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Introduction
Allergic reactions are hypersensitive immune responses to 
typically harmless substances known as allergens. These 
responses are mediated by the immune system and involve 
a series of complex biological processes. Understanding the 
immunological basis of allergic reactions, from sensitization 
to symptom manifestation, provides insights into their 
mechanisms and potential therapeutic approaches. Sensitization 
is the initial phase of an allergic reaction, occurring when 
the immune system first encounters an allergen. During this 
phase, the immune system mistakenly identifies the allergen 
as a harmful invader. The key steps in sensitization include: 
Allergens enter the body through inhalation, ingestion, or skin 
contact. Common allergens include pollen, dust mites, animal 
dander, certain foods, and insect venoms [1, 2].

The allergens are processed by Antigen-Presenting Cells 
(APCs), such as dendritic cells, which then present the 
allergen-derived peptides on their surface via Major 
Histocompatibility Complex (MHC) molecules to T cells. 
Allergen-specific CD4+ T helper cells (Th2 cells) become 
activated upon recognizing the allergen peptides presented 
by APCs. These Th2 cells secrete cytokines such as IL-4, IL-
5, and IL-13, which are critical for orchestrating the allergic 
response. The cytokines produced by Th2 cells promote the 
activation and differentiation of B cells into plasma cells that 
produce allergen-specific Immunoglobulin E (IgE) antibodies. 
These IgE antibodies bind to high-affinity Fc receptors (FcεRI) 
on the surface of mast cells and basophils, sensitizing them to 
the allergen [3, 4].

Upon subsequent exposure to the same allergen, the body’s 
sensitized mast cells and basophils trigger an immediate 
hypersensitivity reaction. This effector phase involves: 
Allergen Binding and Cross-linking: When the allergen re-
enters the body, it binds to the IgE antibodies on the surface 
of mast cells and basophils, causing cross-linking of the 
FcεRI receptors. Cross-linking triggers the degranulation of 
mast cells and basophils, leading to the release of pre-formed 
mediators such as histamine, tryptase, and heparin, as well 
as the synthesis of new mediators including leukotrienes, 
prostaglandins, and cytokines [5, 6].

Histamine, one of the key mediators, causes vasodilation 
and increases vascular permeability, leading to symptoms 
such as redness, swelling, and itchiness at the site of allergen 

exposure. The clinical symptoms of allergic reactions vary 
depending on the allergen and the route of exposure. Common 
manifestations include: Inhaled allergens, such as pollen or 
dust mites, can cause allergic rhinitis (hay fever) and asthma. 
Symptoms include nasal congestion, sneezing, itching, and 
wheezing [7, 8].

Understanding the immunological mechanisms underlying 
allergic reactions has paved the way for various therapeutic 
approaches: These drugs block histamine receptors, 
alleviating symptoms such as itching, sneezing, and hives. 
Anti-inflammatory medications that reduce inflammation and 
immune responses in allergic conditions. Allergen-specific 
Immunotherapy (AIT) involves the gradual introduction of 
increasing amounts of the allergen to build tolerance and 
reduce sensitivity. This approach aims to shift the immune 
response away from a Th2-dominated profile. Monoclonal 
antibodies targeting specific components of the allergic 
pathway, such as anti-IgE (omalizumab), have shown efficacy 
in treating severe allergic conditions by preventing IgE from 
binding to its receptors on mast cells and basophils [9, 10].

Conclusion
Allergic reactions are the result of complex immunological 
processes, starting from sensitization to the effector phase, 
culminating in various clinical symptoms. Advances in 
understanding the immunological basis of these reactions 
have led to improved diagnostic and therapeutic strategies, 
offering better management and quality of life for individuals 
with allergies. Ongoing research continues to unravel the 
intricacies of allergic responses, paving the way for novel 
treatments and potential preventive measures.
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