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Humankind has witnessed increased frequency of emerging and re-emerging

viral diseases in the past few decades. The major categories of pathogenic

emerging and re-emerging viral infections include respiratory, arthropod-

borne and bat-borne zoonotic viruses. These viral infections are notorious

for causing immune dysregulation and have the potential to mount excessive

immune reaction, causing immunopathology that includes tissue injury,

systemic inflammation, multi-organ failure and even death. A better

understanding of the emerging or re-emerging viral-mediated

immunomodulation is necessary for controlling the virus, while preventing

severity of the disease associated with exaggerated immune response. In

this article, we review the current understanding of emerging and re-

emerging respiratory, arboviral and bat-borne zoonotic viruses; and

consequent immune dysregulation or immunopathology associated with

these viral infections.
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Introduction

Emerging and re-emerging infectious diseases are a never-ending threat and it

continues to wreak havoc on population health and the economy worldwide.

Emerging infections have been defined as infections that have never been recognized

previously and re-emerging infections are those that have come back in a different form or

a location after previous decline in the incidence (Fauci, 2005). Several factors are involved

in contributing to emergence of “new infection” or re-emergence of “past infection,”

including ecological destruction, increasing population, increased regional and global

connectivity, social and behavior changes. As per the WHO list of top emerging and re-

emerging diseases having potential of causing major epidemics include different viral

diseases, such as severe acute respiratory syndrome corona virus-2 (SARS-CoV-2),

Middle East respiratory syndrome coronavirus (MERS-CoV), Nipah, Ebola, etc.,

(Mukherjee, 2017).

The clinical features of patients infected with emerging or re-emerging viruses ranges

from asymptomatic infection to severe symptoms and even death. The host immune

response against the virus should be appropriate to control the disease without causing

self-injury (Gogoi et al., 2021). However, the emerging or re-emerging viral infections are
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mostly associated with an exaggerated immune response,

resulting in immunopathology in the infected individuals

(Yang and Yang, 2021). In this review, we discuss about our

current understanding of immune dysregulation and

immunopathology associated with emerging and re-emerging

viral infections of the twenty-first century with a focus on

respiratory virus, arbovirus and bat-borne zoonotic viral

infections.

Emerging and re-emerging
respiratory virus mediated immune
dysregulation

One of the most fatal emerging viral disease discovered in

the early twentieth century was the “Spanish flu.” In the last

decades, there has been increased incidence of the emergence of

several new respiratory viral infections (Jefferson et al., 2023).

Currently, the novel SARS-CoV-2, a positive-sense RNA virus

from the Coronaviridae family, is responsible for considerable

morbidity and mortality throughout the World. Corona virus

disease-2019 (COVID-19) is the disease caused by the SARS-

CoV-2 virus. Most of the deaths in critically ill COVID-19

positive patients have been reported to be the outcome of Acute

Respiratory Disease Syndrome (ARDS) (Yang et al., 2020).

Initial reports in symptomatic severe COVID-19 patients

showed increased concentrations of TNF-α, GCSF, IP10,

MCP1, and MIP1A, suggesting association of

hyperinflammation with the disease severity (Huang et al.,

2020). With respect to status of T cells, SARS-CoV-

2 infection leads to a significantly decrease in the counts of

circulating CD4+ and CD8+ T cells, but they were highly

activated (HLADR positive) along with increased proportion

of proinflammatory Th17-enriched CCR6+CD4+ T cells and

increased levels of cytotoxic granules (perforin and granulysin)

in CD8+ T cells (Xu et al., 2020). Over a decade ago (in the year

2009), pandemic H1N1 influenza A virus (pH1N1), a negative-

sense RNA virus belonging to the family Ortomyxoviridae,

emerged that had spread rapidly, contributing to momentous

morbidity and between 105700–395600 deaths during the first

1 year of the viral circulation (Dawood et al., 2012). Early

secretion of copious amount of Th17 and Th1 cytokines

were observed in pH1N1 infected patients with severe

symptoms as well as in the experimental mouse model,

indicating hyperimmune response mediated pathogenicity of

the disease (Bermejo-Martin et al., 2009; Liu et al., 2019). The

proinflammatory cytokine-IL-1 signaling against pH1N1 has

been shown to induce lung immunopathology by mediating the

recruitment of neutrophils to the infected lung (Guo et al.,

2017). Another notable negative-sense RNA virus of the family

Orthomyxoviridae is avian H5N1 virus, commonly known as

“bird flu” and since 1997, this virus has caused several outbreaks

in poultry and have occasionally transmitted to humans,

leading to case fatality rate of more than 50 percent

(Neumann et al., 2010). Infection with H5N1 has been

shown to cause a significant depletion of peripheral blood

CD4+ and CD8+ T cells and apoptosis of dendritic cells in

the lungs and draining lymphnodes (Baskin et al., 2009). In

addition, high concentrations of cytokines-IL-6, IFN-γ, IL-10,
and chemokines-interferon induced protein-10 (IP-10) along

with monokine induced by interferon-γ (MIG) have been

detected in the serum of H5N1 positive patients, and an

increased expression of TNF-α was observed in the lung

tissue of H5N1 autopsy (Peiris et al., 2004; de Jong et al.,

2006). The most cause of death due to H5N1 infection is

cytokine-induced inflammation and subsequent lung

pathology (ARDS) (Peiris et al., 2009). Although avian to

human or human to human transmission efficiency of

H5N1 is low, but it is extremely pathogenic due to its ability

to induce disproportionate cytokines and chemokines

production that results in pulmonary tissue damage. One

more important virus of the 21st century that was first

reported in 2012 is MERS-CoV, a positive-sense RNA virus

belonging to the family Coronaviridae that infected huge

numbers of dromedary camels and occasional transmission

from the infected camels to exposed humans and rarely from

the infected human to human transmission occurred (Mackay

and Arden, 2015). In the infected human, MERS-CoV cause

severe respiratory disease and accounts for mortality rate of

more than 35 percent (Chafekar and Fielding, 2018). This virus

has been reported to efficiently infect and kill T cells by

inducing both intrinsic and extrinsic apoptotic pathways

(Chu et al., 2016). Dysregulated serum levels of cytokines

such as TGF-β, EGF, IL-6, IL-7, IFN-γ, IL-15, and IL-10 and

chemokines such as CXCL8, CCL3 and CCL5 have been

observed in severe and fatal cases of MERS-CoV, indicating

the potential involvement of impaired cytokine levels as well as

recruitment of leukocytes to the site of infection and

consequently in immune mediated pathogenicity (Min et al.,

2016; Alhetheel et al., 2023).

Overall, the severity of the disease associated with these

emerging and re-emerging respiratory viral infections is

directly linked to hypercytokinemia and inefficient cell

mediated immune response (Table 1). The initial recognition

of respiratory virus in the lungs by innate immune cells through

pathogen associated molecular patterns (PAMPs) initiate

secretion of myriad of proinflammatory cytokines, including

IL-1β, IL-6, and TNF-α which are required for setting up the

stage for immune response, but excessive production of these

cytokines can cause acute lung injury (Goodman et al., 2003).

The injured tissue of the lungs in turn releases damage associated

molecular patterns (DAMPs) such as mitochondrial DNA,

formyl peptides and cardiolipin that impairs lung structure

and functions (Zhang et al., 2010b; Ray et al., 2010).

Additionally, chemokine such as IL-8 secreted by the innate

immune cells, stimulated lung fibroblasts and epithelial cells
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recruit neutrophils and macrophages to the lung and becomes

activated by direct viral recognition though PAMPs and also by

mitochondrial DNA produced by the cellular injury leading to

release of reactive oxygen species, thereby contributing to acute

lung injury (Kunkel et al., 1991; Zhang et al., 2010a; Foo et al.,

2023). This sequence of events which lead to cytokine storm and

consequent immune dysregulation in pathogenic respiratory

viral infections play a crucial role in the development of

ARDS or other pathological conditions such as sepsis or

multiple organ failure and even death (Figure 1A).

TABLE 1 Cytokines involved in immunopathogenesis during emerging and re-emerging viral infections.

Virus group Pathologic cytokine mediator Reference

Respiratory

SARS-CoV-2 TNF-α, GCSF, IP10, MCP1, MIP1A, IL17 Huang et al. (2020), Xu et al. (2020)

H1N1 IL-12, IFN-γ, IL-6, TNF-α, IL17, IL1β Bermejo-Martin et al. (2009), Liu et al. (2019)

H5N1 IL-6, IFN-γ, IL-10, IP10, TNF-α Peiris et al. (2004), de Jong et al. (2006)

MERS-CoV TGF-β, EGF, IL-6, IL-7, IFN-γ, IL-15 and IL-10 Min et al. (2016), Alhetheel et al. (2023)

Arbovirus

DENV MIF, TNF-α, IFN-γ Duangchinda et al. (2010), Chen et al. (2016)

JEV TNF-α, IL-6, IFN-α, IL-8 Burke and Morill (1987), Winter et al. (2004), Kalita et al. (2010)

CHIKV IL-1β, IL-6, TNF-α Suhrbier and Mahalingam (2009)

Bat-borne virus

NiV IL-6, CXCL-10 Lo et al. (2010), Prescott et al. (2012)

Ebola TNF-α, IFN-γ, IFN-α Villinger et al. (1999)

FIGURE 1
Sequence of events which lead to immune dysregulation and consequent disease severity in pathogenic emerging and re-emerging viral
infections. (A) Cascade of events associated with pathogenic respiratory viral infection, (B) entry of arbovirus into the body and subsequent
pathological events associated with different types of arbovirus, and (C) pathological events associatedwith invasion of bat-borne zoonotic virus and
its clinical manifestation.
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Emerging and re-emerging arbovirus
mediated immune dysregulation

The emergence and re-emergence of arthropod-borne

viruses (arboviruses) such as dengue virus (DENV), Japanese

encephalitis virus (JEV) and Chikungunya virus (CHIKV) are on

the rise, particularly in Southeast Asia region. These three

diseases occur through the bite of infected mosquito and

usually take place during warm and wet season, when the

arthropods (mosquitoes) are active. DENV is an RNA virus

(positive-sense) belonging to the Flaviviridae family that can

be transmitted to humans through the bites of infected Aedes

aegypti mosquito. Infection with DENV causes release of

macrophage migratory inhibitory factor (MIF) from the

endothelial cells and secretion of TNF-α by macrophages,

resulting in vascular leakage and haemorrhage (Wu-Hsieh

et al., 2009; Chen et al., 2016). The sign of liver damage with

increased plasma levels of liver enzymes have been detected in the

symptomatic serious patients, and it was experimentally shown

in mice model that DENV infection causes activation and

recruitment of NK cells to the liver resulting in hepatic injury

(Kalayanarooj et al., 1997; Sung et al., 2012). In a recent study,

higher level of proinflammatory NK cells and an increased

expression of Fc receptor-CD64 on myeloid cells have been

shown to be responsible for the pathogenesis of severe dengue

in human (Robinson et al., 2023). Although CD8+ T cells play a

protective role against DENV but during severe dengue infection,

CD8+ T cells do not undergo degranulation while secrete higher

level of TNF-α and IFN-γ cytokines that further enhances

immunopathology in the host (Duangchinda et al., 2010). The

next important positive-sense RNA virus in the family

Flaviviridae is JEV. The reservoir hosts of this virus are pigs

and water birds, and an infected mosquito, primarily Culex

species (Culex tritaeniorhyncus and Culex vishnui), can

transmit the virus to human (mostly children), who are

incidental or dead-end hosts; often leaving survivors with

permanent neuropsychiatric sequalae (Solomon et al., 1998).

The virus after getting entry into the human through the bite

of an infected mosquito replicates primarily in the macrophages

and dendritic cells leading to a transient low viremia (Aleyas

et al., 2009). Following evasion of the immune surveillance in the

periphery, JEV-infected cells transmigrate to the central nervous

system (CNS) resulting in inflammatory demyelination and

encephalitis (Wang et al., 2022). One of the earlier studies

had shown that TNF-α is locally produced in the CNS

contributing to the severity of symptoms in Japanese

encephalitis (JE) patients (Burke and Morill, 1987).

Subsequent studies have reported an association of higher

levels of proinflammatory cytokines-IL-6, IFN-α and

chemokine-IL-8 in CNS with poor outcome in patients with

JE (Kalita et al., 2010; Winter et al., 2004). The amount of

chemokine-CCL5 (RANTES) which is required for migration

of activated T cells was found to be elevated in both plasma and

CNS of JE patients (Winter et al., 2004). CHIKV is another

pathogenic arbovirus with a positive sense RNA genome,

belonging to the Togaviridae family (alphavirus), that has re-

emerged to cause a major epidemic outbreak in Asia, Africa and

United States, affecting millions of people globally with only 5%–

25% reported asymptomatic cases of CHIKV (Morrison, 2014).

Although, the natural host of CHIKV is wild primates, but it is

majorly transmitted from human to human by the bites of

infected Aedes species mosquitoes (Aedes aegypti or Aedes

albopictus) and perinatal mother-to-child transmission can

also occur (Runowska et al., 2018). The most common

symptom of CHIKV-infected patients is arthralgia, primarily

affecting peripheral joints, including knees, ankles, wrists and the

small joints of the hand; this symptom can persist in the patients

for months or years (Suhrbier et al., 2012). Other clinical

manifestations of acute CHIKV disease includes headache,

back pain, generalised myalgia, fatigue and skin rashes; the

severe course of disease in adults and neonates has been

associated with neurological, cardiovascular and respiratory

complications that can be fatal (Runowska et al., 2018).

CHIKV after entering into the human host infects

macrophage leading to the production of copious amount of

proinflammatory cytokines like IL-1β, IL-6, and TNF-α, and also
activation of platelets that releases inflammatory factors such as

cleaved IL-1β, NLR-3, and caspase-4 which play a key role in

inflammation and arthritis (Suhrbier and Mahalingam, 2009;

Gomes de Azevedo-Quintanilha et al., 2022). Infection with

CHIKV also causes increased in the frequency of circulating

T cells and NK cells in symptomatic patients that have been

suggested to play a detrimental role in the host (Petitdemange

et al., 2011; Miner et al., 2015). Indeed, depletion of CD4+ T cells

or NK cells has been shown to diminish joint pathology in a

mouse model, indicating their pathogenic role during CHIKV

infection (Teo et al., 2013; Teo et al., 2015). Thus, disease

manifestation of these three arboviruses (DENV, JEV and

CHIKV) ranges from no symptoms or a mild fever, headache,

joint or muscle ache and or a skin rash to severe febrile disease,

liver injury, neurological or cardiac complications, coma and

even death.

Initially, the infected arthropod in the process of blood

feeding, inject saliva that carries the virus into the skin of

human. Immunomodulatory factors present in the saliva of

arthropods prevent localized inflammation, and it also

polarize the host immune response towards a Th2 response

characterized by heightened secretion of cytokines such as IL-

4 and IL-10 that protects the virus (Titus et al., 2006). The

arbovirus then colonizes the lymphnodes and after a brief

incubation period, the virus travels in the bloodstream to

internal organs, including the liver, CNS and peripheral joints

where it initiates immunopathology by inducing abberent

immune responses and cytokine production resulting in host

tissue damage (Table 1). The ideal site of infection or replication

for different arbovirus varies due to their dependence on cell
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surface specific receptors to enter into the organ. For instance, the

envelope protein of DENV is required for binding to the

hepatocytes and heparin sulphate present on the cell

membrane facilitates its entry into the liver; JEV takes the

help of peripheral macrophage to induce inflammation that

disrupt the blood-brain-barrier and then the virus cross into

CNS; and binding between CHIKV-E2 protein and cell surface-

Mxra8 receptor expressed on fibroblasts, skeletal muscle cells,

and chondrocytes is essential for CHIKV infection (Chen et al.,

1996; Thepparit and Smith, 2004; Lannes et al., 2017; Zhang et al.,

2018). The immunopathological consequence of arboviral

infections at their respective anatomic sites of infection with

or without systemic inflammation causes significant morbidity

and mortality (Figure 1B).

Emerging and re-emerging bat-
borne virus mediated immune
dysregulation

The best exemplified bat-borne viruses that have been found

to infect humans and have come into prominent notice in the

recent past are Nipah (NiV) and Ebola viruses. Both NiV and

Ebola viruses enter into mucous membrane or non-intact skin

and uses macrophage, dendritic cells or lymphocytes as a vehicle

to travel to the lymphnodes and nodal chains, where viral

replication occurs (Mathieu et al., 2011; Baseler et al., 2017).

After a few days of inoculation in lymph glands, the virus enters

the bloodstream and reaches internal organ such as CNS and

lungs inducing excessive immune response leading to

immunopatholgy and extensive tissue damage (Figure 1C).

NiV is an a negative-sense, single-stranded RNA virus,

belonging to Paramyxoviridae family, was first detected during

an outbreak of unknown respiratory and neurological disease in

swine (intermediate host) and humans in West Malaysia in

1998 and had re-emerged in Kerela, India in 2018 and on

September 2023, a fresh Nipah outbreak has taken place in

the same State of India (Thiagarajan, 2023). Transmission of

NiV to humans can occur through the consumption of fruit that

is contaminated by saliva or urine of bats, or through contact

with contaminated body fluids of infected pigs or humans. The

clinical manifestation of NiV-positive patients ranges from

asymptomatic infection to severe respiratory illness,

meningitis and encephalitis with overall case fatality rate of

61% (Kenmoe et al., 2019). NiV infection has been shown to

trigger the endothelial cells to produce IL-6 and chemoattractant-

CXCL-10 that have been described in contributing to the

widespread vasculitis and thrombosis (Table 1) (Lo et al.,

2010; Prescott et al., 2012). Indeed, the main clinical and

autopsy findings from NiV-infected humans revealed a

vasculitis in the CNS and lungs, characterized by

inflammation and infiltration of neutrophils, macrophages and

lymphocytes (Wong et al., 2002). Another deadliest bat-

transmitted negative-sense single-stranded RNA virus is Ebola

virus, belonging to Filoviridae family, was first reported in remote

village in Democratic Republic of Congo (formerly, Zaire) in

1976 and re-emergence of several Ebola virus outbreaks have

been observed in rural regions of West and Central Africa during

the past few years. Humans are initially infected with Ebola virus

through direct contact with an infected bat and then the virus

spread in the community through the infected body fluids or

contaminated objects used by a person who is sick or has died

from the Ebola virus. An estimated case fatality rate of 65.4% was

observed and varied significantly among the Ebola outbreaks

(Lefebvre et al., 2014). The major symptoms of Ebola disease

include fever, aches, gastrointestinal symptoms, weakness,

hemorrhage and bleeding. Early studies of the Ebola virus

disease (EVD) showed significant increased levels of TNF-α,
IFN-γ, and IFN-α in the serum samples of fatal EVD cases,

suggesting a contribution of soaring immune activation in lethal

outcome of Ebola disease (Table 1) (Villinger et al., 1999). Ebola

could potentially target mononuclear phagocytes as the primary

cells affected by the virus. This targeting could lead to the release

of various substances, such as cytokines (e.g., TNF-α, IL-1β),
chemotactic chemokines (e.g., MIP-1), reactive oxygen, and

nitrogen species (Feldmann et al., 1996; Baseler et al., 2017).

This response to the infection might result in the breakdown of

endothelial barriers, causing symptoms like edema and

hypovolemic shock. Moreover, the compromised adaptive

immunity, characterized by the lack of functional DCs, loss of

CD4 and CD8 T cells likely due to a deregulated DC/T synapse,

an increase in the expression level of cell death receptors (e.g.,

CD95), and the presence of T Cell exhaustion markers [e.g.,

programmed death protein 1 (PD1) and cytotoxic T lymphocyte

antigen-4 (CTLA-4)] on lymphocytes, could be associated with

fatal outcomes (Ruibal et al., 2016). While both CD4 T cells and

CD8 T cells are affected by the process of cell death through

various pathways, resulting in the loss of T cell-derived cytokines,

there is no consensus regarding the impact of EBOV infection on

B cells in studied models. Thus, hyperinflammatory response

together with the abnormal cellular immune response

contributes to the severity of EVD. In general, a properly

regulated immune response is desirable for efficiently

combating highly infectious bat-borne zoonotic viral disease

(NiV or Ebola) with minimal or no collateral tissue damage.

Discussion

Emerging and re-emerging viral diseases remain as the

major cause of morbidity and mortality. Immunopathological

changes brought about by these viruses are sometimes so intense

that the patient experience severe complications that can be fatal.

The most important part of an initial immune response is

inflammation, which is required to directly act against the

pathogen as well as in mediating the adaptive immune cell
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recruitment and activation. However, unfamiliar pathogenic

threats such as emerging or re-emerging virus causes

excessive immune response leading to immunopathology,

including tissue injury, systemic inflammation, multi-organ

damage and even death. In this review, we have provided

evidence that exaggerated inflammatory response and

dysregulated T cell effector functions occurring during

pathogenic emerging or re-emerging respiratory, arbovirus or

bat-borne viral diseases cause severe complications and

mortality in the patients. Currently available therapeutic

interventions in dampening the inflammatory response come

with undesired side-effects and hampers in reducing the viral

load. Future studies addressing the extent and details of the

mechanisms involved in emerging or re-emerging virus-induced

excessive inflammatory response would support in designing

therapeutic strategies to fine tune the immune response in

efficiently combating the virus without aggravating

immunopathology in the host.
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