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homo sapiens life expectancy at birth < 30 years

In Italy in the last 4 generations 

From 43y  (F) 40y (M) 

To 85y  (F) 80y (M) 

in 2050 >85y about 6.000.000

LIFE EXPECTANCY  





Population pyramids for developed countries  [mln of people]

LIFE EXPECTANCY AND PATHOLOGIES

GBDLancet 2015;  386, 743-800



Aged Individuals have:

• Increased incidence of INFECTIONS:

pneumonia, influenza, meningitis, urinary tract infections

• Increased incidence of AUTOIMMUNE DISEASE:

rheumatoid arthritis, lupus, hepatitis, multiple sclerosis

• Increased incidence of CANCER:

prostate, breast, lung, colon/, bladder, skin,  leukemia, pancreas

• Increased incidence of METABOLIC CONDITIONS:

hypertension, diabetes, congestive hart failure

Pathologies seen in the elderly







The immune system in the elderly: the functions and parameters which

change during aging

Fulop T et al, Clin Interv Aging, 2007



Changes in cytokines production in aging, an
extremely complex phenomenon:

Inflammaging

A chronic and smouldering inflammation that
characterizes aging and, when excessive, is associated

with “accelerated, unhealthy aging”



The ‘‘weight’’ of pro and 
anti-inflammatory 

cytokines in aging and 
longevity.

Pro-inflammatory 
cytokines= frailty, age-

related diseases, reduced 
life expectancy. 

Balance between pro-and 
anti-inflammatory 

cytokines= adaptation to 
the conditions of life, 
avoidance or delayed 

onset of diseases, 
longevity

BALANCE BETWEEN INFLAMMAGING  AND ANTI-INFLAMMAGING 
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CMV GENOME (COPIES/ML) IN YOUNG AND IN ELDERLY INDIVIDUALS

Thomasini RL, Pereira DS, Pereira FSM, Mateo EC, Mota TN, et al. (2017) Aged-associated cytomegalovirus and Epstein-Barr virus reactivation 
and cytomegalovirus relationship with the frailty syndrome in older women. PLOS ONE 12(7): e0180841. 
https://doi.org/10.1371/journal.pone.0180841
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0180841

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0180841


Systemic and tissue-specific consequences of CMV latency, 
micro-reactivation and full reactivation.
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Reactive oxygen species (ROS)

• Intermediates of cell metabolism

• Abnormal accumulation of ROS  oxidative
stress

• Oxidative stress   cell damage and accelerated
cell aging

• ROS increase in aging





A role for gut alterations in 
inflammaging?



Aging in the GI Tract

Young Gut

•Tight epithelial junctions, mucus

•Anti-microbial peptides, Abs, cells

•Cross-talk between microbes and 
epithelial cells and immune cells

Mucus

Aged Gut

•Fibrosis

• Increased permeability

•Translocation of microbial products 
(LPS) ?

•Systemic immune activation ?

CD4 T cell loss

Loss of tight junctions

Enterocyte apoptosis

Microbial products



Altered gut permeability and inflammaging





A role for alterations of the microbiota

in inflammaging?



MICROBIOTA
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Figure II 

Trends in Biotechnology 2015 33, 496-503DOI: (10.1016/j.tibtech.2015.06.011) 
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Proteobacteria support inflammation via a number
of mechanisms including:

1. the activation of the NLRP3 inflammasome,
2.  the down regulation of IL-10 production, 

3. the impairment of Treg activity and
4.  the stimulation of TH17 differentiation



Multiple possible causes, one outcome: 
(unhealthy) aging is associated with a 

smouldering, chronic degree on inflammation





What can we do?

• “Behavioural” approaches

• Drug therapies

• Modification of the microbiota
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Ponnappan S et al, Antioxidants & Redox Signaling 2011 





Factors contributing to healthy/unhealthy aging
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P38MAPK signaling pathway





Varicella-zoster vaccination: effects of p38 MAPK  inhibition



• Rapamicine (an mTOR inhibitor) improves immune 
reponses to vaccines in elderly individuals.

• Clinical trials based on TOR inhibitors are currently
undergoing in humans and in dogs (Nature; 552:s57; Dec 2017)

Sci Transl Med 2014;6:268ra179











What can we do?

• “Behavioural” approaches

• Drug therapies

• Modification of the microbiota



How to modify the microbiota



Kumar M et al, Nutrition and Healthy Aging 2016



Fecal transplantation of the microbiota of a young fish into middle aged fish



Conclusions

• A number of reasons (improved sanitary conditions, 
vaccinations, better health care, etc) explain why worldwide
population is getting older

• Aging is associated with complex alterations of the immune 
system and changes in the composition of the microbiota

• A persistent and smouldering degree of inflammation
accompains aging and could be responsible for “unhealthy
aging”

• Nutritional and pharmacological interventions, as well as
stategies targeting the microbiota are currently investigated
in the attempt to achieve “healthy aging” 



In interiore homine habitat salus
Sant’ Agostino




