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Abstract: Despite improvements in the clinical management of patients with community-acquired
pneumonia (CAP) over the last decade, the incidence of the condition remains high, especially in Europe.
Globally, pneumonia continues to be associated with high morbidity, mortality, and health costs. Moreover,
its management poses many challenges. The microbial identification of pathogens remains difficult even
though new molecular tests have been developed, mainly because of the difficulties interpreting the results.
Also, the epidemiological changes due to serotype replacement after introducing the pneumococcal conjugate
vaccine represent an emerging issue. Whereas the lungs were once thought to be sterile, it is now known that
there is a respiratory microbiome with a dynamic microbiological ecosystem. However, this is a relatively
unknown field. This review article provides an overview of our current understanding of the epidemiology,

physiopathology, and microbial etiology of pneumonia.
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Introduction

Community-acquired pneumonia (CAP) remains the
main cause of death from infectious disease globally and
is associated with considerable impact on morbidity and
mortality especially in the elderly. Several studies have also
indicated that its incidence has risen over recent decades,
and that more patients now require hospitalization.
However, there is no clear explanation for this phenomenon
(1-4). Important contributors to the growing incidence
are increased life expectancy, multiple chronic diseases,
and immunosuppression. The incidence and risk of death
associated with CAP are linked to increasing age. Indeed,
older age is an important risk factor for pneumonia and is
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associated with elevated morbidity and mortality, due not
only to the physiological changes associated with aging but
also the higher rate of chronic disease (5). Although it is
true that CAP-related mortality has declined over time in
the general population (6), rates remain as high as 35% in
patients with severe CAP requiring intensive care unit (ICU)
admission (7).

Globally, Streptococcus pneumoniae (pneumococcus) is the
most frequent causative pathogen in CAP, regardless of
setting (i.e., outpatients, inpatients, and ICU admissions),
age group, and comorbidity (8,9). However, improvements
in molecular diagnostic techniques over recent years
has shown that there is an increasing prevalence of
respiratory viruses in CAP, especially in the United States
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Figure 1 Top 10 causes of death worldwide in 2015 (WHO data). Modified from WHO data: http://www.who.int/mediacentre/factsheets/

fs310/en/

(10,11). Also, the epidemiological changes that occurred
because of serotype replacement after the introduction
of pneumococcal conjugate vaccine is an emerging
challenge, with some reports of multidrug-resistant (MDR)
pneumococcal serotypes becoming problematic (12,13).

This review provides an overview of the main published
data regarding CAP in the adult population.

Global epidemiology of CAP

The Global Burden of Disease study [2015] reported that
lower respiratory infections are the third most common
cause of death globally, exceeded only by ischemic heart
disease and cerebrovascular disease (14). Similarly, statistics
of World Health Organization in 2015 indicated that
3.2 million of the 56.4 million deaths worldwide in 2015
were caused by lower respiratory infections, making them
the most deadly communicable disease and third-leading
cause of mortality. Figure I summarizes the relevant data
from the Global Burden of Disease study.

In the United States, community data reported by Jain
et al. in 2015 (10) indicated that there was an increased
incidence of pneumonia with increasing age. The authors
estimated CAP had an incidence of 24.8 episodes per 10,000
adults, with the highest incidence in those aged 65-79 years
(63 cases per 10,000 adults) and >80 years (164.3 cases per
10,000 adults). In a recently published study by Ramirez
et al. (15), it was estimated that more than 1.5 million of
adult patients are hospitalized each year in United States
with CAP, and that 10,000 of these patients will die during

© Annals of Research Hospitals. All rights reserved.

hospitalization. This study also showed that approximately
one in three adults will die within one year of being
hospitalized with pneumonia.

There is a varied picture elsewhere in the world. In
Europe, for example, the annual incidence of CAP has
been estimated at 1.07-1.2 cases per 1,000 persons per
year. This incidence increases with age to 14 cases per
1,000 person per year in patients aged >65 years. Also, the
incidence of CAP was higher in men than in women (16).
In an Asian multicenter surveillance study (17) the
annual incidence for adult community-onset pneumonia
(including CAP and healthcare-associated pneumonia)
was estimated at 16.9 cases per 1,000 persons per year,
again being higher in men than in women for all age
groups (15.6 vs. 9.3 per 1,000 persons per year). Also, in
a prospective hospital-based surveillance study by Takaki
et al. (18), the incidence rates for CAP were 3.4, 10.7,
and 42.9 per 1,000 persons per year in the 15-64 years
age group, 65-74 years age group, and >75 years age
group, respectively. However, there are only limited data
for the incidence of CAP in Latin America, making it
difficult to know the real impact of this disease. Only one
report has looked at the clinical and economic burdens
of pneumonia in Latin American adults, and indicated
that the annual incidence rates in Argentina, Chile, and
Brazil in 2010 were 120,000, 170,000, and 920,000 cases,
respectively. According to a statistical health report on
mortality in South Africa, influenza and pneumonia
together were ranked the sixth leading cause of death in
2015 (19).
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Pathophysiology: routes of microorganism
spread into lung tissue

The infectious process resulting from the invasion and
overgrowth of pathogenic microorganism in the lung
parenchyma, combined with the breaking down of local
defense mechanisms and the production of intra-alveolar
exudates, gives a basic definition of pneumonia (20). There
is a balance between pathogen-related factors (e.g., virulence
and inoculum size) and host-related factors (e.g., sex, age, and
comorbidities) in the development and severity of pneumonia.

Inbalation

Inhalation after exposure to microorganisms that survive
suspended in air droplets before transport from the initial
source to a susceptible host is an important and frequent
mode of spread. It is reported that particles smaller than
S pm can transport up to 100 microorganisms, depending
on bacterial size, and thereby reach the alveoli by evading
the respiratory host defenses. This is the most common
route of infection in community infections among healthy
young patients, and the usual route of spread of respiratory
viruses and intracellular pathogens. The influenza virus is a
good example of this route, starting with aerosol (droplet nuclei)
transmission via water- and virus-laden respiratory droplets
that are then exhaled by an infected person in a desiccated
form allowing it to remain light enough to be suspended in
the air for minutes to hours. These infectious aerosols can
then be inhaled into the respiratory tract of a susceptible
person and initiate infection. In the case of droplet spray
transmission, an infected person coughs or sneezes, expelling
respiratory droplets that contain contagious virus particles,
which directly impact on the nasal mucosa of a susceptible
person (21). Another example of bacterial transmission
occurs with Legionella, which is usually transmitted by
the inhalation of contaminated aerosols produced by
water systems (e.g., cooling towers, showers, hot water
distribution systems, and faucets).

Aspiration

Microparticles (<5 pm) and microorganisms present in the
upper airways are constantly exposed to lung tissue, and
through micro-aspiration of oropharyngeal secretions from
the trachea, can enter the lower airways. However, the
lower airways retain defense mechanisms to avoid invasion
of the alveoli in the lungs, so an innate or acquired defect
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is required to initiate pneumonia. The most important
predisposing factors for aspiration are a depressed cough
reflex, altered consciousness, an impaired mucociliary
escalator system, and immunosuppression (22).

Nasopharyngeal carriage rates of S. preumoniae in
healthy children and adults range from 20% to 50% and
from 5% to 30%, respectively (23,24). It is known that
previous respiratory viral infection provides a vector
for pneumococcus from the oropharynx to the lower
respiratory tract, because viruses induce changes in the
host respiratory tract (e.g., epithelial damage, changes in
airway function, up-regulation and exposure of receptors)
and innate immunity (25). Moreover, the eradication of
serotypes included in conjugate vaccines in healthy carriers
has created an ecological niche for new serotypes not
included in the vaccines (serotype replacement).

In approximately 35% to 75% of hospitalized patients,
their oropharynx is colonized with gram-negative
microorganisms between 3 and 5 days of hospital admission,
depending on the severity and type of previous underlying
disease. The risk factors associated with airway colonization
by these pathogens include previous antibiotic therapy,
length of hospitalization, intubation, current smoker, heavy
alcohol consumption, malnutrition, and dental plaque (22).

In a German study of bacterial colonization patterns in
mechanically ventilated patients, the initial colonization rate
at any site (e.g., nasal and pharyngeal, tracheobronchial,
gastric, and protected-specimen brush sample) was
83% among brain-injured patients admitted to ICU. S.
preumoniae, Haemophilus influenzae, and Staphylococcus aureus
were the predominant upper airway pathogens (26).

Hematogenous spread

Hematogenous spread is infrequent in pneumonia, but
when present, occurs from an adjacent infection site, such
as right-sided endocarditis or bacterial translocation from
the stomach, to the blood, and then the lungs (27).

Direct extension from adjacent infected foci

Tuberculosis can spread contiguously from the lymph nodes
to the pericardium or the lung, but this is only rarely a route
of pneumonia formation.

Microbiology of CAP

In recent years, several studies have assessed the microbial
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Table 1 Microbial etiology of community-acquired pneumonia

Setting of treatment Frequency (%)

Outpatients
Streptococcus pneumoniae 35
Atypical bacteria 36
Legionella pneumophila 6
Mycoplasma pneumoniae 17
Chlamydophila pneumoniae 6
Coxiella burnetii 7
Respiratory viruses 9
Haemophilus influenzae 5
Polymicrobial etiology 9
Pseudomonas aeruginosa 1
GNEB 1
Staphylococcus aureus 1
Hospitalized (non-ICU)
Streptococcus pneumoniae 43
Atypical bacteria 16
Legionella pneumophila 8
Mycoplasma pneumoniae 3
Chlamydophila pneumoniae 3
Coxiella burnetii 2
Respiratory viruses 12
Haemophilus influenzae 5
Polymicrobial etiology 13
Pseudomonas aeruginosa 4
GNEB 2
Staphylococcus aureus 2

Table 1 (continued)

etiology of CAP (8,10). Some indicate that the etiology
of CAP differs by the severity of pneumonia at clinical
presentation (8,28,29) (Table I), while others indicate that
there is a seasonal distribution (30) (Figure 2).

Microbiology of bacterial CAP

The pneumococcus remains the most frequent pathogen
in CAP. However, its incidence has been decreasing in
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Table 1 (continued)

Setting of treatment Frequency (%)
ICU patients
Streptococcus pneumoniae 42
Atypical bacteria 14
Legionella pneumophila 8
Mycoplasma pneumoniae 2
Chlamydophila pneumoniae 3
Coxiella burnetii 1
Respiratory viruses 4
Haemophilus influenzae 3
Polymicrobial etiology 22
Pseudomonas aeruginosa 5
GNEB 1
Staphylococcus aureus 2

Note: Pseudomonas aeruginosa (the frequency is determined
by the presence or absence of specific risk factors); information
from (9). ICU, intensive care unit.

the United Stated and Canada due to the introduction of
polysaccharide vaccines (e.g., PCV7 and PCV13) (31) and
the decreased rate of smoking (32,33). By contrast, this
decrease has not be observed in Europe (8,34-36).

An interesting study from Canada was published recently,
looking at the impact of the pneumococcal vaccine on
hospitalization due to pneumonia between 1992 and 2014
by the introduction of the pneumococcal vaccination.
The included periods were as follows: pre-vaccine; PCV7
available for private purchase; public funding for the PCV7;
replacement of the PCV7 with the PCV10; and replacement
of the PCV10 with the PCV13. This revealed that of 1,063,700
hospitalizations for pneumonia during the study period,
hospitalization for pneumonia declined by 34%, 38%, and
45% after public funding for PCV7, PCV10, and PCV13,
respectively (33). However, an important issue regarding
the pneumococcus and the introduction of pneumococcal
conjugate vaccines is the phenomenon of pneumococcal
serotype replacement. This occurs when the overall carriage
of vaccine-covered serotypes decreases, and previously rare
serotypes become more prevalent in the nasopharynx.

The phenomenon of pneumococcal serotype replacement
has also changed the epidemiology of pneumococcal disease
worldwide, with increasing resistance to several antibiotics
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Figure 2 Seasonal distribution of microbial etiology in CAP. Modified with permission from Cilloniz ez 4/. (30). CAP, community-acquired

pneumonia.

(e.g., cephalosporins, macrolides and fluoroquinolones)
observed globally over the last two decades (37,38). Mortality
rates related to antibiotic-resistant S. preumoniae in CAP have
not increased since the introduction of the pneumococcal
conjugate vaccine, which covers the serotypes most likely
to express resistance (39). Also, the clinical relevance of
macrolide resistance is unclear for the pneumococcus. In
a prospective observational study, Cilléniz et 4l. compared
clinical outcomes in hospitalized CAP patients with and
without macrolide-resistant pneumococcus and reported no
evidence of worse presentations or worse clinical outcomes
among patients hospitalized with macrolide-resistant
S. pneumoniae CAP if they were treated with guideline-
compliant versus noncompliant regimens. The risk factors
associated with antibiotic resistance in S. pneumoniae are
summarized in Table 2.

Macrolide resistance in S. pneumoniae ranges from
20% to 40%. Two mechanisms of macrolide resistance
have been reported for pneumococcal pneumonia. In
North America, the most frequent mechanism involves
the efflux of the drug from the bacteria, conferring a low
level of macrolide resistance. In Europe, the most frequent
mechanism involves alterations at the level of the ribosomal
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target of antimicrobial action, which confers a high level of
macrolide resistance. This is an all-or-nothing resistance
mechanism: if patients are treated with macrolides, they will
present with treatment failure.

The reported rate of fluoroquinolone resistance is higher
in Europe (5.2%) than in the United States (1.2%) and Asia
(2.4%) (40-43). Target site mutations—in topoisomerase
genes (e.g., topoisomerase IV subunit parC), which are
the principal targets for ciprofloxacin and levofloxacin,
and in DNA gyrase (e.g., gyrA2 and gyrB2), which are the
principal target for moxifloxacin—are the main mechanism
of fluoroquinolone resistance to the pneumococcus.
Fluoroquinolone resistance is rare in pediatric populations,
but is higher in adults, especially in those older than
64 years and in those with chronic obstructive pulmonary
disease (44). The risk factors for fluoroquinolone
resistance in adults with pneumococcal pneumonia have
been addressed by Kang et /. (45). In their research, it
was shown that previous therapy with fluoroquinolones,
cerebrovascular disease, and healthcare-associated
infection were significantly associated with levofloxacin-
nonsusceptible pneumococcal pneumonia (all P<0.05).

In the last decade, MDR pneumococcus, with resistance
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Table 2 Risk factors associated with antibiotic resistance in S.

pneumoniae
f;::;?:ial Risk factors
Penicillin Use of B-lactam (prior 3-6 months)
resistance Prior hospitalization (3 months)
Aspiration
Previous episodes of pneumonia in the last year
Non-invasive disease
Age <5 or >65 years
Attendance in day care
COPD
Macrolide Recent macrolide use (prior 1-3 months)
resistance

Age <5 or >65 years

Attendance in day care centers

Recent hospitalization
Fluoroquinolone Prior exposition to fluoroquinolones
resistance Nursing home

Nosocomial infection

Penicillin resistance

COPD

COPD, chronic obstructive pulmonary disease.

to at least three different classes of antibiotics, has rapidly
emerged worldwide for some non-vaccine serotypes. Among
the MDR serotypes, serotype 19A accounts for a high
proportion, though a sustained decline in the incidence
of serotype 19A was observed in all age groups after the
introduction of PCV13 vaccine in several countries (46-48).
However, new non-vaccine MDR serotypes have emerged,
including serotypes 6B, 6C, 14, 15B/C, 19F, and 23A (49,50).

In CAP among outpatients and hospitalized patients,
intracellular pathogens (e.g., Mycoplasma pneumoniae,
Legionelln pneumoniae, Chlmmydophila pneumonia, Chlantydophila
psittaci, and Coxiella burnetii) and pneumococcus are
common causes (8,51,52). A large observational study of
the microbial etiology of CAP in outpatients revealed that
intracellular pathogens were the second most frequent cause
of pneumonia (33% of patients with defined etiology) (28).
In some cases, intracellular pathogens may cause more severe
disease, presenting with respiratory failure and multisystem
dysfunction, leading to fatal outcomes. In approximately 1%
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to 7% of cases, these microorganisms may cause severe CAP
(51,53-55).

MDR pathogens are potentially a globally concern.
Approximately 6% of CAP cases caused by MDR
pathogens, S. aureus and P. aeruginosa being the frequently
isolated (13,56). In two independent European cohorts
hospitalized with CAP, it was shown that MDR pathogens
were causative in 3.3% (a Spanish cohort) and 7.6% (an
Italian cohort), with methicillin-resistant S. aureus (MRSA)
being most common (13). CAP caused by MRSA has
also been shown to be more frequent in areas with a high
prevalence of community acquired MRSA infections (57).

In a prospective observational study of 2,023 adults in
2016 (58), Cilléniz et al. reported that CAP was due to P.
aeruginosa in 77 of 2,023 cases (4%). MDR and non-MDR P.
aeruginosa were presented in 32% and 68%, respectively. Risk
factors for P. aeruginosa pneumonia in that study were male sex,
chronic respiratory disease, C-reactive protein <12.35 mg/dL,
and PSI risk class IV-V. By contrast, the only risk factor for
MBDR P. aeruginosa pneumonia was previous antibiotic therapy.
The authors concluded that CAP due to P. zeruginosa was an
independent risk factor for 30-day mortality.

There are several scoring systems for predicting MDR
pathogens in CAP (Figure 3). In 2012, Aliberti et al. (59)
proposed a score that included: chronic renal failure
(5 points), prior hospitalization (4 points), nursing home
residence (3 points), and other variables worth 0.5 points
each (i.e., cerebrovascular disease, diabetes, chronic
obstructive pulmonary disease, immunosuppression, home
wound care, prior antimicrobial therapy, and home infusion
therapy). The prevalence of resistant pathogens was 38%
in patients with a score >3 points, compared with 8% in
patients with a score of <0.5.

In 2015, Prina ez al. (56) proposed a PES score based on
the three most frequent MDR pathogens in CAP (e.g., P.
aeruginosa, Enterobacteriaceae extended spectrum b-lactamase-
positive, and methicillin-resistant S. aureus). This score was
scored as follows: 1 point each for age 40—65 years and male
sex; 2 points each for age >65 years, previous antibiotic use,
chronic respiratory disorder, and impaired consciousness;
3 points for chronic renal failure; and minus 1 point if fever
is present initially. Patients with 5 points or higher on the
PES score were considered to be at increased risk of MDR
pathogens.

Respiratory viruses and CAP

Respiratory viruses account for 7-36% of cases of CAP
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PES score

Variable Points
Age <40 years 0

40 -65years 1

> 65years 2
Male 1
Previous antibotic use 2
Chronicrespiratory disease 2
Chronicrenal disease B}
Consciousnessimpairment 2
Fever =il

PES: Pseudomonas aeruginosa, Enterobacteriaceae Extended Spectrum Beta
Lactamase (ESBL+), methicillin-resistant Staphylococcus aureus (MRSA)

Low risk, score<1
Medium risk, score 2 -4
High risk, score>5
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Aliberti Score
No risk factors for MDR pathogen 0

(including comorbidities)

21 of the following: cerebrovascular disease, diabetes, 0.5
COPD, antimicrobial therapy in preceding 90 days,
immunosuppression, home wound care, home

infusion therapy (including antibiotics)

Residence ina nursinghome or extended-care facility 3
Hospitalization for 22 days in the preceding 90 days 4
Chronic renal failure 5

Low risk, score: 0.5
High risk, score:3—12.5

Figure 3 Scoring system for predicting multidrug pathogens in CAP. CAP, community-acquired pneumonia.

when the microbial etiology is defined (10,60,61). However,
this incidence varies with seasonality, geographic location,
and age. In a recent study by Jain er /. (10) on CAP in
hospitalized adult patients from United States, the three
principal pathogens related to CAP were rhinovirus (9%),
influenza virus (6%), and S. pneumoniae (5%).

In recent studies, respiratory viruses have been reported
with higher frequencies in cases with severe pneumonia (62)
or complications like acute respiratory distress syndrome
(63-66). It is known that seasonal bouts of the influenza
virus and respiratory syncytial virus cause pneumonia in very
young and very old patients (67,68), but it is now apparent
that pandemic viruses mostly affect children and younger
adults (10,69,70). Also, newer emerging respiratory viruses
have been documented in the last decade, including human
metapneumovirus (HMPV) in 2001 (71) and coronavirus
in 2002 (72), with the latter responsible for severe
acute respiratory syndrome. Other examples of recently
discovered viruses include human bocavirus discovered in
2005 (73) and Middle East respiratory syndrome described
in 2012 (74).

A recent systematic review and meta-analysis covered the
respiratory viral pathogens among European adults with
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CAP between 2001 and 2015 (75). The study reported that
viruses were mainly detected in at least 22% of patients
hospitalized with radiologically confirmed CAP. However,
this increased after 2010 when molecular diagnostic testing
was incorporated and the proportion of respiratory viruses
detected reached 25%. Influenza viruses, rhinoviruses,
and coronaviruses were the most frequently identified
respiratory viruses, accounting for over half of all cases.

Microbiome and CAP

Concepts about the sterility of lung tissue have changed
since the introduction of new culture-independent methods
has demonstrated that the lungs contain diverse microbial
communities (76). These communities exist without causing
infection, but there is a shift in their composition during
disease (77). Several factors affect the composition of these
communities, including immigration and elimination
of microorganisms. When the microbiome becomes
unbalanced in this way, dysbiosis is said to have occurred.
An interesting example is how the microbiome is affected
by antibiotics. In the study by Abeles et a/. on the effects of
short-term courses of amoxicillin and azithromycin on the

arh.amegroups.com Ann Res Hosp 2018;2:1



Page 8 of 11

human microbiota (78), the authors proposed “if antibiotics
are often absorbed across the gastrointestinal tract and
distributed to the tissues via the bloodstream, they would
affect the microflora of each body surface tested (gut, skin
and, mouth).” As few as 3 days’ antibiotic treatment caused
sustained reductions in microbiota diversity, which may
have implications for the maintenance of human health and
resilience to disease.

A study of the microbiome in 45 sputum samples in
patients with CAP reported similarities with healthy
controls at the phylum level, with stability for Streprococcus
spp. and Neisseria spp. at the genus level; however, Moraxella
spp. and Rothia spp. had changed. The authors concluded
that Rorhia spp. may be an endogenous pneumonia-causing
pathogen (79). Similarly, in a study of elderly patients
with pneumonia, three microbiota profiles (lactobacilli, S.
pneumoniae, and Rothia spp.) were strongly associated with
pneumonia, suggesting that pneumonia in elderly patients is
associated with dysbiosis of the upper respiratory tract.

Conclusions

CAP remains a significant cause of morbidity, mortality,
and health costs globally, despite improvements in its
management over the last decade. There has been a
significant increase in the incidence of CAP in Europe over
the past decade, probably because of the increasing age of
the population and the greater number of comorbidities.
It is hoped that advances in molecular diagnostic tests
will help us detect the causative pathogens in pneumonia,
especially antibiotic-resistant pathogens. Preventive
strategies for CAP, including the surveillance of trends in
microbial etiology, may help improve vaccination policies in
this specific population.
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