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ABSTRACT ARTICLE DETAILS
Pathogens, including bacteria, viruses, parasites and fungi, continuously adapt to evade host immune Published On:
defenses. To counteract these threats, the host orchestrates a complex immune response, deploying 1 September 2026

specialized cellular network and chemicals that collaboratively identify and eradicate the intruders.

The innate immune response functions as the body’s primary line of defense, employing pattern

recognition receptors to identify infections and activate swift response mechanisms. Subsequent to

this primary response, an adaptive response facilitates precise and prolonged eradication of

infections through T cells, B cells, and antibodies. This review elucidates the mechanism of the

adaptive immune response and delineates the role of distinct immune system components in

conferring immunity to infections. Simultaneous precise management of the immune system is more

advantageous in combating immunological-related disorders.
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1. INTRODUCTION

Immunity denotes the comprehensive protection against diseases, particularly infectious ones. Immune-mediated resistance
mechanisms that eradicate, contain, or annihilate pathogens are accountable for this [1,2]. The immune system exhibits a remarkable
capacity for dynamic adaptation to physiological challenge through the synergistic interplay of innate and adaptive immune
mechanisms, forming a complex cellular network that maintains the homeostasis and functions of the body tissues[3,4]. Adaptive
immune responses serve a critical function in augmenting and supporting broad-spectrum host immunity [5,6]. The immune cells
initiate a highly coordinated response to pathogens, whereas the innate immunity delivers an immediate yet non-specific primary
defense. the adaptive immunity confers a high specificity and enduring protection. T and B lymphocytes serve as the principle
cellular mediators of the adaptive immune response, undergo antigen-driven activation and clonal differentiation, culminating in the
generation of antibodies[7,8]. Upon re-exposure to the same virus, the host's immunological memory facilitates a more robust and
rapid immune response[9,10]. The functions of host immune responses to pathogenic infections are highlighted in this overview.
This review aims to elucidate intricate relationship between the host immune system and infectious pathogens with particular
emphasis on the underlying mechanisms of action that drive adaptive immune response.

2. ADAPTIVE IMMUNE RESPONSE TO PATHOGENIC INFECTIONS

The adaptive immune response provides a more tailored response to invading infections through its cells. Adaptive immunity is
composed of two types, cell-mediated and humoral immunity (Figure 1), which include T cells, derived from the thymus and referred
to as "T lymphocytes," and B cells, originating in the bone marrow, so designated as "B lymphocytes" [11,12]. Conventional T
cells are functionally divided into CD4" helper T cells and CD8* cytotoxic T cells. CD4" T cells exhibit functional diversity,
mediating immune responses via both soluble mediators and direct cell- to- cell interactions. In contrast, CD8+T cells predominantly
function by clearing certain target cells. Concurrently, B cells are responsible for production and secretion antibodies as soluble
effector molecules, while, also serving as antigen-presenting cells (APCs), to facilitate targeted antigen presentation to T
cells[13,14]. Through high-affinity interactions with target antigens, antibodies effectively neutralize various pathogenic and disrupt
their underlying mechanisms, including inhibiting the adhesion of pathogens to host cells and tissue substrates [15,16]. The CD4+
T cells population comprises numerous subsets, most notably T-helper 1 (Th1), Th2, Th17, follicular helper (Tfh) and regulatory T
cells (Tregs), which interact to regulate infection responses[17,18]. The Th1 cell response is recognized for its protective function
against Mycobacterium tuberculosis and viral infections, predominantly mediated by the secretion of pro-inflammatory cytokines
specifically TNF-a and IFN-y, which drive recruitment and activation of innate effector cells, including granulocytes and monocytes.
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In contrast, Th17 cells are induced following bacterial or viral infections [19,20]. The secretion of IL-4, IL-5 and IL-13 is primarily
driven by Th2 cells, acting alongside other soluble mediator to promote the proliferation and activation of various immune cell
subsets, while also stimulating B cells to produce antibodies[21-23]. Treg cells are crucial for sustaining immunological tolerance
and averting autoimmune disorders by inhibiting overactive immune responses. During viral infections, they decrease the
proliferation and infiltration of infected cells while also facilitating memory formation through antigen persistence. Memory T (TM)
cells develop following initial antigen exposure, mediating a swift and potent secondary response following re-encounter with their
cognate antigen, thereby conferring long-term immunity[24-26]. Activation of mature T cells is initiated upon engagement of their
T cell receptors (TCRs) with peptidic antigens presented to major histocompatibility complex (MHC) molecules. CD8+ T cells
engage peptide- MHC class I complexes displayed by almost nucleated cells, these peptides are primarily endogenous antigens
originated from proteins produced within the cell, whether encoded by the host genome or by intracellularly replicating pathogens
such as viruses. Conversely, CD4+ T cells restrict their TCR recognition to peptide- MHC class Il complexes, which are selectively
presented by specialized antigen-presenting cell (APC), including, macrophage, B cells and dendritic cells [27,28]. T-cell activation
is initiated upon the specific recognition of a peptide-MHC complex on an APC by the TCR complex. This event induces aggregation
of downstream signaling molecules at the intercellular interface, thereby establishing the immunologic synapse[29]. The humoral
immune pathway commences when the B- cell receptor identifies and engages with the antigen in its natural conformation. Helper
T cells secrete specific cytokines that promote B cell expansion and determine the particular antibody isotype to be produced. The
released antibodies bind to surface antigens to pathogen, opsonizing them for destruction through complement activation,
phagocytosis, and effector cells-mediated elimination. Following pathogen eradication, the immune complexes are removed via the
complement cascade. B cells synthesize five principal isotypes of antibodies: IgG, IgE, IgA, IgM and IgD [30]. During viral
infections, adaptive immune response triggers B cells antibody production and the clearance of infected host cells by cytotoxic T
cells, under the regulation of helper T cells. The T lymphocyte subsets that confer immunological production comprise CD8+ cells,
various subsets of CD4+ T cells, and follicular T helper cells[31]. Additionally, CD8+ T robustly pro-inflammatory cytokines,
particularly TNF and IFN-y, during respiratory viral infection, which can facilitate the apoptosis of infected cells. Pro-inflammatory
cytokines induce to IL-10 production[32]. Releasing by CD8+ T and Treg cells, IL-10 acts as an immunoregulatory cytokine to
control the inflammatory response [33,34]. Th17 lymphocytes are implicated in COVID-19 by releasing IL-17, acts a pivotal
cytokine that exacerbates the cytokine storm by secretion of pro-inflammatory mediators (TNFa, IL-1 and IL-6) and promotes the
activation of neutrophils, monocytes, macrophages and dendritic cells [35-37]. The contribution of local tissue immunity, sustained
by innate and adaptive immune responses, is also noteworthy [38—40]. B cells are pivotal in producing IgM antibodies during the
initial stages of bacterial infections and IgG antibodies in the later stages. These antibodies are generated in response to several
bacterial structures, including lipopolysaccharides. These antibodies may facilitate bacterial phagocytosis via Fc receptor-mediated
endocytosis and enhance the host's bactericidal efficacy. B cells not only produce antibodies but also significantly drive the
development of protective T cell responses, as they are proficient antigen-presenting cells (APCs)[41]. Immunoglobulin A (IgA) is
a pivotal bioactive component of breast milk that modulate neonatal immune activation via the neutralization microbial antigens.
secretory IgA synthesized within the intestinal tract remains crucial for maintaining mucosal homeostasis throughout adulthood,
underscoring the role of host immune components in regulating mature microbiota development [42,43]. The immunological
defense against fungal infections necessitates relies on cooperation innate and adaptive immune responses, wherein macrophage
and dendritic cells, which recognize fungal pathogens to prime T lymphocytes [44]. Subsequently, the adaptive immunity driving
the recruitment of helper, cytotoxic, regulatory T cells, and B cells, to coordinate inflammatory cascade[45,46]. Furthermore,
dendritic cells, macrophages and neutrophils, and mediated phagocytosis, executing fungal clearance via NADPH oxidative-
dependent oxidase burst activity[47]. In murine models, that H. polygyrus infection triggers antibody-mediated macrophages, which
traps and immobilizes infective larvae to prevent host pathology. This defense mechanism is typically accompanied by an elevation
in IgE and eosinophils infiltration are strong indicative of adaptive type 2 immune activity against helminth [48,49]. Immunological
memory, mediated via the generation of antigen- specific memory B and T cells, provides long-term production against recurrent
infection [50,51].
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Figure 1. Humoral and cell-mediated immunity components [11].

3. CONCLUSION

While recent literature has shed light on host -pathogen dynamics and immune persistence, extensive research remains vital.
Investigating adaptive immune mechanisms presents an available framework for deciphering complex immune functions and
formulating sophisticated immunotherapeutic interventions. Coupled with cutting-edge technologies and an evolving understanding
of immune network complexities, future breakthroughs are anticipated. Cultivating deeper insights into these processes remains

imperative for advancing disease diagnostics, therapeutic modalities and vaccine development.
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