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What happens to the immune system
in older age?



Birgit Weinberger                                                                                                            28.01.2025

Immune response after vaccination
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Age-related changes of the immune response

Defects in cells of innate immunity
- Reduced migration and phagocytosis
- Altered cytokine production
- Reduced antigen processing and presentation

Figure created with BioRender.com
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- Fewer naïve T cells, more effector T cells
- Altered cytokine production
- Functional defects

Age-related changes of the immune response Figure created with BioRender.com
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- Less naïve B cells
- Defects in isotype switch and somatic hypermutation

Age-related changes of the immune response Figure created with BioRender.com
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Why are we interested in the
aging immune system?
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High incidence, morbidity and mortality of infectious disease

Trends of HZ incidence
In the USA, studies conducted during the postvaricella
vaccination era showed inconsistent results, with some
showing no change in incidence but others reporting an
increase in HZ incidence, suggesting a potential impact
of varicella vaccination (table 2). However, Leung et al,19

Hales et al23 and Yawn et al75 examined trends over a
longer period and found that incidence rates increased
continuously across all age groups before the introduc-
tion of the varicella vaccination programme and contin-
ued to increase throughout the postvaccination era.
These studies concluded that the increase was not due
to the varicella vaccination programme. Most studies
conducted in Canada, the UK, Spain, Taiwan and Japan
reported an increase in the incidence of HZ over the
past decade often occurring in the absence of the
national varicella vaccination programmes.24 25 49 65 68

Several studies in Australia suggested increasing trends
in HZ outpatient visits or hospitalisation during prevari-
cella and postvaricella vaccination eras.76 77 79

Risk of PHN
The risk of developing PHN varied from 5% to more
than 30% (table 3; 49 studies). The estimated risk of
PHN varied by study design, age distribution of study
populations and definitions used for PHN. For studies
that used multiple definitions of PHN, we present results
based on the definition of at least 90 days of persistent
pain. Studies that reported risk of PHN by age groups
consistently found that older patients have a greater risk
of developing PHN (see online supplementary table
S1). In this review, we found that researchers have used
a different duration of persistent pain (persisting for 30,
90 or 180 days) and severity of pain (clinically

meaningful pain or any pain) to define PHN. For
example, 18% of patients had pain for at least 30 days
and 10% for at least 90 days in a population-based study
using medical records by Yawn et al3 in the USA.
Similarly, 20% of patients had pain for at least 30 days
and 14% for at least 90 days in a study by Gauthier et al34

in the UK. Administrative database studies (eg, Ultsch
et al42 (4.5%), Opstelten et al43 (2.6%) and Gialloreti
et al56 (6.2%)) were more likely to report a lower esti-
mated risk of PHN compared with other studies.
Researchers have used diagnosis and medication data in
various algorithms, many of which are not validated. It is
noteworthy that retrospective studies involving specialists
(eg, Mick et al38 (32.5%), Kanbayashi et al102 (52%) and
Ro et al103 (39.4%)) may have included existing severe
cases of patients with PHN and possibly overestimated
the overall risk of PHN.
We identified six prospective cohort and three cross-

sectional studies examining the duration of PHN in
North America and Europe (table 4). Several studies
reported that PHN may last up to 10 years. Prospective
cohort studies demonstrated that approximately 30–50%
of patients with PHN experienced pain lasting for more
than 1 year. Cross-sectional studies also reported a
similar high proportion of patients with PHN; however,
these studies are most likely an overestimate because
they are more likely to include patients experiencing a
longer duration of pain.

Risk of recurrence
A limited number (N=9) of studies examined recurrence
of HZ. Four studies reported a risk of <1.5%, with three
of these studies conducted over 1–2 years of
follow-up.13 57 119 122 About 2.9% of patients had

Figure 2 Age-specific incidence rate of herpes zoster in North America, Europe and Asia-Pacific.
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High incidence, morbidity and mortality of infectious disease

www.cdc.gov
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… beyond acute illness

• Acute illness, hospitalisation
• Transient increased risk, e.g. for cardiovascular events after infections
• Risk of delir and dementia
• Exacerbation of comorbidities
• Decline of general health status, frailty
• Possible loss of functionality and independence
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Admitted cohort for influenza (N=346)

Survived (88%)

Died (12%)

Functional decline (20%) Function maintained (68%)

Moderate functional decline (9%)Catastrophic disability (11%)

Burden of disease beyond acute infection

The figure was independently created from the original data published by Andrew MK et al. 2021
Andrew MK et al. J Am Geriatr Soc 2021;69:696–703

Older patients hospitalized for influenza
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Decreased rate Increased rate
Incidence ratio

Days 4–7

Days 8–14 0.60 (0.15–2.41)

0.75 (0.31–1.81)

Incidence ratio for acute MI 
(95% CI)

Risk interval, days 1–7

6.30 (3.25–12.22)Days 1–3

Days 15–28

5.78 (3.17–10.53)

6.05 (3.86–9.50)

à 6-fold higher risk for MI in the first week after influenza 
diagnosis

CI, confidence interval; MI, myocardial infarction
Figures generated with data or modified from : Kwong JC et al. N Engl J Med 2018;378:345–353

Duration post-influenza detection

332 patients hospitalized with myocardial infarction one year 
before or after a lab-confirmed infection with influenza

Influenza 
index date

Acute MI

Observation period (2 years)

Risk interval (7 days)

Patient 1

Acute MI in control interval

Patient 3

Acute MI in control interval

Patient 2

Acute MI in risk interval

Cardiovascular risk

Elevated risk also for stroke and after 
other infections...
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Older adults are an important
target group for vaccination
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Meta-analysis of 31 studies (1986-2002)
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data from: Goodwin et al., Vaccine, 2006

Many vaccines are less immunogenic in older adults
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randomized controlled trial:  HD-TIV vs SD-TIV

Vaccines can be improved for older adults

High-Dose influenza vaccine (trivalent 60µg HA instead of 15µg, approved in the US 
in 2010/2011)
à higher antibody levels and seroconversion
à higher clinical efficacy!

Falsey et al., J Inf Dis, 2009
Chen et al., Vaccine, 2011

DiazGranados et al., NEJM, 2014
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Table 2. Efficacy of High-Dose Vaccine Relative to Standard-Dose Vaccine against Confirmed Influenza Caused by Any Viral Type or Subtype.*

Variable Laboratory-Confirmed Influenza† Culture-Confirmed Influenza

IIV3-HD 
(N = 15,990) 

IIV3-SD 
(N = 15,993) 

Relative Efficacy 
 (95% CI)

IIV3-HD 
(N = 15,990) 

IIV3-SD 
(N = 15,993) 

Relative Efficacy 
(95% CI)

no. (%) % no. (%) % 

Protocol-defined influenza-like illness 228 (1.4) 301 (1.9) 24.2 (9.7 to 36.5)‡ 206 (1.3) 268 (1.7) 23.1 (7.5 to 36.2)

Influenza A 190 (1.2) 250 (1.6) 24.0 (7.8 to 37.4) 170 (1.1) 222 (1.4) 23.4 (6.0 to 37.6)

A/H1N1 8 (<0.1) 9 (0.1) 11.1 (−159.6 to 70.2) 7 (<0.1) 9 (0.1) 22.2 (−134.7 to 75.4)

A/H3N2 171 (1.1) 223 (1.4) 23.3 (6.0 to 37.5) 156 (1.0) 199 (1.2) 21.6 (2.8 to 36.8)

Influenza B 38 (0.2) 51 (0.3) 25.5 (−15.7 to 52.4) 36 (0.2) 46 (0.3) 21.7 (−23.8 to 50.8)

Modified CDC-defined influenza-like illness 96 (0.6) 121 (0.8) 20.6 (−4.6 to 39.9) 84 (0.5) 110 (0.7) 23.6 (−2.4 to 43.2)

Influenza A 86 (0.5) 104 (0.7) 17.3 (−11.1 to 38.6) 75 (0.5) 94 (0.6) 20.2 (−9.3 to 41.9)

A/H1N1 3 (<0.1) 2 (<0.1) −50.0 (−1696.0 to 82.8) 2 (<0.1) 2 (<0.1) 0.0 (−1280.0 to 92.8)

A/H3N2 77 (0.5) 95 (0.6) 18.9 (−10.7 to 40.8) 69 (0.4) 85 (0.5) 18.8 (−12.9 to 41.8)

Influenza B 10 (0.1) 17 (0.1) 41.2 (−36.0 to 75.9) 9 (0.1) 16 (0.1) 43.7 (−35.2 to 78.1)

Respiratory illness 316 (2.0) 387 (2.4) 18.3 (5.0 to 29.8) 277 (1.7) 339 (2.1) 18.3 (3.9 to 30.5)

Influenza A 262 (1.6) 313 (2.0) 16.3 (1.0 to 29.2) 227 (1.4) 272 (1.7) 16.5 (0.1 to 30.3)

A/H1N1 14 (0.1) 10 (0.1) −40.0 (−252.4 to 42.2) 13 (0.1) 10 (0.1) −30.0 (−231.3 to 47.33)

A/H3N2 231 (1.4) 281 (1.8) 17.8 (1.8 to 31.2) 205 (1.3) 246 (1.5) 16.6 (−0.7 to 31.1)

Influenza B 54 (0.3) 74 (0.5) 27.0 (−5.1 to 49.6) 50 (0.3) 67 (0.4) 25.4 (−9.3 to 49.3)

*  CDC denotes Centers for Disease Control and Prevention.
†  Laboratory confirmation of influenza was accomplished by a positive result on culture of a nasopharyngeal swab, a positive polymerase-chain-reaction assay, or both.
‡  The primary end point of the study was the occurrence, at least 14 days after vaccination, of laboratory-confirmed influenza caused by any influenza viral types or subtypes, in associa-

tion with a protocol-defined influenza-like illness.
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people. Table 1 summarises the range of efficacy of accepted
coronary interventions compared with influenza vaccination and
highlights the potential gains of including vaccination in routine
prevention of CHD.

A well-powered RCT of influenza vaccine in AMI prevention
would add to the available evidence.48 However, there is
already compelling evidence that influenza vaccine should be
considered as an integral part of CHD management and preven-
tion. While it is recommended in many guidelines for patients
with coronary artery disease, rates of vaccination in risk groups
aged <65 years are low.49 In addition, this recommendation is
seen as one that aims to prevent influenza, rather than to reduce
the risk of AMI. A paradigm change may be required to encour-
age clinicians to see influenza vaccine as a cheap, safe and effect-
ive additional prevention strategy for patients with CHD.

Contributors CRM: conceived study idea, wrote and revised the manuscript. AM:
conducting literature review and drafting of manuscript. AMM: contributed to
revision and submission of manuscript. MB: contributed to drafting of manuscript.
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people. Table 1 summarises the range of efficacy of accepted
coronary interventions compared with influenza vaccination and
highlights the potential gains of including vaccination in routine
prevention of CHD.

A well-powered RCT of influenza vaccine in AMI prevention
would add to the available evidence.48 However, there is
already compelling evidence that influenza vaccine should be
considered as an integral part of CHD management and preven-
tion. While it is recommended in many guidelines for patients
with coronary artery disease, rates of vaccination in risk groups
aged <65 years are low.49 In addition, this recommendation is
seen as one that aims to prevent influenza, rather than to reduce
the risk of AMI. A paradigm change may be required to encour-
age clinicians to see influenza vaccine as a cheap, safe and effect-
ive additional prevention strategy for patients with CHD.
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Table 1 Efficacy of accepted coronary interventions and influenza
vaccine in the prevention of myocardial infarction

Coronary intervention Prevention

Intervention
efficacy/effectiveness
against acute
myocardial infarction (%)

Smoking cessation4 23–25 Secondary 32–43
Statins38 Secondary 19–30
Antihypertensive drugs26–29 32 Secondary 17–25
Influenza vaccine5 9 18 Secondary 15–45
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Vaccines can prevent complications beyond acute infection

MacIntyre et al., Heart, 2016
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Varicella-Zoster virus remains in sensory nerve cells

reactivations immunologically controlled

Adult vaccination boosters the existing VZV-
specific immune response and restores 
immunological control

Vaccination against Herpes zoster
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Clinical efficacy

data from:
Lal, NEJM,  2015
Cunningham, NEJM, 2016
Boutry CID, 2021
Strezova, OFID, 2022
Strezova, ECCMID 2024

Vaccination against herpes zoster
50µg recombinant glycoprotein E plus adjuvant AS01b (MPL, QS21, liposomes) 
2 doses, 8-12 weeks apart

very high efficacy
à even in the oldest age group
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Thank you!
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