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Abstract: The etiological agent of various viral diseases has been identified, and clinical
characteristics and complications of each disease are well known. In general, a viral disease appears
as acute systemic inflammatory disease, but after acute infection, some patients remain
asymptomatic carriers or suffer chronic viral diseases, suggesting that the phenomena are
unavoidable processes for viruses’ coexistence with their hosts as virome in microbiota of human
species. Although each viral disease has been described as having different pathophysiology, the
host's control systems, including immune systems, against the insults from any viral infections, have
the same components in previously healthy hosts. Therefore, considering the characteristics of the
life cycle of viruses being dependent on the host cell and the same immune components of the host,
it is reasonable assumption that there is a common immune mechanism to respond to the insults
from all viral diseases. The authors discuss on the characteristics of virus infection and unresolved
issues in viral diseases and propose a rationale of early immune modulators for acute insults from
viral diseases based on our clinical experiences and the protein-homeostasis-system hypothesis.

Keywords: acute virus infection; chronic virus infection; virome; microbiota; pathophysiology;
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1. Introduction

The life cycle of viruses is dependent on the host cells, and viruses have an affinity to certain
host cells, where viruses perform their replication, production of progeny, and residency. Initially
infected cells (these are named the focus in this article) may locate in the environmental interface of
the host such as oropharynx, intestine, skin, and urogen-ital tract, and along with those cells,
secondary lymphoid tissues are distributed as protective walls against invading pathogens.
However, identifying the focus as the origin of disease-onset is difficult in most viral infections, and
all injured organ cells during viral disease processes have not affinity to the virus.

The infectious disease has clinical characteristics, including discovery of etiologic agent, self-
limited natural course, main involved organ, and complications. It has been believed that
pathophysiology of each viral disease is different according to species; for example, the pathogenesis
of pneumonia/acute respiratory distress syndrome (ARDS) in coronavirus disease 2019 (COVID 19)
and that of influenza or other respiratory pathogens differ. That concept may be based on the notion
that viruses themselves are responsible for lung cell injuries causing pneumonia/ARDS, and that a
virus-induced cytopathy is main pathophysiological role on viral infections. However, there are
many enigmas that cannot be explained by virus-induced cytopathy, and it is undoubtful that all
diseases involve etiological or inflammation-inducing substances for disease-onset [1-4].

Human viral diseases are caused by the viruses of their own species although external viruses
belonged to other species or places can affect human beings on occasion. Accordingly, most of
pathogenic agents in viral infections as well as those in bacterial infections may be the strains in
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microbiota of human species. After initial infection some patients remain asymptomatic carriers (or
reservoirs) or are affected with chronic viral diseases in cases of human immunodeficiency virus
(HIV) and hepatitis B virus (HBV) infections.

The host's control systems against the insults from any viral infections, including the
components of immune system, might be the same in individual hosts of a species, although severity
of the disease can differ across infected individuals. The immune system of mammals, including
human beings, reacts not only to pathogens themselves, but also to substances derived from
pathogen-infected cells, including fragments of pathogens, pathogen-associated molecular patterns
(PAMPs), damage (or danger)-associated molecular patterns (DAMPs), pathogenic proteins such as
toxins, pathogenic peptides, and other smaller substances being not yet identified. Since current
immunological concepts have limitations to explain the unresolved issues in infectious diseases, new
concepts or hypotheses are needed for solving the enigmas. It is proposed that the immune system
of organisms evolves to protect their cells, and there is an integrated control system for well-being of
organisms; the host’s immune system controls toxic substances for protecting the cells according to
size and biochemical property of the substances (the protein-homeostasis-system (PHS) hypothesis)
[5-9].

In this paper, we further discuss on the unresolved issues in viral diseases and propose a
common pathophysiology of viral diseases through the PHS hypothesis. Because the PHS hypothesis
broadly integrates of the pathogenesis of virus diseases, known pathophysiological or clinical
characteristics on a specific virus disease based on the current immunological concepts or
understanding are omitted or reinterpreted.

2. The nature of virus infections

Viruses are extremely small infectious agents that replicate inside the living cells of an organism.
Viruses are found in almost every ecosystem on Earth and infect all life forms, from animals and
plants to microorganisms, including fungi, bacteria and archaea [10]. In addition, viruses can be
regarded as life forms that carry genetic material, reproduce, and evolve through natural selection,
although they lack criteria for defining life, such as cell structure and self-reproduction [11]. Viruses
are the most numerous types of biological entities. Since the first discovery of the tobacco mosaic
virus by Martinus Beijerinck in 1898, more than 9,000 of the millions of virus species have been
described in detail [12,13].

The morphology and characteristic of viruses, such as shape, size, and type and amount of
genetic material, differ by species, and viruses are classified according to the characteristic of their
genomes [14]. Generally, virion is a form of infectious viral particle consisting of 1) genetic material,
that is, deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) that encodes the structural and
enzymatic proteins by which the virus acts, 2) the capsid, which is a protein coat that surrounds and
protects the genetic material, and 3) an outside envelope of lipids in some species. The host immune
system recognizes virions as a whole and controls them using phagocytes, while fragments of virions
produced during replication processes, such as viral-origin proteins, RNAs, and DNAs are controlled
by other innate and adaptive immune systems. Classically, antigen-presenting cells (APCs) first
engulfs virions and then presents processed viral-origin proteins and peptides to B and T cells,
respectively. On the other hand, viral proteins, RNAs, DNAs, and envelope lipids within infected
cells can elicit immune reactions directly if the substances are released into the systemic circulation.

The life processes of viruses, including influenza viruses, hepatitis C virus (HCV), and HIV, have
been studied [15-17]. In general, there are six stages in the life cycle of viruses: 1) attachment, 2)
penetration, 3) uncoating, 4) replication, 5) assembly, and 6) release. These processes are complex at
each stage and may require the cooperation of host cells for the production of viral progeny since
viruses have only limited genes that cannot perform the complex tasks, and mechanisms for
attachment, replication, and assembly may require precise control systems that are associated with
host cells. The development of antivirals has targeted blocking each process of the viral life cycle and
host cell interactions, and these drugs include monoclonal antibodies against host cell receptors and
peptide-based inhibitors against viral proteins for blocking of attachment or penetration stage, and
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inhibitors that target viral enzymes such as nucleoside reverse transcriptase, polymerase, or protease
for blocking replication process [18,19].

Viruses attach to complementary host cell receptors and enter host cells. During the replication
processes, various types of viral proteins and nucleic acids, including viral-specific messenger RNAs
(mRNA) for structural and nonstructural proteins, including polyproteins and RNA-dependent RNA
polymerase, are produced with the assistance or control of host cells because they provide materials
such as nucleotides and phospholipids for viral nucleic acids and envelope and biological factories
such as ribosomes. Viroids are RNA molecules that lack a structural protein coat and can infect cells
in the form of genetic materials [20]. Viral genetic material and structural proteins are assembled into
progeny viruses, and the virions are released from the infected cells. It is believed that virus-infected
cells contain larger numbers of viral proteins and nucleic acids than the number of virions by a factor
of 103-10¢ [21]. On the other hand, a host cell as an independent biosystem can operate protective
mechanisms against external insults such as virus invasion or physical stresses, including heat and
trauma. When viruses invade cells, the affected cells produce interferons and proteins associated with
interferon-related pathways, and other immune proteins and peptides are activated. It has been
suggested that acute systemic manifestations of a viral infection, such as measles, are associated with
viremia from a secondary focus, including cells of the regional lymph nodes [22]. Additionally, a
variety of viruses can induce a “viral sepsis” although definition, epidemiology, and pathogenesis of
the condition remains to be further evaluated [23]. When viremia occurs, virus-origin and host cell-
origin substances spread systemically and locally through the vascular system. Moreover, it is
possible that the load and type of substances, including intact virions, differ according to the number
or type of infected cells, and that insults from various virus infections could induce the same organ
cell injury of the host. Although the cytopathic effects of viruses have been observed in vitro, some
viruses do not show cytopathic effects, and intact virions are rarely found in injured cells in acute
viral infections, including lungs, central nervous system (CNS), or other affected organ lesions in
influenza and COVID-19 [1,24-26]. The efficacy of viral progeny production is dependent, at least in
part, on host factors, and the severity of viral infections depends on the loads of substances derived
from the focus.

2.1. Viruses and microbiota

Because viruses live with any life on Earth, they may have existed since living cells first appeared
and would have depended on cellular life. The genetic material of some viruses can be integrated
into the genome of host organisms, and a part of the human genome contains ancient viral DNA
sequences [27]. DNA sequences can be passed to the host offspring for many generations. These
findings suggest that viruses have evolved with the cells that first appeared on Earth over billions of
years [11].

The microbiota (or microbiome) is an ecosystem found in all multicellular organisms, and the
microbiota and host have co-evolved in a collaborative partnership. Microbiota include bacteria,
archaea, protists, fungi, and viruses, and in human species, they reside on or in the host cells of the
oropharynx and lower respiratory tract, gastrointestinal tract, skin, urogenital tract, and possibly
other undetected sites [28]. Although viruses in the human microbiota have received less research
attention, there has been a recent increasing interest in the virome in the gut and other sites [29-32].
Studies on the human virome have revealed that bacteria in the microbiota of the host live with
viruses, that is, bacteriophages. Bacteriophages constitute most of the virome, and endogenous
retroviruses, eukaryotic viruses, and viruses associated with archaea are small portions [29].

Dysbiosis, the disruption of the collaborative relationship between the microbiota and the host,
has become an important subject in various biomedical fields. Researchers have reported the
relationships between altered microbiota and diseases in their fields, including obesity, autoimmune
diseases, cancers, and neuropsychiatric diseases [33-35]. The mechanisms by which dysbiosis
induces disease remain elusive. Overproduction of toxic materials by dysbiotic microbes,
vulnerability to invasion by microbes through weakened mucosal barriers, and disruption of the
homeostatic relationship between microbiota and the host immune system, including the
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development and function of the immune system, have been suggested to be associated with disease
[35-37]. Dysbiotic states of viruses in the microbiota may also play crucial roles in host
immunological, biological, and metabolic homeostasis, and may be related to the development and
progression of some diseases [29-32].

2.2. Species-specificity and adaptation of viruses

Infectious diseases have a strict species-specific relationship between the pathogen strains in the
microbiota and the host species. Each animal species has had its characteristic influenza viruses,
coronaviruses, and bacteria strains, including mycoplasma strains, for a long time [38-40]. For
example, most bacterial infections are caused by bacterial strains in the host itself or other hosts in
humans, including Escherichia coli and Streptococcus pneumoniae. Thus, all pathogenic agents that are
species-specific may be regarded as strains in the microbiota of a species, although viruses, bacterial
and fungal strains of other species can infect hosts of a species. It is possible that viruses adapted or
specific to human species, such as human influenza viruses and coronaviruses, including severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), could easily produce their progeny and permit
the existence of asymptomatic carriers or reservoirs to spread progeny. By contrast, viruses in avian
influenza, SARS, and Middle East respiratory syndrome (MERS) from other animal species may
produce their progeny less effectively, and there are no human carriers for existence in the human
species [3]. In addition, viruses from cold-blooded animals, plants, and oceans may not be permitted
to attach to or produce progeny through the unknown control systems of the host or virus-host
interaction. A close interaction between the species and adapted strains in the microbiota might
manifest as low virulence in the host of the species. It is now known that nearly all children and
adults worldwide have been infected with SARS-CoV-2 during the COVID-19 pandemic, and infants,
neonates, and even fetuses of infected mothers have had uneventful outcomes from the early stage
of the pandemic [3,41]. Most of the deaths in the pandemic are in older hosts with underlying diseases
or immune-compromised hosts, as observed in other infections caused by strains in the microbiota,
including seasonal influenza, common cold, and outbreaks of E. coli [42].

It is natural that increasing of susceptible hosts that are not infected with pre-existing strains are
responsible for outbreaks or epidemics as shown aseptic meningitis or hepatitis A caused by enteric
viruses [43,44]. On the other hand, it is possible that a new strain appears and substitutes pre-existing
strains in microbiota for maintenance of life with their hosts in a species when most hosts have
immunity to pre-existing strains in microbiota, as observed in the 2009 HIN1 pandemic and COVID-
19 pandemic [3]. Thus, it is not a strange prediction that a new epidemic or pandemic of adapted
viruses, including enteroviruses and other respiratory viruses, will come in the near future. Although
the disease caused by the new strain appears more severe or virulent than that caused by pre-existing
microbiota strains in the early stages of an epidemic or pandemic, the strains of the viruses have soon
changed to less virulent forms, as observed during the 2009 HIN1 and COVID-19 pandemics [3,45].
This adaptation may be established and strengthened by the passage number of infected persons,
such that many times passaged viruses show attenuated virulence in vaccine development and
animal study. In addition, because antimicrobial-resistant strains, such as the extended-spectrum
beta-lactamase (ESBL) producing strains in acute pyelonephritis and macrolide-resistant Mycoplasma
pneumoniae (MP), may appear by the passage through infected hosts, they may be less virulent in
immune-competent hosts over time [46,47].

Since close species-specific interactions between the host (or host cells) and microbiota are in
partnership, some viruses from animal species, including influenza viruses and HIV, could adapt to
human species over time. It is possible that some pathogenic viruses, bacteria, mycoplasmas, and
fungi at the present time are adapting or departing from human species. Similarly, severe infectious
diseases, including pandemic influenza, scarlet fever, acquired immunodeficiency syndrome (AIDS),
and infection-related immune-mediated diseases, such as Kawasaki disease (KD), acute
poststreptococcal glomerulonephritis (APSGN), and Henoch-Schénlein purpura, have become less
severe over time in Korea [48-50]. These phenomena suggest that disease phenotypes can change as
pathogens adapt to the human species over time. Although emerging and re-emerging viruses, such
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as SARS-CoV, MERS-CoV, avian influenza A viruses, Zika virus, and enteroviruses, including
hepatitis A virus, have posed significant global public health problems, among the pathogenic
strains, those that cannot adapt as microbiota might be eventually extracted from human species over
time.

2.3. Microbiota, infectious disease, and immune-mediated diseases

Although a homeostatic balance between the microbiota and the host is important for the well-
being of the host, some strains in the microbiota can invade the host. Commensals, including E. coli
and S. pyrogens, lead to infectious diseases, such as acute pyelonephritis, otitis media, and pneumonia,
and postinfectious immune-mediated diseases, such as acute rheumatic fever, APSGN, and possibly
KD [46,51]. In addition, viruses in chronic viral infections such as herpes viruses, HIV, and hepatitis
viruses can be reactivated in unknown-residing cells after the initial infection.

The microbiota composition in individual hosts changes continuously after birth, together with
immune maturation [52,53]. In addition, the strains of microbiota are influenced by environmental
factors such as diet and socioeconomic status, including hygiene and antibiotic use [54]. Thus, the
composition of the microbiota differs between ethnic groups or populations and can be changed by
changing the environment. The prevalence or incidence rates of infectious diseases, including
HIV/AIDS, hepatitis B and C, and infection-associated immune mediated diseases, including KD, a
multisystem inflammatory syndrome in childhood (MIS-C), and juvenile idiopathic arthritis (JIA),
differ widely among populations [8,55-57]. In addition, some childhood immune-mediated diseases,
including KD and some subgroups of JIA, have a predilection for age or sex [8]. Although
susceptibility to diseases, especially immune-mediated diseases such as KD, MIS-C, and JIA, has been
explained by genetic factors such as race and ethnicity, the clinical manifestations of the disease and
immune function against infectious insults may be similar across populations. Because the strains in
the microbiota colonize first and then invade the host and/or host cells, the different incidences
among ethnic groups and age or sex prediction could be explained by the colonization state of the
etiological agents in the microbiota. Patients or animals living in higher prevalence areas may have a
higher chance of being exposed to pathogens originating from the microbiota, while genetic
differences affecting immune functions in individual hosts may be involved in disease outcomes
[8,9,58].

3. Pathophysiology of viral infections

3.1. Immune reactions to viral infection

The host immune system controls the viral infection. Current immunological concepts have been
developed and established mainly through studies on invading pathogens. Immunopathogenesis of
viral diseases is based on the notion that the virus plays a major role in cell injury in various organs.
In previously immune-competent patients, virions exposed in the bloodstream may be effectively
removed by phagocytes such as neutrophils and monocytes because polymerase chain reaction (PCR)
assays in the blood are commonly negative except for chronic viral infections, regardless of the
severity and stage of the disease and virus-specific antibodies. There are few intact virions in
extensively injured tissues and in the blood as previously discussed. Thus, isolation of blood-borne
virions as HIV and HCV might take a long time or be difficult.

Phagocytes express receptors for immunoglobulins and complement, and other receptors, and
phagocytic activity is more effectively achieved with the assistance of pathogen-specific antibodies
and complement components [59]. Innate immune cells express the pattern recognition receptors
(PRRs) such as toll-like receptors (TLRs) or other intracellular sensors for binding to PAMPs or
DAMPs. Activated cells via these receptors produce immune proteins, including proinflammatory
cytokines, and control the interferon-mediated immune pathway and subsequent adaptive immune
cells fighting against infectious insults [60,61]. Also, other innate immune components such as
interferons, DNA traps of neutrophils, and activation of complement pathway may be helpful to
removal of virions [62,63]. The basic innate immune reactions may be ineffective to virions within
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cells because of no direct contact to virions. The virions within cells could produce and release
infective particles and nucleic materials without cytopathic effect, and they could adapt to the insults
such as antivirals and produce variants against them. Although only adaptive immune system has
been believed to have an ability of immunological memory on previous infection, now it is known
that innate immune system in mammals has an inheritance of acquired immune resistance, named
trained immunity, as like in plants and insects [64]. The progeny of previously infected mammals has
a memory of infection that confers enhanced protection against infection, and that is like that
provided by the adaptive immune system. The innate memory in natural killer (NK) cells and
phagocytes may be associated with epigenetic reprogramming of transcriptional pathways rather
than gene recombination [64,65].

T cells and B cells in adaptive immune system cannot directly control virions but they are only
associated with protein fragments of virion. Since a B cell clone produces a specific antibody against
a pathogenic protein, likewise a pathogenic peptide induces a specific T cell clone against the peptide,
there are many virus-specific B cell and T cell clones in a viral infection. It is possible that B cells and
T cells react to not only viral proteins and peptides presented by APCs, but also those are presented
by or bound to other cells when viremia occurs as previously mentioned. Virus-specific antibodies
induce a virus neuralization and can prevent viral entry process, and they can help a cytopathic effect
via antibody dependent cellular cytotoxicity (ADCC) to target cells [66]. It has been suggested that
cytotoxic T cells (CD8+) that target viral peptides bounded in major histocompatibility complex
(MHC) I molecules on infected cells may be main effectors against viral infections, and helper T cells
(CD4+), including Th1, Th2, and regulatory T cells, are involved in control of antibody production
and immune homeostasis against disease insults. However, the modes of T cell function remain to be
further evaluated [5,6].

On the other hand, it is worth note that injured infected cells by cytotoxic T cells or other
immunologic insults such as cytokine storm, NK cells, or activated compliment pathways could
release virions and other substances [67-69]. All immune cells in innate and adaptive immune
systems, including CD4 T cells, CD8 T cells, and NK cells, and immune proteins, including
immunoglobulins and complements, perform their functions during noninfectious events, such as
trauma and wound healing, transplantation rejection, allergy, intoxication, and cancer. Thus, each
component in both systems may have same functions in these conditions [5,6]. Moreover, not only
immune system but also various intracellular or systemic biological and metabolic systems, including
inflammasome with pyroptosis, apoptosis, autophagy, proteosome, thromboembolic pathway and
glycolysis pathway, and the epigenetic change, including micro-RNAs, are activated in systemic
inflammation of infectious diseases, including COVID-19 [70-73]. It is a reasonable assumption that
there are substances eliciting these diverse biological changes and corresponding control systems
against the substances. In addition, majority of the biological changes are observed not only in acute
infectious diseases but also in other acute or chronic immune-mediated disease, such as KD,
macrophage activation syndrome (MAS), MIS-C, and systemic JIA. The biological changes may be
useful for detecting diagnostic or prognostic biomarkers and developing targeted therapies for each
disorder. Biological alterations observed under various conditions could contribute to the de-
velopment or progression of the disease; otherwise, they could also be secondary or adaptive
phenomena, indicating immune reactions to insults caused by the disease.

3.2. Common immunopathogenesis of infectious diseases through the PHS hypothesis

We have proposed the PHS hypothesis for further understanding the pathophysiology of
diseases, and the PHS hypothesis has already been introduced for infectious diseases, including
influenza, MP pneumonia, COVID-19, and ARDS; immune-mediated diseases such as KD and MIS-
C; kidney diseases, including genetic diseases and cancers; and CNS diseases, including prion
diseases and Alzheimer disease [1-9]. Briefly, life as a biosystem has an integrated system, named
the PHS, to maintain a state of well-being. Every disease involves etiological or inflammation-
inducing substances that are toxic or signaling to their cells. These substances have variable sizes and
biological forms, such as extremely small materials, including elements, monoamines, neuropeptides,
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biochemicals and chemicals (drugs), peptides, and proteins, and larger complex materials, such as
virions and bacteria. The small substances can be classified as protein and nonprotein substances,
and even the smallest substances, such as elements and monoamines, can bind affinitive receptors on
and in host cells. Innate immune systems control small nonproteins and larger complex materials,
such as bacteria, virions, apoptotic and necrotic bodies, and transformed cells, while adapted immune
systems control protein substances; B cells control pathogenic proteins, and T cells control pathogenic
peptides. In addition, the PHS controls in part regarding protein deficiency in cells and the host, as
shown in Table 1 [9], and the schematic diagram of pathophysiology of virus diseases is shown in
Figure 1.

Table 1. Etiological substances and corresponding immune effectors in the PHS hypothesis.

Etiological substances (or events) Corresponding immune effectors
Pathogenic proteins (BCR-associated) B cells: antibodies against pathogenic proteins
Pathogenic peptides (TCR-associated) T cells: peptides or cytokines against pathogenic
peptides
Pathogenic small peptides, monoamines, their Immune proteins such as PrP gene products and other
metabolites (especially in CNS) amyloid proteins, mast cell-associated immune
responses

Non-protein materials such as LPS, RNAs, DNAs, TLR-associated immune responses, natural antibodjies,
chemicals, biochemicals other immune systems such as complements and

other proteins

Large complex substances; viruses, bacteria, Phagocytes (neutrophils and macrophages),
parasite, apoptotic & necrotic bodies, and eosinophils (in case of large parasites), and natural
transformed cells killer cells

A protein deficiency or malfunctioning proteinin ~ Production of alternative proteins in genetic diseases

organ tissues or within a cell and cancers

Abbreviations. BCR, B cell receptor; TCR, T cell receptor; PrP, prion protein; CNS, central nervous system; LPS,
lipopolysaccharide; TLR, Toll-like receptor (from Ref. 9).
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Figure 1. Schematic diagram of pathophysiology of virus infections.

The injury of organ cells in every disease, including viral infections, may begin with the binding
of toxic substances to affinitive receptors of organ cells (target cells), and each component in the
immune system is activated to protect the cells. The host immune system controls toxic substances
not only those originating from pathogens, including toxins and PAMPs, but also those originating
from injured or infected-host cells, including DAMPs, pathogenic proteins, pathogenic peptides, and
other smaller biochemical substances, especially in intracellular pathogen infections such as virus,
chlamydia, rickettsia, and legionella and salmonella species. Therefore, it is not strange that
pathogens and/or pathogen fragments cannot be detected in extensively injured cells in pathologic
lesions or remote lesions in postinfectious immune-mediated diseases that may result from
bacteremia or viremia.

Infectious and infection-related immune-mediated diseases are caused by substances derived
from the focus in the PHS hypothesis. The load of substances determines the severity of the disease,
and the host’s control system against the substances, that is, the host’s immune status, is responsible
for the initiation of inflammation, progression, chronicity, and determining the prognosis of the
disease. Clinical symptoms such as fever, myalgia, and pneumonia in COVID-19, influenza, or MP
infection begin when toxic substances from the focus abruptly spread systemically and locally and
bind to target organ cells and induce immediate immune reactions. The released toxic substances can
differ according to the type of infected cells (focus) of the host, and the same host cells can release
different toxic substances depending on the pathogen species. Thus, the main target cells and
incubation period for infectious diseases can differ between individuals and animal species.
Moreover, substances derived from injured target cells (lung cells in the case of pneumonia) caused
by initial immunological insults can induce further inflammation if released into the systemic
circulation or near local lesions. Extrapulmonary manifestations such as skin rashes, myositis,
encephalopathy, and other organ cell injuries occurring in the acute and convalescent stages are also
caused by substances derived from the focus or injured target cells. Severe pneumonia or ARDS due
to viral infection tends to induce subsequent bacterial invasion in patients, which add to the workload
of immune cells.

As immune reactions occur through networks across immune components, various immune
substances, including proinflammatory cytokines and proteolytic proteins, are also activated. It has
been suggested that hyperimmune or aberrant immune reactions, such as cytokine storms, are related
to the target cell injury [67,74]. Moreover, it is proposed that autoimmune diseases, including
systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA), and chronic inflammatory
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diseases, including Alzheimer’s disease and amyloidosis, are caused by the failure of the control
systems, including specific antibodies, specific T cell clones, and specific immune proteins such as
prions, against the etiological substances derived from injured host cells [9]. Therefore, early control
of target cell injuries from initial hyperactive immune reactions, performed by initially acting
nonspecific adaptive immune cells, is crucial for reducing morbidity and preventing disease
progression in patients with severe pneumonia and ARDS, as well as in those with acute infection-
related whole-organ diseases, including fulminant hepatitis, myocarditis, necrotizing pancreatitis,
rapidly progressive glomerulonephritis, extensive epidermolysis, Water-house-Friderichsen
syndrome (adrenal glands), and encephalopathy (Figure 2).
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Figure 2. The pathogenesis of virus infection & infection-related autoimmune diseases.

3.3. Clinical aspects of viral infections

Generally, a viral disease begins as an acute systemic inflammatory process, reaches the peak
stage of inflammation, and resolves the inflammation. Inflammation triggered by insults from any
infections is a protective host response crucial to restrain pathogen and induce repair responses. Most
patients recover from the disease through the immune system. During this process, some patients are
severely affected or have fatal outcomes. Systemic inflammatory processes are reflected by
inflammatory biomarkers associated with the activation of various immune components, including
activated immune cells, immunoglobulins, cytokines, pathogen-specific antibodies, and T-cell clones.
Because most patients with infectious and infection-related immune-mediated diseases are self-
limiting, immune reactions before the peak of the inflammation process (proinflammatory
biomarkers may be involved in this stage) may be involved in target cell injury. Immune reactions
after the peak are involved in tissue cell repair (anti-inflammatory biomarkers) and induce the
convalescent stage [5]. In addition, the intensity of systemic inflammation during this process is
reflected in laboratory parameters, such as white blood cell count and differential (lymphopenia), C-
reactive protein (CRP), procalcitonin, lactate dehydrogenase, and immune proteins, including
immunoglobulins, cytokines, chemokines, and other biomarkers. All severe pneumonia cases from
any pathogen infections showed similar clinical and laboratory findings, suggesting that common
pathogenesis may involve severe insults [8]. Thus, the early control of the inflammatory process
before the peak stage is critical for infectious diseases, including COVID-19, influ-enza, and MP
infection, and infection-related immune-mediated diseases, including KD, MIS-C, and systemic JIA
[5,8] (Figure 3).
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Figure 3. Clinical sevrity and antibody responces from viral entry to the convalescent stage. Clinical
symptoms of a systemic viral infection begin to appear when toxic substances from the focus abruptly
spread systemically via viremia. Inflammatory intensities during the clinical course vary among
individuals presented as mild, moderate, and severe disease. Patients with severe disease have a
higher degree of inflammatory response and may reach the threshold for target organ destruction
faster, but reach the peak stage of inflammation later than milder diseases. Total imunoglobulins,
including virus specific IgM and IgG, begin to increase at the peak stage of the disease, suggesting
that immunoglobulins work for recovery reaction of the disease (see 4.3 Antibodies in viral

infections).

After the initial infection, viruses can reside for a long time or persistently in certain cells in some
patients as asymptomatic carriers or reservoirs. For example, coronavirus or influenza virus
outbreaks occur every year with seasonal predominance, and the main affected patients are young
children who were not infected previously [75]. Each outbreak may be initiated by carriers whose
viruses have adapted to the host. The components, including virions and inflammation-inducing
substances, in infected upper respiratory epithelial cells (the focus) are mainly expelled from the host.
In contrast, those components directed into the internal side of the host or the components from the
infected internal cells, such as lymphoid tissue or other organ tissue cells, might induce more severe
clinical manifestations, as previously mentioned. This assumption could explain the differences in
clinical phenotypes and target cells in animal coronavirus, influenza virus, and mycoplasma
infections [3 8]. Also, chronic viral infections, including HIV, HBV, HCV, and herpes virus groups,
including Epstein-Barr virus, cytomegalovirus, and varicella zoster virus, begin with acute systemic
inflammatory phenotypes, although clinicians may not be familiar with the acute form of the
infections [76-78]. Acute hepatitis B has rarely been observed in Korea, probably because of the
successful vaccination program and/or adaptation of HBV with improved hygiene over time [79].
Most patients infected with these viruses recover from the diseases, and a small proportion of patients
become chronic carriers who have latently infected cells and the stable set point of viral load. The
cells in carriers can be intermittently reactivated and produce infective virus particles or possibly
viroids and inflammation-inducing substances when infected cells are injured. Some carriers that
undergo repeated activation can develop organ failure and/or cancer. The injured cells in the relapsed
host may not necessarily be latently infected. For example, HBV could reside in other liver cells or
places other than hepatocytes, and hepatocytes can be injured by substances derived from these cells.
In addition, hepatocytes injured by immunological insults can release toxic substances that affect
neighboring hepatocytes without infection. This phenomenon can be applied to the pathophysiology
of chronic viral infections. These acute and chronic natural courses of viruses may represent
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persistent viruses existing in humans and may be unavoidable processes for the coexistence of viruses
with the hosts as strains of the microbiota of humans.

4. Unresolved issues and the PHS hypothesis

The PHS hypothesis has provided new interpretations of unresolved issues in infectious and
other diseases. Herein, we discuss more on infectious diseases using the PHS hypothesis.

4.1. Pathologic findings

The nature of disease at the molecular level can be defined as an injury or malfunction of cells
in specific organs. The processes of cell injury from initiation to recovery appear as histopathological
findings in the tissues of the affected organs. Pathological findings are essential to diagnose the
disease, and there is a characteristic infiltration of immune cells, immune proteins, including
immunoglobulins and complements, and undetermined immune materials, including amyloid
proteins and peptides. Pathological findings from affected organs at any stage of the disease can
provide information about the state of inflammation that reflects the relationship between etiological
or inflammation-inducing substances and the corresponding immune reaction. Thus, we inferred the
etiological substances from the pathological findings based on the PHS hypothesis. For example, if T
cells are the predominant cells in early pathologic lesions, the etiologic substances refer to pathogenic
peptides, and in IgA-infiltrated pathologic lesions, such as IgA nephropathy, the pathogenic proteins
may have a specific size and biochemical characteristics that are suitable for control by IgA but not
by IgG or IgM [7]. There are diseases whose pathologic lesions do not show immune cells or
immunoglobulins, including minimal change nephrotic syndrome, amyloidosis, Reye syndrome, and
chronic neurodegenerative diseases such as prion diseases and Alzheimer’s disease. The etiological
substances in these diseases may be very small materials, such as toxic monoamine metabolites or
neuropeptides, and are controlled by immune proteins such as prions and amyloid proteins [6,7,9].

In general, there are few intact virions, and occasional positive PCR or monoclonal antibodies
acting on fragment of virions are seen in most pathologic findings of severely affected cases as
previously mentioned. Moreover, there are similar pathologic findings in fatal cases of ARDS caused
by various respiratory viruses, including influenza viruses and corona viruses in SARS, MERS, and
COVID-19, but also those caused by nonpathogen-origin insults such as blunt chest trauma,
inhalation of toxic gas, severe burn, and amniotic fluid embolism [2]. The findings suggest that
inflammation-inducing substances are associated with injured cells caused by infection or physical
stress such as trauma, and a common control system of the host act on these conditions [2,3,9].

4.2. Protein homeostasis (proteostasis), proteasome, and lymphopenia in viral infections

All human cells have a genome that potentially produces any protein; however, cells in different
organs produce different proteins and express different receptors, as determined by cell fate [80].
Cells in multicellular organisms have structures and functions like those in unicellular eukaryotic
organisms, and similar peptidomes and proteosomes exist in the cells of all organisms, including
unicellular organisms [81,82]. These findings suggest that peptides are important effectors of cellular
biological functions. Protein homeostasis (proteostasis) is important for maintaining cellular
metabolic processes and survival. Within cells, proteins are produced and undergo folding into
activated forms and degradation as needed. The mechanisms of protein folding, conformational
changes, and degradation through the ubiquitin-proteasome system and autophagy-lysosomal
pathways have been well described [83,84]. Proteasomes degrade unneeded, misfolded, or damaged
proteins by proteolysis and regulate the concentration of proteins using ubiquitin, ubiquitin ligases,
chaperones, and co-chaperones. Growing evidence suggests that dysregulation of the ubiquitin—
proteasome system or autophagy is related to diseases, including several neurodegenerative,
infectious, and inflammatory disorders, and cancers [85-87]. Proteasomes are protein complexes
found in the nucleus and cytoplasm of eukaryotes, archaea, and some bacteria. Multiple proteasomes
are present in a single cell type, and there is variation between proteasome types and tissue cells,
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suggesting that the proteasome is optimized for each cell function by generating distinct sets of
peptides [86]. Since a cell is too small to store all the proteins required to maintain homeostasis, and
peptides are not encoded in the genome but play crucial roles in organisms, peptides may be the
main effectors of biological tasks in a steady cell environment. Thus, proteosomes may be
manufactured to produce peptides required for cellular homeostasis [9]. In addition, cells affected by
trauma, infection, or other insults contain numerous peptides that can induce inflammation if
released and bind to target cells.

Lymphopenia may be a characteristic of patients with severe pneumonia infected with
respiratory pathogens, including influenza viruses, coronaviruses, measles virus, and MP [88-91].
The severity of lymphopenia correlates with target cell injury in these diseases and chronic viral
infections, including AIDS and hepatitis virus infections, when relapsed patients are severely affected
[92,93]. Earlier experimental animal studies on respiratory pathogens, including influenza viruses
and MP, have reported that extensive infiltration of small lymphocytes is observed in early lung
lesions within 2-3 days after inoculation, before the appearance of virus-specific antibodies,
irrespective of inoculation sites, such as intraperitoneal, oral, or intranasal routes [1]. In addition,
autopsy findings of patients with severe ARDS and experimental animals infected with influenza
viruses show lymphocyte depletion in whole lymphoid tissues [1,94]. These findings suggest that
lymphopenia results from extensive and/or persistent lymphocyte use in peripheral pathologic
lesions, and that T cells may be associated with toxic peptide substances that bind to the receptors of
target cells in the lungs in the PHS hypothesis. Lymphopenia in chronic viral infections, including
HIV, may also be associated with T cell consumption against other tissue cell injuries caused by
substances derived from the focus or latently infected cells. Although HIV is believed to reside in
CD4+ T cells, causing lymphopenia in AIDS, T cell dynamics occur during the clinical course of
HIV/AIDS [17,95], and other conditions can show persistent CD4+ lymphopenia without AIDS [96].
There may be a limitation in the numerical capacity of the host immune system to mobilize immune
cells against these substances to counter extensive or persistent target cell injury in immune-
competent patients. Naturally, patients with underlying diseases, malnutrition, or immunodeficiency
have a limited repertoire or function of immune cells. In addition, because certain underlying
diseases in these hosts can be controlled by immune cells, it is possible that a new infection can
aggravate underlying organ diseases, organ failure, and even death [3].

4.3. Antibodies in viral infections

The types of pathogen-origin substances, including pathogenic proteins and peptides, differ
according to the pathogen species. In viral infections, they are significantly different according to the
presenting methods, whether they are produced through the classical APC-presenting pathway or
directly released from infected cells. For example, markedly increased levels of immunoglobulins,
especially IgG, are observed at the convalescent stage of systemic infectious diseases, including
scarlet fever and tuberculosis, and immune-mediated diseases including acute rheumatic fever and
KD [97,98]. However, the proportion of pathogen-specific antibodies among the increased
immunoglobulins is very low. Additionally, one or more pathogen-specific antibodies are used to
diagnose diseases. Generally, pathogen-specific IgM antibodies are produced first, followed by
specific IgG and IgA antibodies in viral infections and intracellular infections such as chlamydia,
rickettsia, possibly mycoplasma, and intracellular bacteria. In addition, there is a time gap of several
days or longer between the onset of symptoms and the appearance of pathogen-specific antibodies.
It was reported that some patients who had pre-existing neutralizing antibodies could be infected
with the HIN1 pandemic influenza virus [3], and those who received two-dosed measles-mumps-
rubella (MMR) vaccines could be infected with measles or mumps and had neutralizing antibodies
at the time of the symptom onset, suggesting that not only pathogen-specific antibodies but also other
immune components may be needed to gain long-term immunity [3]. The theory of antibody-
dependent enhancement (ADE) has been proposed to play a role in the pathogenesis of viral
infections, including dengue fever and COVID-19 [3,99]. Patients with pre-existing or higher levels
of pathogen-specific antibodies seem to have a more severe clinical course. This phenomenon may
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be explained that substances that exacerbate clinical symptoms are not associated with the viruses,
and virus-specific antibodies do not control toxic substances. Toxic substances may not be pathogen-
origin proteins but other substances, including pathogenic proteins or peptides from injured or
infected-host cells [3]. Patients with more severe pneumonia are more lately seroconverted to
intracellular pathogen infections, including MERS, COVID-19, and MP infection [100-102]. This
finding also suggests that the pathogen may not directly induce inflammation during the early stages
of severe infection. Thus, it is possible that clinical improvement of the disease begins at the peak
stage of inflammation, and immunoglobulins, together with pathogen-specific antibodies, also begin
to increase at the peak stage. These findings suggest that each class of immunoglobulin may be
involved in recovery reactions by acting against diverse pathogenic proteins produced during the
early stage of disease (Figure 3).

Organ-specific autoimmune or autoantibody-related diseases involve various organs, including
the CNS, liver, and kidneys [9,103,104]. Antibodies that react to components within self-cells, the
autoantibodies, may be produced against protein antigens from injured self-cells and detected in the
blood and/or pathological lesions. Autoantibodies are commonly observed in immune-mediated
diseases, including SLE, RA, and JIA, as well as in autoantibody-related diseases. By contrast,
autoantibodies can appear in healthy individuals, patients in long-term remission, and patients with
cancers such as teratoma or lung carcinoma. Moreover, some autoantibodies are detected in clinically
diverse immune-mediated diseases, and multiple autoantibodies can appear in a single autoimmune
disease. Although autoantibodies are believed to be associated with the pathogenesis of diseases,
according to the PHS hypothesis, specific antibodies or T cell clones acting against antigens derived
from self-cells are not the cause of the disease; instead, they represent a preventive immune response
to possibly toxic substances derived from self-cells [6]. The appearance of autoantibodies could be
related to target cell injury associated with unknown pathogenic infections or conditions.

4.4. Unresolved issues in the diagnosis of infectious disease

Rapid diagnosis of infectious diseases, particularly bacterial diseases, is crucial for deciding the
treatment options for patient care. The culture method is the “confirmative method” for pathogen
infection; however, obtaining results takes a long time. Thus, various PCR assays have replaced
culture methods. Pathogen culture and PCR assays depend on the notion that pathogens are
responsible for tissue cell injury during infectious diseases. Although PCR assays are used in clinical
practice for the early diagnosis of the disease, there are some confounding factors. The results of PCR
assays are influenced by disease stage, patient age, sampling site, causative strain variants, and
technical errors [8,105]. Indeed, patients with severe pneumonia with MP infection, influenza, or
COVID-19 have shown negative PCR results [8,105-107], suggesting that the viral load can be low or
absent at upper respiratory tract in severely affected patients even in the early stages of the disease.
Moreover, a PCR-positive result obtained from the upper respiratory tract or even bronchoalveolar
lavage fluids does not confirm the causal agent of pneumonia, especially bacterial infections such as
S. pneumonia and H. influenzae, because there are many asymptomatic carriers during the epidemic
of these pathogens. Accordingly, pneumonia caused by other pathogens or events can be diagnosed
as an infection with epidemic pathogens during epidemics of influenza, COVID-19, and MP infection
(false PCR positive).

Currently, there are no reliable serologic methods for the early confirmative diagnosis of
infectious diseases because pathogen-specific antibodies are detected at least 3—4 days after disease
onset. In addition, patients with severe pneumonia tend to show late seroconversion (false negatives),
as previously discussed. In addition, the levels of patho-gen-specific IgM (and IgG) can vary among
patients and can be detected long after the initial infection, as shown in MP infection (false positive).
Additionally, the results of serological diagnostics may differ if a diagnostic kit targets different
antigen(s) among the pathogen fragments. Although there are limitations to PCR assays and serologic
tests, paired or repeated serologic tests in the short-term period (during hospitalization) confirming
seroconversion (IgM-negative to IgM-positive) and/or increase in pathogen-specific IgM and IgG,
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including IgG seroconversion, is a reliable test for confirmation of intracellular infectious pathogens,
including viruses and MP [108,109].

4.5. Unresolved issues in vaccines

Vaccines have been developed for the prevention of spreading of infectious diseases. As for viral
diseases, inactivated or killed viruses, attenuated live viruses, viral proteins, and viral nucleic acids
such as DNA and mRNA have been used for vaccine development [110]. The attenuated live vaccines
against measles virus, mumps virus, rubella virus, and rotavirus are very effective and have reduced
the incidence of the diseases markedly, although there are intermittent outbreaks after vaccination
occur over time [111,112]. Clinical application of whole killed bacterial vaccines against diphtheria,
tetanus, typhoid fever, and MP have failed because of severe systemic immune reactions owing to
extensive immunogenic and/or pathogenic substances originating from these pathogens compared
to viruses [113]. There are many viral infections that need more effective vaccines, including HIV and
Zika virus [114]. In general, vaccines against RNA viruses, including SARS-CoV-2, influenza viruses,
and HIV are less effective because the viruses can easily exchange genomic RNA within a host and
possibly across species. Also, viruses have evolved many immunomodulatory strategies to counter
host’s innate and adaptive immune responses to viral infection.

It is an interesting issue whether vaccines can induce milder clinical symptoms and/or prevent
from severe pneumonia and other organ cell injury. Theoretically, an ideal vaccine for prevention the
spread of disease and mitigation of symptoms should have two functions: blocking the entrance of
viruses into cells and inhibiting replication processes in the host cells, since etiological or
inflammation-inducing substances are produced in the focus in the PHS hypothesis. Killed virus
vaccine induce only immune reactions against virus-origin substances, including virus specific
antibodies and T cell clones against virus-origin proteins and peptides. Vaccines targeting viral
capsid proteins, including viral protein vaccines or vaccines using viral mRNA targeting viral capsid
proteins, can elicit virus specific antibodies. Those vaccines induce a virus-neutralization in vitro and
could block the viral entry, but the antibodies are not involved in the replication process. Whereas
immune systems of the host who experience a natural virus infection react against all virus-origin
substances produced during replication process, including genomic and mRNAs, DNAs, and
polyproteins, and other diverse host cell-origin substances. Thus, immune status of previously
infected host could more effectively act on viral entry and control all toxic substances from infectious
insults if reinfection occurs. Likewise, it is possible that attenuated viruses could replicate in certain
cells even though not completely as natural viruses; attenuated virus infected cells produce less
amounts of substances that can be controlled easily and memorized by immune cells. Also, it is
possible that certain attenuated live strains could substitute pre-existing strains in microbiota over
time. Thus, vaccinees could experience asymptomatic or milder clinical course when infected during
natural virus epidemics. Immune status of the host against diverse substances in infected cells may
be responsible for protection of the disease and attenuation of clinical symptoms.

4.6. Viruses and cancers

It is well known that viral and possibly intracellular bacterial infections could be associated with
cancers. The oncogenic viruses include HBV and HCV (hepatocellular carcinoma), human
papillomaviruses (cervix cancer), Epstein-Barr virus (head and neck cancer), and HIV (Kaposi's
sarcoma) [115-117]. These viruses may have latently infected cells after initial infection, and repeated
reactivation of the viruses induce target cell injury in same organs. The organ cell injury could be
caused by cytopathic effect of viruses or by toxic substances derived from the latently infected cells.
The injured organ cells should be replaced new ones by host’s repair system.

In the PHS hypothesis, a cancer cell is caused by a gene defect which codes an essential protein
for cell survival. A cancer cell is made during process of the proteostasis coping with missing protein
[8]. Established cancer cell could be regarded as a new biosystem and show uncontrollable
proliferation and perform persistent activation of new genes for proteostasis [8]. All cells present in
humans are continuously regenerating and are replaced to renew tissues and might have ability to
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become cancer cells. It is known that somatic cells may have limitations in the number of cell
divisions, and that they can undergo together with telomere shortening [118]. Because cancers occur
predominantly in older persons and show a proportional increase to increasing ages, “old” somatic
cells that have undergone many division cycles might be fragile enough to a gene mutation and
subsequently easy to become cancer cell. Also, the incidence of cancer differs according to each organ,
and each organ cell may have different replacement cycle although the mechanisms and the sites of
renewal in specific organs during steady state are unknown. Likewise, it is possible that somatic cells
that are repeatedly or continuously affected by chronic infection state experience more renewal with
shortened turn-over time. The more regenerated cells become vulnerable to a gene defect and a higher
risk of transforming to cancer cells over time.

The epidemiological and clinical characteristics of cancers may be changed by environmental
factors as well as environment-associated diseases such as obesity, type Il diabetes, and inflammatory
bowel disease. In Korea, inflammatory bowel disease in children and colorectal cancer in adults were
rare diseases a generation ago, but the incidence of both diseases has been increased over time,
probably owing to changed diets to westernized style [119]. Additionally, epidemiology of colorectal
cancer in Western countries is changing as increased occurrence in young adults [120]. We have
proposed that major environment factor for susceptibility of infection-related immune mediated
disease, including KD, MIS-C, and JIA is the composition of strains in microbiota, which is affected
by ages, sex, and ethnic groups and can be changed by diets as previously discussed. Also, the
incidence of some organ cancers could differ by ages, sex, and ethnic groups, suggesting that some
cancers might be associated with chronic pathogen infections, including unidentified viruses in
microbiota.

Besides old age and infectious insults, there are other factors that can directly affect oncogenic
gene defect, and they include genetic diseases, immunodeficiency, radiation such as ultraviolet rays
and X-rays, chemicals, and drugs. It is possible that the cells chronically affected in these conditions
may also be associated with rapid turn-over time of re-placement with higher risk of cancer
transformation.

Cancer cells are dependent on nutrients from the host and use normal host cells such as vascular
and stromal cells for their living and growth, thus it possible that they use host’s immune cells when
they are infected with intracellular infections or physically stressed. Although components of
immune system, such as cytotoxic T cells and antibodies for tumor antigens, NK cells, interferons,
and other immune materials could attack cancer cells in vitro and in vivo, many unresolved issues
also remain in tumor immunology. Cancer cells also contain various inflammation-inducing
substances, and some of them are different to normal cells.

5. Treatment of virus infections

5.1. Antimicrobials

Because infectious diseases are caused by etiological agents such as bacteria, viruses, fungi,
protozoa, and parasites, effective drugs against each infectious agent have been developed and
widely used. Early antimicrobial therapy, including antibiotics, antifungals, and antivirals, for
pathogen-associated systemic diseases is critical to reduce the number of pathogens and pathogen-
originated substances, thereby inducing early recovery from the disease. Antiviral drugs are based
on targeting the viral lifecycle and/or directing the host cellular factors, since virus replication is
performed within cells and the interaction of host cell is essential for virus life. On the other hand,
antibiotics are more effective on extracellular pathogen infections, in cases of pneumonia and
localized skin infections caused by extracellular pathogens since they can directly act to pathogens.

Besides appearance of antimicrobial-resistance strains, the use of antimicrobials is not always
successful in patients with the infectious diseases, especially intracellular pathogens. For example,
antivirals cannot prevent from developing pneumonia and progression of pneumonia, and some
patients are shown to be rapidly progressive to ARDS despite early antiviral treatment in influenza
and possibly COVID-19 [121,122]. Some pneumonia patients with influenza, COVID-19, or other
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pathogens in developed countries, especially elderly patients with underlying diseases, experience
treatment failure with a high mortality, despite early application of antimicrobials [123,124]. In
chronic viral infections, including HIV and HBV infections, some patients can be affected with
reactivation of the diseases during long-term antiviral therapy [125,126]. In bacterial infections, some
patients with MP pneumonia show progressive pneumonia despite early treatment with adequate
antibiotics [127]. Patients with septic conditions show higher a mortality despite early antibiotic
treatment, and some patients show transient deterioration of clinical symptoms following antibiotic
treatment. This may be caused by a cytokine storm, characterized by extensive immune cell activation
against large amounts of substances produced during the process of bacterial death [128].

As for these findings, the PHS hypothesis suggest that toxic or inflammation-inducing
substances involve not only pathogens and pathogen-originated substances, but also other
substances derived from injured cells and/or from activated immune status. Also, intracellular
organisms, such as some viruses and bacteria, can reside certain cell as latently infected cells, and
reactivation of pathogen in the cells produce the toxic substances as like initial infection. Moreover,
host’s immune status plays critical roles for controlling of these substances.

5.2. Immune modulators

Immune modulators include corticosteroids, intravenous immunoglobulin (IVIG), and drugs
targeting cytokines or their receptors such as interleukin-1 (IL-1), IL-6, and tumor necrosis factor-a
(TNF-a). In general, the drugs have used for autoimmune diseases such as RA, SLE, and
autoantibody-related diseases in CNS and other organs, and postinfectious systemic inflammatory
diseases such as acute rheumatic fever, KD, and MIS-C. Also, corticosteroids have been used in acute
infectious diseases, including septic conditions, tuberculous meningitis, typhoid fever, and EB virus
infection [129,130]. During the COVID-19 pandemic, a variety of treatment modalities including
antivirals, convalescent plasma, biologics targeting IL-1, IL-6, and TNF-a, and other anti-
inflammatory drugs has been tried, and corticosteroids such as dexamethasone and
methylprednisolone were reported to be effective in reducing mortality of severely affected patients
[131,132].

The mechanisms of each immune modulator are somewhat different, but immune modulators
reduce inflammation through blocking various inflammation-associated pathways [133]. Although
the entire mode of action of corticosteroids and IVIG is unknown, corticosteroids (as analogues of
cortisol) and IVIG (as serum IgG) could be regarded as host-origin immune controllers in vivo. It is
possible that a host immune system cannot produce them in adequate doses within the short duration
of exposure to acute extensive toxic substances from infectious insults. In the PHS hypothesis,
corticosteroids induce early establishment of hyperimmune reaction caused by initially acting
nonspecific adaptive immune cells against larger amount of etiological or inflammation inducing
substances [2]. Also, in rapidly progressive viral infections, there is a critical time to extensive target
cell injury by the T cell-induced immunologic insults before reaching to the peak of inflammation.
Thus, for patients with ARDS or other acute whole organ-specific diseases with severe lymphopenia,
early, as soon as possible, systemic immune modulator treatment before the occurrence of diffuse
organ-specific cell injury is critical, especially in previously immune-competent patients. Because the
severity of viral pneumonia or other organs is dependent on the loads of inflammation-inducing
substances in the early stage and the effect of corticosteroids is dose-dependent, the initial dose of
corticosteroid and the schedule of treatment could be determined on an individual basis. As for
severe COVID-19, we have recommended early preemptive immune modulators, especially
corticosteroids and/or IVIG, and proper treatment modality, which is consist of early, enough dose
of cortico-steroids based on severity of the disease, and short-term use with rapid tapering [3,4,134].
The rationale of this treatment modality is based on the PHS hypothesis and our experience with
influenza pneumonia, acute bronchiolitis, and MP pneumonia [1,2,135,136].

In HIV, HBV, and HCV infections, there are chronic carriers who do not show any clinical or
laboratory abnormal signs, and some patients show a reactivation of virus on occasion, despite
antiviral treatment. The risk factor or number of reactivations remain to be elucidated but might be
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dependent on host’s immune status, including long-term use of immunosuppressants [137].
Clinically these reactivations can vary, ranging from a subclinical course to a severe acute organ
exacerbation such as fulminant hepatitis and even death as like initial infection. Thus, it is possible
that various inflammation-inducing substances that are derived from latently infected cells may be
responsible for the immunopathogenesis of reactivated viral infections. Accordingly, short-term
immune modulators for severely relapsed patients could be helpful to early recovery from the
diseases. Historically, it has been reported that immune modulators, including corticosteroids and
interferons, were effective in relapsed or exacerbated patients with HIV, HCV, and HBV [138-140].

Each immune components act on each toxic substance (Table 1), and all immune components
may be communicated with networks, including cytokines and MHC class I in the PHS hypothesis
[6]. Therefore, the effect of immune modulators differs depending on the disease entity and even in
similar phenotype of the disease. Corticosteroids are effective the diseases of which pathophysiology
are associated with activation of non-specific or immature B cells and T cells or innate immune cells
such as eosinophils in RA, SLE, and eosinophilic granulomatosis, although rebound phenomena
occur in chronic immune-mediated diseases [141]. On the other hand, the drugs might take a long
time to be effective or be ineffective in the disease whose pathophysiology is associated with the
innate immune system, such as the immune-protein system acting against idiopathic nephrotic
syndrome, amyloidosis, and Alzheimer’s disease [9].

Although outcomes of viral infections dependent on host factors, an early and adequate use of
immune modulators could mitigate rapid disease progression, and reduce morbidity, and possibly
prevent irreversible total organ destruction especially in rapidly progressive cases even in chronic
viral infections. In clinical fields, refractory or severe cases in viral or MP infections and in immune-
mediated diseases including, KD, MIS-C, and systemic JIA, might be associated with the duration of
disease-onset at presentation (lately presented cases) and/or the initiation time and dose of immune
modulators especially in immune-competent cases. Severely affected patients may need early, as
soon as possible, higher dose of corticosteroids rather than a guideline-recommended dose, and next
treatment modality could be determined based on clinical signs and short-term follow-up
inflammatory biomarkers, including lymphopenia, CRP, and albumin [142-144].

Although immune modulators induce stabilization of hyperimmune reactions in the early stage
in acute insults from infectious disease, they cannot control etiological substances, thereby cannot
cure disease. Also, prolonged use of corticosteroids causes serious systemic complications, and
prolonged use of other immune modulators and antivirals can also cause rare adverse reactions,
including higher risk of infection and various metabolic changes. Patients with autoimmune diseases
or chronic inflammatory diseases after infection may have improper immune status for controlling
initial exposure to an etiological substance to protect against target cell injury or for control of toxic
substances produced by injured target self-cells.

6. Conclusions

The mechanism and pathophysiology of viral infections are complex. The host's defense
responses to viral infections that lead to viral clearance may also be associated with injury and
destruction of the target organ cells. In this paper, we discuss on the unresolved issues on
pathophysiology of viral diseases and propose early immune modulators against acute severe insults
from virus infections based on our clinical experiences and the PHS hypothesis. Although
understanding of viral diseases and human interactions have advanced, further studies are needed
to understand the viral-host response mechanisms to improved preventive methods, therapeutic
interventions, and decrease target organ sequelae.
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