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Whilst the field of immunology is well developed, the study of age-related 
decline in immunity, termed immunosenescence, is more recent. Here we 
focused on age-related immune function and inflammatory factors. 
Longitudinal studies comparing immune cells or function with mortality, 
or with age-related functions such as infection rates or vaccination 
responses, are scarce.

Two octogenarian and nonagenarian studies assessing immune markers 
(T-cell phenotype, cytomegalovirus serostatus and pro-inflammatory 
cytokine status) with subsequent mortality have been the basis for the 
development of the Immune Risk Profile (IRP; defined by an inverted 
CD4/CD8 ratio and associated with increased numbers of CD8 + CD28 
cells), which is associated with mortality in those over 60 years. A 
limitation of the IRP is its narrow scope since it does not consider innate 
immune factors such as natural killer cell (NK Cell) function, which is 
linked with infection rates and mortality. The best studied aspect of 
immunosenescence is the age-related increase in systemic inflammatory 
cytokines, termed inflammageing. Higher plasma concentrations of IL-6 
and TNF-α are associated with lower grip strength and gait speed in older 
adults. Centenarians show fewer signs of aging of the immune system 
although some inflammageing is seen.

Biomarkers of Immune Function Overview

Source: Tamàs Fulop, et al. From Inflamm-Aging to Immunosenescence. 2019.
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https://www.cambridge.org/core/books/cambridge-handbook-of-successful-aging/from-inflammaging-to-immunosenescence/690336E909374F901EAFF20BFD96FBB9


Longitudinal studies should examine relationships between number and function of T cells, neutrophils, NK cells, B cells, and mortality, risk of 
age-related disease and wellbeing in later life. Given the switch from lymphoid to myeloid cell production with age, the lymphocyte/granulocyte ratio is 
a potentially useful biomarker of healthy aging. The Immune Risk Profile needs validation in younger people and should be expanded to include 
measures of immune function such as infection incidence or vaccination response. 

Telomere length in leukocytes, including lymphocytes and monocytes, has received much attention. Despite its association with aging in several cohort 
studies, it is likely that shortened telomeres are also a marker of infection frequency so that leukocyte telomere length may not be a reliable index of 
biological aging. Lymphocytes proliferate rapidly in response to their cognate antigen and unlike most somatic cells have the ability to extend their 
telomeres by inducing telomerase expression but, eventually, this is insufficient to prevent lymphocyte telomere length shortening with age. Further 
studies of telomere length and aging should include investigation of exposure to infections and CMV seropositivity as possible confounders. In the 
Newcastle 85+ Study and other studies thus far leukocytes’ telomere length was uninformative about health status. 

The immune system protects the organism from pathogens and also from damaged or altered tissues, cells (as occurs with cancer or traumatic injury) 
and molecules (as happens in phenomena such as loss of proteostasis, characterized by the loss of structural integrity of proteins, particularly 
long-lived proteins or LLP), whilst not damaging the organism’s own tissues. In humans, the immune system develops a memory of exposure to a 
pathogen or particular environmental molecules, so that when those threats are encountered a second time the response is rapid and specific to that 
agents. This so-called adaptive immune system, based on lymphocytes activity, is also the basis of the vaccination response. 

It is clear that each of these aspects of immune function declines with age; e.g. susceptibility to both bacterial and viral pathogens increases with age, 
the incidence of cancer is age-related as is loss of tolerance to one’s own tissues, evidenced by increased autoimmunity. In addition, the ability to 
mount an adequate, protective vaccination response also deteriorates with age. This age-related decline in immunity is termed immunosenescence 
and, whilst the field of immunology is well developed, the study of immunosenescence is more recent, with papers beginning to appear in the 1980’s.

Biomarkers of Immune Function Weaknesses
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The best studied aspect of immunosenescence is the age-related increase in inflammatory cytokines (IL6, IL1β, TNFα and CRP) which is termed 
inflammaging. Higher plasma concentrations of inflammatory factors such as IL-6 and TNF-α have been associated with lower grip strength and gait 
speed in older adults. Measurement of inflammatory cytokines has been incorporated into longitudinal studies and have also been studied in 
centenarians. The latter group shows fewer signs of aging of the immune system, including the Immune Risk Profile, and inflammageing is absent or 
much reduced, being counteracted in part by high levels of anti-inflammatory cytokines such as IL-10.

Although there is no exact understanding about the causes of inflammaging and the key aspects of their feedback with immunosenescence, a 
common finding seems to involve a dysregulation of the cytokine network and its homeostasis. Several common molecular pathways have been 
identified that seem to be associated with both aging, low-grade inflammation and immunosenescence, but these relationships are not yet sufficiently 
clarified.

Biomarkers of Immune Function Weaknesses
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Immunological Biomarkers: TRL Analysis
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TRL average = 7.68



Immunological Biomarkers: SWOT Analysis
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Source: Martínez de Toda, et al. Immune function parameters. 2016, Pawelec and Gupta. Immunology of Aging. 2019, Sayed, et al. An Inflammatory Clock. 2019, 
DelaRosa, et al. Immunological biomarkers of ageing. 2006, Kovaiou, et al. Age-related changes in immunity. 2007
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Opportunities Threats

WeaknessesStrengths

● Expression measured in peripheral blood lymphocytes has been correlated 
not only with chronological age, but also with other external stress-factors.

● No standard biomarkers to define chronic inflammation.
● Most work on biological age has not included parameters of the immune 

system.

● Functioning of the immune system is an excellent marker of health and given 
that several age-related changes in immune functions have been linked to 
longevity.

● Possibility to create “immune risk profile” (IRP) predicting mortality and frailty.

● It will be important to include assays of NK cell markers and functions in future 
longitudinal studies in order to investigate this point in detail.

● A broad context for evaluation studies and application use cases — a diverse 
range of potential markets. 

● Shortened telomeres are also a marker of infection frequency so that 
leukocyte telomere length may not be a reliable index of biological aging.
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BIOLEGEND (United States): Develops world-class, cutting-edge antibodies and reagents for biomedical research, manufactured in 
state-of-the-art facility in San Diego, CA. Their mission is to accelerate research and discovery by providing the highest quality products at 
an outstanding value, along with superior customer service and technical support. Products/Services: Human cytokine panel, 
HumanCD8/NK panel, Screen human PE kit, Research Use Only,  Biotechnology.

CELL SCIENCE SYSTEM (United States): Specialty clinical laboratory that develops and performs laboratory testing in immunology and cell 
biology supporting the personalized treatment and prevention of chronic disease. Cell Science Systems, Corp. operates a CLIA certified 
laboratory and is an FDA inspected and registered. Products/Services: cGMP medical device manufacturer meeting ISO EN13485 
standards.  Advanced Methyl Detox profile.  Medical test.  Approved for Clinical Use.  Clinical laboratory.

GENOVA (United States): Diagnostic Laboratory Testing for Wellness & Preventive Medicine. Products/Services: Oxidative stress 2.0, 
Neurogenomic Profile, Cardio genomic Plus, Immuno genomic Profile,  Medical test.  Approved for Clinical Use.  Clinical laboratory.

MYRIAD RBM (United States): The world’s leading multiplexed immunoassay testing laboratory, providing comprehensive protein biomarker 
services based on its Multi-Analyte Profiling (MAP) technology platform. Products/Services: Research Kit or OLPS (Accuracy Index x 
RKOLPS coefficient) DiscoveryMAP v. 3.3, Research Kit or OLPS Panel,  Research Kit.  Research Use Only.  Biotechnology.

OLINK Proteomics (Sweden, USA): Privately held company that develops ground-breaking technologies for biomolecular analysis. 
Products/Services: Metabolism Panel, Inflammation Panel, Cardiovascular panel II, III, Immune Response panel, Neuro Exploratory panel, 
Cardiometabolic panel,  Research Kit.  Research Use Only. Biotechnology.

MyCartis (Belgium): Privately held immunodiagnostics company, providing next generation solutions to detect and quantify protein 
biomarker signatures by providing precise and personalized novel clinical information for the benefit of researchers, clinicians and CRO’s. 
MyCartis’ Evalution® platform with Dynamic Multi-Analyte Technology (DMAT®) inside, provides a unique multiplex biomarker platform in 
combination with the required sensitivity and dynamic range for the integrated analysis of protein biomarkers. DMAT® utilizes proprietary 
disk-shaped micro-particles which carry a unique code and can be functionalized with specific proteins, antibodies, nucleic acids or other 
molecules.

Immunological Biomarkers: Commercial Examples
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http://www.biolegend.com/
https://cellsciencesystems.com/
http://www.gdx.net
http://myriadrbm.com/
http://www.olink.com
http://www.mycartis.net/


Immunological Biomarkers: Publication Overview

Publication Index (Ratio between Aging/Longevity Biomarkers and Total Publications)
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Selected List of Immunological Biomarkers

1. CD4/CD8 ratio
2. CD21 (dendritic cells)
3. Memory T cells
4. Native T cells
5. CD8 + CD28 cells
6. Cytokines
7. Thymic emigrants
8. lgG glycosylation
9. C-reactive protein

10. Lymphocyte/Granulocyte 
ratio

11. Neutrophils
12. B Cells
13. NK Cells
14. T Cells phenotype
15. Dendritic Cells
16. CMV serostatus
17. CRP
18. Telomere Length in 

Leukocytes
19. IL-6
20. TNF-α

  CD21 (dendritic cells)1

  Telomere Length in Leukocytes2

Examples of Biomarkers potentially applicable in insurance 
industry:

Whilst the field of immunology is well developed, the study of age-related 
decline in immunity, termed immunosenescence, is more recent. 
Susceptibility to both bacterial and viral pathogens, incidence of cancer 
and loss of tolerance to one’s own tissues evidenced by increased 
autoimmunity are clearly related to aging. Studies assessing age-related 
immune and inflammatory function, including T-cell phenotype, 
cytomegalovirus serostatus and pro-inflammatory cytokine status 
(inflammaging), have been the basis for the development of the Immune 
Risk Profile (IRP). 

Aging Analytics Agency 86
Source: bele SH, et al. Time is on the Immune System’s Side, Yes it is. 2019, Sarah S. Geiger. Chrono‐immunology. 2015, 
Scheiermann, C., et al. Clocking in to immunity. 2018.
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