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INTRODUCTION
In recent years, some researchers have questioned whether 
changes that occur in the adaptive immune system during 
aging could explain all the changes observed in the elderly and 
if the innate response could also have some participation in 
the process. Currently, it has become evident that both types 
of immunity participate in immunosenescence1.

Immunosenescence is a key concept that translates into a 
growing and permanent decrease in the immune system’s cel-
lular growth. Senescent cells in various organs and tissues are 
inherent in the aging process, but when in great intensity and 
quantity, they are associated with chronic diseases, autoimmu-
nity, and cancers2.

The immune system is highly complex, presenting some 
specific properties, such as each receiver’s ability to recognize 
different molecular patterns, cells capacity to interact and form 
a network (network), and their adaptability to different situ-
ations (plasticity). Based on these particularities, a model was 
proposed in the form of a “bow tie,” called bow-tie architec-
ture3. In this model (Figure 1), the bow-tie knot represents the 
immune system, and each side represents structures that can 
receive different input signals (fan in) and, after processing, 
produce a series of output signals (fan out).

Immune system cells are also able to adapt and change accord-
ing to the numerous stimuli they receive. The type of stimu-
lus, intensity, and temporal sequence are critical for the type of 
response generated, such as strong or weak, absent (tolerance or 
anergy), autoimmune, inflammatory, and memory. The immune 
responses generated will be unique to each individual and will 
compose the immunological history or “immunobiography” 

in the timeline, represented by the sum of all immune experi-
ences that may be experienced throughout life4.

Events during prenatal and neonatal life, as well as the 
so-called antigenic eco-space to which individuals are exposed 
from birth to adulthood and into senescence, form the bricks 
with which immunobiography is constructed4.

When it comes to women’s health, there are some important 
particularities because care for the biopsychic body becomes 
necessary in order for the conceptus to be received in a healthy 
way due to the condition of motherhood. Therefore, this article 
is intended to describe the behavior of the immune system – 
immunobiography – in the face of impairments and external 
agents from conception to senility.

METHODS
The research was carried out from December 2022 to February 
2023 in the PubMed/Medline, Lilacs, and SciELO databases, 
using the following keywords: immunobiography, women’s 
health, immune system, immunosenescence, inflammaging, 
and autoimmunity, using AND and OR Boolean logic. The fil-
ters used to prepare the proposal were as follows: articles pub-
lished in the past 10 years, in English, Spanish, and Portuguese.

After screening by reading titles and abstracts, publications 
such as comments, editorials or letters, and duplicate articles were 
excluded. From then on, the full reading began, including more arti-
cles, through the references of the studies that had been preselected 
initially and reviews published on the subject, through manual search.

After selecting the articles, we tried to divide the theme into 
three topics in order to build the narrative of the factors that 
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are involved in the immunological development from concep-
tion to immunosenescence.

RESULTS
Through the search in the databases, 33 articles were selected 
that address the following three sections: 1. Early events of con-
ception and the immune system; 2. Exposures in early extra-
uterine life and the immune system; and 3. Events that occur 
in adulthood and senescence.

Early events of conception and the immune system

Intrauterine stimuli
Prenatal influences on immunobiography include numerous aspects, 
such as the health of future parents before conception, genetic pre-
disposition, demographic and economic determinants, maternal 
health during pregnancy, and influences of the uterine environment 
and maternal biopsychic and cultural organisms during pregnancy5.

In the context of individual-environment interaction, the 
Biodiversity Hypothesis has arisen in view of these new obser-
vations of the interaction between the external microbiota (soil, 
natural waters, plants, and animals) and the internal microbiota 
(intestine, skin, mucous membranes, and airways), enriching the 
human microbiome, aiming at promoting balance in immune tol-
erance and protecting against inflammatory and allergic disorders6.

Numerous external agents can alter the epigenome, directly 
and indirectly influencing the development and immune pro-
gramming of the conceptus. Among them are cited: environmen-
tal exposures during pregnancy, including diet, nutrient intake, 
nutritional status (obesity × malnutrition), use of vitamins and 

folic acid, smoking, infections and use of antibiotics, effect on 
the hypothalamus-pituitary-adrenal axis due to psychological 
stress, alcohol use, and exposure to indoor and outdoor toxins 
and pollutants (Figure 2). Consequently, understanding some 
of these factors will be essential in identifying individuals at 
risk and in the possible development of interventions for the 
prevention of chronic, allergic, and autoimmune diseases7.

Maternal diet
The developing fetus depends on the mother to provide molec-
ular precursors, as well as certain vitamins that are essential for 
immunity and system development8.

Regarding the maternal diet, the intake of fish and fish oil 
during pregnancy seems to protect against allergies, although 
some studies have found the opposite. One study found that 
increasing intake of fish by mothers during pregnancy protected 
children against eczema, atopy, and wheezing by the age of 6 
years, especially those who were not breastfed. Maternal sup-
plementation with polyunsaturated fatty acids during preg-
nancy also reduces atopic eczema and egg sensitization in the 
first year of life9.

Folate, another important nutrient, is recommended for 
pregnant women to prevent congenital anomalies (neural tube 
defects) in the fetus. While most studies report that elevated 
folate levels are associated with an increased risk of allergic 
diseases, there are a few publications reporting adverse effects. 
Thus, there is still no consensus on the subject, but it seems 
prudent to avoid excess folate during pregnancy10.

Levels of other vitamins during pregnancy, from diets and 
supplements, also affect the risk of allergic diseases. Intake of 
vitamins A and E is inversely associated with the risk of allergic 

Figure 1. Bow-tie model of representation of factors related to prevention and mitigation of chronic diseases, allergies, autoimmunity, and cancers.
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rhinitis in childhood. Higher levels of vitamin C in the mater-
nal diet reduce the risk of allergic diseases and wheezing, and 
vitamin D consumption during pregnancy alters neonatal air-
way epithelial cell responses and is inversely associated with 
the risk of asthma11.

Some studies, including systematic reviews, have suggested 
that maternal ingestion of probiotics and prebiotics may coop-
erate in fetal immune development, with benefits of protection 
against atopic dermatitis, especially if used during prenatal care 
and in the first 6 months of postnatal life12.

All these data seem to indicate that maternal intake of dif-
ferent nutrients may play a relevant role in the development 
of the immune system and other systems and may modify the 
risk of atopy in children. However, current knowledge on this 
topic remains uncertain.

There is still no universal recommendation regarding the 
prevention of allergic diseases through specific food supplemen-
tation during pregnancy or the exclusion of certain foods for 
consumption by pregnant women13. Well-designed interven-
tion studies are needed to resolve these uncertainties.

Type of delivery and intestinal microbiome
The mode of birth influences the risk of allergic diseases: chil-
dren born by cesarean section have an increased risk of devel-
oping allergies due to the acquisition of a microbiota with less 
diversity and consisting mostly of bacteria that provide little 
stimulus to the responses of type helper 1 (Th1) cells and reg-
ulatory T cells (Tregs). It is important to emphasize that the 
passage through the birth canal provides a birth experience in 
respiratory, endocrine, neuroimmune, and vaginal microbi-
ome exchange fullness, which will certainly imprint a favorable 
potential on the baby’s immunobiography14.

There is suggestive evidence that the human microbiome is 
seeded in uterus, and it is likely that bacteria play a significant 
role in the development of the immune system. There is an 
increased rate of bacterial translocation through the intestine 
and increased traffic of live bacteria around the fetus in the last 
trimester, which may suggest that bacterial exposure increases 
or perhaps begins toward the end of pregnancy15.

In turn, the administration of antibiotics during pregnancy 
and at birth acts unfavorably on the neonatal microbiome. It is 

Figure 2. Multiple factors that interact between the host and the environment. Complexity of interactions of prenatal and postnatal factors in 
immunobiography.
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known that direct transmission of antibiotics through the placenta 
or breast milk can occur. As a result, antibiotics can cause tem-
porary dysbiosis in the mother, resulting in transmission of her 
altered microbiota to her baby during critical early life phases16.

Premature birth also confers a series of alterations that have 
been associated with neonatal dysbiosis. In particular, preterm 
infants are more frequently admitted to neonatal intensive care 
units, whose environment is likely to influence the neonatal 
microbiome. These babies are more likely to receive antibiot-
ics and consume formula or pasteurized breast milk, as well as 
having little skin-to-skin contact with their mothers, negatively 
influencing the formation of their immune system16.

Indoor and outdoor environmental factors
It is well known that smoking is one of the most studied envi-
ronmental factors due to its association with epigenetic alter-
ations. Pre- and postnatal exposure to tobacco is associated with 
higher levels of DNA methylation, decreased gene expression of 
IFN-γ (in effector T cells), and FOXP3 (in regulatory T cells). 
Smoking during pregnancy also interacts with interleukin-13 
(IL-13) and may influence the onset of asthma, airway hyper-
reactivity, and genetic variants in the 17q21 locus associated 
with the risk of early onset asthma17.

Similar considerations apply to environmental pollution, 
both indoors and outdoors, increasing the risk of rhinitis and 
asthma in childhood. In some parts of the world, there is strong 
air pollution by toxins and heavy metals generated by industrial 
processes, pesticides, plasticizers, as well as polluting particles 
and gaseous emissions resulting from burning fuels, which lead 
to possible epigenetic effects related to atopy18.

Exposures in early extrauterine life and the 
immune system

Breastfeeding and the microbiome
More than a third of the intestinal bacteria of breastfed babies 
are vertically derived from milk and breast skin contact. Source-
tracking studies have shown that the skin around the areola is 
the source of approximately 10% of an infant’s microbiome and 
that bottle-fed babies may therefore miss out on microbes from 
their mother’s skin. In addition, breast milk contains prebiot-
ics that modulate the infant gut microbiome and metabolome, 
persistently differing in composition, diversity, and immune 
function in non-exclusively breastfed infants19,20.

There is suggestive evidence that the mechanism by which 
childhood gut bacteria protect against the development of asthma 
and allergies is through the production of short-chain fatty 
acids, which are intestinal bacterial metabolites and immune 

modulators produced as a result of the fermentation of fibers. 
Elevated serum acetate levels in pregnant women correlated 
with a reduced risk of wheezing in the offspring in the first 
year of life. Similarly, intestine with higher concentration of 
acetate at 3 months of age and of propionate and butyrate at 
12 months of age correlated with a decreased risk of wheezing 
and asthma later in life19.

Events that occur in adulthood and senescence

Biodiversity of the microbiota and immune system
From an ecological point of view, the human body is an ecosys-
tem of microbes, and in particular, the intestinal microbiome 
– also called the “second genome” – exerts multiple protective 
and life-supporting functions by orchestrating the relationship 
between cells and the environmental metagenome. The lack of 
interaction with the external microbiota, present in nature, pro-
motes altered immune responses, favoring the risk of inflam-
matory and allergic diseases in individuals6 (Figure 3).

This microbiome is established gradually in the first years 
of life. At birth, the human gut microbiome is highly dynamic, 
with low biomass and low diversity. Around one year of age, 
it passes from a developmental stage to a transitional phase, 
and the composition of the microbiota changes as diversity 
increases. Finally, at 2 and 3 years of age, the gut microbiome 
matures into a nearly stable adult microbiome21.

The diversity and stability of the microbiota are mainly 
promoted in early life, but the interaction between the micro-
bial components of the outer and inner layers never ceases. 
Lifestyles with reduced contact with nature lead to a cycle of 
greater dependency on health care21.

Responses to infections and vaccines in 
immunosenescence
The numerous changes that occur in the immune system during 
aging make immunosenescence a significant contributing factor 
to increased risk and severity of infections. Although the immune 
response to antigens may be preserved in elderly individuals, 
their ability to immunize against new antigens is reduced22.

Latent Epstein-Barr virus, herpes virus, and cytomegalovi-
rus infections have been associated with telomere shortening 
in CD8 T cells, specifically due to a reduction in telomerase 
activity associated with T-cell proliferation. These data indi-
cate that chronic infections during aging produce significant 
changes in the population of CD8+ T cells. Furthermore, these 
cytokines are strongly involved in the pathogenesis of immu-
nological disorders that can favor the emergence of different 
pathologies, including autoimmune diseases23,24.
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Among the various preventive strategies for protecting the 
health of the elderly, one of the most effective is vaccination 
against the most common infectious diseases in this age group. 
As a strategy to increase the immune response of the elderly 
to vaccines, several approaches have been described, the main 
ones being the increase in antigen concentration and the asso-
ciation of adjuvants in vaccines25.

Autoimmunity in senility
Currently, there is no doubt that the changes that occur in the 
immune system during aging influence the onset of autoim-
munity. This is due to the fact that aging is related to increased 
reactivity to self-antigens and loss of tolerance. In addition, it 
is worth remembering the epigenetic changes that occur in 
elderly people that can affect important genes involved in the 
development of autoimmune diseases26.

Another important aspect of aging is the increase in inflam-
matory cytokines and chemokines produced by T cells, such as 
tumor necrosis factor (TNF)-α, c-reactive protein, IL-8, monocyte 
chemoattractant protein 1 (MCP1), and RANTES, which may 
contribute to the development of autoimmunity in the elderly26.

One of the important causes of dysfunctional immune 
responses that can lead to autoimmunity are telomere abnormalities, 

and an association has been demonstrated between the mean 
telomere length of peripheral blood mononuclear cells in dif-
ferent pathologies. These findings were interpreted as evidence 
of accelerated T-cell proliferation in the autoimmune process. 
Another striking fact is that the genetic predisposition for short 
telomeres is strongly related to the HLA-DR4 haplotype, which is 
shared in rheumatoid arthritis and T1DM in some individuals27.

Inflammaging and immunobiography
In general, inflammatory processes do not decrease with age, 
and a sterile, chronic, and low-grade inflammation called 
inflammaging seems to be an almost universal phenomenon 
in the elderly, constituting a hallmark of immunosenescence28.

Inflammaging is mainly associated with changes in innate 
immunity, where the macrophage plays a central role, character-
ized by hyperproduction of pro-inflammatory cytokines (IL-6, 
TNF-α, and IL-1β), simultaneous production of anti-inflam-
matory mediators (IL-10), and chemokines. It is important to 
point out that the presence of compensatory anti-inflammatory 
mechanisms has also been previously described in centenarians, 
thus constituting adaptation pathways that possibly favor lon-
gevity. This apparent paradox can be explained from the perspec-
tive of immunobiography, according to which environmental 

Figure 3. Lower biodiversity of the human body’s microbiota and the risk of inflammatory diseases: biodiversity theory.



6

Rev Assoc Med Bras. 2023;69(Suppl 1):e2023S104

Immunobiography and women’s health

REFERENCES
1. Belyavsky A, Petinati N, Drize N. Hematopoiesis during ontogenesis, 

adult life, and aging. Int J Mol Sci. 2021;22(17):9231. https://doi.
org/10.3390/ijms22179231

2. Rodriguez IJ, Lalinde Ruiz N, Llano León M, Martínez Enríquez L, 
Montilla Velásquez MDP, Ortiz Aguirre JP, et al. Immunosenescence 
study of T cells: a systematic review. Front Immunol. 2021;11:604591. 
https://doi.org/10.3389/fimmu.2020.604591

3. Pathak RK, Basu U, Ahmad A, Sarkar S, Kumar A, Surnar B, et al. A 
designer bow-tie combination therapeutic platform: an approach to 
resistant cancer treatment by simultaneous delivery of cytotoxic and 
anti-inflammatory agents and radiation. Biomaterials. 2018;187:117-
29. https://doi.org/10.1016/j.biomaterials.2018.08.062

4. Guerrin CGJ, Doorduin J, Prasad K, Vazquez-Matias DA, Barazzuol 
L, Vries EFJ. Social adversity during juvenile age but not adulthood 
increases susceptibility to an immune challenge later in life. Neurobiol 
Stress. 2023;23:100526. https://doi.org/10.1016/j.ynstr.2023.100526

5. Chen JC. Immunological consequences of in utero exposure to 
foreign antigens. Front Immunol. 2021;12:638435. https://doi.
org/10.3389/fimmu.2021.638435

6. Pither R, O’Brien P, Brennan A, Hirsh-Pearson K, Bowman J. 
Predicting areas important for ecological connectivity throughout 

Canada. PLoS One. 2023;18(2):e0281980. https://doi.org/10.1371/
journal.pone.0281980

7. Schulz KW, Gaither K, Zigler C, Urban T, Drake J, Bukowski 
R. Optimal mode of delivery in pregnancy: individualized 
predictions using national vital statistics data. PLOS Digit 
Health. 2022;1(12):e0000166. https://doi.org/10.1371/journal.
pdig.0000166

8. Teo SM, Murrin CM, Mehegan J, Douglas A, Hébert JR, Segurado 
R, et al. Associations between maternal dietary scores during early 
pregnancy with placental outcomes. Front Nutr. 2023;10:1060709. 
https://doi.org/10.3389/fnut.2023.1060709

9. Aparicio E, Martín-Grau C, Hernández-Martinez C, Voltas 
N, Canals J, Arija V. Changes in fatty acid levels (saturated, 
monounsaturated and polyunsaturated) during pregnancy. BMC 
Pregnancy Childbirth. 2021;21(1):778. https://doi.org/10.1186/
s12884-021-04251-0

10. Ye Y, Dou LM, Zhang Y, Dou YL, Zhao PP, Jiang Y, et al. Maternal 
periconceptional folate status and infant atopic dermatitis: a 
prospective cohort study. Pediatr Allergy Immunol. 2021;32(1):137-
45. https://doi.org/10.1111/pai.13321

11. Nurmatov U, Devereux G, Sheikh A. Nutrients and foods for the 
primary prevention of asthma and allergy: systematic review and 
meta-analysis. J Allergy Clin Immunol. 2011;127(3):724-33.e1-30. 
https://doi.org/10.1016/j.jaci.2010.11.001

factors can shape the immune system throughout life, gener-
ating effective anti-inflammatory responses29.

Currently, there is evidence that other types of cells not 
belonging to the immune system may also contribute to 
inflammaging, such as adipose cells, skeletal muscle cells, and 
senescent cells30.

Lack of response: tolerance
The immunosuppressive network involves several regulatory T 
(Treg) and B (Breg) cell subtypes, as well as regulatory pheno-
types of macrophages (Mreg), dendritic cells (DCreg), natu-
ral killer (NKreg), and type II natural killer cells (NKT). The 
immunosuppressive network also includes monocytic cells and 
polymorphonuclear cells derived from immature myeloid sup-
pressor cells induced by inflammatory mediators31.

This immunosuppressive cooperative network has a sig-
nificant role in the resolution of acute inflammatory condi-
tions, but its persistent activation, as for example in tumors 
and inflammatory diseases, has harmful effects on the immune 
system and tissue homeostasis inducing immunosenescence31.

The immunosenescence process may be associated with the 
activation of an immunosuppressive network, especially with 
the functions of myelocytic cells, suppressor macrophages, 
and Treg cells. Its function is best known in relation to tumor 
growths, autoimmune diseases, and maternal-fetal immunity32,33.

Many clinical observations indicate that immune system 
remodeling occurs with aging, with increased risk of cancers, 

increased susceptibility to infections, decreased efficacy of vac-
cine response, and increased tolerance to transplants33.

CONCLUSION
Each individual’s immune responses will be unique depending 
on their immunobiography. Therefore, immune responses to 
potential antigens, including pathogens, food, and vaccines, 
will be quantitatively and qualitatively different according to the 
host’s immunobiographical history, including age, sex, lifestyle, 
biodiversity, socioeconomic status, and psychological status, and 
among different populations, whose genetics and immune sys-
tems are shaped by their ecosystem and cultural habits.

AUTHORS’ CONTRIBUTIONS
GVAGL: Conceptualization, Formal Analysis, Methodology, 
Writing – original draft, Writing – review & editing. MAMTB: 
Conceptualization, Formal Analysis, Methodology, Software, Writing – 
original draft, Writing – review & editing. MEBA: Conceptualization, 
Formal Analysis, Methodology, Writing – original draft, Writing 
– review & editing. FWS: Investigation, Visualization, Writing 
– original draft, Writing – review & editing. FRF: Investigation, 
Visualization, Writing – original draft, Writing – review & editing. 
FCK: Investigation, Visualization, Writing – original draft, Writing 
– review & editing. ESCS: Project administration, Supervision, 
Visualization, Writing – original draft, Writing – review & editing.

https://doi.org/10.3390/ijms22179231
https://doi.org/10.3390/ijms22179231
https://doi.org/10.3389/fimmu.2020.604591
https://doi.org/10.1016/j.biomaterials.2018.08.062
https://doi.org/10.1016/j.ynstr.2023.100526
https://doi.org/10.3389/fimmu.2021.638435
https://doi.org/10.3389/fimmu.2021.638435
https://doi.org/10.1371/journal.pone.0281980
https://doi.org/10.1371/journal.pone.0281980
https://doi.org/10.1371/journal.pdig.0000166
https://doi.org/10.1371/journal.pdig.0000166
https://doi.org/10.3389/fnut.2023.1060709
https://doi.org/10.1186/s12884-021-04251-0
https://doi.org/10.1186/s12884-021-04251-0
https://doi.org/10.1111/pai.13321
https://doi.org/10.1016/j.jaci.2010.11.001


7

Rev Assoc Med Bras. 2023;69(Suppl 1):e2023S104

Lira GVAG et al.

12. Jarde A, Lewis-Mikhael AM, Moayyedi P, Stearns JC, Collins SM, Beyene 
J, et al. Pregnancy outcomes in women taking probiotics or prebiotics: 
a systematic review and meta-analysis. BMC Pregnancy Childbirth. 
2018;18(1):14. https://doi.org/10.1186/s12884-017-1629-5

13. Jouanne M, Oddoux S, Noël A, Voisin-Chiret AS. Nutrient 
requirements during pregnancy and lactation. Nutrients. 
2021;13(2):692. https://doi.org/10.3390/nu13020692

14. Butel MJ, Waligora-Dupriet AJ, Wydau-Dematteis S. The 
developing gut microbiota and its consequences for health. J 
Dev Orig Health Dis. 2018;9(6):590-7. https://doi.org/10.1017/
S2040174418000119

15. Grech A, Collins CE, Holmes A, Lal R, Duncanson K, Taylor R, et al. 
Maternal exposures and the infant gut microbiome: a systematic 
review with meta-analysis. Gut Microbes. 2021;13(1):1-30. https://
doi.org/10.1080/19490976.2021.1897210

16. Underwood MA, Mukhopadhyay S, Lakshminrusimha S, Bevins CL. 
Neonatal intestinal dysbiosis. J Perinatol. 2020;40(11):1597-608. 
https://doi.org/10.1038/s41372-020-00829-2

17. He Z, Wu H, Zhang S, Lin Y, Li R, Xie L, et al. The association between 
secondhand smoke and childhood asthma: a systematic review and 
meta-analysis. Pediatr Pulmonol. 2020;55(10):2518-31. https://
doi.org/10.1002/ppul.24961

18. Schraufnagel DE, Balmes JR, Matteis S, Hoffman B, Kim WJ, Perez-
Padilla R, et al. Health benefits of air pollution reduction. Ann Am 
Thorac Soc. 2019;16(12):1478-87. https://doi.org/10.1513/
AnnalsATS.201907-538CME

19. Olga L, Diepen JA, Chichlowski M, Petry CJ, Vervoort J, Dunger 
DB, et al. Butyrate in human milk: associations with milk microbiota, 
milk intake volume, and infant growth. Nutrients. 2023;15(4):916. 
https://doi.org/10.3390/nu15040916

20. Li R, Zhou Y, Xu Y. Comparative analysis of oligosaccharides 
in breast milk and feces of breast-fed infants by using LC-QE-
HF-MS: a communication. Nutrients. 2023;15(4):888. https://
doi.org/10.3390/nu15040888

21. Kayama H, Okumura R, Takeda K. Interaction between the 
microbiota, epithelia, and immune cells in the intestine. Annu 
Rev Immunol. 2020;38:23-48. https://doi.org/10.1146/annurev-
immunol-070119-115104

22. Sadighi Akha AA. Aging and the immune system: an overview. J 
Immunol Methods. 2018;463:21-6. https://doi.org/10.1016/j.
jim.2018.08.005

23. Risco Risco C, Herrador Z, Lopez-Perea N, Martínez-Urbistondo D, 
Del Villar Carrero RS, Masa-Calles J. Epidemiology of herpes zoster 
in the pre-vaccination era: establishing the baseline for vaccination 
programme’s impact in Spain. Euro Surveill. 2023;28(8):2200390. 
https://doi.org/10.2807/1560-7917.ES.2023.28.8.2200390

24. Cairo MS. EBV: the virus that keeps on giving! Blood. 
2023;141(7):689-91. https://doi.org/10.1182/blood.2022018748

25. Al-Jabri M, Rosero C, Saade EA. Vaccine-preventable diseases in 
older adults. Infect Dis Clin North Am. 2023;37(1):103-21. https://
doi.org/10.1016/j.idc.2022.11.005

26. Qian L, Chen W, Wang S, Liu Y, Jia X, Fu Y, et al. Immune complex 
negatively regulates toll-like receptor 3-triggered tumour necrosis 
factor α production in B cells. Cent Eur J Immunol. 2017;42(3):223-
30. https://doi.org/10.5114/ceji.2017.70962

27. Pearce EE, Alsaggaf R, Katta S, Dagnall C, Aubert G, Hicks BD, et al. 
Telomere length and epigenetic clocks as markers of cellular aging: 
a comparative study. Geroscience. 2022;44(3):1861-9. https://doi.
org/10.1007/s11357-022-00586-4

28. Olivieri F, Marchegiani F, Matacchione G, Giuliani A, Ramini D, 
Fazioli F, et al. Sex/gender-related differences in inflammaging. 
Mech Ageing Dev. 2023;211:111792. https://doi.org/10.1016/j.
mad.2023.111792

29. Santoro A, Bientinesi E, Monti D. Immunosenescence and 
inflammaging in the aging process: age-related diseases or longevity? 
Ageing Res Rev. 2021;71:101422. https://doi.org/10.1016/j.
arr.2021.101422

30. Dugan B, Conway J, Duggal NA. Inflammaging as a target for healthy 
ageing. Age Ageing. 2023;52(2):afac328. https://doi.org/10.1093/
ageing/afac328

31. Manjili MH. The adaptation model of immunity: is the goal of central 
tolerance to eliminate defective T cells or self-reactive T cells? 
Scand J Immunol. 2022;96(4):e13209. https://doi.org/10.1111/
sji.13209

32. Salminen A. Clinical perspectives on the age-related increase of 
immunosuppressive activity. J Mol Med (Berl). 2022;100(5):697-
712. https://doi.org/10.1007/s00109-022-02193-4

33. Cakala-Jakimowicz M, Kolodziej-Wojnar P, Puzianowska-Kuznicka 
M. Aging-related cellular, structural and functional changes in the 
lymph nodes: a significant component of immunosenescence? 
An overview. Cells. 2021;10(11):3148. https://doi.org/10.3390/
cells10113148

https://doi.org/10.1186/s12884-017-1629-5
https://doi.org/10.3390/nu13020692
https://doi.org/10.1017/S2040174418000119
https://doi.org/10.1017/S2040174418000119
https://doi.org/10.1080/19490976.2021.1897210
https://doi.org/10.1080/19490976.2021.1897210
https://doi.org/10.1038/s41372-020-00829-2
https://doi.org/10.1002/ppul.24961
https://doi.org/10.1002/ppul.24961
https://doi.org/10.1513/AnnalsATS.201907-538CME
https://doi.org/10.1513/AnnalsATS.201907-538CME
https://doi.org/10.3390/nu15040916
https://doi.org/10.3390/nu15040888
https://doi.org/10.3390/nu15040888
https://doi.org/10.1146/annurev-immunol-070119-115104
https://doi.org/10.1146/annurev-immunol-070119-115104
https://doi.org/10.1016/j.jim.2018.08.005
https://doi.org/10.1016/j.jim.2018.08.005
https://doi.org/10.2807/1560-7917.ES.2023.28.8.2200390
https://doi.org/10.1182/blood.2022018748
https://doi.org/10.1016/j.idc.2022.11.005
https://doi.org/10.1016/j.idc.2022.11.005
https://doi.org/10.5114/ceji.2017.70962
https://doi.org/10.1007/s11357-022-00586-4
https://doi.org/10.1007/s11357-022-00586-4
https://doi.org/10.1016/j.mad.2023.111792
https://doi.org/10.1016/j.mad.2023.111792
https://doi.org/10.1016/j.arr.2021.101422
https://doi.org/10.1016/j.arr.2021.101422
https://doi.org/10.1093/ageing/afac328
https://doi.org/10.1093/ageing/afac328
https://doi.org/10.1111/sji.13209
https://doi.org/10.1111/sji.13209
https://doi.org/10.1007/s00109-022-02193-4
https://doi.org/10.3390/cells10113148
https://doi.org/10.3390/cells10113148

