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DESCRIPTION

The human immune system relies on several interconnected
defense mechanisms that work together to identify and eliminate
harmful microorganisms while preserving healthy tissues. One of
the earliest protective responses is provided by the complement
system, which consists of numerous circulating proteins that
become activated in a carefully coordinated sequence after
infection or tissue injury. This system assists in destroying
enhancing the activity of immune cells,
removing damaged cells, supporting
between different components of immunity. Although the
complement system functions in every healthy individual,
inherited variation within complement system genes contributes
differences in immune performance,

microorganisms,

and communication

to  considerable
susceptibility to infectious diseases, inflammatory conditions,
and autoimmune disorders. The study of these inherited
differences has become an important area of immunogenetics
because it explains why individuals often respond differently to
similar biological challenges.

The complement system includes more than thirty proteins
produced primarily by the liver, although several other tissues
also contribute to their production. These proteins circulate in
inactive state until they encounter signals indicating
infection, damaged tissue, or
activated, they participate in a sequence of carefully regulated
that amplify immune activity while limiting
unnecessary injury to healthy cells. Every stage of this process
depends upon proteins encoded by inherited genes, making
genetic variation an important determinant of complement

an
immune complexes. Once

reactions

system efficiency.

Activation of the complement system occurs through three
principal pathways. The classical pathway begins when
antibodies bind to foreign material and activate complement
proteins. The lectin pathway starts after specialized recognition
molecules attach to carbohydrate structures commonly found on
the surfaces of microorganisms. The alternative pathway remains
continuously available at a low level of activity and becomes

rapidly amplified when microorganisms are detected. Although
each pathway begins differently, all three eventually produce
common biological effects, including attraction of immune cells,
enhancement of microbial destruction, and removal of cellular

debris.

One of the most thoroughly investigated complement proteins is
complement component three. This protein occupies a central
position because all activation pathways eventually converge
upon its activation. Once activated, complement component
three produces fragments that attach to microbial surfaces,
making harmful organisms easier for immune cells to recognize
and remove. Additional fragments stimulate inflammatory
responses by attracting protective immune cells toward sites of
infection. Individuals carrying inherited variants that influence
complement component three activity may display measurable
differences in resistance to bacterial, viral, or fungal infections.

Complement component five also plays an important biological
role following activation of the complement cascade. Activation
produces fragments that recruit inflaimmatory cells and
contribute to destruction of microorganisms through formation
of membrane attack complexes. These complexes create
openings within microbial membranes, allowing destruction of
susceptible organisms. Inherited variation affecting complement
component five or proteins participating in membrane attack
complex formation may influence the efficiency of this
protective mechanism.

Regulation of complement activity is equally important because
uncontrolled activation may damage healthy tissues. Numerous
regulatory proteins limit complement activation by preventing
unnecessary amplification and protecting normal cells from
accidental injury. Genes encoding these regulatory proteins
demonstrate inherited diversity that contributes to differences in
immune regulation. Reduced activity of regulatory proteins may
permit excessive complement activation, increasing susceptibility
to inflaimmatory diseases, whereas excessive regulation may
weaken protection against infection.

Complement factor H represents one of the major regulatory

Correspondence to: Natalie Serensen, Department of Immunogenetics and Molecular Medicine, Northern Biomedical Research Institute,
University of Copenhagen, Copenhagen, Denmark, E-mail: natalie.sorensen@nbri-copenhagen.dk

Received: 24-Feb-2026, Manuscript No. IGOA-26-43864; Editor assigned: 26-Feb-2026, PreQC No. IGOA-26-43864(PQ); Reviewed: 12-Mar-2026,
QC No. IGOA-26-43864; Revised: 19-Mar-2026, Manuscript No. IGOA-26-43864 (R); Published: 26-Mar-2026, DOI: 10.35248/IGOA.26.11.293

Citation: Serensen N (2026). Complement System Diversity and Its Contribution to Host Immune Protection. Immunogenet Open Access.

11:293.

Copyright: © 2026 Serensen N. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Immunogenet Open Access, Vol.11 Iss.1 No:1000293



Sorensen N

proteins responsible for controlling activation of the alternative
pathway. This protein distinguishes healthy human cells from
microorganisms by recognizing specific molecular patterns

Once

complement factor H suppresses complement activation on

located on cellular surfaces. recognition occurs,
healthy tissues while allowing continued activity against invading
microorganisms. Inherited variation affecting complement factor
H has been
degenerative disorders involving the kidneys, eyes, and blood
These inherited

regulation contributes to maintenance of immune balance.

associated with several inflammatory and

vessels. observations demonstrate how

Complement factor I provides another important regulatory
function by breaking down activated complement proteins after
their protective role has been completed. Without adequate
regulation by complement factor I, excessive complement
activation may continue beyond the initial immune response,
increasing tissue injury. Individuals carrying inherited variants
affecting complement factor I activity may experience altered
susceptibility to inflammatory disorders depending upon the
nature of the inherited change.

The complement system works closely with antibody-mediated
immunity. Antibodies identify foreign
remarkable specificity, while complement proteins strengthen

structures  with
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the effectiveness of antibody binding by promoting destruction
of microorganisms and improving recognition by immune cells.
Because inherited variation influences both antibody production
and complement activity, overall immune performance depends
upon coordinated interaction between these biological systems
rather than any single inherited characteristic.

CONCLUSION

Future investigation in immunogenetics will continue

integrating genomic sequencing, protein analysis, cellular
biology, computational modeling, and population research to
improve understanding of inherited complement regulation.
Continued international collaboration will expand available
genomic resources while supporting investigation of rare
inherited variants that cannot be adequately studied within
individual populations alone. As scientific knowledge continues
to increase, inherited variation within complement system genes
will remain an important area of immunogenetics because it
provides valuable insight into individual differences in immune
protection, inflammatory regulation, susceptibility to infection,
autoimmune disease development, and overall maintenance of

immune homeostasis.
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