Journal of Research in Microbiology and Immunolo
MA N l E CH gy 2y
Publications Volume 7, Issue 1, January-April, 2025

Immune Response to Emerging Infectious Diseases: A

Microbiological Perspective

Shashank Agnihotri
Associate Professor
Department of Microbiology
Vishwanath Seth College of Pharmacy and Paramedical

Email id: meagnihotri.shashank@gmail.com

Rohit Singh
PG Scholar
Department of Microbiology
Vishwanath Seth College of Pharmacy and Paramedical
Email id: rohit.singh38@yahoo.co.in

Abstract
Emerging infectious diseases, driven by pathogens such as viruses, bacteria,
and fungi, pose a significant threat to global health. This paper explores the
immune system's response to these novel pathogens, focusing on both innate
and adaptive immunity. The role of antigen recognition, cytokine release, and
immune cell activation is examined in the context of new infectious agents. The
paper also discusses the challenges posed by novel pathogens, including the
potential for immune evasion and the rapid mutation of these organisms.
Insights into the development of vaccines and therapies targeting immune

modulation are provided.

Keywords: Emerging Diseases, Immune Response, Innate Immunity, Adaptive

Immunity, Vaccine Development.

INTRODUCTION
Emerging infectious diseases (EIDs) pose one of the greatest global threats to public health in

the 21Ist century. These diseases—often caused by novel or previously unrecognized

17 I Page 17-29 © MANTECH PUBLICATIONS 2025. All Rights Reserved


mailto:meagnihotri.shashank@gmail.com
mailto:rohit.singh38@yahoo.co.in

Journal of Research in Microbiology and Immunology

MANIECH

Publications Volume 7, Issue 1, January-April, 2025

pathogens—can rapidly spread and lead to outbreaks or pandemics. Microorganisms such as
viruses, bacteria, and parasites evolve continuously, exploiting ecological shifts, zoonotic
transmission routes, and immunological vulnerabilities in human populations. A robust
understanding of how the human immune system responds to these emerging pathogens is
essential to developing effective therapeutic interventions, vaccines, and public health
strategies. From a microbiological viewpoint, the immune response encompasses a complex,
dynamic interplay between the innate and adaptive immune systems, pathogen recognition

mechanisms, and microbial evasion strategies.

OVERVIEW OF EMERGING INFECTIOUS DISEASES

Emerging infectious diseases are infections that have recently appeared in a population or
those whose incidence or geographic range is rapidly increasing. Prominent examples include
COVID-19 (SARS-CoV-2), Ebola virus disease, Zika virus infection, and novel strains of
influenza. Many EIDs originate from animal reservoirs, making zootoxic spillovers a critical
area of concern. Microbes that cross the species barrier often exhibit novel genetic signatures
and antigenic profiles unfamiliar to the human immune system, resulting in delayed

recognition and inadequate early immune responses.

Table 1: Examples of Emerging Infectious Diseases and Their Causative Agents

Transmission First Known | Animal
Disease Causative Pathogen
Route Outbreak Reservoir
SARS-CoV-2 Respiratory . Bats, possibly
COVID-19 _ Wuhan, China (2019) .
(Coronavirus) droplets pangolins
Ebola  Virus|Ebola virus . _ . )
o Bodily fluids Zaire, DRC (1976)  |Fruit bats
Disease (Filoviridae)
Zika Virus| o . Uganda (1947); major
. Zika virus (Flavivirus) |Mosquito (Aedes) | Monkeys, humans
Infection in 2015
_ . Nipah virus o ) ) ]
Nipah Virus ) Zoonotic (direct) |Malaysia (1998) Fruit bats, pigs
(Paramyxovirus)
Avian H5N1, HIN9| o
Bird-to-human Hong Kong (1997)  |Poultry, wild birds
Influenza (Influenza A)
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Innate Immune Response to Emerging Pathogens

The innate immune system is the body’s first line of defense against pathogens, providing a
rapid and non-specific response to a broad range of infections. Unlike the adaptive immune
system, which tailors its response to specific pathogens, the innate immune response is largely
pre-programmed and can recognize a wide variety of infectious agents. As emerging
pathogens continually present new challenges, the innate immune system plays a critical role
in mitigating the effects of these infections, although it is not without its limitations. Below is

a detailed elaboration on key aspects of the innate immune response to emerging pathogens.

Pathogen Recognition and Inflammatory Signaling

The first step in the innate immune response is the recognition of pathogen-associated
molecular patterns (PAMPs) by the host immune system. These PAMPs are conserved
molecular structures found on a wide range of pathogens, such as bacteria, viruses, and fungi.
The recognition of these PAMPs is primarily mediated by pattern recognition receptors
(PRRs), which are present on immune cells such as macrophages, dendritic cells, and

neutrophils.

Toll-like receptors (TLRs) and NOD-like receptors (NLRs) are the most well-known PRRs
involved in detecting foreign invaders. Upon pathogen detection, these receptors initiate a
cascade of signaling events that activate the immune system. This process results in the
release of pro-inflammatory cytokines such as TNF-a, IL-6, and IL-1B, which help recruit
additional immune cells to the site of infection, promote inflammation, and initiate the process

of pathogen elimination.

These inflammatory signals also help to amplify the immune response by activating other
components of the immune system, including the adaptive immune response. In some cases,
chronic inflammation or an exaggerated response can occur, leading to tissue damage or

autoimmune diseases, which are significant challenges in the context of emerging pathogens.

Interferons and Antiviral Defense
Interferons (IFNs) are key components of the innate immune system, particularly in the
defense against viral infections. There are two main types of interferons: Type I interferons

(IFN-a and IFN-B) and Type II interferons (IFN-y). Type I interferons are released by infected
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cells and act in an autocrine and paracrine manner, binding to specific receptors on nearby
cells to induce an antiviral state. This antiviral state involves the upregulation of a wide range
of genes that inhibit viral replication, such as Mx proteins and OAS (2',5'-oligoadenylate
synthetase).

The antiviral effect of interferons extends beyond just the infected cell. They act as signaling
molecules that activate immune cells like macrophages, dendritic cells, and natural killer (NK)
cells, enhancing their ability to recognize and eliminate infected cells. IFN-y, on the other
hand, is important in the activation of macrophages and promoting the Thl response, which is

critical in fighting intracellular pathogens.

However, some emerging viruses, such as the SARS-CoV-2 virus responsible for COVID-19,
have developed mechanisms to evade or suppress the interferon response, thereby
complicating the body’s ability to mount an effective antiviral defense. This highlights the
need for therapeutic strategies that can enhance the interferon response or overcome viral

evasion mechanisms.

LIMITATIONS OF INNATE IMMUNITY
While the innate immune system provides a rapid response to emerging pathogens, it has
several limitations:

1. Lack of Specificity: The innate immune system recognizes broad patterns but lacks
the specificity seen in the adaptive immune system. This means it cannot provide long-
term immunity against specific pathogens, as it does not produce memory cells that
can recognize previous pathogens upon re-infection. This is particularly problematic
for chronic infections or for pathogens that mutate rapidly.

2. Inability to Mount a Sufficient Response against Highly Evasive Pathogens: Many
emerging pathogens, particularly viruses and bacteria, have evolved mechanisms to
evade the innate immune system. For instance, certain viruses can inhibit the
production of interferons, while bacteria may develop resistance to phagocytosis or
avoid detection by immune cells through antigenic variation.

3. Overactive Immune Response: In some cases, the innate immune response can be

overactive, leading to cytokine storms. This hyper-inflammatory response can
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damage tissues and organs, leading to severe outcomes, especially in diseases like
COVID-19 or sepsis.

4. Insufficient Memory: Unlike the adaptive immune system, the innate immune system
does not have memory capabilities. Once the pathogen is cleared, the innate immune
cells are not able to mount a more efficient defense upon subsequent encounters with
the same pathogen.

5. Inflammatory Damage: While inflammation is crucial for pathogen elimination,
excessive inflammation can lead to tissue damage. For example, a prolonged
inflammatory response in the lungs during viral infections can contribute to

pulmonary edema and fibrosis, as seen in severe cases of COVID-19.

ADAPTIVE IMMUNE RESPONSE TO NOVEL PATHOGENS

The adaptive immune system provides a highly specific, targeted defense against pathogens,
which is crucial when dealing with novel pathogens that the body has never encountered
before. Unlike the innate immune system, which responds immediately but non-specifically to
pathogens, the adaptive immune system takes longer to respond, but it provides a more
tailored and long-lasting defense. The adaptive immune response involves B cells, T cells, and
the production of antibodies. It also provides immune memory, which helps in faster and more

robust responses upon subsequent encounters with the same pathogen.

However, as new and novel pathogens emerge, the adaptive immune system faces several
challenges. Below is a detailed exploration of the components of the adaptive immune

response and the challenges associated with fighting novel pathogens.

ROLE OF B CELLS AND ANTIBODIES
B cells are a critical component of the adaptive immune system. They are responsible for the
production of antibodies (also known as immunoglobulins), which specifically recognize and
bind to pathogens or foreign substances. The process begins when a pathogen or its
component (antigen) is detected by B cells, which then undergo activation, differentiation, and
proliferation. These activated B cells produce antibodies that are specific to the pathogen.
Antibodies have several important roles in protecting the body from infections:

1. Neutralization: Antibodies bind to pathogens such as viruses or bacteria, preventing

them from entering host cells or tissues and neutralizing their harmful effects.
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2. Opsonization: Antibodies tag pathogens for destruction by other immune cells, like
phagocytes (macrophages and neutrophils), enhancing the efficiency of the immune
response.

3. Activation of Complement System: Antibody binding to a pathogen can trigger the
complement cascade, a series of proteins that further amplify the immune response and

lead to the lysis (destruction) of pathogens.

In response to novel pathogens, B cells are critical in generating a diverse antibody repertoire.

However, novel pathogens like emerging viruses (e.g., SARS-CoV-2) can rapidly evolve,

presenting new challenges to antibody recognition. Mutations in pathogen antigens can allow

them to escape recognition by previously generated antibodies, leading to the emergence of

Cytotoxic and Helper T Cells

T cells are another essential component of the adaptive immune response, and they can be

broadly divided into two major types: cytotoxic T cells (CD8+ T cells) and helper T cells
(CD4+ T cells).

Cytotoxic T Cells (CD8+ T cells): These cells are responsible for identifying and killing
infected cells. Cytotoxic T cells recognize infected cells through major histocompatibility
complex (MHC) class I molecules that present fragments of foreign antigens on the
surface of infected cells. Once recognized, CD8+ T cells release cytotoxic molecules such
as perforin and granzymes, which induce apoptosis (programmed cell death) in the
infected cell. This process is crucial for eliminating cells infected by intracellular

pathogens like viruses.

Helper T Cells (CD4+ T cells): Helper T cells do not directly kill infected cells but play a
crucial role in activating other components of the immune system, such as B cells (to
produce antibodies) and cytotoxic T cells (to kill infected cells). They also help activate
macrophages, enhancing their ability to clear pathogens. Helper T cells recognize antigens
presented by MHC class II molecules on the surface of antigen-presenting cells (APCs),
such as dendritic cells and macrophages. Upon activation, they release cytokines that

coordinate and regulate the immune response.
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The role of T cells in combating novel pathogens is pivotal, but the challenge arises when the
pathogen has mechanisms to evade T cell recognition or induce immune tolerance. For
example, many viruses can downregulate MHC molecules on infected cells, making it harder
for T cells to detect and eliminate them. Additionally, immune exhaustion can occur when T
cells become ineffective due to prolonged stimulation in the context of chronic infections or

persistent pathogens.

CHALLENGES IN ADAPTIVE IMMUNITY
While the adaptive immune system is essential for combating novel pathogens, several
challenges can hinder its effectiveness:

1. Antigenic Variation: Many pathogens, especially viruses like the influenza virus,
HIV, and SARS-CoV-2, undergo frequent mutations. These mutations can lead to
changes in their surface antigens, making it difficult for the immune system to
recognize and mount an effective response. The constantly evolving nature of
pathogens, referred to as antigenic drift and antigenic shift, allows them to escape pre-
existing immunity, which poses a significant challenge for vaccines and long-term
immunity.

2. Immune Evasion Mechanisms: Some pathogens have evolved sophisticated
strategies to evade the adaptive immune system. For example, the HIV virus attacks
and depletes CD4+ T cells, weakening the entire immune response. Herpesviruses can
establish latent infections, where the virus hides in host cells without being detected by
the immune system. Such mechanisms make it difficult for the immune system to clear
the pathogen and mount an effective long-term defense.

3. Delayed Response: Unlike the innate immune response, which provides a rapid
defense, the adaptive immune response is slower to develop. The time required for B
cell activation and the production of antibodies, or for T cells to differentiate and
mount a response, can be several days to weeks. This delay provides a window of
opportunity for novel pathogens to establish infection before the immune system can

mount a full response.

Failure to Develop Immunological Memory: For effective long-term immunity, the adaptive
immune system must develop memory cells that "remember" pathogens encountered

previously. However, some novel pathogens may not induce the formation of memory cells,
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or their ability to cause long-lasting immunity may be impaired. This issue is particularly
relevant for emerging viruses like SARS-CoV-2, where the duration of immunity remains
uncertain.

Table 2: Key Components of Innate and Adaptive Immunity

Immune System Component | Type Key Cells Involved |Main Function

Physical Barriers Innate | Epithelial cells Prevent entry of pathogens
Macrophages Innate | Macrophages Phagocytosis, antigen presentation
Dendritic Cells Innate  |Dendritic cells Bridge to adaptive immunity
Interferons Innate | All nucleated cells Induce antiviral state

B cells Adaptive |Plasma cells Produce pathogen-specific antibodies
CD4+ T cells Adaptive|Helper T cells Coordinate immune response

CD8+ T cells Adaptive |Cytotoxic T cells Kill infected host cells

Memory T/B cells Adaptive| Memory lymphocytes | Provide long-term immunity

MICROBIAL STRATEGIES TO EVADE IMMUNE DETECTION

Many emerging infectious agents have evolved sophisticated mechanisms to subvert immune

detection. These include:

e Antigenic Variation: Changing surface proteins to evade antibody binding (e.g.,
Plasmodium species in malaria).

o Inhibition of Apoptosis: Preventing host cells from dying, thereby prolonging the
infection cycle (e.g., herpesviruses).

e Molecular Mimicry: Mimicking host antigens to avoid immune recognition (e.g., certain
streptococci).

e Immune Suppression: Directly suppressing immune signaling pathways (e.g., Ebola

virus interfering with interferon production).

These strategies not only enable the pathogen to persist but also complicate vaccine

development and therapeutic targeting.
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Table 3: Immune Evasion Mechanisms of Selected Pathogens

Pathogen Evasion Strategy Immune Target Affected
HIV Downregulation of MHC class I molecules | T-cell recognition
Influenza virus Antigenic drift and shift Antibody neutralization

Mycobacterium tuberculosis | Inhibition of phagosome-lysosome fusion |Macrophage killing

Ebola virus Interference with interferon signaling Antiviral innate response

Plasmodium falciparum Surface antigen variation Humoral immunity

IMMUNOLOGICAL MEMORY AND VACCINE DESIGN

One of the cornerstones of infection control is the generation of immunological memory.
Long-lived memory B cells and T cells can rapidly respond to repeat exposures. However,
vaccine design against emerging pathogens is particularly challenging due to their novelty and

mutability.

New Platforms for Rapid Vaccine Development

The COVID-19 pandemic showcased the potential of mRNA vaccines to be developed and
deployed quickly. Such platforms allow for rapid antigen customization and scalability. Viral
vector vaccines and protein subunit vaccines are also being explored for diseases like Ebola

and Nipah virus.

Challenges in Global Vaccine Access
Immunological solutions are only as effective as their distribution allows. Inequitable access
to vaccines and diagnostics remains a significant barrier, especially in low-income countries,

allowing pathogens to circulate and mutate unchecked.

Table 4: Vaccine Platforms used Against Emerging Infectious Diseases

Example Speed offImmune Response
Vaccine Type Notable Example
Pathogen Development Type
Strong Pfizer-BioNTech,
mRNA-based |SARS-CoV-2 Very Fast
humoral/cellular Moderna
Viral  vector-|Ebola, SARS- Johnson & Johnson,
Moderate Strong cellular
based CoV-2 Sputnik V
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Example Speed offImmune Response
Vaccine Type Notable Example
Pathogen Development Type
Inactivated ) o
) COVID-19 Slower Mainly humoral Covaxin, Sinopharm
virus
Hepatitis B, Novavax, HepB
Protein subunit Moderate Humoral
COVID-19 vaccine

INFLAMMATION AND IMMUNOPATHOLOGY IN EMERGING INFECTIONS
While a strong immune response is crucial for pathogen elimination, excessive or
dysregulated responses can cause immunopathology. For instance, the cytokine storm

observed in severe COVID-19 cases led to multi-organ damage rather than viral control.

Balance Between Protection and Damage

Emerging infections often expose the fine balance the immune system must maintain.
Excessive inflammation leads to tissue damage, while insufficient responses allow pathogen
proliferation. Immunomodulatory therapies such as corticosteroids or IL-6 inhibitors have

shown benefit in some severe cases by curbing this hyper inflammation.

THE ROLE OF MICROBIOME IN IMMUNE MODULATION
The human microbiome—comprising trillions of commensal bacteria—plays a foundational
role in shaping immune responses. Disruptions in micro biome composition, due to antibiotics

or illness, can impair immune defense against emerging infections.

Microbiota and Vaccine Efficacy
Studies suggest that gut microbiota composition may influence the efficacy of oral vaccines
like rotavirus and polio. Future strategies may include probiotic supplementation or

microbiota-targeted therapies to enhance immune responsiveness.

INTEGRATING MICROBIOLOGICAL RESEARCH AND IMMUNOLOGY

Microbiology provides insights into pathogen behavior, replication, and host interaction—
crucial data for immunologists developing countermeasures. Genomic surveillance, microbial
culturing, and pathogenesis studies inform the choice of antigens for vaccines and predict how

pathogens might mutate or spread.
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Cross-disciplinary Collaboration
Successful responses to EIDs require collaboration across microbiology, immunology, public
health, and epidemiology. Advances in molecular diagnostics, bioinformatics, and

immunogenomics are accelerating our ability to identify threats and tailor responses quickly.

CONCLUSION

The immune response to emerging infectious diseases is a race against time—between
pathogen spread and immune mobilization. Understanding the microbiological characteristics
of novel pathogens, coupled with a nuanced appreciation of the immune system’s adaptive
and innate arms, is crucial for building resilience against future outbreaks. Despite significant
scientific progress, emerging infections remain unpredictable, demanding a flexible, globally
coordinated, and science-driven approach to detection, prevention, and treatment. Vaccines,
therapeutics, and diagnostics must evolve alongside the pathogens they target, guided by

robust microbiological and immunological research.
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