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 CURRENT
OPINION Epidemiology of community-acquired pneumonia

caused by Streptococcus pneumoniae in older
adults: a narrative review
0951-7375 Copyright © 2024 Wolte

Copyright © 2024 Wolte
a,b b,c,d a,b
Christelle Elias , Marta C. Nunes and Mitra Saadatian-Elahi
Purpose of review

This review covers updated perspectives on different aspects of pneumococcal community-acquired
pneumonia (pCAP), including the epidemiology, clinical presentation, risk factors, antibiotic treatment, and
existing preventive strategies in older adults.

Recent findings

pCAP remains the most prevalent condition among lower respiratory tract infections in the older adults
according to Global Burden of Diseases 2019. Older adults can display atypical symptoms such as
confusion, general clinical deterioration, new onset of and exacerbation of underlying illness that might
trigger clinical suspicion of pCAP. Older adults with pCAP often experience increased disease severity and
a higher risk of pulmonary complications compared with younger individuals, owing to age-related
changes in immunity and a higher prevalence of comorbidities. Vaccination stands fundamental for
prevention, emphasizing the need for effective immunization strategies, specifically tailored for older adults.
There is a pressing need to reinforce efforts aimed at boosting pneumococcal vaccination rates.

Summary

Despite a high morbidity and mortality, the burden of pCAP, in particular hospital admission and
occurrence of invasive infections, among the elderly population is not sufficiently documented. This review
findings emphasize the substantial burden of pCAP in this vulnerable population, driven by factors such as
advancing age and underlying comorbidities. The emergence of antibiotic-resistant pneumococcal strains
further complicates treatment decisions and highlights the importance of tailored approaches for managing
pCAP in older adults.
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INTRODUCTION

Streptococcus pneumoniae, commonly referred to as
pneumococcus, is a gram-positive bacterium which
is a normal colonizer of the nasopharynx and known
for its ability to cause a wide range of illnesses, with
community-acquired pneumonia being one of its
most significant manifestations, especially among
vulnerable populations such as children and older
adults [1]. Pneumococcus is characterized by a poly-
saccharide capsule that surrounds the cell wall, aid-
ing in evasion of the host immune system. Its
virulence factors include adhesins, toxins, and
enzymes that enable it to colonize the upper respi-
ratory tract and invade deeper lung tissues, leading
to pneumonia [2]. Pneumococci are classified into
more than 100 serotypes and all licensed vaccines are
based on the capsule antigen [3]. Themost prevalent
serotypes detected in the elderly population are 8, 3,
rs Kluwer Health, Inc. All rights rese

rs Kluwer Health, Inc. Una
22F, 11A and 9N [2,4]. Pneumococcal pneumonia
can result in severe morbidity and mortality, partic-
ularly in individuals with compromised immune
rved. www.co-infectiousdiseases.com
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KEY POINTS

� Streptococcus pneumoniae is the most prevalent
pathogen causing community-acquired pneumonia in
older adults.

� Older adults are at heightened risk of contracting
pneumococcal community-acquired pneumonia due to
age-related changes in the immune system and an
increased prevalence of underlying health conditions.

� Pneumococcal community-acquired pneumonia in older
adults often leads to severe outcomes, including longer
time of recovery, hospitalization and increased
mortality rates, placing a substantial burden on
healthcare systems.

� Pneumococcal vaccines, that is pneumococcal
conjugate vaccine and pneumococcal polysaccharide
vaccine, are pivotal in preventing pneumococcal
disease in older adults. Increasing pneumococcal
vaccine coverage remains a public health priority and
the main prevention strategy.
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systems or underlying health conditions such as the
elderly population [5].

Understanding the epidemiology, risk factors and
clinical presentation of pneumococcal community-
acquired pneumonia (pCAP) in older adults holds
significant importance for several reasons. First and
foremost, older adults, especially those aged 65 years
and older, are at a heightened risk of contracting
pCAP due to age-related changes in the immune
system and an increased prevalence of underlying
health conditions [5]. Second, pCAP in older adults
often leads to severe outcomes, including hospital-
ization and increased mortality rates, placing a sub-
stantial burden on healthcare systems [6,7]. In-depth
research into this population helps identifying strat-
egies to reduce the burden on healthcare resources
and to improve the quality of care in older adults.
Furthermore, pneumococcal vaccines, i.e. pneumo-
coccal conjugate vaccine and pneumococcal polysac-
charide vaccine, play a pivotal role in preventing
pneumococcal infections in the elderly [3]. More data
on vaccine effectiveness, vaccination coverage are
essential to guide vaccination strategies and toprotect
this vulnerable population. Finally, as antibiotic
resistance among Streptococcus pneumoniae continues
to emerge, monitoring changes in bacterial suscept-
ibility patterns of pCAP in older adults is vital to
ensure effective treatment protocols [3,8,9].

The global demographic landscape is under-
going a significant transformation with people
enjoying longer life expectancies. Projections indi-
cate that by 2030, approximately one in six individ-
uals worldwide will have reached the age of 60 or
2 www.co-infectiousdiseases.com
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older. By 2050, the global population of individuals
aged 60 and above will double and the demographic
of those aged 80years or older is set to triple [10].
Given the steady rise in the proportion of older
adults on a global scale, an upsurge on the burden
of pCAP can also be expected.

Contrary to the abundance of literature about
pneumococcal diseases in young children, less is
known about the incidence, and consequences (hos-
pitalisation, mortality) of pCAP among older adults.
This review is dedicated to summarize the clinical
presentation, epidemiology, risk factors, preventive
strategies and antibiotic treatment pertaining to
pCAP among this population.
CLINICAL PRESENTATION

Nasal colonization is considered a prerequisite for
pneumococcal diseases [11], although carriage is
asymptomatic in most cases. Rates of asymptomatic
carriage vary with age, environment and the pres-
ence of upper respiratory infection [12] with esti-
mated colonization rates in adults at least 65-year-
old ranging from 0 to 6% [13]. A systematic review
from 2020 revealed that living in care facilities,
particularly nursing homes, active smoking as well
as frequent contact with children aged 6years or less
were associated with an increased prevalence of
pneumococcal colonization [odds ratio (OR), 2.30;
95% confidence interval (95% CI), 1.26–4.21; OR,
1.69 (95% CI, 1.12–2.53) and OR, 1.93 (95% CI,
1.20–2.93), respectively], whereas living in urban
areas was associated with a lower prevalence [OR,
0.43 (95% CI, 0.27–0.70)] [14].

Older adults are the secondmost susceptible age
group to S. pneumoniae infection after the children
less than 5 years old with an incidence rate exceed-
ing 10000 cases/100000 population [15

&

] and an
estimated global total number of deaths for pneu-
mococcus reaching the highest (150000 deaths) in
the 80–84 age group [15

&

].
The clinical presentation of pCAP in older adults

is characterized by a wide range of symptoms and
poses challenges that are critical to address for effec-
tive diagnosis and management. Older adults may
exhibit both typical respiratory symptoms, such as
productive cough, and dyspnea or fever, and atyp-
ical symptoms, including confusion, delirium, falls
and generalized weakness, which can often be the
initial manifestations of pCAP [1]. This atypical
presentation together with the presence of multiple
chronic conditions that can mask or mimic pneu-
monia symptoms can complicate diagnosis, leading
to delayed treatment, delayed recovery and poten-
tially worse outcomes such as septic shock and
respiratory failure [16].
Volume 37 � Number 00 � Month 2024
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Additionally, age-related immunosenescence
may blunt the typical inflammatory response seen
in younger patients,making clinical and radiological
findings less pronounced. These diagnostic chal-
lenges underscore the importance of a comprehen-
sive evaluation that includes clinical, radiological
and microbiological assessments, such as chest
radiographs and sputum cultures, to establish an
accurate diagnosis of pCAP [17,18].

Early diagnosis and appropriate treatment of
pCAP in older adults are thus paramount to improve
outcomes and reduce morbidity and mortality [18].
Pneumococcal CAP should always be suspected in
older adults, especially those with atypical symp-
toms or underlying comorbidities, and prompt ini-
tiation of empiric antibiotic therapy according to
the local guidelines is crucial while awaiting diag-
nostic confirmation [19–21]. Timely intervention,
along with comprehensive care that considers the
unique challenges of this population, is essential in
optimizing outcomes for older adults with pCAP.
GLOBAL EPIDEMIOLOGY

Using data from the Global Burden of Disease Study
2019, a report from 2023 estimated that the annual
incidence of lower respiratory tract infections
(LRTIs) worldwide was 6295 cases per 100000 pop-
ulation [15

&

]. Also, the LRTI-related death rate con-
sistently increased after the age of 65, surpassing
1000 cases per 100000 after reaching the age of 85.
While the distribution of LRTI deaths attributed to
specific causes varied across age groups, S. pneumo-
niae was the leading cause of LRTI-related deaths
globally, and in all age brackets. The highest number
of LRTI-related deaths attributable to pneumococ-
cus occurred in the 75–89 age group [15

&

].
Community-acquired pneumonia, a major

manifestation of LRTI of public health concern, is
associated with high morbidity and mortality [22].
Although other pathogens including bacteria,
viruses, fungi and parasites can cause CAP, S. pneu-
moniae remains the most common etiologic agent
[23].

Detection of S. pneumoniae from clinical speci-
mens is the only way to confirm the etiological
origin of the pneumonia. Different blood and uri-
nary tests are available, but the sensitivity rarely
exceeds 70% [24]. The combination of one or more
conventional and molecular methods would be
ideal for identification of atypical or nonencapsu-
lated pneumococci which would also increase sen-
sitivity. Molecular serotyping methods are highly
useful in developing countries where culture neg-
ativity is more common; however, no molecular
method resolves all serotypes [25]. MALDI-TOF is
0951-7375 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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a useful tool for identification of S. pneumoniae but
not suitable for differentiating serotypes, although it
may still have utility in surveillance purposes [26].
Estimates are significantly impacted by the type of
testing used for pneumococcal identification and
serotyping, with lower proportions from studies
using just conventional techniques compared to
newer techniques like serotype-specific urinary-
antigen detection (ss-UAD) and PCR. Multiplex
urine immunoassays that are specific to serotypes
of pneumococcal bacteria that are covered by
PCV13and/or PPSV23 have been developed. These
ss-UADs find extra cases of pCAP that traditional
culture or BinaxNOW S. pneumoniae urinary antigen
test alone would miss. When compared to tradi-
tional culture methods that include serotyping iso-
lates using the Quellung reaction, these noncultural
procedures (ss-UAD or PCR) exhibit a greater sensi-
tivity for the identification of pneumococcal infec-
tion. Because the serotypes identified by the ss-
UADs used to detect pneumococcal cases will mostly
correlate to the vaccine-types in PCV13 and PPSV23,
respectively, studies that primarily depend on ss-
UADs for the detection of pneumococcal cases may
overestimate the proportion of pCAP [27

&&

].
The burden of pCAP has not been described in

older adults. This canbe explained, at least partly, by
challenges regarding the clinical definition of pCAP
because clinical syndromes characterizing infec-
tions caused by various agents overlap one another.
A review from 2018 investigating the burden of
pCAP in European adults reported an overall inci-
dence rate of 68–7000 per 100 000 inhabitants with
substantial variations between countries, age group,
study and time period [23]. Torres et al. [23] reported
that Spain had the highest incidence rates for pCAP
(166 per 100000) and invasive pneumococcal dis-
ease (IPD) (60 per 100000) in patients aged at least
60 and at least 65 years, respectively. The highest
incidence among older adults correlates with the
observed high incidence of severe pneumococcal
disease and subsequent outcomes in this popula-
tion. Torres et al. [23] reported in the CAPA cohort
study (mean age: 66.83�17.25 years) that serotype
3, 8 and 19A were more predominant in pCAP
patients with complications, with a hospital length
of stay greater than 7days, and with respiratory
failure [28]. The same study showed that compared
to other serotypes, serotype 7F, 14 and 12F were
associated with the highest risks of complicated
pCAP [OR, 3.66 (95% CI, 1.30–10.34)], septic shock
[OR, 7.63 (95% CI, 3.06–19.04)] and ICU admission
[OR, 3.47 (95% CI, 1.25–9.65)], respectively [28]. In
Switzerland, older age (�50 and�65years) was asso-
ciated with increased hospitalization for pneumo-
nia andpneumococcal pneumonia, longer length of
rved. www.co-infectiousdiseases.com 3
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stay and higher mortality [29]. In a Swedish study
published in 2023, the incidence of pneumococcal
disease was 12.3/100000 in individuals aged 18–
64 years, 52.1 in individuals aged 65–74 years, and
85.3 in those aged 75 years and above [30]. As age
increased, the 30-day case fatality rate also rose,
standing at 2.2% in individuals aged 18–64 years,
5.4% in those aged 65–74 years, and 11.7% in
those aged 75 years and above. Among bacteriemic
patients aged 75 and above, the 30-day case fatality
rate was the highest, reaching 21.4%. Additionally,
the average 30-day cost per pneumococcal infection
was estimated at s4467 in the 18–64 age group,
s5278 in the 65–74 age group and s5898 in indi-
viduals aged 75 years and above [30]. In Canada,
mortality rates for pCAP increased with age from
3.8% (16–49 years), to 6.3% (50–64 years), and
12.0% (�65years) [24]. In the same study, adults
at least 65 years of age accounted for 67% of deaths
attributed to pCAP, 43% of the ICU admissions and
43% of patients requiring mechanical ventilation,
while these outcome measures (in the same order)
were 10, 20 and 20% in adults 16–49 years of age
[24]. Likewise, among IPD cases in the United States
in 2021, the mortality rate increased with age from
0.22/100000 in the youngest adults 18–34 years to
1.71/100000 among those 65–74 years and 2.38/
100000 among those at least 85 years of age [31].
In both Europe [23] and theUnited States (USA), the
highest burden has been reported in individuals
more than 65years old with comorbidity [32]. In
addition to the presence of comorbidities, the sus-
ceptibility of older adults could be exacerbated by
the effects of immunosenescence [5]. The relation-
ship between pneumococcal serotypes and invasive
disease syndromes, as well as their level of severity
and risk of hospitalisation and mortality, varies,
with notable discrepancies between Europe and
the US. The proportion of pCAP varied according
to geographical region, with a pooled estimate of
26% from European studies compared to 11% in
North America [27

&&

]. Since adding a 13-valent
pneumococcal conjugate vaccine to the paediatric
vaccination schedule, the UK has experienced an
increase in nonvaccine serotype invasive pneumo-
coccal disease, most notably in older persons, sim-
ilarly towhat is observed in other European settings.
In the USA, where the prevalence of nonvaccine
serotype invasive pneumococcal disease in older
adults and young children has remained steady
since the introduction of the same vaccine, such
effects of serotype replacement have not been docu-
mented. Hence, differences in sampling methods
between countries may result in disparate serotype
distributions andpotentially inconsistent incidence
estimates of pneumococcal disease. In the USA,
4 www.co-infectiousdiseases.com
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monitoring encompasses both ambulatory and
inpatient cases, resulting in a higher proportion of
nonsevere disease, such as occult bacteraemia, than
in theUKandEurope,where it is usually restricted to
hospital inpatients who would represent more
severe cases. Additionally, differences in transmis-
sion dynamics could be caused by different pneu-
mococcal conjugate vaccines schedules and uptakes
among countries as well as different contact pat-
terns among generations and across settings.
Increased exposure of older adults to the reservoir
of pneumococci that colonise young children has
been suggested to cause the well known spike in
invasive pneumococcal disease in older adults
around the winter holiday season. Other factors
such as differences across countries in the micro-
biomes of individual hosts could be contributing to
this effect [33].
RISK FACTORS

Age

Age is undeniably a major risk factor for pCAP in the
adult population, with epidemiological trends indi-
cating that older adults are more affected by pCAP
[hazard ratio, 1.06 (95% CI, 1.05–1.07) P<0.001]
[34

&&

]. Studies consistently show that as individuals
advance in age, their susceptibility to pCAP signifi-
cantly increases, with a sharp rise in incidence
observed among those aged 65 years and older
[34

&&

] as presented in a large observational Spanish
cohort, which reported increased risk by age [age
50–64: hazard ratio, 1 (reference); age 65–79: hazard
ratio, 1.95 (95% CI, 1.77–2.16); age at least 80:
hazard ratio, 4.46 (95% CI, 4.01–4.96)] [34

&&

].
Despite effective treatment options and high

vaccination rates, morbidity and mortality related
to pCAP in older adults are significant public health
concerns, with implications for healthcare systems.
Older adults with pCAP often experience increased
disease severity and a higher risk of complications
compared with younger individuals, owing to age-
related changes in immunity and a higher preva-
lence of comorbidities. In addition, age was identi-
fied as a key contributor to the risk of CAP severity
[35]. Adults aged 65years or older have a substan-
tially higher rate of hospitalization due to pneumo-
coccal pneumonia compared to adults aged 18–
64years old (280 per 100000 vs. 53 per 100000,
respectively) [6]. Age at least 65 years (vs. <65years)
[OR, 2.42 (95% CI, 2.36–2.49)] was a significant risk
factor for hospitalization with a diagnosis of pneu-
mococcal pneumonia vs. hospitalization without a
diagnosis of pneumococcal pneumonia. Similarly,
Cavallazzi et al. [36] found that individuals aged
Volume 37 � Number 00 � Month 2024
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over 65 were more likely to require be admitted
to ICU.

Pneumococcal CAP is a leading cause of infec-
tious disease-related deaths in older adults [37–39].
Age at least 65 was found as an independent risk
factor for in-hospital mortality [OR, 2.69 (95% CI,
2.25–3.22)] and for length of stay [OR, 1.20 (95%CI,
1.19–1.21)] in patients with a pneumococcal pneu-
monia diagnosis [29]. In comparison with patients
aged lower than 65, hospitalization rates among
pCAP patients older than 65 are notably elevated
[relative risk (RR), 1.83] [36], requiring intensive
medical care, extended hospital stays and poorer
outcomes. Bedos et al. [39] reported that in-hospital
pCAP mortality increased with age for 27.1% in the
group older than 65years (P<0.0001) despite that 5-
day in-hospital pCAP mortality was similar across
age groups. And, compared to patients aged between
18 and 50years, patients aged above 65 weremore at
risk of hospital death [adjusted OR, 2.86 (95% CI,
1.32–6.19)] [39]. A study conducted in the New York
State (USA) reported that the mean annual age-
adjusted community-setting pneumonia-associated
hospitalization rate increased as age increased and
those aged at least 80 years had more than 30 times
the rate of community-setting pneumonia-associ-
ated hospitalization rate than those aged 20–
44years [40].

Furthermore, the risk of pCAP-related mortality
is often compounded by the presence of underlying
FIGURE 1. Forest plot of hazard ratios for the risk of hospitaliza
pneumococcal pneumonia during the hospital stay, in adults � 50
IPD, invasive pneumococcal disease; PCV13, 13-valent pneumoco
polysaccharide vaccine.

0951-7375 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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health conditions and comorbidities commonly
seen in older adults [7,41]. In contrast, one study
with a median population age of 80 years, revealed
that compared with other respiratory bacterial
pathogens, pneumococcus was associated with a
lower risk [OR, 0.41 (95% CI, 0.35–0.48)] of dying
from pneumonia [37].

Immunosenescence, a natural consequence of
ageing, leads to a gradual decline in immune func-
tion, leading to reduced pathogen recognition,
diminished antibody production and impaired
cell-mediated immunity [42] making older adults
more vulnerable to infections like pCAP [43,44].
Furthermore, ageing often coincides with the pres-
ence of comorbidities which further elevates the risk
of pCAP [34

&&

,38,45].
Underlying health conditions and
comorbidities

Among the various comorbidities, as depicted in
Fig. 1, according to a large population-based study
of Ochoa-Gondar et al. [34

&&

] in person aged at least
50 years, HIV infection stands out as a strong risk
factor [OR, 5.16 (95% CI, 3.57–7.46)] for pCAP
hospitalization in older adults together with chronic
obstructive pulmonary disease COPD [OR, 2.66
(95% CI, 2.47–2.86)] given its high prevalence in
the elderly population and the association with
impaired lung function [37,41]. Cardiovascular
tion with pneumococcal pneumonia, and case-fatality rates of
years old by distinct specific underlying conditions [34&&].
ccal conjugate vaccine; PPsV23, 23-valent pneumococcal

rved. www.co-infectiousdiseases.com 5
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diseases, such as congestive heart failure, diabetes
mellitus and chronic kidney and liver disease, fur-
ther elevate the risk of pCAP [34

&&

,37,38,41,45,46].
Immunocompromising conditions, including HIV
infection and other malignancies such as patients
with bone marrow transplant, acute and chronic
leukemia, multiple myeloma or genetic disorders
affecting the immune system, markedly increase
vulnerability to pCAP [34

&&

] and severe pCAP
[47,48]. These conditions not only elevate the risk
of pCAP but also contribute to immunosuppression
which affects the course and outcomes of pCAP
cases, leading to increased morbidity and mortality.

Neurological conditions such as dementia can
contribute to impaired swallowing and aspiration,
predisposing the senior population to an increased
risk of dying from pneumonia in the hospital [OR,
1.43 (95% CI, 1.32–1.55)] [37].

Lifestyle factors like smoking and excessive alco-
hol consumption, which can persist into older age,
remain consistent contributors to risk [37,49,50]. A
study showed that current cigarette smoking was
associated with increased risk of septic shock in
pCAP patients [OR, 1.06 (95% CI, 1.02–1.10),
P¼0.001] [49]. A Spanish study in people over
50 years in Catalonia showed that smoking is asso-
ciated with an increased risk of pneumococcal dis-
ease [OR, 2.09 (95% CI, 2.07–2.10)], although the
same study reported that smoking was associated
with a lower risk of pneumococcal diseases for peo-
ple aged at least 65 years as compared with people
aged 50–64years [51].

Moreover, it is known that there is an associa-
tion and interaction between viral infections and
bacterial respiratory tract pathogens supporting the
notion that respiratory viruses may enhance car-
riage acquisition and pneumococcal transmission
also in older adults [12,47]. A particular association
with influenza virus infection, including both sea-
sonal and pandemic influenza, with subsequent
development of pneumococcal infections have been
highlighted and the underlying mechanisms well
documented in both experimental animal models
and human studies [7].
Social determinants and living conditions

Social determinants and living conditions play a
pivotal role as risk factors for pCAP in the elderly,
where socioeconomic status emerges as a critical
factor, with lower income levels, limited access to
healthcare, and inadequate housing conditions
amplifying the risk of pCAP in older adults [40].
Wu et al. [40] reported that the mean annual age-
adjusted rate generally increased as area-based pov-
erty level increased. Furthermore, insufficient social
6 www.co-infectiousdiseases.com
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support networks and isolation in the elderly pop-
ulation contribute to delayed diagnosis and subop-
timal healthcare-seeking behavior, potentially
exacerbating the severity and outcomes of pCAP
cases. Among the participants of the study of Barnes
et al. [52] (mean age¼76.5 years), 9.8% (n¼684)
were considered lonely only, 20.6% (n¼1439)
socially isolated only, 9.1% (n¼639) both lonely
and socially isolated, and adjusted results reported
that participants who were both lonely and socially
isolated had significantly higher rates of emergency
room visits.

Moreover, inequities in access to pneumococcal
vaccination among older adults from disadvantaged
backgrounds further emphasize the impact of social
determinants on pCAP risk [53].
Exposure to healthcare settings and long-
term care facilities

Healthcare settings and long-term care facilities
(LTCF), while intended to provide care, often facil-
itate the transmission of respiratory infections,
including pCAP, among vulnerable older adults.
Indeed, studies have shown that LTCF, where resi-
dents often live in close quarters, are particularly
conducive to outbreaks of infectious diseases, with
higher infection rates reported in such environ-
ments [37,38,41,54]. A review from Henig et al. [1]
showed that the incidence of pneumonia among
residents of LTCFs was higher than in elderly per-
sons who live at home. The median reported annual
incidence of pneumonia among LTCF residents was
365 cases per 1000 persons (range, 99–912) approx-
imately 11 times the incidence reported among
patients from the community older than 75years
of age (34 per 1000 persons) [1]. Moreover, frequent
interactions with healthcare professionals and
shared healthcare resources can lead to increased
transmission of pneumococcus and therefore to an
increased exposure to potential carriers of pneumo-
coccal pneumonia [55].
PREVENTIVE MEASURES

Vaccination against S. pneumoniae is a pivotal pre-
ventive measure for pCAP in older adults, given
their heightened vulnerability to severe respiratory
infections. Pneumococcal vaccines aim to safeguard
this population from the most prevalent serotypes
of S. pneumoniae [56]. Two main types of pneumo-
coccal vaccines are currently available: the pneumo-
coccal polysaccharide vaccine (PPSV23) and
pneumococcal conjugate vaccines (PCV10, PCV13,
PCV15 & PCV20). PPSV23 targets 23 pneumococcal
serotypes and has been widely used in older adults
Volume 37 � Number 00 � Month 2024
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for decades, while PCV10, PCV13, PCV15 and
PCV20 cover 10, 13, 15 and 20 serotypes, respec-
tively.

Pneumococcal vaccines have a significant
impact in preventing pCAP, reducing invasive pneu-
mococcal diseases, hospitalization rates and avert-
ing severe complications, such as bacteremia and
pleural effusion [57–61]. These vaccines have also
shown effectiveness in preventing mortality associ-
ated with pCAP in the elderly, underscoring their
life-saving potential [62]. A study from Canada,
focusing on the impact of pneumococcal vacci-
nation on pneumonia-related hospitalizations span-
ning from 1992 to 2014, delineated various phases:
the prevaccine era, availability of PCV7 for private
purchase, public funding for PCV7, the replacement
of PCV7with PCV10, and finally, the shift to PCV13.
The findings demonstrated a significant reduction
in hospitalizations for pneumonia, with declines of
34, 38 and 45% after the initiation of public funding
for PCV7, PCV10 and PCV13, respectively [24].

In a review from 2022, data from The Commun-
ity Acquired Pneumonia immunization Trial in
Adults (CAPiTA), a randomized, double-blind clin-
ical trial in 84496 participants aged at least 65 years
in the Netherlands, demonstrated a 45.6% (95% CI,
21.8–62.5) efficacy of PCV13 against first episodes
of CAP associated with vaccine serotypes (VT) and
75.0% (95% CI, 41.4–90.8) against first episodes of
VT invasive pneumococcal disease per protocol
[63

&&

]. PCV13 efficacy estimate were 49.3% (95%
CI, 26.2–67.1) for adults aged 65–74years and
40.5% (95% CI, 3.3–65.9) for adults aged 75–
84years [63

&&

]. PCV13 effectiveness for serotype 3
was 60.0% (95% CI, 5.2–84.8) against first episodes
of radiologically confirmed CAP and 61.5% (95%CI,
17.6–83.4) against all episodes of clinical CAP [64].

Data from the systematic review of Berild et al.
[62] reported a pooled vaccine efficacy estimate of
64% (95% CI, 35–80) against pneumococcal pneu-
monia (any serotype) derived from a randomized
controlled trial on PPSV23 in adults aged above 60,
while cohort studies indicated a pooled vaccine
effectiveness of 48% (95% CI, 25–63) and a vaccine
effectiveness of 53% (95% CI, 33–68) in a single
case-control study. PPSV23 also appears to remain
effective in reducing nonbacteraemic pneumonia
for up to 5years after vaccination when adminis-
tered to individuals under the age of 75 [62]. How-
ever, despite the clear benefits, vaccine coverage
among older adults remains suboptimal due to sev-
eral challenges. Indeed, a recent observational study
in France from Wyplosz et al. estimated that only
4.5% of 4045021 at-risk adults were up to date with
their pneumococcal vaccination. Interestingly, the
odds of having at least one dose of pneumococcal
0951-7375 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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vaccine was 1.12 (P<0.0001) in patients 75 and
above compared with patients under 65 [65

&&

].
To date, no mandatory pneumococcal vaccina-

tion has been implemented in European countries
in older adults and recommendations differ across
Europe, with clear discrepancies between countries
[66]. This patchwork of policies may lead to unbal-
ance vaccine coverage rates. Also, in seven European
countries, older adults have to pay for pneumococ-
cal vaccination, even if pneumococcal vaccination
has been recommended. Access issues, including
financial constraints, and limited vaccine availabil-
ity, hinder vaccination efforts [67,68]. Moreover,
vaccine hesitancy and misconceptions about vac-
cine safety and efficacy contribute to suboptimal
coverage rates, emphasizing the importance of pub-
lic health campaigns and healthcare provider edu-
cation to address these concerns [69,70]. For
instance, the prevalence of vaccination hesitancy
among 65–75year old reached 35% in France in
2016 [71]. To maximize the impact of pneumococ-
cal vaccination in older populations, comprehen-
sive strategies are needed to enhance vaccine access,
promote awareness, and address vaccine hesitancy,
ultimately reducing the burden of pCAP and its
associated morbidity and mortality in this vulner-
able group [70,72].

Finally, a recent modelling study from Germany
showed a rising incidence of invasive pneumococcal
disease in adults, primarily caused by serotypes cov-
ered in PCV20, suggesting that introduction of
PCV20 holds significant promise in providing com-
prehensive protection against pneumococcal dis-
ease among older adults [73].
ANTIBIOTIC TREATMENT AND ANTIBIOTIC
RESISTANCE

Antibiotic resistance, especially in the context of
pneumococcal infections, is a growing concern that
poses significant challenges in the management of
pCAP among older adults. Recent publications
underscore the emergence of antibiotic-resistant
pneumococcal isolates as a pressing issue in health-
care leading to increased treatment failure rates,
prolonged hospital stays, and higher mortality
among older individuals [74–76]. A 2019 worldwide
cross-sectional study on the prevalence and risk
factors evaluation for drug-resistant S. pneumoniae
pneumonia (median age¼70years IQR 54–81);
asthma was associated with penicillin resistance
[OR, 5.85 (95% CI, 1.85–18.43)] and macrolide
resistance [OR, 3.36 (95% CI, 1.06–10.61)], liver
disease with tetracycline resistance [OR, 4.57 (95%
CI, 1.24–16.81)] and noncystic fibrosis bronchiec-
tasis with penicillin resistance [OR, 4.00 (95% CI,
rved. www.co-infectiousdiseases.com 7
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1.02–15.64)] [77]. Also, resistant types, often asso-
ciated with serotype replacement and the pro-
liferation of nonvaccine serotypes, limit the
effectiveness of traditional antibiotics, complicating
treatment decisions for clinicians [21]. Studies have
also shown that the use of broad-spectrum anti-
biotic therapy to treat pCAP in the elderly is asso-
ciated with an increased incidence of Clostridium
difficile infections [OR, 5.79 (95% CI, 1.86–27.51),
P¼0.008] [75].

Macrolide resistance, particularly concerning
among pneumococcal isolates, has ignited discus-
sions regarding the reconsideration of macrolide
monotherapy [46,74,77]. Controversy surrounds
the choice between beta-lactam/macrolide combi-
nation therapy and fluoroquinolones alone, partic-
ularly for outpatients with underlying health
conditions, hospitalized patients at risk of antibi-
otic-resistant pathogens, or those with severe CAP
[20]. Intriguingly, a retrospective study in France
uncovered no compelling evidence to suggest that
patients infected with macrolide-resistant patho-
gens have worse outcomes when treated with guide-
line-compliant therapy [39]. Notably, despite the
increasing prevalence of resistance, international
recommendations continue to endorse the utiliza-
tion of macrolides, often as part of combination
therapy, primarily due to their nonantimicrobial
anti-inflammatory properties [35,78,79]. Further-
more, there is a growing consensus in favor of
employing beta-lactam/macrolide therapy for indi-
viduals battling Coronavirus Disease 2019 (COVID-
19) pneumonia and suspected co-infection with
pneumococcus, especially in cases of severe illness
[35]. Finally, reducing the emergence of antimicro-
bial resistance by implementing an extended vacci-
nation approach is also another preventive strategy
that yielded encouraging outcomes [80].
CONCLUSION

We have highlighted critical insights into the epi-
demiology and management of pCAP in older adults.
Despite that this review covers studies mostly con-
ducted in high income countries, key findings under-
score the substantial burden of pCAP in this
vulnerable population, driven by factors such as
advancing age and underlying comorbidities. The
emergence of antibiotic-resistant pneumococcal
strains further complicates treatment decisions and
highlights the importance of tailored approaches for
managing pCAP in older adults.

Preventive strategies, including public health
campaigns, vaccination recommendations and edu-
cation, have emerged as crucial tools in reducing the
burden of pCAP in older adults. The integration of
8 www.co-infectiousdiseases.com
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pneumococcal conjugate vaccines alongside poly-
saccharide vaccines in vaccination schedules has
shown promise in enhancing protection. The use
of pneumococcal vaccination, particularly together
with influenza vaccination has been shown to be
effective in reducing influenza morbidity and asso-
ciated pneumonia, while preventing pneumonia
and reducing a potential poor prognosis [41,81]. It
is therefore not surprising that pneumococcal vac-
cination, in addition to being part of pneumococcal
prevention strategies, has been considered in pan-
demic influenza preparedness planning [12,44].

In light of these findings, it is evident that a
multidimensional approach, encompassing research,
surveillance, and targeted prevention, is essential in
mitigating the impact of pCAP on older adults and
improving their overall health outcomes.
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13. Arguedas A, Trzciński K, O’Brien KL, et al.Upper respiratory tract colonization
with Streptococcus pneumoniae in adults. Expert Rev Vaccines 2020;
19:353–366.

14. Smith EL, Wheeler I, Adler H, et al. Upper airways colonisation of Strepto-
coccus pneumoniae in adults aged 60 years and older: a systematic review of
prevalence and individual participant data meta-analysis of risk factors. J Infect
2020; 81:540–548.

15.
&

Safiri S, Mahmoodpoor A, Kolahi AA, et al.Global burden of lower respiratory
infections during the last three decades. Front Public Health 2023; 10:
1028525.

Worldwide estimations of the burden associated with pneumococcal lower
tractrespiratory infection.
16. Jung YJ, Yoon JL, Kim HS, et al. Atypical clinical presentation of geriatric

syndrome in elderly patients with pneumonia or coronary artery disease. Ann
Geriatr Med Res 2017; 21:158–163.

17. H€ader A, Kose-Vogel N, Schulz L, et al. Respiratory infections in the aging
lung: implications for diagnosis, therapy, and prevention. Aging Dis 2023;
14:1091–1104.

18. Demars Y, Brahier T, Rotzinger DC, et al. Utility of polymerase chain reaction
in nasopharyngeal swabs for identifying respiratory bacteria causing com-
munity-acquired pneumonia. Microbiol Spectr 2022; 10:e0037922.

19. Elias C, Moja L, Mertz D, et al. Guideline recommendations and antimicrobial
resistance: the need for a change. BMJ Open 2017; 7:e016264.

20. Metlay JP, Waterer GW, Long AC, et al. Diagnosis and treatment of adults
with community-acquired pneumonia. An official Clinical Practice Guideline of
the American Thoracic Society and Infectious Diseases Society of America.
Am J Respir Crit Care Med 2019; 200:e45–e67.

21. Huttner B, Cappello B, CookeG, et al. 2019Community-acquired Pneumonia
Treatment Guidelines: there is a need for a change toward more parsimonious
antibiotic use. Am J Respir Crit Care Med 2020; 201:1315–1316.

22. Ferreira-Coimbra J, Sarda C, Rello J. Burden of community-acquired pneu-
monia and unmet clinical needs. Adv Ther 2020; 37:1302–1318.

23. Torres A, Cillóniz C, Blasi F, et al. Burden of pneumococcal community-
acquired pneumonia in adults across Europe: a literature review. Respir Med
2018; 137:6–13.

24. LeBlanc J, ElSherif M, Ye L, et al. Age-stratified burden of pneumococcal
community acquired pneumonia in hospitalised Canadian adults from 2010 to
2015. BMJ Open Respir Res 2020; 7:e000550.

25. Varghese R, Jayaraman R, Veeraraghavan B. Current challenges in the
accurate identification of Streptococcus pneumoniae and its serogroups/
serotypes in the vaccine era. J Microbiol Methods 2017; 141:48–54.

26. Kann S, Sao S, Phoeung C, et al. MALDI-TOF mass spectrometry for sub-
typing of Streptococcus pneumoniae. BMC Microbiol 2020; 20:367.

27.
&&

Lansbury L, Lim B, McKeever TM, et al. Noninvasive pneumococcal pneu-
monia due to vaccine serotypes: a systematic review and meta-analysis.
EClinicalMedicine 2022; 44:101271.

A systematic review and random-effects meta-analysis aiming to determine the
proportion of community-acquired pneumonia in people aged at least 50 years due
to pneumococcus and the proportion caused by pneumococcal vaccine serotypes.
28. Torres A, Men�endez R, Espa~na PP, et al. The evolution and distribution of

pneumococcal serotypes in adults hospitalized with community-acquired
pneumonia in Spain using a serotype-specific urinary antigen detection test:
the CAPA Study. Clin Infect Dis 2021; 73:1075–1085.

29. AlbrichWC, Rassouli F, Waldeck F, et al. Influence of older age and other risk
factors on pneumonia hospitalization in Switzerland in the pneumococcal
vaccine era. Front Med (Lausanne) 2019; 6:286.

30. Zarabi N, Aldv�en M, Sjolander S, et al. Clinical and economic burden of
pneumococcal disease among adults in Sweden: a population-based register
study. PloS One 2023; 18:e0287581.

31. Centers for Disease Control and Prevention. Active Bacterial Core Surveil-
lance (ABCs) Report Emerging Infections Program Network–Streptococcus
pneumoniae, [Internet]. 2021. https://www.cdc.gov/abcs/downloads/
SPN_Surveillance_Report_2021.pdf.

32. Troeger C, Blacker B, Khalil IA, et al. Estimates of the global, regional, and
national morbidity, mortality, and aetiologies of lower respiratory infections in
195 countries, 1990–2016: a systematic analysis for the Global Burden of
Disease Study 2016. Lancet Infect Dis 2018; 18:1191–1210.
0951-7375 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese

Copyright © 2024 Wolters Kluwer Health, Inc. Una
33. Lewnard JA, Hanage WP. Making sense of differences in pneumococcal
serotype replacement. Lancet Infect Dis 2019; 19:e213–e220.

34.
&&

Ochoa-Gondar O, Torras-Vives V, de Diego-Cabanes C, et al. Incidence and
risk factors of pneumococcal pneumonia in adults: a population-based study.
BMC Pulm Med 2023; 23:200.

Population-based cohort study involving 2,059,645 persons aged at least 50 years
old in Catalonia, Spain, aiming at nvestigate population-based incidence and risk of
pneumococcal pneumonia.
35. Martin-Loeches I, Torres A, Nagavci B, et al. ERS/ESICM/ESCMID/ALAT

guidelines for the management of severe community-acquired pneumonia.
Intensive Care Med 2023; 49:615–632.

36. Cavallazzi R, Furmanek S, Arnold FW, et al. The burden of community-
acquired pneumonia requiring admission to ICU in the United States. Chest
2020; 158:1008–1016.

37. Hespanhol V, B�arbara C. Pneumonia mortality, comorbidities matter? Pulmo-
nology 2020; 26:123–129.

38. Ruiz LA, Serrano L, Espa~na PP, et al. Factors influencing long-term survival after
hospitalization with pneumococcal pneumonia. J Infect 2019; 79:542–549.

39. Bedos JP, Varon E, Porcher R, et al. Host-pathogen interactions and prog-
nosis of critically ill immunocompetent patients with pneumococcal pneumo-
nia: the nationwide prospective observational STREPTOGENE study.
Intensive Care Med 2018; 44:2162–2173.

40. Wu M, Whittemore K, Huang CC, et al. Community-setting pneumonia-
associated hospitalizations by level of urbanization-New York City versus
other areas of New York State. PloS One 2020; 15:e0244367.

41. Parrott G, Nebeya D, Kinjo T, et al. Etiological analysis and epidemiological
comparison among adult CAP and NHCAP patients in Okinawa, Japan. J
Infect Chemother 2017; 23:452–458.

42. Teissier T, Boulanger E, Cox LS. Interconnections between inflammageing
and immunosenescence during ageing. Cells 2022; 11:359.
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