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 Key Points 
•     Inflammaging describes the increase in inflammation- 

driven chronic illnesses that exist in older adults.  
•   In seropositive patients the effects of chronic 

immune activation and chronic inflammation con-
tribute to incomplete CD4 recovery and limit overall 
immune reconstitution.  

•   Human immunodeficiency virus (HIV) positive 
older patients are generally less likely to attain the 
same degree of post-HAART immune recovery than 
younger patients, regardless of better adherence to 
drug therapy.  

•   Chronic stimulation of the immune system occurs by 
various on-going elements including life-long expo-
sure to environmental antigenic stressors, persistence 
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2.1     Immunodeficiency, Immune Activation, 
and Chronic Inflammation 

 HIV infection causes progressive immunodeficiency by spe-
cifically targeting CD4+ cells of the monocyte/macrophage 
lineage. This leads to both functional impairment and destruc-
tion of target cells [ 1 ]. Untreated seropositive patients 
develop a profound CD4 cytopenia (normal CD4 count in 
uninfected adults is >600–800 cells/μL) and dysregulation of 
both cellular and humoral immunity, resulting in disruption 
of immune homeostasis parameters. The serum HIV viral 
load (HIV-VL) is often increased to very high levels, up to 
several million copies per mL in some untreated patients. All 
currently available highly active antiretroviral therapy 
(HAART) regimens effectively reduce HIV viral replication 
to below the level of detection of currently available assays 
(<40 copies/mL) within several months of starting therapy. 
This results in a variable and slowly progressive immune 
recovery (defined as the return of the absolute number of 
CD4+ T cells towards, but rarely to, normal levels) but only 
limited immune reconstitution (the re-establishment of 
normal quantitative relationship between CD4 and CD8 T 
cells) [ 1 ]. However, the usual extent of immune recovery 
significantly reduces the risk of developing typical 
 AIDS- related complications. Higher levels of CD4 recovery, 
particularly to levels >500 cells/mL, are associated with a 
lower risk of developing AIDS. This relationship informs the 
clinical scenarios faced by aging patients with HIV. 

 Older patients with HIV are more likely to present with 
significant immunosuppression or AIDS-related complications. 

of non- curable infections (eg, cytomegalovirus 
[CMV] and herpes viruses), and increase in age-
related gastrointestinal microbial translocation.  

•   Chronic immune activation contributes to develop-
ment of accelerated age-related immunosenescence, 
typically observed in patients with HIV.    
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This is most likely due to the clinical reality that HIV is consid-
ered less often in the differential diagnosis of common HIV-
related symptoms. Older patients’ baseline CD4 counts are 
also usually lower at the time of initial clinical presentation, 
due to both a delay in making a timely diagnosis of HIV and to 
the possible effect of accelerated age-related immunosenes-
cence that may occur in patients with HIV [ 2 ]. 

 Although the evidence remains controversial, after 
beginning HAART older patients are generally less likely 
to attain the same degree of post-HAART immune recov-
ery than younger patients, and their plateau CD4 counts are 
also lower [ 3 ]. This may be related to their starting HAART 
at lower CD4 levels. As a result, they remain at higher risk 
of developing AIDS-related complications. The survival of 
older patients after developing AIDS is also less than that 
of younger patients [ 4 ]. However, after starting HAART, 
older patients achieve an undetectable HIV-VL as often as 
younger patients [ 3 ]. Furthermore, they are more likely than 
younger patients to maintain an undetectable HIV-VL over 
time, and this is likely due to better adherence to drug 
therapy [ 5 ]. 

 Persistent immune activation is a key feature in patients 
responding to HAART. This phenomenon refers to processes 
involving cell activation and proliferation, suggested by increased 
levels of inflammatory cytokines, monocytes, activated T cells, 
and coagulation parameters [ 6 ]. Patients with untreated HIV 
infection have laboratory evidence of an activated immune state 
even in the absence of concurrent infectious or malignant com-
plications [ 1 ]. HAART reduces these increased activation mark-
ers, but rarely to pre-HIV infection levels [ 7 ]. 

 Several factors predispose to persistent immune activa-
tion, including:

•    low-level HIV replication [ 6 ], which occurs in treated 
patients with undetectable HIV-VL and is a strong stimulus 
to chronic immune activation;  

•   thymic dysfunction leading to impaired T cell maturation [ 8 ];  
•   co-infection with specific viruses such as hepatitis B and C, 

human papillomavirus (HPV), and CMV [ 6 ]; and  
•   microbial translocation.    
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 Microbial translocation refers to the process by which intes-
tinal microbial products enter the systemic circulation. Initial 
HIV infection affects the gut-associated lymphatic tissue 
(GALT) leading to epithelial injury and extensive CD4 T cell 
depletion. HAART does not completely reverse this injury 
and results in incomplete restoration of the initial severe his-
tologic and immune disruption. Partial restoration of the 
GALT permits passage of biologically active products, includ-
ing lipopolysaccharide (LPS), to the bloodstream, resulting in 
the activation of monocytes/macrophages, B and T cells, plus 
coagulation factors [ 9 ]. Microbial translocation also occurs to 
a lesser degree in normal aging [ 10 ], itself considered to rep-
resent a state of chronic immune activation, although to a 
much more limited extent than that caused by HIV. 

 Chronic immune activation interacts with and predisposes 
to chronic inflammation. Chronic inflammation is also associ-
ated with increased levels of cytokines such as interleukin 
(IL)-6, tumor necrosis factor (TNF)-α, IL-1β, and acute phase 
reactants that act in a positive feedback manner to attract 
further immune system components. Physiologic aging is also 
accompanied by low-grade inflammation leading to a chronic 
increase in inflammatory mediators [ 11 ]. In the general popu-
lation these factors may contribute to an increase in age-
related diseases such as atherosclerosis, dementia, diabetes, 
cancer, and sarcopenia. This pro- inflammatory state may also 
occur if the normal mechanisms that turn off the otherwise 
effective immune response are defective or inefficient. 

 The term ‘inflammaging’ was coined almost 15 years ago 
to describe the tripartite interaction between the up-regulated 
inflammatory response, the subsequent low-grade chronic 
inflammation, and the increase in inflammation-driven 
chronic illnesses that exists in older adults [ 12 ]. This process 
incorporates neuro-endocrine activation via a chronically 
stimulated hypothalamic–pituitary–adrenal axis, so that 
glucocorticoid hypersecretion functions as the major 
counteractive response, but is associated with its own long- 
term toxicities [ 13 ]. A similar scenario may be active in 
treated HIV disease [ 14 ].  
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2.2     HIV and Immunosenescence 

 Chronic immune activation and the related state of chronic 
inflammation also contribute to the development of immu-
nosenescence, a term describing the changes in immune 
parameters that occur in normal aging [ 15 ]. These have 
been studied mostly in persons older than 80 years of age 
who are more prone to infections, have decreased responses 
to routine vaccines, and are at increased risk of disorders in 
which chronic inflammation plays a pathogenic role [ 16 ]. 
Genetic signals affect immune parameters via an impact on 
diet, age-related thymic involution (resulting in decreased 
thymic hormones required for normal T cell maturation) 
[ 15 ], and rates of telomere shortening [ 17 ], which are them-
selves possibly modifiable by lifestyle factors. 
Immunosenescence affects multiple components of innate 
immunity including neutrophils, natural killer (NK) cells, 
monocytes/macrophages, dendritic cells, and impacts 
 markers of cellular senescence on T cell and B cell 
lymphocytes [ 16 – 18 ]. 

 Age-related changes in immune parameters are mostly 
related to chronic stimulation of the immune system by 
various factors. These include life-long exposure to 
environmental antigenic stresses, persistence of non-curable 
infections (CMV and herpes viruses), and increase in age- 
related gastrointestinal microbial translocation. These stimuli 
lead to:

    1.    expansion of the pool of terminally differentiated senes-
cent memory CD28− T cells that release the pro-infl am-
matory cytokines IL-6 and TNF-α, further contributing to 
chronic infl ammation [ 16 ,  17 ];   

   2.    reduction of the pool of naïve T cells capable of respond-
ing to new antigenic stimuli [ 17 ]; and   

   3.    an inverted T-helper/T-suppressor cell ratio (normally 
greater than 1.0–1.5).     
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 The inverted T cell ratio was shown to predict short-term 
morbidity and mortality in the prospective Swedish OCTO 
and NONA studies of community-dwelling octogenarians 
and nonagenarians [ 19 ]. The inverted CD4/CD8 T cell 
ratio has been referred to as the immune risk phenotype 
(IRP), and has been associated with poor health-related 
outcomes [ 20 ]. 

 Immune dysfunction changes that occur in response to 
untreated HIV infection, and to a lesser extent in patients on 
HAART, are similar to those that occur in normal aging. On 
this basis, treated HIV has been described as a state of accel-
erated immunosenescence [ 21 ]. Immune changes that occur 
to a variable degree in both untreated and treated patients 
with HIV include [ 22 – 24 ]:

•    a low CD4/CD8 ratio;  
•   low numbers of naïve T cells;  
•   low T cell proliferation potential;  
•   expanded CD8+/CD28− numbers;  
•   reduced T cell repertoire;  
•   increased IL-6 production;  
•   reduced thymus function;  
•   reduced T cell telomere lengths;  
•   expanded CMV-specific CD8 T cells; and  
•   reduced vaccine responses.    

 These similarities between immunosenescence-related 
changes in people with HIV and older seronegative adults is 
further supported by the finding that young patients with 
HIV and severe immunosuppression have naïve T cell num-
bers comparable to healthy seronegative persons of more 
than 80 years of age [ 19 ]. Rates of telomere shortening in 
terminally differentiated CD8+/CD28− cells of young 
patients with HIV are also similar to those in healthy sero-
negative centenarians [ 25 ]. Levels of a known biomarker of 
aging, cyclin-dependent kinase inhibitor 2A (CDKN2A), a 
cell senescence mediator, are increased in treated younger 
patients, suggesting that increased biologic aging may occur 
in these patients [ 26 ]. 
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 Chronic CMV infection also contributes to immune dys-
function in both HIV and elderly patients. In very old people, 
being CMV seropositive contributes to expansion of the 
CD8+/CD28− T cell pool [ 27 ]. The overall T cell response to 
latent herpes virus infections in the elderly is important and 
represents up to 20 % of the total memory T cell compart-
ment [ 28 ]. Patients with treated HIV disease and good 
immune recovery have a strong anti-CMV response [ 29 ]. 
Treated patients also have an inverse relationship between 
strong anti-CMV T cell responses and both lower total and 
naïve CD4+ T cell numbers [ 30 ]. Treated patients with HIV 
who are CMV negative have higher CD4+/CD8+ T cell 
ratios, are more likely to achieve normalization of their 
CD4+/CD8+ T cell ratios (>1.0) with HAART, and are less 
likely to have immunosenescence related markers [ 31 ]. 
Although CMV seropositivity in patients with treated HIV 
represents a latent infection, the anti-CMV drug, valganciclo-
vir, may decrease CD8+ T cell activation markers in treated 
patients [ 32 ].  

2.3     Evolving Clinical Profile 

 Regardless of the effects of chronic immune activation and 
chronic inflammation, which contribute to incomplete CD4 
recovery and limit overall immune reconstitution [ 33 ], it is 
clear that AIDS-related morbidity and mortality in treated 
patients has declined dramatically since the introduction of 
HAART in the mid-1990s. Long-term survival has improved 
significantly in adherent patients with reliable access to 
ARVs, but remains overall at about two-thirds that of 
uninfected, age-matched controls [ 34 ]. However, the subset 
of patients on HAART who maintain an undetectable 
HIV-VL and CD4 count (>500 cells/mL) for over 5 years are 
predicted to likely achieve normal long-term survival [ 35 ]. 
The main predictor of the extent of immune recovery is the 
‘nadir’ CD4 count, which refers to the lowest CD4 count a 
patient had prior to starting HAART. Nadir counts less than 
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200 CD4 cells/mL are associated with poor immune recovery 
[ 36 ]. As noted, this is relevant to understanding the clinical 
consequences of older patients’ generally less robust response 
to effective HAART. 

 While the incidence of typical AIDS complications has 
decreased, complications continue to occur. However, the 
spectrum of clinical disorders has changed. These currently 
consist of generally common medical conditions and typically 
include [ 37 ]:

•    cardiovascular disease;  
•   bone demineralization;  
•     metabolic disorders with associated body composition changes;  
•   distinct malignancies;  
•   certain hepato-renal diseases; and  
•   non-dementing cognitive dysfunction.    

 In treated HIV infection, ongoing low-grade HIV viremia 
and the resulting chronic immune response plays an impor-
tant pathogenic role in the development of the major non-
AIDS complications, including atherosclerosis, osteoporosis, 
neurocognitive decline, and the increasingly recognized 
geriatric frailty syndrome [ 38 ]. The clinical presentation 
and course, plus response to treatment of these conditions 
are broadly similar to that occurring in non-HIV infected 
persons. However, the risk of developing these complica-
tions is variable and appears to be related to a post-
HAART plateau CD4 count <500 cells/mL [ 39 ]. This 
limited immune recovery is more likely to occur in older 
patients with HIV [ 40 ]. This helps to inform why aging 
patients with HIV with lower nadir and plateau CD4 cell 
counts will be faced not only with typical aging related 
comorbidities but may also have an increased risk of these 
complications occurring at a younger age. Evidence sug-
gests that, at least for bone demineralization and cardiovas-
cular disease, older (but not typical geriatric aged) patients 
do have an increased risk compared to younger patients 
with similar CD4 counts [ 41 ,  42 ].     
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