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Abstract

Background: Pneumonia remains a frequent respiratory disease that occurs in
people of all ages; however, its impact is particularly significant in geriatric popu-
lation. It leads to severe complications and increased mortality rates. The clinical
features in the elderly may be atypical, thus causing difficulties in the diagnostic
process and possible treatment delays.

Aim of the study: The study was designed to provide an overview of pneumo-
nia, focusing on differences in the clinical picture, diagnosis, and prevention in
the elderly.

Material and Methods: The article is based on 51 articles published between 2008
and 2023, found in electronic databases Google Scholar and PubMed.

Results: Age-related changes inimmune and respiratory systems such as impaired
cough reflex, reduced lung function, or lower immune cell production lead to
increased susceptibility to infections. Comorbidities, including chronic obstruc-
tive pulmonary disease, diabetes mellitus, and heart diseases, increase the risk
of pneumonia significantly. Radiographic examinations and laboratory tests are
useful tools in differentiating pneumonia from other conditions. Vaccination is
proven to perform a crucial role in pneumonia prevention.

Conclusions: This review synthesizes the existing knowledge of pneumonia in
the elderly including epidemiology, risk factors, symptoms, and management.
By enhancing the understanding of pneumonia in geriatric patients, healthcare
professionals are able to improve diagnostic accuracy and tailor treatment strat-
egies to reduce the burden of the disease.
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Introduction

The diverse clinical picture, presence of comorbidities, and often severe course
of the disease make pneumonia in elderly patients a significant diagnostic and
therapeutic problem. It is still the most frequent infectious cause of death in
elderly patients [1, 2, 31.

The increased incidence of pneumonia among older patients is due to
the physiological aging of the respiratory system and the presence of changes
in the immune system. Changes in the respiratory system include decreased
cough reflex, reduced chest wall mobility and lung compliance. Mucociliary
clearance is also impaired, and thus the airway defense mechanism is disturbed
[4, 5]. Pneumonia occurring in old age intensifies the impaired functioning of
the respiratory system and consequently leads to respiratory failure [4].

It is estimated that about 45% of all episodes of community-acquired
pneumonia (CAP) occur in patients over 65 years of age [5]. The incidence
of CAP in this age group ranges from 8 to 18.2 cases per 1,000 people [4].
This discrepancy results from the geographic location, season of the year,
used diagnostic criteria, studied population, and access to health care [3, 6].
Studies have shown that in the geriatric population, CAP is more common
in men compared to women [7]. The need for hospitalization due to CAP is
nine times higher in patients aged 65-79 and 25 times higher in patients over
80 years old than in patients aged 18-40 [4]. In Poland, in 2019, there were
215,700 cases of CAP in patients over 65 years of age, of which 38,200 required
hospital treatment [8]. In the United States, in 2017, pneumonia together with
influenza was the eighth cause of death among patients over 65 years of age,
while according to the data of the Central Statistical Office in Poland in 2018,
pneumonia in this age group was the fourth most common cause of death
[8, 9]. In 2019, the number of deaths due to pneumonia among patients over
70 years of age was 264.7 per 100,000 people [10]. Mortality among older
patients hospitalized for pneumonia is about 20%, rising to 50-70% when
pneumonia develops in patients who are hospitalized for other diseases [2].

Identification of the etiological factor responsible for pneumonia in elderly
patients is not always possible. The reason is the early introduction of antibiotic
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therapy and the co-occurring disorders of consciousness and impaired ex-
pectoration, which make it difficult to collect sputum for microbiological
examination. It is estimated that an adequate amount of sputum is obtained
from less than 40% of geriatric patients [4, 11]. Streptococcus pneumoniae is
the most frequently identified etiological agent responsible for CAP in the el-
derly. It has been shown that pneumococcal pneumonia is diagnosed in over
50% of CAP cases among patients over 65 years of age [1, 4]. The second
pathogen often detected in this group of patients is Hemophilus influenzae,
which is often found in patients with chronic obstructive pulmonary disease
(COPD), followed by respiratory viruses such as coronavirus or influenza [4, 11].
Less frequently identified causative agent of CAP is Moraxella catarrhalis or
methicillin-sensitive Staphylococcus aureus (MSSA), while Mycoplasma pneu-
moniae has been shown to be more common in younger age groups [1, 11].
Gram-negative bacteria such as Escherichia coli, Klebsiella pneumonia, Pseu-
domonas aeruginosa, or Burkholderia cepacia are more likely to be responsible
for cases of hospital-acquired pneumonia (HAP) [1]. Aspiration pneumonia
is more often caused by several pathogens, both aerobic and anaerobic [2].

Aim of the Study

This study aims to summarize the current knowledge of pneumonia in ger-
iatric population, concentrating on clinical features, diagnostic process and
vaccination.

Material and Methods

The analysis is based on 51 publications available in the PubMed and Google
Scholar databases, published between 2008 and 2023, concerning the eti-
ology, clinical features, diagnosis, and prevention of pneumonia in elderly

i nu

patients. Keywords such as“pneumonia’; “elderly”, “diagnosis”, “etiology

"

. strep-
tococcus pneumoniae’, “vaccination” were used. The articles included original
research papers and review articles. Official guidelines were also taken into
consideration.



‘ Julia Tomys-Sktadowska, Magdalena Lamch, Monika Jabtonska, Natalia Blasik,
; Marta Janiszewska, Adrianna Nieciecka, Jakub Husejko, Kornelia Kedziora-Kornatowska
Risk Factors

Comorbidities such as lung diseases (especially COPD) and cardiovascular
diseases, chronic liver diseases, and diabetes are among the factors that in-
crease the risk of developing pneumonia in the elderly. It is estimated that
the presence of comorbidities increases the risk of developing CAP by two to
four times [8, 11]. Important risk factors are also immune disorders occurring
in patients with asplenia, during immunosuppression, as well as in patients
with spherocytosis, malignant tumors and chronic kidney diseases [8]. It has
been proven that the risk factors for CAP are male sex, malnutrition, dehydra-
tion, staying in long-term care facilities, as well as air pollution, alcoholism,
and smoking, both active and passive [4, 10, 11]. One study estimated that in
2019 active smoking contributed to 150,000 deaths due to pneumonia, while
passive smoking contributed to 73,000 deaths in patients over 70 years of age
[10]. There is also an increased risk of pneumonia when using antipsychotic or
anticholinergic drugs [4]. Moreover, it has been shown that the use of inhaled
and systemic corticosteroids, proton pump inhibitors, oral antihistamines
(H1-blockers), and hypnotics, mainly benzodiazepines, predisposes to recur-
rent pneumonia [12, 13]. Risk factors for aspiration pneumonia in the elderly
include male sex, long-term oxygen therapy, sputum suction, presence of
a gastrostomy or nasogastric tube, prolonged supine position, swallowing
disorders, dehydration, impaired consciousness, and the use of opioid drugs
that reduce the cough reflex [14, 15]. An increased risk of aspiration pneu-
monia caused by anaerobic bacteria occurs in patients with dental caries or
periodontal disease, as well as in the presence of disintegrating neoplastic
lesions in the oral cavity or within the respiratory tract [14].

Changes in the Imnmune System in the Elderly

Aging involves many changes in the human body, including the immune
system. There is a greater susceptibility to infections and their more severe
course, more frequent occurrence or progression of autoimmune diseases,
development of cancer or impaired response to vaccinations, as well as
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impaired wound healing, or recurrence of latent infections such as shingles
[16,17,18].

Physiological aging of the human immune system includes a slowdown in
the production and reduction of the total number and quality ofimmune cells.
Anincrease in the level of circulating pro-inflammatory cytokines (mainly IL-1b,
IL-6, IL8, TNFa, IFNc, and CRP) is observed as well [3, 4]. Chronic pro-inflamma-
tory state results in greater activation of induced cell death and contributes
to the onset of many chronic age-related diseases [20, 21].

An analysis of morphology changes in the elderly compared to children
and adults, in addition to white blood cells (WBC) total number decrease,
showed that, regardless of gender, there is a significantly lower percentage
of cytotoxic CD8 T lymphocytes (responsible for cell-mediated immunity) and
a decrease in B lymphocytes (humoral immunity dependent on antibodies)
[20]. Band T lymphocytes are components of adaptive immunity, dysfunction
of which is the most common problem among the elderly [21]. The decrease
in lymphopoiesis results firstly from the aging of hematopoietic stem cells,
which no longer proliferate as intensively, and from changes in the levels of
cell division regulators. Hormonal changes, such as a decrease in growth hor-
mone and IGF-1 levels, may also contribute to lower production of immune
cells. The ability to proliferate B-progenitor cells in the bone marrow and T-cell
precursors in the thymus is also reduced [19]. Although, the exact mechanism
of how aging of progenitor cells affects the division processes is not yet well
understood. It is postulated that multifaceted changes at the cellular level
include gradual shortening of telomeres, damage at the DNA level, weakened
DNA repair mechanisms, and many different signaling pathways and their
regulators [16, 17, 19].

The aging process affects not only hematopoietic or progenitor cells, but
also mature cells of the immune system, impairing their quality [17, 19]. Despite
the fact that the percentage of innate immune cells—neutrophils, monocytes/
macrophages, NK cells, and dendritic cells—may increase with age, their func-
tion becomes impaired. This dysfunction includes defective activation, for
example as a result of Toll-like receptors (TLRs) impairment. The TLRs expres-
sion is important for the response to, e.g., Streptococcus pneumoniae. Other
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significant changes are abnormal migration, lower cytotoxicity, or reduced
protection against apoptosis [18, 21].

The longer people live, the more and more different antigens they encoun-
ter. Thus, the body’s immune system produces effector and memory cells from
the so-called naive cells, which have a high proliferation capacity. Thanks to
this, subsequent contact with the antigen evokes a quick and effective immune
response. Exposure to many pathogens provides a diverse pool of memory
cells. On the other hand, chronic stimulation to the same antigens can deplete
the pool of naive immune cells, as a result T cell diversity decreases significant-
ly. An increase in the number of memory T cells is believed to be a feature of
aging [19]. Decreased production of naive T cells is also a result of thymic atro-
phy [18]. In addition, cytokine production and function of regulatory T cells are
impaired [17, 19]. Moreover, B cells show impaired class recombination, as well
as dysfunctions secondary to deficiencies and disorders in cytokine production
by T cells [19]. Older people, therefore, produce significantly fewer antibodies
with lower affinity to stimulation [18]. According to research, the metabolism
of mature lymphocytes also changes. Aging lymphocytes are characterized
by an increase in energy demand, which leads to chronic oxidative stress [17].

These disorders of the immune system are certainly one of the components
of high mortality due to respiratory diseases such as pneumonia [21]. However,
the identification of the processes responsible for the aging of the immune
system is expected to provide valuable information for improving weakened
immunity in seniors. Research shows that lifestyle changes that include physical
activity, sleep, maintaining optimal nutrition, and even some pharmacological
measures are effective strategies [18].

Symptoms of Pneumonia in the Elderly

Pneumonia in older people is characterized by a different course, which makes
it a significant diagnostic problem. In the elderly, an oligosymptomatic course
of pneumonia is common. Furthermore, the incidence of atypical symptoms
increases while the incidence of typical symptoms decreases. Cough and
dyspnea are common symptoms, but sometimes they are falsely considered
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to be an exacerbation of a chronic disease [22]. Fever is rare, and sometimes
a decreased body temperature is observed. Pneumonia in old age can be
manifested by falls, functional impairment, weakness, loss of appetite, de-
hydration or exacerbation of chronic diseases, such as respiratory or cardi-
ovascular diseases [22, 23]. Disorders of consciousness result from cerebral
hypoxia associated with poorer lung ventilation, as well as disturbances in
fluid and electrolyte balance. Consciousness disorders are characterized by
abrupt onset, undulating course, disturbances in attention, thinking, con-
sciousness, and activity. Delirium may present as delusions and agitation in
the hyperactive form, or as drowsiness and hypoactivity in the hypoactive
form. Sometimes, there is also a mixed form in which periods of excitation and
decreased activity alternate [24]. In older age groups, pneumonia presents
more often with tachypnea, while chills, increased sweating, headaches, and
myalgia are more common symptoms in younger patients [22, 23, 25]. Due
to the more frequent coexistence of other diseases, crackling sounds are
a less specific symptom in the elderly. What is more, in the elderly, there may
be no chest X-ray changes typical of pneumonia. In addition, leukocytosis is
often absent in elderly patients [22]. It has been observed that the absence
of leukocytosis is associated with a higher risk of death, while the level of
CRP does not correlate with the severity of the disease [23]. The prevalence
of pneumonia symptoms in different age groups is shown in Table 1 [22, 24].



Julia Tomys-Skiad

ka, Magdal
Marta Janiszewska, Adrianna Nieciecka, Jakub Husejko, Kornelia Kedziora-Kornatowska

1a Lamch, Monika Jabtoriska, Natalia Btasik,

Table 1. Comparison of symptom prevalence in different age groups

cough

slightly more common in younger age
groups (90% of patients aged 18-44 vs 84%
of patients aged >75)

dyspnea

slightly more common in younger age
groups (75% vs 66%)

pleurodynia

more frequently reported in younger age
groups, this may be due to the difficulty
in describing the pain by elderly people,
especially in patients with impaired
consciousness

fever

more common in younger age groups (85%
Vs 53%)

disorder of consciousness

more common in older age groups

chills, excessive sweating

more common in younger age groups (85%
vs 52% for chills, 83% vs 45% for excessive
sweating)

muscle pain, headache

more common in younger age groups (72%
vs 36% for muscle pain, 67% vs 25% for
headache)

anorexia

more common in younger age groups (77%
Vs 64%)

tachypnea

tachypnea is common regardless of
the patient’s age

tachycardia

more common in younger age groups, this
may be due to the use of beta-blockers
and weakening of autonomic function in
the elderly

auscultatory changes

crackling sounds are less specificin
the elderly

Unless multidrug-resistant bacteria are implicated as pathogens of pneu-

monia in the elderly, the use of narrow-spectrum antibiotics is usually sufficient

[26]. Empiric therapy should be implemented in patients with clinical features

of pneumonia that are confirmed by radiological examination [27]. Antibiotic

therapy should be selected depending on the medical history and physical

examination as well as current recommendations [25]. It is also important to

remember to adjust the dose of the drug to the patient’s renal function and

consider drug interactions [25, 27].



Pneumonia in Geriatric Patients: Focus on Etiology, Clinical Features, Diagnosis, and Prevention _

Patients with hypotension who require vasopressors and with respiratory
failure who need mechanical ventilation should be admitted to the intensive
care unit (ICU). In other patients, the American Thoracic Society/Infectious
Diseases Society of America (ATS/IDSA) criteria should be used to qualify for
ICU admission [27].

Table 2. Recommended treatment in relation to the clinical features

outpatient setting, patient with no

comorbidities amoxicillin/macrolides/doxycycline

combination therapy with beta-lactam+
macrolide, or monotherapy: respiratory
fluoroquinolones

outpatient setting, patient with
comorbidities

combination therapy: beta-lactam

inpatients, no ICU admission +macrolide, or monotherapy: respiratory
fluoroquinolones
patients with ICU admission, no beta-lactam+ macrolide/ beta-lactam+
Pseudomonas or MRSA risk factors respiratory fluoroquinolone
beta-lactam or betalactamase inhibitor or
suspicion of empyema or lung abscess combination therapy with cephalosporin+
clindamycin

The duration of antibiotic treatment should be based on the clinical stabil-
ity of the patient. Antibiotic treatment should be discontinued after 5 days if
the clinical stability criteria are met by the patient. Recommended treatment
is presented in Table 2 [27].

In patients with pneumonia, it is significant to implement rehabilitation
early in order to prevent complications of immobilization and to improve
the quality of life and further functioning of the patient [24]. In the study by
Jose et al., inpatient rehabilitation with physical exercise has been shown to
improve the quality of life, functional capacity, increase the strength of pe-
ripheral muscles, and reduce dyspnea, compared to patients who were only
receiving respiratory physiotherapy [28].
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Diagnosis of Pneumonia

The most common classification is division to CAP and HAP. A subtype of HAP
is ventilator-associated pneumonia (VAP) [29].

The clinical picture has an important role in the initial diagnosis of pneu-
monia. According to the ATS/IDSA, the diagnosis of HAP and VAP should take
into account the presence of fever, productive cough, and new lung infiltrates
on chestimaging [30]. In outpatient practice, the CRB-65 scale is used - a tool
used to assess the need to refer a patient with CAP to hospital treatment. It
assesses confusion, respiratory rate, and blood pressure. An additional point
is also given to patients over 65 years of age. If the score is 1 or more, general
practitioners should consider referral to hospital. Patients with a score of 0
have a low risk of death, so they can be managed on an outpatient basis.
An undoubted advantage of this scale is the lack of the need to perform
laboratory tests, as in the case of CURB-65 or pneumonia severity index (PSI),
which shortens the decision-making time [31]. However, the ATS/IDSA guide-
lines recommend the use of PSI rather than CRB-65, due to more effective
identification of low-risk patients and predicting mortality [32].

Computed tomography remains the gold standard in imaging diagnostics,
but X-ray remains the routinely used examination due to lower radiation, lower
costs, and no need to describe it by a radiologist [29, 33]. In recent years, studies
have also been conducted on the usefulness of ultrasound in the diagnosis of
pneumonia, which has the advantages of no exposure to radiation, no need
to transport the patient, and lower costs than in the case of X-ray [33]. In one
of the studies conducted on patients with multiple diseases, with an average
age of about 83 years, it was proven that lung ultrasonography (LUS) showed
a higher sensitivity (92%) and specificity (94%) than X-ray with its sensitivity of
47% and specificity of 93% [34]. Also in another study conducted on a group
of elderly people with CAP, it was proven that in the case of LUS, the sensitivity
is 99% and the specificity is 98.7%, and chest X-ray is 56.5% and 100% [35].

Among laboratory tests, determination of CRP and PCT levels is particularly
common. Especially PCT, which increases in the presence of bacterial infection,
is of greatimportance when deciding on antibiotic therapy [36]. The ATS/IDSA
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guidelines recommend that in addition to inflammatory markers, the clinical
picture should also be taken into account [32].

In addition, one should not forget that the increase in inflammatory pa-
rameters may result from the presence of an inflammatory process located
outside the lungs [36].

ATS/IDSA recommends that sputum and blood cultures should be per-
formed only among patients with CAP that treated empirically against Pseu-
domonas aeruginosa or methicillin-resistant Staphylococcus aureus (MRSA) or
with a severe course of the disease. However, in the case of HAP, these methods
should be used routinely in all patients [30, 32]. Sputum culture should be
considered when it is possible to obtain a sufficient amount of sample from
the patient [36]. Another limitation is also the possibility of contamination
with flora from the oropharyngeal cavity, which may result in a false positive
test result [37].

Detection of the presence of antigens in the urine is used in the case of
Streptococcus pneumoniae and Legionella pneumophila infections, using
the ELISA method [29, 38]. In the case of Legionella infection, antigens can be
detected as early as 24 hours after the onset of symptoms, and the severity
of the disease correlates positively with the probability of detecting these
antigens [38]. An undoubted advantage of antigen tests is the short waiting
time for the result [29]. Antigen tests are also used in the case of suspected
Sars-CoV-2 infection — but they only detect active infection, not the recovery
process. The material is collected from the nasopharynx or urine. In the case
of suspected COVID-19, the detection of the genetic material of the virus by
PCR is considered the most effective method [39].

Serological methods are used when an infection of the Mycoplasma pneu-
moniae but also of Sars-CoV-2 etiology is suspected [36, 39]. Determining
the level of antibodies allows differentiating whether we are dealing with
an acute infection or with a recovery period [36].

Bronchoscopy has not been routinely used in the diagnosis of pneumonia;
however, it may be considered in immunosuppressed patients or in patients
not responding to treatment, from whom it is not possible to obtain sputum for
examination [29]. One study also tested the usefulness of pepsin and amylase
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levels in bronchoalveolar lavage (BAL) in suspected aspiration pneumonia.
Pepsin levels greater than 7.45 ng/mL were shown to have 87.2% sensitivity
and 59.95% specificity, and amylase levels greater than 204 U/L had 77.1%
sensitivity and 84.2% specificity [40].

Quick diagnosis based also on the appropriate selection of diagnostic
methods reduces the risk of complications. As a result of pneumonia, there
is a risk of complications not only related to the respiratory system, such as
parapneumonic pleural effusion, empyema, acute respiratory distress syn-
drome, or respiratory failure. There may also be cardiovascular disorders such
as arrhythmias or heart failure, hematological complications in the form of
leukopenia, thrombocytopenia, but also thrombocytosis or neurological -
delirium or change of mental status [41].

Vaccination

Nowadays, due to better health access and greater patient’s awareness, life
expectancy has increased. Vaccination has a significant role in this process.
As a result, it has been possible to reduce the incidence and mortality of dis-
eases that used to cause death of children and seniors [42]. Developments in
medicine and technology have made it easier to access information, so older
patients are more likely to opt for vaccinations.

The difficulty in convincing undecided patients is a concern that arises
today. The crucial importance of geriatricians and family doctors in resolving
this problem, should be emphasized.

As is known, there are various factors causing pneumonia. Currently, we
are able to defend/protect ourselves through vaccines against certain bacteria
and viruses [43].

Due to age and associated diseases, the elderly are susceptible to devel-
oping viral and bacterial infections. They are also at risk for respiratory com-
plications, especially pneumonia [44].

The most common cause of CAP is the bacteria Streptococcus pneumo-
niae, commonly known as pneumococcus [45]. According to Centers for Dis-
ease Control and Prevention (CDC) guidelines, pneumococcal vaccines are
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recommended for adults aged 65 or over without comorbidities and comorbid
adults aged less than 65 (Figure 1) [46].

In countries where universal pneumococcal vaccination has been intro-
duced in the population of children under the age of 2, a decrease in the inci-
dence of invasive pneumococcal disease has been observed in the non-vac-
cinated adult population, especially in those aged = 65 years [47]. The disease
carrier rate ranges from 10% in adults to 60% in children [45]. Therefore, it is
worth emphasizing that vaccinating children helps to protect not only them
but also their community.

In Poland, the following vaccines are used against pneumococci: 23-valent
polysaccharide vaccine (PPSV23) and two types of conjugated vaccine: 10-va-
lent pneumococcal conjugate vaccine (PCV10) and 13-valent pneumococcal
conjugate vaccine (PCV13). PPSV23 contains the serotypes present in PCV13
(excluding 6A) and additionally contains 11 new serotypes (2, 8, 9N, 10A, 11A,
12F, 15B, 17F, 20, 22F, and 33F) [48].

In a clinical trial called CAPiTA (Community-Acquired Pneumonia immuni-
zation Trial in Adults), the PCV13 effectiveness was tested. More than 84,000
people aged =65 years participated in the study. The 46% and 45% effectiveness
of PCV13 was proven in preventing pneumococcal CAP and pneumococcal CAP
without bacteriaemia, respectively. The 75% effectiveness in preventing invasive
pneumococcal disease (IPD) caused by vaccine serotypes was shown as well.
The vaccine seems to be sufficient for 4-5 years. In addition, PCV13 effective-
ness was similar in the subgroups of people with or without comorbidities [49].

In a case-control study conducted in 14 hospitals from 2013 to 2015 in
the Republic of Korea, the effectiveness of PPSV23 against IPD and non-bacteri-
aemic pneumococcal pneumonia (NBPP) in all patients =65 years old was 28.5%
and 10.2%, respectively. However, considering only patients aged 65-74 years,
PPSV23 effectiveness was 57.4% for IPD and 35.0% for NBPP [50].

Official national immunization program for the year 2023 is a guideline for
vaccination of adults in Poland. In the group of patients 65 years of age and
older, vaccination should be carried out following the scheme: one dose of
PCV13 conjugate vaccine and one dose of PPSV23 polysaccharide vaccine at
an interval of at least one year [51].
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The German Standing Committee on Vaccination (STIKO) currently rec-
ommends PPSV23 for co-morbid patients and for everyone over 60 years of
age. Revaccination is possible after 6 years at the earliest. Immunosuppressed
patients and those with chronic liver and renal failure should be vaccinated
with PCV13 before receiving PPSV23. The advised interval between both vac-
cines is 6-12 months [52].

Researchers still argue about the effectiveness of PPSV23. In two clinical
studies mentioned by Falkenhorst et al., combined efficacy in preventing pneu-
mococcal pneumonia was 64%. Contrary to this, Heo et al. showed PPSV23 as
non-effective [53].

PPSV23 showed effectiveness in preventing IPD but did not protect against
non-invasive disease. In addition, it is worth mentioning that it is not effective
in children under 2 years of age [42]. PPSV23 does not induce the immunologic
memory due to lack of T cell stimulation [52].

Vaccinology is one of the fastest growing fields of medicine. Thus, newer
pneumococcal conjugate vaccines such as PCV15 and PCV20 were accepted
between 2021 and 2022 in Europe and the US. However, they are not com-
monly used yet [52].

Figure 1. Pneumococcal vaccine indications for adults
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Data from England claim that PPV23 coverage in 2021 in the group of
adults aged 65 or more was 70.6% [54]. According to CDC, in the United States,
the vaccination coverage in 2020 among population aged > 65 years was 67.5%
[55]. In Switzerland, pneumococcal vaccination coverage in 2020 in the same
age group was 9.6%. In Germany, coverage among the population aged 60
or more reached 51%. Studies showed that in France the coverage is different
between elderly groups with or without risk factors — around 20% and 3%,
respectively [56].

Conclusions

Pneumonia in the elderly is the main cause of death due to infectious diseases.
Characteristic for this group of patients are changes in the respiratory system
that impair its functioning, frequent coexistence of accompanying diseases,
and the presence of risk factors favoring the occurrence of the disease. As
a consequence, there is not only an increase in morbidity, but also in the fre-
quency of hospitalization and the number of deaths compared to the younger
age group. Streptococcus pneumoniae is the most common etiologic factor
responsible for more than half of CAP cases in the elderly. Older people are
more exposed to a severe course of pneumonia, as a result of the physiological
aging of theirimmune system. The changes that occur include cell dysfunction,
lower WBC number, and chronic inflammation.

Pneumonia in seniors often has an oligosymptomatic course. The diagnos-
tic process is additionally hindered by the fact that leukocytosis often does
not occur in older age groups and it is difficult to find new changes on X-ray
images. In addition, crackles due to comorbidities are less specific. The basis
of treatment is antibiotic therapy, but physiotherapy is extremely important
as it improves the physical capacity and quality of life.

In the diagnosis of pneumonia, the clinical picture and a properly per-
formed physical examination are important. CRB- and CURB-65 or PSI scales
are often used. X-ray, CT, and ultrasound of the lungs are part of imaging di-
agnostics. Other methods include determination of CRP and PCT levels, blood
and sputum cultures, antigen tests, detection of antibodies, or PCR genetic
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material. Properly selected diagnostics reduce the risk of complications not
only from the respiratory system, but also from hematological, cardiovascular,
and neurological ones.

The subject of pneumococcal vaccination is extensive. Multiple studies,
programs, and guidelines in this field are currently being developed. Differ-
ent countries evolve their own vaccine recommendations. At the moment,
PCV13 vaccine is in widespread use due to high effectiveness in preventing,
e.g., invasive pneumococcal disease. PPSV23 vaccine, of which effectiveness
is equivocal, is recommended in comorbid patients.

List of abbreviations

ATS — American Thoracic Society

BAL - bronchoalveolar lavage

CAP - community-acquired pneumonia

CAPITA - Community-Acquired Pneumonia immunization Trial in Adults
CDC - Centers for Disease Control and Prevention
COPD - chronic obstructive pulmonary disease

HAP - hospital-acquired pneumonia

ICU - intensive care unit

IDSA - Infectious Diseases Society of America

IPD - invasive pneumococcal disease

LUS - lung ultrasonography

MRSA - methicillin-resistant Staphylococcus aureus
MSSA - methicillin-sensitive Staphylococcus aureus
NBPP — non-bacteriaemic pneumococcal pneumonia
PCV10 - 10-valent pneumococcal conjugate vaccine
PCV13 - 13-valent pneumococcal conjugate vaccine
PPSV23 - 23-valent polysaccharide vaccine

PSI - pneumonia severity index

TLRs - Toll-like receptors

VAP - ventilator-associated pneumonia

WBC - white blood cells



Pneumonia in Geriatric Patients: Focus on Etiology, Clinical Features, Diagnosis, and Prevention _

Acknowledgements

Conflict of interest statement

The authors declare no conflict of interest.
Funding sources

There are no sources of funding to declare.
References

1. Towairqi AS, Mutwally LH, Baateiyyah YA, Alshuwaier RA, Kraiz IN, Alar-
faj HM, et al. Pneumonia in Elderly and Intensive Care Management.
Egypt J Hosp Med 2018; 70(9): 1468-1470.

2. Cacciatore F, Gaudiosi C, Scognamiglio A, Mattuccil, Carone M, Ferrara N et
al. Pneumonia and hospitalizations in the elderly. Geriatr Care 2017; 3: 6377.

3. Regunath H, Oba Y. Community-Acquired Pneumonia. Communi-
ty-Acquired Pneumonia - StatPearls — NCBI Bookshelf, 2022 [online].
Retrieved from: https://www.ncbi.nlm.nih.gov/books/NBK430749/.
Access: 30.06.2023.

4. Henig O, Kaye KS. Bacterial Pneumonia in Older Adults. Infect Dis Clin
North Am 2017; 31(4): 689-713.

5. Smithard DG, Yoshimatsu Y. Pneumonia, Aspiration Pneumonia, or
Frailty-Associated Pneumonia? Geriatrics (Basel) 2022; 7(5):115.

6. Ferreira-Coimbra J, Sarda C, Rello J. Burden of Community-Acquired
Pneumonia and Unmet Clinical Needs. Adv Ther 2020; 37: 1302-1318.

7. Corica B, Tartaglia F, D’Amico T, Romiti GF, Cangemi R. Sex and gender
differences in community-acquired pneumonia. Intern Emerg Med
2022; 17(6): 1575-1588.

8. Jaskowiak K, Dudzisz A, Golicki D. Zapalenia ptuc u oséb dorostych
w Polsce — pneumokokowe zapalenia ptuci ich profilaktyka. Lekarz POZ
2021; 7(2): 115-125.



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Julia Tomys-Sktadowska, Magdalena Lamch, Monika Jabtoriska, Natalia Btasik,
Marta Janiszewska, Adrianna Nieciecka, Jakub Husejko, Kornelia Kedziora-Kornatowska

Heron M. Deaths: Leading Causes for 2017. Natl Vital Stat Rep 2019;
68(6): 1-77.

Dadonaite B, Roser M. Pneumonia, 2018 [online]. Retrieved from: https://
ourworldindata.org/pneumonia. Access: 30.06.2023.

Chebib N, Cuvelier C, Malézieux-Picard A, Parent T, Roux X, Fassier T
et al. Pneumonia prevention in the elderly patients: the other sides.
Aging Clin Exp Res 2021; 33: 1091-1100.

Takada K, Ogawa K, Miyamoto A, Nakahama H, Moriguchu S, Murase
K et al. Risk factors and interventions for developing recurrent pneu-
monia in older adults. ERJ Open Res 2023; 9(3): 005162022.

Dang TT, Majumdar SR, Marrie TJ, Eurich DT. Recurrent pneumonia:
a review with focus on clinical epidemiology and modifiable risk factors
in elderly patients. Drugs Aging 2015; 32(1): 9-13.

Zasowska-Nowak A, Nowak PJ. Zachtystowe zapalenie ptuc — profilak-
tyka, diagnostyka i leczenie. Med Paliat 2019; 11(3): 106-114.

Manabe T, Teramoto S, Tamiya N, Okochi J, Hizawa N. Risk Factors for As-
piration Pneumonia in Older Adults. PLoS One 2015; 7; 10(10): e0140060.
Ponnappan S, Ponnappan U. Aging and immune function: molecu-
lar mechanisms to interventions. Antioxid Redox Signal 2011; 14(8):
1551-1585.

Weyand CM, Goronzy JJ. Aging of the Immune System. Mechanisms
and Therapeutic Targets. Ann Am Thorac Soc 2016; 13 Suppl 5(Suppl
5): S422-S428.

Duggal NA. Reversing the immune ageing clock: lifestyle modifications
and pharmacological interventions. Biogerontology 2018; 19(6): 481-496.
Montecino-Rodriguez E, Berent-Maoz B, Dorshkind K. Causes, con-
sequences, and reversal of immune system aging. J Clin Invest 2013;
123(3): 958-965.

Valiathan R, Ashman M, Asthana D. Effects of Ageing on the Immune
System: Infants to Elderly. Scand J Immunol 2016; 83(4): 255-266.

Li Y, Wang C, Peng M. Aging Immune System and Its Correlation With
Liability to Severe Lung Complications. Front Public Health 2021; 9:
735151.



Pneumonia in Geriatric Patients: Focus on Etiology, Clinical Features, Diagnosis, and Prevention _

22. Wieczorowska-Tobis K. Obraz kliniczny zapalenia ptuc u oséb w po-
desztym wieku. Gerontol Pol 2008; 16(2): 89-96.

23. Rymkiewicz E, Milaniuk S, Rekas-Woéjcik A, Dzida G, Mosiewicz J. Po-
zaszpitalne zapalenie ptuc u chorych w starszym wieku z chorobami
wspotistniejgcymi. Forum Med Rodz 2015; 9(2).

24. Broczek K. Zapalenie ptuc u os6b w podesztym wieku. Med Dypl 2012; 10.

25. Domagata M, Ciebiada M. Pozaszpitalne zapalenia ptuc u os6b w wieku
podesztym. Geriatria 2011; 5: 292-302.

26. Miyashita N, Yamauchi Y. Bacterial Pneumonia in Elderly Japanese
Populations. Jpn Clin Med 2018; 9: 1179670717751433.

27. Er AG, Alonso AAR, Marin-Leon |, Sayiner A, Bassetti S, Demirkan K
et al. Community-acquired pneumonia — An EFIM guideline critical
appraisal adaptation for internists. Eur J Intern Med 2022; 106: 1-8.

28. José A, Dal Corso S. Inpatient rehabilitation improves functional ca-
pacity, peripheral muscle strength and quality of life in patients with
community-acquired pneumonia: a randomised trial. J Physiother 2016;
62(2): 96-102.

29. Lanks CW, Musani Al, Hsia DW. Community-acquired Pneumonia and
Hospital-acquired Pneumonia. Med Clin North Am 2019; 103(3): 487-501.

30. Modi AR, Kovacs CS. Hospital-acquired and ventilator-associated pneu-
monia: Diagnosis, management, and prevention. Cleve Clin J Med 2020;
87(10): 633-639.

31. Ebell MH, Walsh ME, Fahey T, Kearney M, Marchello C. Meta-analysis of
Calibration, Discrimination, and Stratum-Specific Likelihood Ratios for
the CRB-65 Score. J Gen Intern Med 2019; 34(7): 1304-1313.

32. Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek J, Crothers K et
al. Diagnosis and Treatment of Adults with Community-acquired Pneu-
monia. An Official Clinical Practice Guideline of the American Thoracic
Society and Infectious Diseases Society of America. Am J Respir Crit
Care Med 2019; 200(7): e45-e67.

33. Sezgin C, Gunalp M, Genc S, Acar N, Ustuner E, Oguz AB et al. Diagnostic
Value of Bedside Lung Ultrasonography in Pneumonia. Ultrasound Med
Biol 2020; 46(5): 1189-1196.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Julia Tomys-Sktadowska, Magdalena Lamch, Monika Jabtoriska, Natalia Btasik,
Marta Janiszewska, Adrianna Nieciecka, Jakub Husejko, Kornelia Kedziora-Kornatowska

Ticinesi A, Lauretani F, Nouvenne A, Mori G, Chiussi G, Maggio M
et al. Lung ultrasound and chest x-ray for detecting pneumonia in
an acute geriatric ward. Medicine (Baltimore) 2016; 95(27): e4153.
Buda N, Hajduk A, Jaworska J, Zdrojewski Z. Lung Ultrasonography as
an Accurate Diagnostic Method for the Diagnosis of Community-Ac-
quired Pneumonia in the Elderly Population. Ultrasound Q 2020; 36(2):
111-117.

Mandell LA. Community-acquired pneumonia: An overview. Postgrad
Med 2015; 127(6): 607-615.

Saukkoriipi A, Palmu AA, Jokinen J. Culture of all sputum samples ir-
respective of quality adds value to the diagnosis of pneumococcal
community-acquired pneumonia in the elderly. Eur J Clin Microbiol
Infect Dis 2019; 38(7): 1249-1254.

Couturier MR, Graf EH, Griffin AT. Urine antigen tests for the diagnosis
of respiratory infections: legionellosis, histoplasmosis, pneumococcal
pneumonia. Clin Lab Med 2014; 34(2): 219-236.

Yiice M, Filiztekin E, Ozkaya KG. COVID-19 diagnosis — A review of cur-
rent methods. Biosens Bioelectron 2021; 172: 112752.

Suzuki T, Saitou M, Utano Y, Utano K, Niitsuma K. Bronchoalveolar
lavage (BAL) amylase and pepsin levels as potential biomarkers of
aspiration pneumonia. Pulmonology 2022; S2531-0437(22)00104-0.
Restrepo M, Reyes LF, Anzueto A. Complication of Community-Ac-
quired Pneumonia (Including Cardiac Complications). Semin Respir
Crit Care Med 2016; 37(6): 897-904.

Luna CM. Impact of vaccination on the epidemiology and prognosis
of pneumonia. Rev Esp Quimioter 2022; 35 Suppl 1(Suppl 1): 104-110.
Kim GL, Seon SH, Rhee DK. Pneumonia and Streptococcus pneumoniae
vaccine. Arch Pharm Res 2017; 40(8): 885-893.

Bonten MJ, Huijts SM, Bolkenbaas M, Webber C, Patterson S, Gault S
et al. Polysaccharide conjugate vaccine against pneumococcal pneu-
monia in adults. N Engl J Med 2015; 372: 1114-1125.

Sutkowski M. Pneumococcal vaccination in adults — raising awareness.
Lekarz POZ 2022; 8(3).



Pneumonia in Geriatric Patients: Focus on Etiology, Clinical Features, Diagnosis, and Prevention _

46. Centers for Disease Control and Prevention. Pneumococcal Vaccination:
Summary of Who and When to Vaccinate, 2023 Feb. [online] 2023.
Retrieved from: https://www.cdc.gov/vaccines/vpd/pneumo/hcp/who-
when-to-vaccinate.html. Access: 30.06.2023.

47. Hanquet G, Krizova P, Valentiner-Branth P, Ladhani SN, Nuorti JP, Lepou-
tre A et al. Effect of childhood pneumococcal conjugate vaccination on
invasive disease in older adults of 10 European countries: implications
for adult vaccination. Thorax 2019; 74(5): 473-482.

48. Lawrence H, Pick H, Baskaran V, Daniel P, Rodrigo C, Ashton D et al. Effec-
tiveness of the 23-valent pneumococcal polysaccharide vaccine against
vaccine serotype pneumococcal pneumonia in adults: A case-control
test-negative design study. PLoS Med 2020; 17(10): e1003326.

49. Wysocki J, Antczak A, Chorostowska-Wynimko J, Czupryniak L, Fal
A, Flisiak R et al. Szczepienia przeciw pneumokokom pacjentéw dor-
ostych — nowe mozliwosci. Lekarz POZ 2022; 8(4): 253-265.

50. Kim JH, Chun BC, Song JY, Kim HY, Bae IG, Kim DM et al. Direct effec-
tiveness of pneumococcal polysaccharide vaccine against invasive
pneumococcal disease and non-bacteremic pneumococcal pneumonia
in elderly population in the era of pneumococcal conjugate vaccine:
A case-control study. Vaccine 2019; 37(21): 2797-2804.

51. Komunikat Gtéwnego Inspektora Sanitarnego z dnia 28 pazdziernika
2022 r. [online]. Retrieved from: https://dziennikmz.mz.gov.pl/DUM_
MZ/2022/113/oryginal/akt.pdf. Access: 30.06.2023.

52. Pletz MW, Bahrs C. Pneumokokkenimpfstoffe [Pneumococcal vaccina-
tion)]. Internist (Berl) 2021; 62(8): 807-815.

53. Dunne EM, Cilloniz C, von Mollendorf C, Lewnard J, Grant LR, Slack
MPE et al. Pneumococcal Vaccination in Adults: What Can We Learn
From Observational Studies That Evaluated PCV13 and PPV23 Effec-
tiveness in the Same Population? Arch Bronconeumol 2023; 59(3):
157-164.

54. Campling J, Vyse A, Liu HH, Wright H, Slack M, Reinert RR et al. A re-
view of evidence for pneumococcal vaccination in adults at increased
risk of pneumococcal disease: risk group definitions and optimization



55.

56.

Julia Tomys-Sktadowska, Magdalena Lamch, Monika Jabtoriska, Natalia Btasik,
Marta Janiszewska, Adrianna Nieciecka, Jakub Husejko, Kornelia Kedziora-Kornatowska

of vaccination coverage in the United Kingdom, Expert Rev Vaccines
2023, 22: 1: 785-800.

Centers for Disease Control and Prevention. Vaccination Coverage
among Adults in the United States, National Health Interview Survey,
2019-2020 [online]. Retrieved from: https://www.cdc.gov/vaccines/
imz-managers/coverage/adultvaxview/pubs-resources/vaccination-
coverage-adults-2019-2020.html. Access: 10.01.2023.

Zens KD, Baroutsou V, Fehr JS, Lang P. Pneumococcal Vaccination Cover-
age and Uptake Among Adults in Switzerland: A Nationwide Cross-Sec-
tional Study of Vaccination Records. Front Public Health 2022; 9: 759602.



