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Meeting Summary

This integrated symposium took place on 17" April 2023 in Copenhagen,
Denmark, during the European Congress of Clinical Microbiology and Infectious
Diseases (ECCMID) 2023. Presenters included Birgit Weinberger, Institute for
Biomedical Aging Research, University of Innsbruck, Austria; Tino Schwarz,
Institute of Laboratory Medicine and Vaccination Centre, Klinikum Wirzburg Mitte,
Standort Juliusspital, Germany; and Albert Osterhaus, Centre of Infection Medicine
and Zoonosis Research, University of Veterinary Medicine, Hannover, Germany.
The aims of the symposium were to describe the burden of infectious diseases
in the adult population, including individuals with compromised immune systems
resulting from underlying conditions or immunosuppressive therapy; to present
factors that increase the risk and severity of clinical outcomes of communicable
diseases in adults; and to assess the global status and value of adult immunisation.
Prevention options and current gaps in awareness and understanding of infectious
diseases were also presented. Weinberger discussed age-specific incidence of
infectious diseases and the risk factors for infectious diseases in adults, focusing
on the mechanism of immunosenescence and immunosuppression. In this context,
Weinberger emphasised the importance of adult immunisation to protect against
infectious diseases and reduce overall disease burden. Schwarz summarised the
global epidemiology, characteristics, and complications of herpes zoster (HZ),
discussed comorbidities and immunosuppressive conditions with increased risk
for HZ, and highlighted the importance of prevention of HZ through vaccination.
Osterhaus explained how respiratory syncytial virus (RSV) is a threat to adults
as well as infants, describing the importance of RSV in respiratory illnesses, and
the current diagnosis and treatment of RSV in older adults, and summarised the
research conducted to identify the burden of RSV in the adult population. These
topics were then discussed in a lively question-and-answer session.

Click here to watch the presentations

Introduction immunocompromised, is a challenge best
addressed by considering all aspects of health
Infectious diseases such as influenza, HZ, management, including comprehensive strategies
and RSV infection are a risk to healthy ageing for prevention, diagnosis, and treatment of
because of immunosenescence, which infectious diseases. Lessons learned from the
contributes to a decreased capacity of the management of infectious diseases such as
immune system to respond effectively to influenza, including the utilisation of diagnostic
infections or vaccines in the elderly."? Adults tools and vaccines, are a useful guide for the
with compromised immune systems are at an development of strategies for other infectious
increased risk of infection and re-infection, with diseases, including HZ and RSV infection.
potentially more severe presentations compared An understanding of the burden, awareness,
with those who are immunocompetent.® and gaps in management of these infectious
Maintaining the health of an ageing population, diseases in adults at risk is essential to optimise
particularly for those individuals who are management strategies and patient care.
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Infectious Diseases in Adults:
Who Is at Risk, Why, and What
Can We Do About It?

Birgit Weinberger

Who Is at Risk?

Weinberger explained that many infectious
diseases have an age-specific incidence. For
example, rates of hospitalisation for influenza
are highest in infants aged <1 year and adults
aged =65 years.* In contrast, the incidence of
HZ starts to increase at approximately 50 years
of age, and this is consistent across different
countries.’ Age is not the only risk factor for
severe infection; comorbidities can also increase
risk for hospitalisation.® The presence of seven
or more comorbidities is a very strong indicator
for hospitalisation for influenza.® Even without
comorbidities, increasing age is associated with
a higher risk for hospitalisation;® however, the
prevalence of comorbidities increases with age.”
In line with this, global mortality associated with
comorbidities such as myocardial infarction,
stroke, and cancer is greatest in adults aged
270 years.” Patients with immunosuppression
are also at increased risk for infectious disease
compared with the total population, and age is
an additional risk factor.® Across all adult age
groups, patients who have undergone bone
marrow or stem cell (8.9-times) or solid organ
(3.5-times) transplantation, and those with HIV
(3.6-times), are at increased risk for HZ versus
the general population.® Weinberger believes that
awareness among physicians is high for these
risk groups, but there are also lesser known
groups at increased risk for HZ, such as patients
with systemic lupus erythematosus (3.2-times)
or rheumatoid arthritis (2.5-times), that “may not
be on our radar.”

Why Are They at Risk?

Weinberger emphasised that there are many
potential causes for increased incidence

and severity of infections with age. These
include blunting of the cough and swallow
reflexes, reduced cilial motility in the lungs and
gastrointestinal tract, physiological changes

in the urogenital tract, and structural changes
of the skin and mucosa.?® All these changes
facilitate the entry of pathogens into the body.
Older age is also associated with reduced
immune function, and lower resilience due to

4 Microbiology & Infectious Diseases « July 2023 . Creative Commons Attribution-Non Commercial 4.0

underlying organ dysfunction; therefore, older
individuals are more susceptible to infection,

and tend to have more severe illness when they
become infected. Other external risk factors
include hospitalisation, invasive procedures (e.g.,
catheters), and use of antibiotic medication.®®

Focusing on reduced immune function,
Weinberger described the mechanism of
immunosenescence and immunosuppression,
why these phenomena are associated with
higher risk of infectious diseases, and their poor
clinical outcomes in certain adults. Weinberger
explained that age-related changes in immune
response are numerous, contributing to age-
associated diseases and reduced vaccine
responses.’® Defects in the cells of the innate
immune system in older age include reduced
migration and phagocytosis,' altered cytokine
production,”®and reduced antigen processing
and presentation.® Also important are the
changes in the adaptive immune system,
including fewer naive T cells,""®" more effector T
cells," and functional T cell defects,"°" leading
to altered cytokine production.®™ In addition
there are fewer naive B cells,"" and defects in

B cell isotype switch (a biological mechanism

in which B cell production of immunoglobulin
changes from one type to another, e.g., from
IgM to IgG or IgA) and somatic hypermutation
(optimisation of binding affinity of antibodies)."0™
In addition to the age-related decline in immunity,
immunosuppressive disease conditions, as

well as disease conditions requiring intensive
immunosuppressive therapies, can disrupt B
and T cell-mediated immunity independent of
age.’o’2 Adults who are immunocompromised are
at increased risk of more severe infections and
re-infections compared with those who

are immunocompetent.®

What Does Burden of Disease

Really Mean?

According to Weinberger, the burden of
infectious disease often goes well beyond

the common definition of acute illness and
hospitalisation.” This is particularly true in
patients who are elderly or chronically ill, in
whom exacerbation of comorbidities (e.g.,
chronic obstructive pulmonary disease [COPD]),*
and transient increases in risk of cardiovascular
events,’®'® are important consequences of
infection. For example, rates of acute myocardial
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Figure 1: Risk of acute myocardial infarction after influenza infection.
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infarction in the first week after influenza
diagnosis have been shown to be six-fold
higher than 1 year before and 1 year after the
risk interval (defined as the first 7 days after
respiratory specimen collection and the ‘control
interval’; Figure 1)."7 Also reported are a 68%
elevated risk of acute myocardial infarction in
the first week,'® and a 78% increased risk of
stroke in the first month, post-HZ."®* Weinberger
considered that decline of general health
status, increase in frailty,?° and possible loss of
functionality and independence,?'23 following
severe infection are frequently underappreciated
by healthcare professionals and patients. All

of these components of disease burden are
relevant, and impact individuals, healthcare
systems, and societies.?*?®

What Can We Do?

Weinberger advocated vaccination to protect
against infectious diseases and reduce
potential disease burden. However, vaccination
recommendations for influenza?®?” and
pneumococcal infection?”-2° for older adults vary
across Europe. In addition, Weinberger noted:
“Vaccine recommendations can be complicated.
If we want to improve availability and uptake of

EMJ

vaccines, it is essential to have straightforward
and consistent recommendations.”

Why Do We Not Do It?

Focusing on seasonal influenza vaccination
coverage in older adults in Europe, Weinberger
observed that only a few countries reached the
European Union (EU) target level of 75%, and
there was a decrease in coverage between 2007
and 2015 in several countries, including the
Netherlands, Italy, Spain, and France.*® Moreover,
Weinberger believes that this trend is ongoing.

A study of self-reported vaccination history in

a European cohort (aged 35-75 years; n=2,100)
in 2011 showed that tetanus and diphtheria
vaccination rates varied greatly, with the highest
rate (83%) in Germany and the lowest (10%) in
Greece, and this was reflected in the antibody
titres.®” Weinberger stated: “Uptake of vaccines
in adults is poor in many European countries, and
there is an ongoing trend towards decreased
coverage. There is an urgent need to reverse this
trend and improve vaccine coverage in at-risk
adults, as well as address the heterogeneity in
guideline recommendations.”
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Herpes Zoster: Burden in At-Risk
Populations and Its Prevention

Tino Schwarz

Global Epidemiology and
Characteristics of Herpes Zoster
Schwarz expressed that HZ is caused by
reactivation of latent varicella zoster virus (VZV)
in the neuronal ganglia,® and is characterised
by dermatomal rash with debilitating pain

and reduced quality of life.®® Age is the most
important risk factor for HZ.34 The risk of HZ
infection increases dramatically after 50 years
of age (Figure 2)%3% with over two-thirds of
cases occurring in this age group.** Schwarz
emphasised: “Everyone is at risk of HZ, and this
is something that we have to communicate to our
patients.” Decreased VZV-specific cell-mediated
immunity in older or immunocompromised
patients leads to VZV reactivation.®? The
incidence of HZ has increased in developed
countries in recent decades, and is predicted to
continue increasing with an ageing population,®
because of immunosenescence in

advancing age.3¢

Complications of Herpes Zoster

The most common and important complication
of HZ is post-herpetic neuralgia (PHN),% defined
as neuropathic pain that persists for 290 days
after the onset of HZ rash,5383° occurring in
5-30% of patients.® The incidence and duration
of PHN increase with age.>3® Another common
complication involves the ophthalmic division of
the trigeminal nerve, causing HZ ophthalmicus,
in approximately 10-15% of patients.5 Chronic
pain in the trigeminal nerve is severe and is

a limiting factor. Eye-related complications
occur in 30-78% of these patients.’ Corneal
involvement, including epithelial keratitis (which
can lead to corneal scarring), neurotrophic
keratopathy, and stromal keratitis, occurs

in 65% of HZ ophthalmicus cases.*® Other
ocular complications include conjunctivitis,
uveitis, episcleritis, and ocular hypertension.*
Less common are neurological complications,
including aseptic meningitis, encephalitis, and
myelitis*?** (<1% of patients with HZ aged =50
years),*® and cerebrovascular and cardiovascular
complications*® (1% of patients with HZ).” HZ is
an established risk factor for stroke, particularly
within 1T month post-HZ rash onset.”® Typically,
stroke occurs several months after HZ rash.44°
Overall, approximately 10% of patients aged
=250 years with HZ experience at least one

Figure 2: Age-specific incidence rates of herpes zoster infection in North America, Europe,

and Asia-Pacific.
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non-PHN complication.®> Schwarz emphasised:
“Considering the impact on patients of PHN,
HZ ophthalmicus, and other complications, HZ
prevention is a key element for preserving good
quality of life for elderly individuals.”

Comorbidities with Increased

Risk for Herpes Zoster

Comorbidities and psychological factors that
increase the risk of HZ include asthma,36:5051
diabetes ,285255 chronic kidney disease36:5657
cardiovascular disease,3¢5"5861 COPD,36:516
depression and psychological stress,36:5"6164
and physical trauma.3¢%466 The risk of HZ is
also increased in patients aged =50 years
who tested positive for COVID-19.8 Schwarz
noted that these comorbidities are commonly
encountered in primary care practices; therefore,
it is important to educate general practitioners
regarding the increased risk of HZ in

these patients.

The heightened risk of HZ in patients with
COPD?®85181 js further increased by the use of
inhaled or oral corticosteroids.®®%° Schwarz
deliberated whether pulmonologists are aware
of the effects of corticosteroids on HZ risk, and
whether they would recommend HZ vaccination
in patients with COPD. Individuals with COPD
are at increased risk of developing PHN,7%7"

as are those with asthma,’? or diabetes.”? HZ
may worsen underlying diabetes.”* Schwarz
highlighted that bidirectional links between
cardiovascular conditions and HZ have been
demonstrated, but this information is not
included in medical training, and “we need to
rewrite our textbooks.”

Immunosuppressive

Conditions with Increased

Risk for Herpes Zoster

Patients with immunodeficient conditions367576
and those on immunosuppressive drugs’’ are at
increased risk of HZ compared with the general
population. HIV-related immunosuppression
significantly increases HZ risk,%¢ but the
incidence of HZ is substantially lower

among patients with HIV who are receiving
antiretroviral therapy.”® Schwarz suggested
that specialists caring for patients with
immunosuppression, including haematologists,
rheumatologists, neurologists, oncologists,

EMJ
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gastroenterologists, and dermatologists, should
be informed of HZ risk and encouraged to
prevent HZ in their patients. Guidelines that
recommend vaccinations in patients receiving
immunosuppressive drugs (JAK inhibitors)
include those from the UK’®8% and Spain.?’
Although immunocompromised populations
represent a small proportion of the total number
of HZ cases, they contribute substantially to the
public health burden because of their higher risk
for HZ’® and HZ complications.® Symptoms and
complications of HZ may be atypical or more
severe,’”8283 and recurrent HZ is more likely, 8485 in
patients who are immunocompromised compared
with individuals who are immunocompetent.

Herpes Zoster Prevention

Through Vaccination

Zoster vaccine live is a live-attenuated vaccine
indicated for the prevention of HZ and HZ-related
PHN in individuals aged =50 years.®¢ This vaccine
is contraindicated in immunocompromised
populations.t®¢ Recombinant zoster vaccine
(RZV) is a non-live, recombinant, adjuvanted
vaccine indicated for prevention of HZ and PHN
in adults aged =50 years and adults aged =18
years at increased risk of HZ.87°° This vaccine
can be administered to individuals who are
immunocompromised.® It is given using a two-
dose schedule.®® The adjuvant system for this
vaccine boosts the immune response, eliciting

a strong, specific, and long-lasting immune
response against VZV, thereby targeting the
decline in VZV-specific cellular immunity seen

in older adults and some immunocompromised
populations.t88° Pooled analysis of pivotal Phase
Il studies (ZOE-50/70) in patients aged =50
years showed sustained vaccine efficacy in
patients with various comorbidities®' RZV has
also been shown to be efficacious against HZ in
patients who are immunocompromised, including
recipients of autologous haematopoietic stem
cell transplantation.?”®? Solicited local and
systemic adverse events are more common

with RZV than placebo,®***and Schwarz
recommended that patients are informed of

the reactogenicity of the vaccine, including the
possible development of local pain and redness
following vaccination.
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Respiratory Syncytial Virus:
More Than a Threat to Infants?

Albert Osterhaus

The Importance of Respiratory
Syncytial Virus in Respiratory llinesses
Osterhaus specified that among children aged
under 5 years, there are more than 10 million
cases of pneumonia® and 900,000 pneumonia-
related deaths® reported worldwide each year.
Pneumonia is a greater worldwide cause of
childhood mortality than malaria, tuberculosis,
HIV, Zika virus, and Ebola virus combined.®’
Osterhaus emphasised that the most common
cause of severe pneumonia requiring hospital
admission in children aged 5 years or under
without HIV infection from Africa and Asia is not
bacteria (27%), but viruses (61%), including RSV
(31%) and influenza virus (2%).97¢ Osterhaus
noted that children usually do not die from
influenza, whereas inadequately treated RSV is
associated with considerable mortality.®® Virtually
all children have experienced at least one RSV
infection by 3-5 years of age.’°® Furthermore,
severe acute respiratory illnesses have been
shown to be temporally associated with
outbreaks of RSV and influenza in adults, with
similar levels and burden of RSV-positive and
influenza-virus-positive disease.’”

The Current Diagnosis, Treatment, and
Vaccination Landscape of Respiratory
Syncytial Virus in Older Adults

There is considerable overlap of symptoms

for RSV, influenza A, human metapneumovirus
(hMPV), rhinovirus/enterovirus, and coronavirus
infection in older adults; therefore, these infections
cannot be diagnosed based on clinical symptoms
alone.'2 Osterhaus recommended that clinicians
access information on the viruses circulating

in their geographical area, and utilise available
diagnostic tools, where possible, to identify
these infections in their patients. According to
Osterhaus, little effort has been made to diagnose
RSV infection, except in paediatric hospitals,

and most cases of RSV-related pneumonia or
other lower respiratory tract infections are not
being diagnosed.’®® There is currently no vaccine
for RSV, and there are no antiviral therapies for
RSV infection, with only symptomatic treatment
available for older adults.'04105

8 Microbiology & Infectious Diseases « July 2023 . Creative Commons Attribution-Non Commercial 4.0

The Burden of Respiratory

Syncytial Virus in Adults

Osterhaus noted that the physical condition of
older adults in the Western world has generally
improved in the last 40 years; however,
immunocompetence in older age has not
improved in parallel.’®® Human infection challenge
studies show divergent age-related humoral
correlates of protection against RSV infection,
with young adults showing a stronger local
immune response and lower viral load in the
respiratory tract compared with older adults.%¢

There has been considerable research on the
burden of RSV in adults over the last 20 years.
Key research is summarised chronologically
by publication date as follows. In a landmark
study published in 2005 by Falsey et al.,'”’
RSV infection was associated with 11.4% of
COPD hospital admissions and 7.2% of asthma
admissions in patients aged =65 years.'”” In
addition, RSV infection developed annually in
3-7% of healthy elderly patients and 4-10% of
high-risk adults.’”” Osterhaus noted that RSV
infection is largely considered by physicians as
a disease of babies, infants, and children.107108
However, these results indicate the significant
impact of RSV infection in older adults.’””

A study of three successive influenza seasons
(2006-2009) showed that hospitalisation rates
for RSV and hMPV in adults aged =50 years
were substantial, and similar to those associated
with influenza (Figure 3)'. In a meta-analysis
from 2015, the incidence of RSV-associated
acute respiratory infection in older adults in
industrialised countries was an estimated 6.7
cases/1,000 persons per year (95% confidence
interval [CI]: 1.4-31.5)."° This represents an
estimated 1.5 million cases, 214,000 of which
involved hospital admission.”® A retrospective
cohort study from 2019 of hospitalised older
adults (=60 years) showed that RSV infection
was associated with greater odds compared
with influenza virus infection for hospital

length of stay =7 days (p<0.001), pneumonia
(p<0.001), intensive care unit admission
(p=0.023), exacerbation of COPD (p=0.001), and
mortality within 1 year of admission (p=0.019).™"
Osterhaus stated: “RSV infection causes serious
and life-threatening respiratory illness, and is
comparable to, or more serious than, influenza.
This is a new and important message for
healthcare professionals.”
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Figure 3: Seasonal variation in hospitalisations for respiratory viral iliness across three successive influ-

enza seasons (2006-2009).
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The same results were first published in Widmer et al. 2012,'°° the graph has been independently created by

GSK from the original data.

A meta-analysis in 2020 showed the substantial
burden of RSV in the USA, with an estimated
177,000 hospitalisations and 14,000 deaths
annually in adults aged >65 years infected

with this virus.? In contrast, there were 52,527
hospitalisations annually in children aged <5
years.? In a global study during the 2017-

2019 epidemic seasons (published in 2021),
influenza-related hospitalisations in adults

were more common than RSV- or hMPV-related
hospitalisations, but patients with RSV or hMPV
infections had a greater frequency of underlying
risk factors, and medical resource utilisation."?

A 2022 study showed the seasonal distribution
of cases of RSV infection tends to be more
dispersed than that of influenza virus infection,"
whereas patterns of comorbidities and outcomes
for the two infections are similar.'* A meta-
analysis in 2022 of 14 studies describing the
incidence of medically-attended RSV among
adults in the USA showed that the true burden
of RSV infection has been underestimated, and
is significant in older adults and individuals with
chronic medical conditions.”®> Most recently,

in a meta-analysis in 2023 of 16 studies, RSV
disease burden in adults aged =60 years in

EMJ
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high-income countries was assessed in terms

of the attack rate, defined as the number of
new cases of RSV-associated acute respiratory
infection during a specified time interval divided
by the size of the population at risk, and the
in-hospital case fatality rate.”® The attack rate
was 1.615% (95% CI: 0.840-3.081) and the in-
hospital case fatality rate was 7.133% (95% ClI:
5.404-9.361), which Osterhaus considered high,
and an indication that RSV infection is potentially
serious in older adults.

Conclusion

Birgit Weinberger, Tino Schwarz, and
Albert Osterhaus

Weinberger summarised that the burden of
infectious disease is considerable in older
individuals and other risk groups, and is broader
than just acute disease, including increased

risk of cardiovascular events after infections,
exacerbations of comorbidities, frailty, and

loss of independence.'#1620-23 \Vgccination
against many infectious diseases is available
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for adults.™” Optimal vaccine uptake is essential
for optimal protection; however, vaccination
recommendations and coverage vary greatly
between European countries.?¢2%3! There is a
major need to reverse the trend of decreased
vaccine coverage in adults in Europe and
improve vaccine coverage, as well as to
harmonise guideline recommendations.

Schwarz synopsised that the incidence

of HZ increases with age from 50 years
onwards,>® and several underlying diseases
are associated with an increased risk of HZ
from 18 years.® The clinical presentation of HZ
in immunocompromised populations can be
atypical and more severe, with a higher risk of
HZ and HZ complications compared with the
general population.”®?782 Clinical trials with RZV
have demonstrated a high vaccine efficacy in
patients with various underlying diseases,®' and
in patients who are immunocompromised.8.92
There is a need for education of primary care
physicians and specialists on the potential
impact of HZ on long-term health, particularly in
vulnerable populations.

Osterhaus concluded that virtually all children
have been infected with RSV at least once by
the age of 5 years,'°° and RSV re-infections
occur throughout life.’°® Although clinicians
still mostly regard RSV infection as a disease
of babies, infants and children,'%7'°¢ RSV is a
major respiratory pathogen for older adults
(>65 years).#”' RSV infection is comparable
to influenza virus and hMPV infections in this
population.°1%® Awareness and diagnosis of
RSV infection need to be improved, and the
therapeutic landscape is changing. Osterhaus
proposed that point-of-care diagnostic
capabilities are needed for RSV, and vaccines
and antiviral therapies are awaited with interest.

Key Questions from the Question-
and-Answer Session

Birgit Weinberger, Tino Schwarz,
and Albert Osterhaus

What Are the Recommendations for the
Timing of Recombinant Zoster Vaccine
Doses in Patients Who Are About to
Start Immunobiological Treatments?
Schwarz stated that the interval between the two
vaccine doses can be shortened from 2 months
to 1 month for these patients.® If clinically
appropriate, it may be preferable for both
vaccine doses to be administered before starting
immunobiological treatment.

Is There Any Signal that

Recombinant Zoster Vaccine

Can Prevent Other A-herpes Virus
Infections or Reduce Relapses?

Schwarz said that there is no signal that anything
other than VZV is tackled. The glycoprotein is
specific for VZV.

Is It True that Our Chronological

Age Does Not Correlate with Our
Biological Age?

Weinberger said that this is true. As with all
other organ systems, the immune system does
not age the same way for everybody. Also, the
individual components of the immune system do
not age at the same rate. There is a spectrum
of functionality within the immune system that
is very individual, and effectors other than age,
such as cytomegalovirus, are also important.

In the Era of Personalised Medicine, Is It
Possible to Identify a Time Point When
These Interventions Should Be Made?
Weinberger stated that it is important to look

at comorbidities. The age at which there is

a shift to increased risk is clear in HZ,® but

not in other infectious diseases. The age-
associated recommendations for interventions
make a lot of sense, and make life easier.
Personalisation of treatment is worthwhile when
there is a lot of benefit; however, the easier the
recommendation, the better the compliance.
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What About a Vaccine

Against Respiratory Syncytial

Virus for Children?

Osterhaus said that strategies for RSV in children
include monoclonal antibodies.'® Vaccine
development for children is ongoing, but clinical
development takes longer. Another strategy is
maternal vaccination, provided antibody levels

are high enough.

Symposium Review

How Will Payers Fund Vaccines

for Influenza, Herpes Zoster, and
Respiratory Syncytial Virus Infection?
The experts agreed that this depends on the
geographical location and the political goals
surrounding the health of elderly populations.
Healthy ageing is better than unhealthy
ageing, because that is more costly. Major
considerations include vaccine hesitancy,
reimbursement, accessibility, and social media
influence regarding burden of disease.

Respiratory Syncytial Virus Is an
Underdiagnosed Infectious Disease.
How Do We Bridge the Data Gap?
Osterhaus said that looking at all the

meta-analyses, the data are there. The risk
criteria are being fine-tuned. What we need

now is a vaccine.

Click here to watch the presentations

References

1. Crooke SN et al.
Immunosenescence: a systems-
level overview of immune cell

2018;392(10159):1736-88. Erratum
in: Lancet. 2019;393(10190):e44.
Erratum in: Lancet.
2018;392(10160):2170.

16.

2021;6(1):93.

Centers for Disease Control and
Prevention (CDC). Flu & people
with heart disease or history

biology and strategies for 8. El Chakhtoura NG et al. Influence of stroke. 2022. Available at:
improving vaccine responses. Exp of aging and environment on https://www.cdc.gov/flu/highrisk/
Gerontol. 2019;124:110632. presentation of infection in older heartdisease.htm. Last accessed:
2. Jenkins VA et al. The quest for a ;g#;tsm'(ni;eg;g'_%glgm North Am. 18 April 2023.
respiratory syncyti‘al yirus vaccine ! ’ ’ 17. Kwong JC et al. Acute myocardial
for older adults: thinking beyond 9. Esme M et al. Infections in the infarction after laboratory-
the F protein. Vaccines (Basel). elderly critically-ill patients. Front confirmed influenza infection. N
2023;11(2):382. Med (Lausanne). 2019;6:118. Engl J Med. 2018;378(4):345-53.
3. Chen SY et al. Incidence of herpes 10. Fulop T et al. Inmunosenescence 18. Minassian C et al. Acute
zoster in patients with altered and altered vaccine efficiency in cardiovascular events after herpes
immune function. infection. older subjects: a myth difficult zoster: a self-controlled case
2014;42(2):325-34. to change. Vaccines (Basel). series analysis in vaccinated and
4. Putri WCWS et al. Economic 2022;10:607. ?r?gijcrﬁ;gzt%?a?;dserprfj'sd&r:j of
burden of seasonal influenza 1. Grubeck-Loebenstein B et al. 2015'12(12)'e1001.919 '
in the United States. Vaccine. Immunosenescence and vaccine ! : :
2018;36(27):3960-6. failure in the elderly. Aging Clin Exp  19. Marra F et al. A meta-analysis
5. Kawai K et al. Systematic review Res. 2009;21:201-9. g:)sstt;cr)li(r?fgsggg”%mgglnr}irc':')[eDsis
of incidence and complications 12. Wiseman AC. Immunosuppressive 2017:17(1):198 ’ ’
of herpes zoster: towards a medications. Clin J Am Soc ' ’
global perspective. BMJ Open. Nephrol. 2016;11(2):332-43. 20. Clegg A et al. Frailty in
2014;4:e004833. Iderl le. L t.
13. Centers for Disease Control and gogégﬁgg&);g;%z Erratum
6. Near AM et al. Burden of influenza Prevention (CDC). Key facts about in: La'ncet 2013:382(9961)'1328
hospitalization among high-risk influenza (flu). 2022. Available at: ’ ’ ' ’ ’
groups in the United States. BMC https://www.cdc.gov/flu/about/ 21. GBD 2019 Ageing Collaborators.
Health Serv Res. 2022;22(1):1209. keyfacts.htm. Last accessed: 18 Global, regional, and national
7 gD 20w Cass oaty
Collaborators. Global, regional, 14. Sethi S. Infection as a comorbidity 70 Y lvsis for the Global
d national age-sex-specific ) systematic analysis for the Globa
and na 9 P of COPD. Eur Respir J. Burden of Disease 2019 Study
mortality for 282 causes of death 2010;35(6):1209-15. BMJ. 2022:376:2068208 ’
in 195 countries and territories, . o ' e ’
1980-2017: a systematic 15. Laupeze B et al. Vaccination as a 22. Andrew MK et al. Persistent

analysis for the Global Burden
of Disease Study 2017. Lancet.

EMJ

preventative measure contributing
to immune fitness. NPJ Vaccines.

functional decline following
hospitalization with influenza or

Creative Commons Attribution-Non Commercial 4.0 « July 2023 « Microbiology & Infectious Diseases 1"


http://emjreviews.com
https://creativecommons.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://www.emjreviews.com/microbiology-infectious-diseases/video/adults-at-risk-of-infectious-diseases-understanding-prevention-options-and-gaps/

23.

24.

25.

26.

27.

28.

29.

30.

12

Symposium Review

acute respiratory illness. J Am
Geriatr Soc. 2021:69(3):696-703.

Walle-Hanson MW et al. Health-
related quality of life, functional
decline, and long-term mortality
in older patients following
hospitalisation due to COVID-19.
BMC Geriatr. 2021;21(1):199.

Chang AY et al. Measuring
population ageing: an analysis

of the Global Burden of Disease
Study 2017. Lancet Public Health.
2019;4(3):e159-67.

Kehler S. Age-related disease
burden as a measure of population
ageing. Lancet Public Health.
2019;4:e123-4.

European Centre for Disease
Prevention and Control (ECDC).
Influenza: recommended
vaccinations. 2023. Available at:
https://vaccine schedule.ecdc.
europa.eu/Scheduler/
ByDisease?SelectedDiseaseld=15&
SelectedCountryldByDisease=-1.
Last accessed: 18 April 2023.

UK Health Security Agency. The
complete routine immunisation
schedule February 2022. 2022.
Available at: https://assets.
publishing.service.gov.uk/
government/uploads/system/
uploads/attachment_data/
file/1055877/UKHSA-12155-
routine-complete-immunisation-
schedule_Feb2022.pdf. Last
accessed: 18 April 2023.

European Centre for Disease
Prevention and Control (ECDC).
Pneumococcal disease:
recommended vaccinations. 2023.
Available at: https://vaccine-
schedule.ecdc.europa.eu/
Scheduler/ByDisease?Selected
Diseaseld=25&
SelectedCountryldByDisease

=-1. Last accessed: 18 April 2023.

Bundesministeriam Soziales,
Gesundheit, Pflege und
Konsumentenschutz. Impfplan
Osterreich 2023. 2022. Available
at: https://www.aekktn.at/
documents/5ed41ele-810f-
11ed-8137-5254009ad2fe/
Impfplan_%C3%96sterreich_2023_
Version_1.0_.vom_20.12.2022.pdf.
Last accessed: 18 April 2023.

European Centre for Disease
Prevention and Control (ECDC).
Technical report. Seasonal
influenza vaccination in Europe.
2017. Available at: https://www.
ecdc.europa.eu/sites/default/files/
documents/influenza-vaccination-
2007%E2%80%932008-to-
2014%E2%80%932015.pdf. Last
accessed: 18 April 2023.

Microbiology & Infectious Diseases « July 2023 . Creative Commons Attribution-Non Commercial 4.0

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Weinberger B et al. Protection
against tetanus and diphtheria in
Europe: the impact of age, gender
and country of origin based on
data from the MARK-AGE Study.
Exp Gerontol. 2018;105:109-12.

Mueller NH et al. Varicella zoster
virus infection: clinical features,
molecular pathogenesis of
disease, and latency. Neurol Clin.
2008;26(3):675-97.

Katz J et al. Acute pain in herpes
zoster and its impact on health-
related quality of life. Clin Infect
Dis. 2004;39(3):342-8.

Government of Canada. Herpes
zoster (shingles) vaccine:
Canadian immunization guide.
2023. Available at: https://www.
canada.ca/en/public-health/
services/publications/healthy-
living/canadian-immunization-
guide-part-4-active-vaccines/
page-8-herpes-zoster-(shingles)-
vaccine.html. Last accessed: 25
April 2023.

John A, Canaday DH. Herpes
zoster in the older adult. Infect Dis
Clin North Am. 2017;31(4):811-26.

Marra F et al. Risk factors for
herpes zoster infection: a meta-
analysis. Open Forum Infect Dis.
2020;7(1):0faa005.

Cohen Jl et al. Clinical practice:
herpes zoster. N Engl J Med.
2013;369(3):255-63.

Harpaz R et al. Prevention of
herpes zoster: recommendations
of the Advisory Committee on
Immunization Practices (ACIP).
MMWR Recomm Rep. 2008;57(RR-
5):1-30.

Kost RG, Straus SE. Postherpetic
neuralgia--pathogenesis,
treatment, and prevention. N Engl
J Med. 1996;335(1):32-42.

Davies E et al., “Herpes zoster
ophthalmicus,” Watson CP et al.
(eds), Herpes Zoster: Postherpetic
Neuralgia and Other Complications
(2017), Switzerland: Adis, pp.45-
60.

Opstelten W, Zaal MJ.
Managing ophthalmic herpes
zoster in primary care. BMJ.
2005;331(7509):147-51.

Nakajima H et al., “Neurological
complications of varicella-zoster
virus infection,” Thomasini RL (ed.),
Human Herpesvirus Infection -
Biological Features, Transmission,
Symptoms, Diagnosis and
Treatment (2019), London:
InTechOpen, pp.33-44.

Kang JH et al. Increased risk of
Guillain-Barré Syndrome following

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

recent herpes zoster: a population-
based study across Taiwan. Clin
Infect Dis. 2010;51(5):525-30.

Zandian A et al. The neurologist's
dilemma: a comprehensive
clinical review of Bell's palsy, with
emphasis on current management
trends. Med Sci Monit.
2014,20:83-90.

Meyers J et al. Costs of herpes
zoster complications in older
adults: a cohort study of US
claims database. Vaccine.
2019;37(9):1235-44.

Erskine N et al. A systematic
review and meta-analysis on
herpes zoster and the risk of
cardiac and cerebrovascular
events. PLoS One.
2017;12(7):e0181565.

Sundstrom K et al. Incidence of
herpes zoster and associated
events including stroke--a
population-based cohort study.
BMC Infect Dis. 2015;15:488.

Verma R et al. Contralateral stroke
with rapid recovery in a patient
of herpes zoster ophthalmicus.
Neurol Asia. 2011:16(3):247-50.

Fugate JE. Infectious causes of
stroke. Prac Neurol. 2020;14(9):47-
51.

Kim SY et al. Asthma increases

the risk of herpes zoster: a nested

case-control study using a national
sample cohort. Allergy Asthma Clin
Immunol. 2020;16:52.

Batram M et al. Burden of herpes
zoster in adult patients with
underlying conditions: analysis
of German Claims Data, 2007-
2018. Dermatol Ther (Heidelb).
2021;11(3):1009-26.

Mareque M et al. Systematic
review of the evidence on the
epidemiology of herpes zoster:
incidence in the general population
and specific subpopulations in
Spain. Public Health. 2019;167:136-
46.

Huang CT et al. Association
between diabetes mellitus and
the risk of herpes zoster: a
systematic review and meta-
analysis. J Clin Endocrinol Metab.
2022;107(2):586-97.

Lai SW et al. The incidence of
herpes zoster in patients with
diabetes mellitus: a meta-analysis
of cohort studies. Medicine
(Baltimore). 2021;100:25292.

Saadatian-Elahi M et al. Diabetes
as a risk factor for herpes zoster
in adults: a synthetic literature
review. Diabetes Res Clin Pract.
2020;159:107983.

EMJ


http://emjreviews.com
https://creativecommons.org/
https://creativecommons.org/licenses/by-nc/4.0/

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

EMJ

Lin SY et al. A comparison

of herpes zoster incidence
across the spectrum of chronic
kidney disease, dialysis and
transplantation. Am J Nephrol.
2012;36(1):27-33.

Lin SY et al. Association between
herpes zoster and end stage
renal disease entrance in chronic
kidney disease patients: a
population-based cohort study.
Eur J Clin Microbiol Infect Dis.
2014;33(10):1809-15.

Tung YC et al. Higher risk of
herpes zoster in stroke patients.
PLoS One 2020;15(2):e0228409.

Kim YJ et al. Recurrence rate of
herpes zoster and its risk factors:
a population-based cohort study. J
Korean Med Sci. 2018;34(2):e1.

Seo H-M et al. Reciprocal
relationship between herpes zoster
and cardiovascular diseases: a
nationwide population-based
case-control study in Korea. J
Dermatol. 2018;45(11):1312-8.

Imafuku S et al. Risk of herpes
zoster in the Japanese population
with immunocompromising and
chronic disease conditions: results
from a claims database cohort
study, from 2005 to 2014. J
Dermatol. 2020;47(3):236-44.

Choi HG et al. The risk of herpes
zoster virus infection in patients
with depression: a longitudinal
follow-up study using a national
sample cohort. Medicine
(Baltimore) 2019;98(40):e17430.

Takao Y et al. Associations of
perceived mental stress, sense of
purpose in life, and negative life
events with the risk of incident
herpes zoster and postherpetic
neuralgia: the SHEZ study. Am J
Epidemiol. 2018;187(2):251-9.

Hsu CY et al. Association between
lateral epicondylitis and the risk

of herpes zoster development.
Postgrad Med. 2021;133(1):96-101.

Kawai K, Yawn B. Risk factors for
herpes zoster: a systematic review
and meta-analysis. Mayo Clin Proc.
2017;92(12):1806-21.

Hsu CY et al. Risk of herpes zoster
in patients with adhesive capsulitis
of the shoulder. Int J Environ Res
Public Health. 2020;17(10):3592.

Bhavsar A et al. Increased risk of
herpes zoster in adults =50 years
old diagnosed with COVID-19 in
the United States. Open Forum
Infect Dis. 2022;9(5):0fac118.

Yang YW et al. Risk of herpes
zoster among patients with chronic
obstructive pulmonary disease:

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

a population-based study. CMAJ
2011;183(5):E275-80.

Mufioz-Quiles C et al. Risk and
impact of herpes zoster among
COPD patients: a population-based
study, 2009-2014. BMC Infect Dis.
2018;18(1):203.

Mufioz-Quiles C et al. Impact of
postherpetic neuralgia: a six year
population-based analysis on
people aged 50 years or older. J
Infect 2018;77(2):131-6.

Thompson-Leduc P et al. COPD is
associated with an increased risk
of herpes zoster: a retrospective
analysis of a United States claims
database from 2013-2018. Chest.
2020;158(4):A1771-2.

Forbes HJ et al. Quantification

of risk factors for postherpetic
neuralgia in herpes zoster patients:
a cohort study. Neurology.
2016;87(1):94-1027.

Jih JS et al. Epidemiological
features and costs of herpes
zoster in Taiwan: a national study
2000 to 2006. Acta Derm Venereol.
2009;89(6):612-6.

Mufioz-Quiles C et al. Risk

and impact of herpes zoster
on patients with diabetes: a
population-based study, 2009-
2014. Hum Vaccin Immunother.
2017;13(11):2606-11.

Yanni EA et al. Burden of

herpes zoster in 16 selected
immunocompromised populations
in England: a cohort study in

the Clinical Practice Research
Datalink 2000-2012. BMJ Open.
2018;8(6):e020528.

Vink P et al. Immunogenicity

and safety of the adjuvanted
recombinant zoster vaccine in
chronically immunosuppressed
adults following renal transplant: a
phase 3, randomized clinical trial.
Clin Infect Dis. 2020;70(2):181-90.

Kennedy PGE et al. Clinical
features of varicella-zoster virus
infection. Viruses. 2018;10(11):609.

Ku HC et al. Incidence of herpes
zoster in HIV-infected patients
undergoing antiretroviral
therapy: a systematic review
and meta-analysis. J Clin Med
2021;10(11):2300.

Department of Health (DH).

Green book of immunization -
chapter 28a v3: thingles (herpes
zoster). 2021. Available at: https://
assets.publishing.service.gov.
uk/government/uploads/system/
uploads/attachment_data/
file/503773/2905109_Green_Book_
Chapter_28a_v3_OW.PDF. Last

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Symposium Review

accessed: 16 May 2023.

Galloway J et al. Herpes

zoster and Janus kinase

inhibition in rheumatology and
gastroenterology patients:
managing risk and vaccination. Clin
Exp Rheumatol. 2022;40(7):1432-
41.

Spanish Ministry of Health.
Recomendaciones de vacunacion
frente a herpes zéster. 2021.
Available at : https://www.sanidad.
gob.es/profesionales/saludPublica/
prevPromocion/vacunaciones/
programasDeVacunacion/
docs/HerpesZoster_
RecomendacionesVacunacion.pdf.
Last accessed 25 April 2023.

Dworkin RH et al.
Recommendations for the
management of herpes zoster. Clin
Infect Dis. 2007;44(Suppl 1):S1-26.

Whitley RJ, “Herpesvirus infections
in the immunocompromised host:
diagnosis and management,”
Actor P et al. (eds), Infections

in the Immunocompromised

Host. Advances in Experimental
Medicine and Biology, Vol. 202
(1986), Boston: Springer.

Mufioz-Quiles C et al. Herpes
zoster risk and burden of

disease in immunocompromised
populations: a population-based
study using health system
integrated databases, 2009-2014.
BMC Infect Dis. 2020;20(1):905.

Yawn BP et al. Herpes zoster
recurrences more frequent than
previously reported. Mayo Clin
Proc. 2011;86(2):88-93.

European Medicines Agency
(EMA). ZOSTAVAX Summary of
Product Characteristics. 2022.
Available at: https://www.ema.
europa.eu/en/documents/product-
information/zostavax-epar-
product-information_en.pdf. Last
accessed: 25 April 2023.

Bastidas A et al.; ZOE-HSCT
Study Group Collaborators.
Effect of recombinant zoster
vaccine on incidence of
herpes zoster after autologous
stem cell transplantation: a
randomized clinical trial. JAMA.
2019;322(2):123-33.

European Medicines Agency
(EMA). SHINGRIX Summary of
product characteristics. 2022.
Available at: https://www.ema.
europa.eu/en/documents/product-
information/shingrix-epar-product-
information_en.pdf. Last accessed:
25 April 2023.

Lecrenier N et al. Development of
adjuvanted recombinant zoster

Creative Commons Attribution-Non Commercial 4.0 « July 2023 « Microbiology & Infectious Diseases 13


http://emjreviews.com
https://creativecommons.org/
https://creativecommons.org/licenses/by-nc/4.0/

90.

91

92.

93.

94.

95.

96.

97.

98.

14

Symposium Review

vaccine and its implications for
shingles prevention. Expert Rev
Vaccines. 2018;17(7):619-34.

Gargon N et al. Vaccine adjuvants.
Perspect Vaccinol. 2011;1(1):89-
113.

Oostvogels L et al. Medical
conditions at enroliment do not
impact efficacy and safety of the
adjuvanted recombinant zoster
vaccine: a pooled post-hoc
analysis of two parallel randomized
trials. Hum Vaccin Immunother.
2019;15(12):2865-72.

Dagnew AF et al. Immunogenicity
and safety of the adjuvanted
recombinant zoster vaccine

in adults with haematological
malignancies: a phase 3,
randomised, clinical trial and post-
hoc efficacy analysis. Lancet Infect
Dis. 2019;19(9):988-1000. Erratum
in: Lancet Infect Dis. 2020;20(1):e1.

Lépez-Fauqued M et al. Safety
profile of the adjuvanted
recombinant zoster vaccine in
immunocompromised populations:
an overview of six trials. Drug Saf.
2021;44(7):811-23.

Loépez-Fauqued M et al. Utilizing
behavioral science to improve
antibiotic prescribing in rural
urgent care settings. Open Forum
Infect Dis. 2020;7(7):0faa174.

Nair H et al. Global and regional
burden of hospital admissions for
severe acute lower respiratory
infections in young children in
2010: a systematic analysis.
Lancet. 2013;381(9875):1380-90.

Liu L et al. Global, regional,

and national causes of under-5
mortality in 2000-15: an updated
systematic analysis with
implications for the Sustainable
Development Goals. Lancet.
2016;388(10063):3027-

35. Erratum in: Lancet.
2017;389(10082):1884.

The PERCH Team, The
International Vaccine Access
Center. Visualizing PERCH results:
etiology of pneumonia in children
hospitalized in 7 countries. 2019.
Available at: www.perchresults.org.
Last accessed: 18 April 2023.

Pneumonia Etiology Research for
Child Health (PERCH) Study Group.
Causes of severe pneumonia
requiring hospital admission in

Microbiology & Infectious Diseases « July 2023 . Creative Commons Attribution-Non Commercial 4.0

children without HIV infection
from Africa and Asia: the PERCH
multi-country case-control study.
Lancet. 2019;394(10200):757-79.

99. Fleming DM et al. Mortality in
children from influenza and
respiratory syncytial virus. J
Epidemiol Community Health.
2005;59(7):586-90.

100. Openshaw PJM et al. Protective
and harmful immunity to RSV
infection. Annu Rev Immunol.
2017;35:501-32.

101. Zhou JA et al. Severe illnesses
associated with outbreaks of
respiratory syncytial virus and
influenza in adults. Clin Infect Dis.
2020;70(5):773-9.

102.Falsey AR et al. Respiratory
syncytial virus and other
respiratory viral infections in older
adults with moderate to severe
influenza-like illness. J Infect Dis.
2014;209(12):1873-81.

103.Rozenbaum MH et al. Low levels
of RSV testing among adults
hospitalized for lower respiratory
tract infection in the United States.
Infect Dis Ther. 2023;12(2):677-85.

104.Kodama F et al. Respiratory
syncytial virus and other
noninfluenza respiratory viruses in
older adults. Infect Dis Clin North
Am. 2017;31(4):767-90.

105. European Centre for Disease
Prevention and Control (ECDC).
Intensified circulation of RSV and
associated hospital burden in the
EU/EEA. 2022. Available at: https://
www.ecdc.europa.eu/sites/default/
files/documents/RRA-20221128-
473.pdf. Last accessed: 25 April
2023.

106. Ascough S et al. Divergent age-
related humoral correlates of
protection against respiratory
syncytial virus infection in
older and young adults: a pilot,
controlled, human infection
challenge model. Lancet Healthy
Longev. 2022;3(6):e405-16.

107. Falsey AR et al. Respiratory
syncytial virus infection in elderly
and high-risk adults. N Engl J Med.
2005;352:1749-59.

108. Ricco M et al. Respiratory syncytial
virus: Knowledge, attitudes and
beliefs of general practitioners
from North-Eastern Italy (2021).
Pediatr Rep. 2022:14(2):147-65.

109. Widmer K et al. Rates of

10.

.

2.

13.

4.

115.

16.

117.

hospitalizations for respiratory
syncytial virus, human
metapneumovirus, and influenza
virus in older adults. J Infect Dis.
2012;206(1):56-62.

Shi T et al. Global disease burden
estimates of respiratory syncytial
virus-associated acute respiratory
infection in older adults in 2015:

a systematic review and meta-
analysis. J Infect Dis. 2020;222
(Suppl 7):8577-83.

Ackerson B. Severe morbidity
and mortality associated with
respiratory syncytial virus versus
influenza infection in hospitalized
older adults. Clin Infect Dis.
2019;69(2):197-203.

Tin Tin Htar M et al. The burden
of respiratory syncytial virus in

adults: a systematic review and
meta-analysis. Epidemiol Infect.
2020;148:e48.

Falsey AR et al. Risk factors and
medical resource utilization of
respiratory syncytial virus, human
metapneumovirus, and influenza-
related hospitalizations in adults-a
global study during the 2017-2019
epidemic seasons (Hospitalized
Acute Respiratory Tract Infection
[HARTI] Study). Open Forum Infect
Dis. 2021;8(11):0fab491.

Leaver BA et al. Hospitalisation,
morbidity and outcomes
associated with respiratory
syncytial virus compared with
influenza in adults of all ages.
Influenza Other Respir Viruses.
2022;16(3):474-80.

McLaughlin JM et al. Rates of
medically attended RSV among US
adults: a systematic review and
meta-analysis. Open Forum Infect
Dis. 2022;9(7):0fac300.

Savic M et al. Respiratory syncytial
virus disease burden in adults
aged 60 years and older in high-
income countries: a systematic
literature review and meta-
analysis. Influenza Other Respir
Viruses. 2023;17(1):e13031.

Centers for Disease Control and
Prevention (CDC). Recommended
vaccines for adults. 2022. Available
at: https://www.cdc.gov/vaccines/
adults/rec-vac/index.html. Last
accessed: 17 April 2023.

© 2023 GSK group of companies or its licensor.
GlaxoSmithKline Biologicals SA, Rixensart, Belgium
NX-GBL-GVU-JRNA-230001 | June 2023

EMJ


http://emjreviews.com
https://creativecommons.org/
https://creativecommons.org/licenses/by-nc/4.0/

