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Abstract 
The analysis of immunophenotype in semi- and supercentenarians could provide important 

information about their ability to adapt to factors associated with immune changes, including ageing 
per se and chronic Cytomegalovirus (CMV) infection. We investigated variations in percentages and 
absolute numbers of immune cell subsets, focusing on T cells, and pro-inflammatory parameters in 
an ageing cohort that included semi- and supercentenarians. We observed variability in hallmarks of 
immunosenescence related to age and CMV serological status. Oldest centenarians, i.e., semi- and 
supercentenarians, seem to show the lowest percentages of naïve T cells, due to their age, and the 
highest percentages of effector memory cells re-expressing CD45RA (TEMRA) cells, according to 
their CMV status, and the highest levels of pro-inflammatory parameters. However, some of them, 
despite their age and CMV positivity, show CD8 naïve and TEMRA percentages, exhaustion/pro-
inflammatory markers comparable to the younger ones. Overall, our study supports the suggestion 
that immune ageing, especially of semi- and super-centenarians, exhibit great variability that is not 
attributable to a single contributor but should be the full result of a favourable combination of several 
factors. Everyone ages differently because he/she is unique in genetics and experience of life and this 
applies even more to the immune system; everybody, indeed, has had a different immunological 
history during his/her life. Furthermore, our findings on inflammatory markers, TEMRA and CMV 
seropositivity in centenarians discussed in the light of the most recent literature, suggest that these 
changes are not unfavourable for centenarians, and in particular for the oldest ones. 
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Introduction 

Semi-supercentenarians (≥105 years old) and supercentenarians (≥110 years old) are a 

selected population, characterised by individuals who, to date, have survived two world wars and a 

plethora of environmental and microbial insults. A living witness to more than 100 years of history, 

they represent an invaluable source of information. However, their study is complicated by practical 

factors since they are a rare population (only one centenarian out of a thousand becomes 

supercentenarian [Accardi et al., 2020]), and ethical factors since they are particularly fragile subjects 

given their venerable age. As of 1 January 2021, there were 1,111 over 105 years old individuals 

living in Italy, of these, 17 women reached and exceeded 110 years of age [Istat, 2021]. Furthermore, 

within this population, no significant increase in deaths has been observed during 2020, the first year 

of the COVID-19 pandemic, in contrast to the other age groups of the older population [Istat, 2021]. 

This would seem to contrast with the profound changes in the immune system with ageing, 

collectively known as immunosenescence, which make people more susceptible to infections and less 

responsive to vaccines [Aiello et al., 2019; Garnica et al., 2022]. So, it is reasonable to deduce that 

the immune system of these individuals has peculiar characteristics that enable them to reach the 

extreme limits of human life. This claim was recently supported by Hashimoto et al., [2019]. They 

have analysed at single‐cell resolution blood lymphocytes of supercentenarians identifying CD4+ T 

cells with cytotoxic characteristics. So, the authors suggested that this might represent an essential 

adaptation to achieve exceptional longevity by sustaining immune responses to infections.  

Several factors contribute to the complexity of the longevity trait, including genetics, 

epigenetics, lifestyle, environment, and stochasticity [Gentilini et al., 2013; Accardi et al., 2018; 

Garagnani et al., 2021]. It is now evident that immunosenescence is not a programmed process 

exclusively related to ageing but a consequence of a series of events (including immunobiography) 

that culminates in a reduction in immune performance [Franceschi et al., 2017; Caruso et al., 2022]. 

For example, one of the hallmarks of immunosenescence is the alteration of the number and 

composition of different types of peripheral lymphocytes, i.e., the reduction in the number of 
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peripheral blood naïve cells, with a relative increase in the frequency of memory cells [Aiello et al., 

2019]. Among adaptive immune cells, T cells are dramatically affected by ageing, with changes in 

their numbers, percentages, relative subset composition and functionality.  

Human Cytomegalovirus (CMV) seropositivity has been associated with many of these T cell 

changes [Pawelec et al., 2005]. CMV is a β-herpes virus that infects different types of cells, especially 

monocytes and dendritic cells, establishing persistent latent infection [Reeves and Sinclair, 2008]. 

Cycles of viral reactivation cause the expansion of CMV-specific CD8 T cells [Karrer et al., 2008], 

substantially enriched in the late phenotype cells [Appay et al., 2002]. Indeed, persistent CMV 

infection results in chronic stimulation of CD8+ T cells, which expand clonally showing a late stage 

differentiated effector memory phenotype [Wertheimer et al., 2014], while the decrease of naïve CD4 

and CD8 depends more on thymic involution [Caruso et al., 2022]. 

Although hallmarks of immunosenescence have been well defined [Aiello et al., 2019], most 

studies do not consider the extreme limit of ageing, represented by the semi- and supercentenarians 

(in this study we referred to them as the oldest centenarians), and is not still clear whether the CMV 

infection has long-term beneficial or deleterious immunological effects [Jergović et al., 2019]. In a 

previous study, we investigated the percentages of circulating lymphocyte subsets of 41 Sicilian 

donors, aged between 25 and 111 years, focusing on T and natural killer cells. Blood cells from a 

subgroup of 27 healthy donors, including the oldest living Italian supercentenarian at the time of 

recruitment, were used for a more complete dissection of T cell subsets. We did not record the 

increase in the rate of inversion of the CD4/CD8 ratio, frequently reported as being associated with 

ageing in literature. But at a subset level, as expected, we observed a shift in the distribution of T cells 

from naïve to effector memory phenotype. The supercentenarian showed a unique immunophenotypic 

signature regarding the relative percentages of her T cell subsets, with CD4+ and CD8+ T cell 

percentages and CD4+ naive T cell values in line with those recorded for younger subjects, despite 

seropositivity for CMV [Ligotti et al., 2021].  
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To explore the immunophenotypic trait of the oldest centenarians, in this paper we analysed 

both percentages and absolute numbers of immune cell subsets, focusing on T cells, and the 

inflammatory status in a cohort of Sicilian healthy individuals. For the assessment of inflammatory 

status, in addition to serum interleukin(IL)-6 and C-reactive protein (CRP), we also analysed 

neutrophil-to-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) that recently emerged as 

informative markers of inflammation [Gasparyan et al., 2019; Luo et al., 2019].  This cohort included 

11 long-living individuals (LLIs), i.e., people aged over 90 years old (including 6 centenarians <105 

years old), six semi-supercentenarians and two supercentenarians, one of whom was, at the time of 

recruitment, the oldest living man in Italy at age of 108 years [The Italian Centenarian Database]. 

Data were also analysed according to gender, as well as to CMV seropositivity. We did not analyse 

the Epstein Barr Virus (EBV) seropositivity because the accumulation of late‐stage T cells is 

predominantly observed in CMV‐seropositive older people, but not in older people infected with 

other persistent herpesviruses, such as EBV [Derhovanessian et al., 2011]. Moreover, in our previous 

study [Ligotti et al., 2021], all recruited subjects were EBV-positive. 

Semi-supercentenarians and supercentenarians provide excellent evidence that it is possible 

to age successfully since they have a relative resistance to age-related diseases, having overcome the 

acute causes of death [Accardi et al., 2020]. Thus, the study of the immune system of these 

exceptional individuals may allow a better understanding of how to reach the extreme limits of the 

human lifespan 

 

Materials and Methods 

Study cohort 

Subjects participating in the “Discovery of molecular and genetic/epigenetic signatures 

underlying resistance to age-related diseases and comorbidities (DESIGN, 20157ATSLF)” project 

funded by the Italian Ministry of Education, University and Research were used for the present 

investigation. Detailed study design and participant recruitment have been previously described 
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[Aiello et al., 2021]. For the present study, a total of 54 Sicilian participants (females = 28; males = 

26) aged between 19 and 110 years were enrolled between 2020 and 2022, selected based on the 

absence of health issues. LLIs and the oldest centenarians were relatively healthy. Subjects had been 

excluded from the enrolment if they had been diagnosed with chronic and acute diseases, such as 

neoplastic and autoimmune diseases, as well as severe dementia. Another exclusion criteria was the 

use of immunomodulatory drugs within the previous 6 months. The subjects participated voluntarily 

and written informed consent was obtained from all of them (or from their children). The study 

protocol was conducted following the Declaration of Helsinki and its amendments. The Ethics 

Committee of Palermo University Hospital approved the study (Nutrition and Longevity, No. 

032017). For comparative analyses, we divided our whole cohort into four age groups (Table 1), to 

better understand trends between each range age.  

A database was created to deal with the collected information and all donors were identified 

with an alphanumeric code to respect privacy. The participants underwent venipuncture in the 

morning after a fasting period of 12 h. The blood was collected in specific tubes containing ethylene 

diamine tetraacetic acid or no additives. The serum was separated by blood centrifugation of dry tubes 

and stored at −80°C before use at the Laboratory of Immunopathology and Immunosenescence of the 

Department of Biomedicine, Neurosciences and Advanced Diagnostics of University of Palermo. 

Haematological and biochemical parameter analysis 

Whole blood was used for automated differential leukocyte counts of all donors, expressed as 

a percentage (in relationship to the total leukocytes), or as an absolute value. Serum levels of 

immunoglobulins A, G, and M (IgA, IgG, IgM), C-reactive protein (CRP), and interleukin (IL)-6 

were also measured. Haematological and biochemical parameter analyses were performed at the 

Department of Laboratory Medicine, “P. Giaccone” University Hospital, Palermo, on an XN-2000 

automated haematology (Sysmex) and Cobas® 8000 series e801 (Roche diagnostics) analysers.  

Flow cytometry analysis 
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 Flow cytometry analysis was performed in fresh whole blood samples using the following 

antibodies: CD3-FITC, CD45-PerCP/Cy5.5, CD4-PE/Cy7, CD19-APC, CD8-APC/Cy7), 

CD3(REA613)-FITC, CD4(SK3)-PerCP/Cy5.5, CD4(RPAT4)-APC, CD8(HIT8a)-PE, 

CD27(O323)-PE/Cy7, CD28(CD28.2)-PE/Cy5, CD45RA(HI100)-PE, CD45RA(T6D11)-PerCP, 

PD1(PD1.3.1.3)-APC (from BD Bioscience, Miltenyi and Biolegend). Flow cytometry analyses were 

performed on FACS Canto II (BD) at the Central Laboratory of Advanced Diagnosis and Biomedical 

Research, “P. Giaccone” University Hospital, Palermo. Lymphocytes, monocytes and granulocytes 

were identified through forward-(FSC) and side-scatter(SSC), and further identified in the SSC/CD45 

dot-plot. An exemplificative schematic representation of the applied gating strategy is displayed in 

Figure 1. After setting the lymphocytes region in the CD45+/SSC-A low gate, events were gated in 

the CD3/CD4 and CD3/CD8 dot-plots to define both subsets. These were expressed as a fraction of 

the parental gated population (lymphocytes) and reported as percentages in the graphics. Based on 

the surface marker CD27 and CD45RA, CD4 and CD8 T cell populations were further divided into 

CD27+/CD45RA+ Naïve, CD27+/CD45RA- central memory (TCM), CD27-/CD45RA- effector-

memory (TEM) and terminally differentiated CD27-/CD45RA+ (TEMRA). CD28 and PD1 positivity 

were also evaluated in CD4 and CD8 T cell populations respectively for their central role in T cell 

activation and their meaning as exhaustion markers. 

 Absolute numbers of CD3, CD4, and CD8 T cells were calculated using the lymphocyte 

absolute count from the haematological analysis.  

CMV serology 

 Serum anti-CMV immunoglobulin (Ig)G values were determined by chemiluminescence 

immunoassay using the LIAISON® CMV IgG II kit (DiaSorin), respectively, according to the 

manufacturer’s indications. The threshold for CMV seropositivity was 14 U/ml and the range upper 

limit was set at 180 U/ml. CMV serology analysis was performed at Section of Microbiology, 

Department of Health Promotion, Mother and Child Care, Internal Medicine and Medical Specialties, 

University of Palermo. 
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Statistical analysis 

 The NLR was calculated by dividing neutrophil count by lymphocyte count. The PLR was 

calculated by dividing platelet count by lymphocyte count. To analyse the percentages of T 

lymphocytes, flow cytometry data were analysed using FlowJo version 10.5.3 (Tree Star, Inc., 

Ashland, OR, USA) and statistical analysis was performed with GraphPad Prism version 9.3.1 

(GraphPad Software, San Diego, CA, USA). Correlation between the number/percentage of cells and 

age in all individuals and males and females was examined using simple linear regression analysis. 

Figures were plotted as scatter plots with a linear regression line and 95% confidence bands. Analysis 

of inflammatory parameters between age groups was performed by Tukey's multiple comparison test. 

For each statistical analysis, only p-values < 0.05 were considered significant. 

 

RESULTS 

Analysis of leukocyte parameters, inflammatory markers, immunoglobulin levels and CMV 

serological status. 

The number of blood monocytes, neutrophils, and lymphocytes as well as platelets were 

analysed according to age and gender.    Correlation analysis showed that neither age nor gender 

affected neutrophil (Figure 2c,d) and lymphocyte (Figure 2e,f) counts.  Based on data obtained from 

automated absolute leukocyte counts, we observed, instead, age-related increased monocyte numbers 

in all individuals (R2=0.076, p=0.043), confirmed in males (R2=0.359, p=0.001) but not in females 

(Figure 2a,b). Figure 2g,h showed that a progressive and significant decline in platelet number during 

ageing was also observed (R2=0.126, p=0.008). Gender stratification showed that the age-related male 

group platelet count remained relatively stable but decreased dramatically in females (R2=0.388, 

p=0.0004).  

Concerning the inflammatory markers NLR and PLR, the linear regression analysis performed 

on our cohort showed a positive association between NLR and age (Figure 3a, R2=0.084, p=0.033), 

although was confirmed only in the male population (Figure 4b, R2=0.205, p=0.020) after gender 
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stratification. No significant differences were found in PLR, even if there is a trend to decrease with 

age in females (Figure 3d). 

Analysis of serum pro-inflammatory markers showed a strong increase in IL-6 serum 

concentration up to age 105, then decreased slightly in the oldest centenarians. As shown in Table 2 

the age-related increment of IL-6 is extremely significant in adults vs. LLI (p<0.0001) and old vs LLI 

(p=0.0001), while is very significant in adults vs. oldest centenarians (p=0.001) and significant in old 

vs. oldest centenarians (p=0.014). This data is confirmed by the linear regression analysis, showing 

an increase with ageing in IL-6 levels in all individuals (Figure 3a, R2=0.337, p<0.0001) and in both 

genders (Figure 4b, R2
F=0.242, pF= 0.007; R2

M=0.475, pM <0.0001), although the greatest span is 

observed in the oldest centenarian group, where some individuals showed IL-6 levels comparable to 

adults, while others showed the highest levels in the cohort (Figure 4a,b). Similarly, serum 

concentrations of CRP increase with age, achieving significance when comparing adults and LLIs 

(Table 2, p=0.026), and decrease dramatically in the over 105 age group. This is reflected in a lack 

of significance in the total cohort in the linear regression analysis (Figure 3c), although we observed 

a significant age-associated increase in CRP levels in males (R2=0.176, p=0.032) (Figure 3d).  

No age-related changes in Immunoglobulin levels have been observed.  

Finally, serum anti-CMV IgG levels were measured and 60% (n = 12/20) of adults, 73% (n = 

11/15) of old and 100% of LLIs and oldest centenarians were found to be CMV seropositive. 

Comparing the CMV seroprevalence in these groups, we observed a significant difference between 

adults and LLIs (p=0.028), even though all oldest centenarians were also CMV-positive. 

Analysis of T cell subsets according to age and gender 

 Total T cell counts, and percentages appeared to be unaffected by age and gender 

(Supplementary Figure 1), as well as the percentages and counts of CD4 and CD8 T cells 

(Supplementary Figures 2 and 3). Consequently, the reversal of the CD4/CD8 ratio was not observed 

(Supplementary Figure 4). Much of this maintenance in the absolute counts seems to be explained by 

an expansion of the TEMRA with a concomitant decrease of the naïve T cells. Indeed, both naïve 
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CD4 (Figure 5a, R2=0.095, p=0.024) and CD8 T cells (Figure 5b, R2=0.235, p=0.0002) exhibited an 

inverse relationship with age, with a higher decrease rate observed for CD8 naïve T cells. Although 

the decrease was evident, inter-individual variability can be seen within the various age decades, 

including the more extreme ones. Indeed, people over 100 years old showed some (most of) values 

below the trend line, while others were like those of the younger. CD4 TEM (Figure 5e, R2=0.075, 

p=0.046) and TEMRA cells (Figure 5g, R2=0.223, p=0.0003) increased linearly with age, as well as 

CD8 TEMRA (Figure 5h, R2=0.343, p<0.0001) although at a much faster rate than CD4 TEMRA, 

which might explain why CD8 TEM remained rare (Figure 5f). Within the CD8 T cell subsets we 

observed a predominance of TEMRA over effector T cells with age, whereas in CD4 T cells there 

was a predominance of effectors over TEMRA. Stratification by gender produced the same significant 

differences in age-related T subset alterations between males and females, except for naïve and TEM 

CD4 (Supplementary Figure 5a and e, respectively), where the significant decrease observed in the 

total population was lost when observing individual genders. Furthermore, a greater decrease in naïve 

CD8 was observed counteracted by a greater increase in TEMRA CD8 in the female population than 

in the male population (Supplementary Figure 5b and h, respectively). 

 Due to its pivotal role in T-cell activation, we also investigated the expression of the CD28 

marker in T cells. We observed a significant inverse correlation between age and the expression of 

CD28 in CD4 (Figure 6a, R2=0.224, p=0.0003) and, mostly, CD8 T cells (Figure 6c, R2=0.242, 

p=0.0002), confirmed in both sexes, with a greater tendency to decrease in the female population, 

probably due to the disproportion in numbers between the two genders in oldest centenarians. The 

lowest values of CD28 expression in both T populations were recorded at the extreme age limits. 

However, once again, the oldest centenarians showed variability in their values, most evident in the 

expression of CD28 in CD4 T cells as the values in the other age groups remained close to the trend 

line, while their values deviate more from it. 

 We also observed a strong correlation between age and the expression of programmed cell 

death protein 1 (PD-1), an exhaustion marker, in both CD4 (Figure 7a, R2=0.393, p<0.0001) and CD8 
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(Figure 7c, R2=0.083, p=0.035) T cells and age, confirmed in both genders only for CD4+ (Figure 

7b, R2
F=0.302, pF= 0.002; R2

M=0.479, pM <0.0001). As with CD28, PD-1 expression also shows wide 

variability between individuals, more pronounced in CD8 T cells. 

Analysis of T cell subsets according to age and CMV status 

To better understand this variability, we investigated the expression of different markers at 

the individual level, correlating these values with CMV serological status represented through the 

size of the dots in the Figure 8. The relationship between the decrease in CD4 naïve and the increase 

in CD4 TEMRA and age was previously detected using a classic scatterplot. In Figure 8a, we aimed 

to observe whether these trends also correlated to CMV status, but no correlation was possible to 

hypothesize since CMV-negative individuals (smallest bubbles) showed values comparable to CMV-

positive individuals (larger bubbles). In the CD8 compartment (Figure 8b), there was a clear 

correlation between the reduction in naïve and the increase in TEMRA cells, as can be seen from the 

movement of the bubbles from the right (higher values of naïve) to the left (lower values of naïve) at 

the top (higher values of TEMRA). Following this movement (from right to top left) we also observed 

an increase in the size of the bubbles, an index of an increase in the anti-CMV IgG titre, although 

some CMV-negative individuals showed naïve CD8 percentages comparable to those of seropositive 

individuals. Oldest centenarians (yellow bubble) seemed to cluster in the quadrant corresponding to 

the lowest percentages of naïve (due to their age) and highest percentages of TEMRA (CMV 

seropositive), except for some oldest centenarians who, despite their age and CMV positivity, showed 

CD8 naïve and TEMRA percentages comparable to the younger ones.  

Then, we wanted to check the relationship between TEMRA, exhaustion/activation markers, 

and CMV seropositivity within our aged cohort.  

 The highest CD4 (Figure 8c, from 45% upwards) and CD8 PD1+ (Figure 8d, from 70% 

upwards) percentages were found in over 69 years old CMV-positive individuals. For lower 

percentages, however, an almost homogenous distribution was observed regardless of CMV status. 

Again, although CD8 TEMRA T cells were lower in uninfected individuals, the inverse relationship 
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was not always true, as some CMV-positive individuals showed similar low percentages of terminally 

differentiated cells.  

 Most of the higher percentages of CD4 CD28+ seem to be clustered on lower percentages of 

CD4 TEMRA (Figure 8e), but much more evident was the linear relationship between the decrease 

in expression of the costimulatory molecule CD28 and the increase in TEMRA in CD8 cells (Figure 

8f). There was a clear contribution of CMV in the reduction of CD28 expression, as the highest CD8 

CD28+ percentages were found in CMV-negative individuals or those with lower antibody anti-CMV 

IgG titres. The prevalence of yellow/green bigger bubbles in the upper left of the chart indicates that 

age and long-term CMV infection combined to increase in TEMRA with low CD28 expression. 

Surprisingly, the oldest centenarian individual placed in the highest percentages of CD28+ and the 

lowest percentages of TEMRA CD8 T cells.  

 In Figures 8g and h, no relation seems to exist between increased IL-6 level and CMV 

infection, as the lowest cut-off (1.5 pg/mL) was recorded in different individuals regardless of bubble 

size (IgG titre) and TEMRA percentages. On the other hand, the highest IL-6 values were recorded 

in centenarians and oldest centenarians (green-yellow bubble) creating a dependency of its 

concentrations with advancing age. However, some oldest centenarians showed IL-6 levels below the 

reference cut-off (7 pg/mL), again indicating a lack of absolute homogeneity in the oldest centenarian 

population. 

 

DISCUSSION 

In a context such as immunosenescence, where numerous factors contribute to the responses 

of an aged immune system, it is difficult to define which factors are net positive and which factors 

are net negative effects.  For example, there is still debate as to the true influence of one of the major 

contributors to immunosenescence, i.e., CMV seropositivity [Jergović et al., 2019; Caruso et al., 

2022]. Studies on the oldest centenarians could provide help in interpreting the role of these factors 
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and/or their combinations and we believe that it is crucial to incorporate the analysis of their 

immunophenotype in immunosenescence studies. 

Concerning blood cell analysis, no age-related changes in counts of neutrophils, a critical 

component of innate immunity [Rosales, 2018; Aiello et al., 2022], were observed. Likewise, despite 

the reported decline in absolute lymphocyte count and percentage during ageing [Valiathan et al., 

2016], there was no age-related change in their absolute counts. Monocytes are key components of 

the innate immune system and are involved in pathogen recognition, secretion of pro-inflammatory 

cytokines, antigen presentation, and other important immune effector functions [Shi and Pamer, 2011; 

Aiello et al., 2022]. We observed a marked increase of these cells in males but not in females, 

confirming  a previous report [Beenakker et al., 2020].  Monocyte-specific inflammatory loci appear 

to be more activated in males than in females [Márquez et al., 2020]. This should be linked to the 

increased pro-inflammatory status in men compared to women [Caruso et al., 2022].  

Finally, no age-related changes in Ig levels were observed, although a previous study 

conducted on a larger cohort of subjects (166, 20-106 years old) showed an age-related increase in 

IgG, significant only in men, and IgA levels [Listì et al., 2006].  

 The analysis of the inflammatory profile confirmed the expected increase of the inflammatory 

markers with advancing age [Fagiolo et al, 1993; Franceschi et al., 2000; Alberro et al., 2021]. 

Specifically, we analysed NLR and PLR,  which have been shown to be significantly associated with 

the presence and progression of several inflammatory diseases [Zinellu and Mangoni, 2023], and 

serum levels of the acute phase protein CRP and IL-6, that increase in response to inflammatory 

stimuli [Tanaka et al., 2014; Mantovani and Garlanda, 2023]. Most older individuals develop 

inflamm-ageing, a condition characterized by elevated levels of blood inflammatory markers such as 

IL-6 [Franceschi et al., 2000], particularly marked in males, that carries high susceptibility to chronic 

morbidity, disability, frailty, and premature death [Ferrucci and Fabbri, 2018]. In our cohort, we 

observed a highly significant increase in IL-6 with advancing age in both genders (more significant 

in males), and an age-related increase in CRP and NLR in all individuals and the male population, 
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but not in females. Some oldest centenarian showed monocyte count, NLR, IL-6 and CRP levels 

comparable to younger subjects, while others showed the highest values. Inflamm-ageing is known 

to be still present in centenarians, who are relatively healthy because they are suggested to have a 

complex and peculiar balance between pro-inflammatory and anti-inflammatory characteristics 

[Cevenini et al., 2013]. About this, deleterious effects of inflamm-ageing in centenarians might be 

neutralized by IL-19, of which high serum levels could contribute to dampen a Th1-driven, 

inflammatory response [Pinti et al., 2023]. Concerning oldest centenarians, it has been concluded that 

inflammation is an important malleable driver of ageing up to extreme old age [Arai et al., 2015]. 

Furthermore, our findings on some miRNAs, obtained in centenarians, including the oldest ones, 

suggest a possible epigenetic modulation, with anti-inflammatory effects, which may confer 

protection against tissue damage (Aiello et al., 2021; Accardi et al., 2022). Thus, the overall 

observation confirmed the presence of inflammatory status in old people but there is no indication 

that excessive inflammation can be detrimental in the oldest individuals.  

Among the main hallmarks of immunosenescence, there are a decrease in naïve and an 

increase in memory/effector T cells.These processes are a consequence respectively of thymic 

involution and pathogen stimulation, especially by persistent CMV infection [Aiello et al. 2019; 

Caruso et al., 2022; Covre et al., 2020; Ligotti et al., 2021]. In our study, according to the progressive 

thymic involution and the relative reduction in thymic output with age, both naïve CD4 and CD8 T 

cells exhibited an inverse relationship with age. Although there was wide variability in these 

percentages, most of the values of the individuals over 100 years old (including the oldest ones) 

clustered below the trend line, while some were notable for having higher values compared to those 

of the younger giving them protection against new antigens. As a result of this, the average CD4 and 

CD8 naïve T cell values were lower in nonagenarians than in those over 100. Linear regression 

analysis revealed a significant increase in proportions of TEM CD4T cells but not significant changes 

in TEM CD8 T cells in aged individuals. We also observed a positive association between increasing 

age and a higher proportion of TEMRA T cells, particularly pronounced in the CD8+ compartment, 
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as reported in the literature [Callender et al., 2018; Añé-Kourí et al., 2022]. Concerning CD4 TEM 

and CD8 TEMRA, where linear regression analysis showed the highest significance, most values of 

the individuals over 100 years old (including the oldest ones) clustered above the trend line, while 

some were notable for having lower values compared to those of the younger. Recently, it was not 

found any significant association between TEMRA levels and the onset of a diverse set of chronic 

diseases (e.g., hypertension, cardiovascular disease, type 2 diabetes, and chronic kidney disease) after 

65 years old (Salumets et al., 2022). On the other hand, the majority of non-naïve phenotype CD4+ 

and CD8+ T cells in the blood of LLIs and oldest centenarians  are TEM or TEMRA; since most of 

them resist re-infections quite well, it would be reasonable to assume that these recirculating 

populations are playing an important role [Jameson and Masopust, 2018]. So, TEMRA are not 

necessarily unfavourable for very old age. 

Highly differentiated T cells typically lose expression of the costimulatory receptor CD28 

molecule, needed for T cell activation. With ageing, it is reported an accumulation of CD8+CD28- T 

cells that, functionally, have reduced proliferative capacity and increased activation of signalling 

pathways involved in cellular senescence [Effros et al., 1994; Fagnoni et al., 1996; Weng et al., 2009]. 

According to this, we observed a significant age-related reduction in CD28 expression on both CD4 

and CD8 T cells, confirmed in both genders, although, some over 100 years old individuals showed 

higher percentages of CD4+ and CD8+CD28+ T cells than individuals not only from the same group 

cohort but also from younger ones. 

We also investigated the exhausted status of T cells, using the PD-1 marker. PD-1 is an 

important inhibitory receptor expressed on the surface of activated T cells and involved in the 

regulation of CD8 T cell exhaustion during chronic viral infection. It is also transiently expressed by 

activated CD8 T cells during the acute phase of viral infection [Petrovas et al., 2006; Henson et al., 

2012; Wherry and Kurachi, 2015]. As with CD28, PD-1 expression on CD4 and CD8 T cells showed 

wide variability between individuals, although the net result was an increase in PD1+ CD4+ and 

CD8+ with ageing. 
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So, the heterogeneity of ageing-associated remodelling of the immune system in the oldest 

centenarians is confirmed in the T cells analysis. Concerning the role of gender, it must be stressed 

that in our cohort there was only one male semi-supercentenarian since women are more resilient and 

statistically more likely to achieve exceptional longevity [Caruso et al., 2013; Accardi et al., 2020], 

therefore the relative results are influenced by gender disproportionality in favour of oldest 

centenarian women.  

We also explored the contribution of CMV infection to immune ageing within our cohort and 

whether this influence showed qualitative and quantitative variation between different individuals of 

the same age group. In our study, although the evident and expected shift from naïve to terminally 

differentiated T cell phenotype with ageing, some oldest centenarians were characterized by having 

values that were far from those expected, especially those closely related to age. Indeed, a high (but 

not the highest) percentage of naïve T cells was found among these individuals, giving them 

protection against new antigens. We also found a linear relationship between the decrease in CD28 

expression and the increase in CD8 TEMRA percentages, and both age and CMV infection seemed 

to combine to increase  TEMRA with low CD28 expression. Despite its age and anti-CMV IgG titre, 

an oldest centenarian individual showed high percentages of CD28+ and low percentages of TEMRA 

CD8 T cells. It was proposed that latent CMV infection causes large clonal expansions of terminally 

differentiated CD8+ T cells, in agreement with the age-related increase of these cells found in our 

cohort. However, individuals over 100 years old again showed wide variability, despite all of them 

being CMV-positive. As reported in the literature [Salumets et al., 2022; Caruso et al., 2022], no 

relation seemed to exist between increased IL-6 serum level and CMV infection, since there is great 

variability in these values among CMV seropositive individuals.  

It has been argued that CMV is epidemiologically associated with certain chronic diseases, 

mainly cardiovascular disease and cancer with ageing and therefore would have harmful effects. 

Other studies have shown that human coevolution with CMV includes potentially positive impacts 

on adaptive immunity in late life. CMV, to ensure sustained viral life within the host, appears to 



16 
 

exercise great care to help its host survive [Nikolich-Žugich et al., 2020]. The oldest centenarians 

studied in the present paper seem to testify to the latter possibility. Support comes, moreover, from 

data showing that fewer older centenarians, almost certainly CMV-positive, died than the rest of the 

older population in the 2020 COVID-19 pandemic [Poulain et al., 2021; Caruso et al., 2023 a,b]. In 

agreement, three Brazilian supercentenarians recovered from COVID-19, showing robust IgG levels 

and neutralizing titers versus SARS-CoV-2 [de Castro et al., 2022]. 

Overall, our study suggests that immune parameters, especially of semi- and super-

centenarians, exhibit great variability. This is not surprising because everyone ages differently 

because he/she is unique in genetics and experience of life and this applies even more to the immune 

system [Caruso et al., 2022]. Everybody, indeed, had a different immunological history during his/her 

life because of the different antigenic stimuli encountered, called “immunobiography” [Franceschi et 

al., 2017]. Furthermore, our findings on age-related variations on inflammatory markers, naïve and 

TEMRA T cells, and CMV seropositivity in centenarians, discussed in the light of the most recent 

literature, suggest that these changes are not unfavourable for centenarians, and in particular for the 

oldest ones. This because they may be neutralized (inflammatory markers) or possibly useful or at 

least not unfavorable (CMV seropositivity and TEMRA) for the achievement of longevity and 

successful ageing.  

Therefore, the immune system is expected to play a very important role in longevity, and the 

wide variability in its changes observed in centenarians is further evidence of immune adaptation to 

specific intrinsic and extrinsic conditions.  
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Table 1. Age and gender of Sicilian cohort healthy donors. 

 
Adult 

(n=20) 

Older 

(n=15) 

LLI 

(n=11) 

Oldest 

centenarians 

(n=8) 

Age (years)     

Mean±SD 39±12.5 74.7±6.2 99.8±3.5 108.2±1.6 

Range 19.5-63.6 68.5-87.3 93.3-104.7 105.7-110.3 

Gender n (%)     

Female 10 (50) 7 (46.6) 4 (36.4) 7 (87.5) 

Male 10 (50) 8 (53.4) 7 (63.6) 1 (12.5) 

Age is reported in years and months. LLI=long-lived individuals; n= number; SD=standard deviation. Oldest 
centenarians refer to semi- and supercentenarians.  
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Table 2. Some immunological characteristics and CMV serological status of the study 

population, divided into four age groups for comparative analysis (see materials and methods). 

 
Adult 

(n=20) 

Older 

(n=15) 

LLI 

(n=11) 

Oldest 

centenarians 

(n=8) 

Age group comparison p-value 

CMV+ n (%) 12 (60) 11 (73) 11 (100) 8 (100) Adults vs LLI 0.028 

Anti-CMV IgG titre 

range (U/ml) 
25.6->180 63.6->180 110.2->180 150->180 

  

IL-6 (pg/mL) 2.1±1.2 3.2±2.4 12.5±7.9 9.8±7.3 

Adults vs LLI <0.0001 

Adults vs Oldest cent. 0.0016 

Older vs LLI; <0.0001 

Older vs Oldest cent. 0.0143 

CRP (mg/L) 1.24±1.22 2.8±3.4 6.4±9.7 1.3±1 Adults vs LLI 0.0268 

IgA (mg/dL) 238.3±84.3 269.8±107.8 280.5±200.2 322.1±121.1 ns ns 

IgG (mg/dL) 1051±208.1 994.1±187.4 1235±363.6 1111±235.8 ns ns 

IgM (mg/dL) 104.1±41.31 92.35±60.80 163±189.3 74.96±40.58 ns ns 

IL-6, PCR and Ig values are shown as mean±standard deviation per group. CRP=C-reactive protein; 
Ig=immunoglobulin; IL-6=interleukin-6; LLI=long-lived individual; ns=not significant. For CMV serological 
status, p-values obtained from the χ2 test, and for inflammatory parameters and Ig titre, p-values obtained from 
the one-way ANOVA test are reported. p-values >0.05 is not significant. 
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Figure 1. Gating strategy for identification of CD4+, CD8+ T cells and their relative subsets 
(and B cells). The doublet exclusion on forward-scatter height (FCS-H) versus forward-scatter area 
(FCS)-A followed by side-scatter height (SSC-H) versus side-scatter area (SSC-A) is not shown. A 
representative histogram showing PD-1 staining intensity on T cells is shown on the right. A 
representative donor is presented. 
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Figure 2. Correlations between blood cells and age. Linear regression analysis shows the 
relationship between absolute numbers of blood cells and age in all individuals (n = 54) (black line, 
a,c,e,g), males (n = 26) (blue line) and females (n = 28) (pink line) (b,d,f,h). Each point represents 
data from an individual healthy donor. The coefficient of determination and p‐values are shown on 
the graphs. F = female; M = male; ns = not significant; R2 = R squared. 
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Figure 3. Correlations between NLR and PLR and age. Linear regression analysis showing the 
relationship between NLR (a,b) and PLR (c,d) and age in all individuals (n = 54) (black line), males 
(n = 26) (blue line) and females (n = 28) (pink line). Each point represents data from an individual 
healthy donor. The coefficient of determination and p‐values are shown on the graphs. F= female; 
M= male; NLR= neutrophil-to-lymphocyte ratio; ns= not significant; PLR= platelet-lymphocyte 
ratio; R2= R squared. 
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Figure 4. Correlations between inflammatory markers and age. Linear regression analysis 
showing the relationship between IL-6 (a,b) and CRP (c,d) and age in all individuals (n = 54) (black 
line), males (n = 26) (blue line) and females (n = 28) (pink line). Each point represents data from an 
individual healthy donor. The coefficient of determination and p‐values are shown on the graphs. 
CRP= C-reactive protein; F= female; IL-6= interleukin-6; M= male; R2= R squared; ns= not 
significant. 
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Figure 5. Age-related changes in T cell subsets. Linear regression analysis showing the relationship 
between CD4 and CD8 T cell subsets and age in all individuals (n = 54). Each point represents data 
from an individual healthy donor. The coefficient of determination and p‐values are shown on the 
graphs. ns= not significant; R2= R squared; TEMRA, terminally differentiated effector memory. 
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Figure 6. Correlations between CD28 expression on T cells and age. Linear regression analysis 
showing the relationship between CD4+CD28+ percentages (a,b), CD8+CD28+ percentages (c,d) 
and age in all individuals (n = 54) (black line), males (n = 26) (blue line) and females (n = 28) (pink 
line). Each point represents data from an individual healthy donor. The coefficient of determination 
and p‐values are shown on the graphs. F= female; M= male; R2= R squared. 
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Figure 7. Correlations between PD1 expression on CD4 and CD8 T cells and age. Linear 
regression analysis showing the relationship between percentages of CD4+ PD1+ (a,b) and 
CD8+PD1+ (c,d) and age in all individuals (n = 54) (black line), males (n = 26) (blue line) and females 
(n = 28) (pink line). Each point represents data from an individual healthy donor. The coefficient of 
determination and p‐values are shown on the graphs. F = female; M = male; n.s. = not significant; 
PD-1= programmed death-1; R2 = R squared. 
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Figure 8. Bubble plot showing the relationship between age, anti-CMV IgG titre and 
percentages of specific T cell populations. The size of each symbol is proportionate to the IgG titre 
(U/mL), while the symbol's colour represents the individual's age on a continuous scale. Each point 
represents data from an individual healthy donor. %, percentages; IL-6=interleukin-6; PD1, 
programmed cell death protein 1; TEMRA, terminally differentiated effector memory. 
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Supplementary Figure 1. Correlations between counts and percentages of CD3 T cells and age. 
Linear regression analysis showing the relationship between lymphocyte CD3+ counts (a,b) and 
percentages (c,d) and age in all individuals (N = 56) (black line), males (N = 26) (blue line) and 
females (N = 28) (pink line). Each point represents data from an individual healthy donor. The 
coefficient of determination and p‐values are shown on the graphs. F = female; M = male; n. = not 
significant; R2 = R squared. 
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Supplementary Figure 2. Correlations between counts and percentages of CD4 T cells and age. 
Linear regression analysis showing the relationship between lymphocyte CD4+ counts (a,b) and 
percentages (c,d) and age in all individuals (N = 56) (black line), males (N = 26) (blue line) and 
females (N = 28) (pink line). Each point represents data from an individual healthy donor. The 
coefficient of determination and p‐values are shown on the graphs. F = female; M = male; ns = not 
significant; R2 = R squared. 
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Supplementary Figure 3. Correlations between counts and percentages of CD8 T cells and age. 
Linear regression analysis showing the relationship between lymphocyte CD8+ counts (a,b) and 
percentages (c,d) and age in all individuals (N = 56) (black line), males (N = 26) (blue line) and 
females (N = 28) (pink line). Each point represents data from an individual healthy donor. The 
coefficient of determination and p‐values are shown on the graphs. F = female; M = male; ns = not 
significant; R2 = R squared. 
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Supplementary Figure 4. Correlations between CD4/CD8 T cell ratio and age. Linear regression 
analysis showing the relationship between lymphocyte CD4/CD8 ratio and age in (a) all individuals 
(N = 56) (black line), (b) males (N = 26) (blue line) and females (N = 28) (pink line). Each point 
represents data from an individual healthy donor. The coefficient of determination and p‐values are 
shown on the graphs. F = female; M = male; ns = not significant; R2 = R squared. 
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Supplementary Figure 5. Age-related changes in T cell subsets. Linear regression analysis 
showing the relationship between CD4 and CD8 T cell subsets and age in males (n = 26) (blue line) 
and females (n = 28) (pink line). Each point represents data from an individual healthy donor. The 
coefficient of determination and p‐values are shown on the graphs. ns = not significant; R2 = R 
squared; TEMRA, terminally differentiated effector memory. 
 
 
 
 
 


