ISSN: 2157-7560
Journal of
Vaccines & Vaccination

OPEN @ ACCESS Freely available online

Commentry

Cellular Immunity in Vaccine-Mediated Protection

Elias Chen”

Department of Biomedical Sciences, National Taiwan University, Taipei, Taiwan

DESCRIPTION

Cellular immunity refers to immune protection mediated
primarily by cells rather than antibodies. It is an important part
of the adaptive immune response and contributes to the control
of viruses, intracellular bacteria, abnormal cells, and other
threats. T lymphocytes are central to this response because they
can identify antigen-derived signals presented by other cells and
coordinate or directly carry out immune functions.

T cells develop in the thymus, where they undergo selection
processes that help establish appropriate antigen recognition.
Mature T cells circulate through blood and lymphoid tissues and
can become activated when their receptors recognize specific
antigen fragments presented by major histocompatibility
complex molecules. Additional signals from antigen-presenting
cells are generally required for effective activation and expansion.

Two major groups of T lymphocytes are CD4-positive helper T
cells and CD8-positive cytotoxic T cells. CD4-positive cells
regulate immune activity by producing signaling molecules and
assisting other immune cells. Different helper T-cell subsets
support different types of immune responses. CD8-positive
cytotoxic T cells can identify infected or abnormal cells and
destroy them through mechanisms involving specialized proteins
and cellular signaling.

Cellular immunity has particular importance during viral
infections. Many viruses replicate inside host cells, where
circulating antibodies may have limited access. Once viral
proteins are processed and presented on the surface of infected
cells, CD8-positive T cells can recognize these signals and
eliminate affected cells. This process can reduce the number of
cells producing new viral particles.

Vaccination can stimulate cellular immunity by presenting
pathogen-derived antigens to immune cells. Vaccine platforms
differ in their ability to generate T-cell responses. Some
formulations primarily produce antibody responses, whereas
others can stimulate both antibody production and substantial
T-cell activity. Live-attenuated vaccines, viral-vector vaccines, and

several nucleic-acid vaccine technologies can generate cellular
responses through intracellular antigen production.

Memory T cells are an important outcome of adaptive cellular
immunity. After an initial immune response, a proportion of
activated T cells can persist as memory cells. These cells can
remain in the body for long periods and respond more rapidly
following later exposure to the same antigen. Memory T cells can
be found in lymphoid tissues, circulating blood, and peripheral
tissues, depending on their subtype and previous immune
activation.

Cellular immune responses are evaluated through several
laboratory methods. Researchers may measure cytokine
production after stimulation with specific antigens, assess the
number of antigen-reactive T cells, or examine the ability of
cytotoxic T cells to perform their functions. Techniques such as
enzyme-inked immunospot assays, intracellular cytokine
staining, and flow cytometry can provide information about the
magnitude and characteristics of T-cell responses.

The relationship between cellular immunity and antibodies is
complementary. Antibodies can bind pathogens or toxins
outside cells, while T cells can identify infected or abnormal cells
and coordinate other immune mechanisms. A vaccine that
generates both forms of adaptive immunity may provide broader
protection than one that produces only a limited response.
However, the relative contribution of each immune component
varies according to the pathogen and vaccine type.

Several factors influence cellular immune responses. Age,
previous exposure to an antigen, vaccination history, genetics,
nutrition, and immune system function can affect the
magnitude and duration of T-cell activity. The route and
formulation of vaccination can also influence where antigen-
specific T cells are generated and how effectively they reach
relevant tissues. Some pathogens can interfere with antigen
presentation or modify immune signaling, making cellular
control more difficult. Researchers are therefore studying ways to
improve vaccine-induced T-cell responses against infections that
are difficult to control through antibodies alone. This includes
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research involving tuberculosis, Human Immunodeficiency Virus
(HIV), malaria, influenza, and emerging viral infections.

CONCLUSION

Cellular immunity provides an essential layer of adaptive
defense. T lymphocytes can eliminate infected cells, coordinate
immune reactions, and generate long-lasting memory. Greater
understanding of T-cell biology and improved methods for
measuring cellular responses can support the development and
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evaluation of vaccines designed to provide durable protection
against infectious and malignant diseases. Cellular immunity is
also relevant to cancer vaccination and cancer immunotherapy.
Tumor cells may contain altered proteins that can be recognized
by T cells. Vaccination strategies can attempt to increase the
number and activity of T cells directed toward these abnormal
antigens. Understanding how these cells enter tumors, remain
functional, and respond to suppressive signals is an active area
of biomedical research.
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