol Curr Res 4: 1.

129.Wickramasinghe NC, Steele EJ, Gorczynski R, Temple
R, Tokoro G, et al. (2020) Predicting the Future

Gorcezynski RM

Trajectory of COVID-19. Virol Curr Res 4: 111.

130.Steele EJ, Gorczynski RM, Lindley RA, Liu Y, Temple
R, et al. (2019) Lamarck and Panspermia - On the
Efficient Spread of Living Systems throughout the
Cosmos. Prog Biophys Mol Biol 149:10-32.

131.The New York Times. Available online at:
https://www.nytimes.com/2018/04/13/science/virospher
e-evolution.html

132.Hoyle F, Wickramasinghe NC. Evolution from Space
Simon and Schuister, NY, 198174.

133.Hoyle F, Wickramasinghe NC (1993) Our Place in the
Cosmos: The unfinished revolution, London. pp: 123-
124.

134.Shivaji S, Chaturvedi P, Suresh K, Reddy GSN, Dutt
CBS, et al. (2006) Bacillus aerius sp. nov., Bacillus
aerophilus sp. nov., Bacillus stratosphericus sp. nov.
and Bacillus altitudinis sp. nov., isolated from cryogenic
tubes used for collecting air samples from high altitudes.
Int J Syst Evol Microbiol 56: 1465-1473.

135.Shivaji S, Chaturvedi P, Begum Z, Pindi PK, Manorama
R, et al. (2009) Janibacter hoylei sp. nov., Bacillus
isronensis sp. nov. and Bacillus aryabhattai sp. nov.,
isolated from cryotubes used for collecting air from the
upper atmosphere. Int J Syst Evol Microbiol 59: 2977-
2986.

136.Grebennikova TV, Syroeshkin AV, Shubralova EV,
Eliseeva OV, Kostina LV, et al. (2018) The DNA of
Bacteria of the World Ocean and the Earth in Cosmic
Dust at the International Space  Station.
ScientificWorldJournal 2018: 7360147.

137.Reche I, D’Orta G, Mladenov N, Winget DM, Suttle CA
(2018) Deposition rates of viruses and bacteria above
the atmospheric boundary layer. ISME J 12: 1154-1162.

138.Wickramasinghe NC, Rycroft MJ (2018) On the
Difficulty of lofting Electrically Charged Submicron
Dust from the Earth’s Surface to the High Ionosphere.
Adv Astrophysics 3(3): 150-153.

139.Qu J, Wickramasinghe NC (2020) The world should
establish an early warning system for new viral
infectious diseases by space-weather monitoring.
MedComm pp: 1-4.

140.Gorczynski RM, Wickramasinghe NC, Lindley RA,
Steele EJ (2022) Time for fresh constructive scientific
debate on the origin of, immune response to, and
optimal vaccination strategy for, infection with SARS-
CoV-2. Clin Immunol Infect Dis 6(3): 42.

141.Gorczynski RM, Steele EJ, Wickramasinghe NC,
Lindley RA (2022) Unconvincing evidence for concepts
driving development of SARS-CoV2 wvaccines. Adv
Vaccines Vaccin Res, 3(2): 120-126.

SciTech Central Inc.

Adv Vaccines Vaccin Res (AVVR)

140



