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           Introduction to Community- 
Acquired Pneumonia 

 Community-acquired pneumonia (CAP) is a 
leading cause of morbidity and mortality in the 
world, with an annual incidence ranking from 
1.6 to 10.6 per 1.000 people in Europe. The inci-
dence is age related, peaking over 65 years. Up to 
75 % of CAP patients with pulmonary diseases 
need hospitalization, and up to a 10 % of these 
are admitted to an intensive care unit (ICU) due 
to complications like sepsis, septic shock, and 
acute respiratory distress syndrome (ARDS) 
 [ 1 – 3 ]. Up to 8 % of CAP patients die within 90 
days of disease onset; 21 % die within a year [ 4 ] 
making CAP the most frequent cause of death 
from infection in Europe and the third most com-
mon cause of death in general [ 5 ]. Mortality is 
highest in ICU patients. 

 CAP is usually associated with fever, 
 productive cough, hemoptysis (couch containing 
blood), dyspnea (shortness of breath), and pleu-
ritic and chest pain with a consolidation on the 
chest X-ray. Many factors infl uence the clinical 
presentation of pneumonia including pathogen 
virulence and age as well as some risk factors like 
chronic obstructive pulmonary disease (COPD; 
see chapter “  COPD    ”), diabetes (see chapter 
“  Diabetes mellitus    ”), alcoholism, smoking, mal-
nutrition, immunodefi ciency, and cardiovascular 
and renal comorbidities [ 6 ,  7 ]. 

 CAP can be caused by (i) typical patho-
gens (such as  Streptococcus pneumoniae , 
 Haemophilus infl uenzae ), (ii) atypical pathogens 
(such as  Legionella pneumophila ,  Mycoplasma 
pneumoniae , and  Chlamydia pneumoniae ), and 
(iii) viruses (such as adenovirus, respiratory 
syncytial virus, and human parainfl uenza virus). 
A mixed etiology accounts for 10–20 % of causes 
(typical plus atypical) [ 8 ,  9 ]. 

 Valid sputum can be collected from about 40 % 
of patients and the Gram stain allows diagnosis 
in 80 % of patients [ 10 ]. The Infectious Diseases 
Society of America guidelines recommend that 
the sputum specimen must be obtained before 
the initiation of antibiotic therapy in inpatients. 
Additionally, blood culture testing is recom-
mended in all patients with severe CAP, show-
ing cavitary infi ltrates, leukopenia (decreased 
numbers of leukocytes), alcohol abuse, chronic 
severe liver disease, or asplenia (disturbed spleen 
function). Bronchoalveolar lavage to obtain fl uid 
from a small part of the lung via bronchoscopy is 
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suitable for patients with life-threatening CAP or 
worsening pneumonia despite antimicrobial ther-
apy. Urinary antigen determination may detect 
 Legionella pneumophila  and  S. pneumoniae . 
Serum biomarkers like C-reactive protein (CRP) 
and procalcitonin (PCT) may be used as indica-
tors of bacterial infection [ 11 – 13 ].  

    Pathophysiology of Community- 
Acquired Pneumonia 

 The pathophysiology of CAP involves both 
host defense and microbial virulence factors. 
Constant exposure to contaminated air and 
frequent aspiration of nasopharyngeal fl ora 
make lung parenchyma susceptible to virulent 
microorganisms, commonly reaching the lower 
respiratory tract as inhaled and contaminated 
microdroplets. Mucociliary clearance and cough 
refl ex are important initial defenses against 
infection and can be inhibited by neurologic dis-
eases and conditions that impair the mucociliary 
mechanism [ 6 ,  8 ]. 

 Most CAPs are bacterial in origin and often 
follow brief viral upper respiratory tract  infection. 
There are two main mechanisms to acquire 
pneumonia. Firstly, inhalation causes pneumo-
nia due to microorganisms that can remain sus-
pended in air and evade local host defenses. In 
addition, aerosolization is the route of infection 
by intracellular bacteria such as  Mycoplasma 
pneumoniae ,  Chlamydophila  spp.,  Coxiella 
burnetii , and  Legionella pneumophila  [ 6 ,  8 ,  9 ]. 
Secondly, aspiration of oropharyngeal fl ora can 
cause CAP. The ability of virulent bacteria such 
as  Streptococcus pneumoniae ,  Staphylococcus 
aureus ,  Pseudomonas aeruginosa , and  Klebsiella 
pneumoniae  to colonize the oropharynx is deter-
mined by the interaction of specifi c microbial 
adhesins with cellular receptors. For example, 
components of the extracellular matrix (ECM) 
such as fi bronectin in oral mucus promote the 
adherence of  viridans streptococci . In contrast, 
salivary fi bronectin prevents colonization by 
Gram-negative bacilli, and decreased levels of 
fi bronectin due to alcoholism, diabetes, mal-
nutrition, and other severe comorbidities might 

 contribute to an increased CAP risk. The presence 
of local immunoglobulins, particularly immuno-
globulin A (IgA), complement, and normal fl ora 
also prevents colonization of the oropharynx by 
virulent organisms [ 6 ,  8 ,  9 ]. 

 Patients with pneumonia frequently show 
moderate to severe arterial hypoxemia (an abnor-
mally low O 2  level in arterial blood), probably 
due to pulmonary shunts (i.e., when ventilation 
fails to supply O 2  to alveoli that receive normal 
blood perfusion, which happens, e.g., when alve-
oli are fi lled with fl uid), increased whole-body O 2  
uptake, ventilation-perfusion (V A /Q) mismatch-
ing, and/or limited alveolar O 2  diffusion into the 
blood [ 14 ]. 

 Previous studies in animal models of pneu-
monia [ 15 ] and in humans [ 16 ] have demon-
strated that the most common pattern of V A /Q 
mismatching is a combination of both intra-
pulmonary shunt and mild to moderate areas 
of low ventilation- perfusion (V A /Q) ratios. 
Pulmonary hypoxia (i.e., low O 2  levels in the 
lung) causes vasoconstriction to avoid perfu-
sion of non- ventilated alveoli and redistribution 
of the blood fl ow to better-ventilated lung areas. 
This response is often blunted in CAP patients 
(causing intrapulmonary increased shunts and 
decreased V A /Q ratios) due to local release of 
vasodilatory prostacyclins. 

 Prolonged systemic infl ammation and bacte-
rial translocation to the blood cause sepsis (see 
chapter “  Sepsis    ”), a common consequence of 
CAP. Impaired tissue oxygenation, as commonly 
occurs in CAP, is a major mechanism of organ 
failure in sepsis [ 17 ,  18 ]. 

 The host response to sepsis is characterized by 
both pro- and anti-infl ammatory responses (see 
also chapter “  Overview    ” under the part “Immune 
system”). The extent and duration of these 
reactions are determined by host factors (age, 
comorbidities, medications, and genetic charac-
teristics) and pathogen factors (microbial load 
and virulence) [ 17 ,  19 ]. Proinfl ammatory reac-
tions directed at eliminating invading pathogens 
are thought to be responsible for collateral tissue 
damage. In contrast, anti-infl ammatory responses 
are important to limit tissue injury, yet enhance 
susceptibility to secondary infections.  
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    Treatment of Community- Acquired 
Pneumonia 

 CAP treatment is still largely empirical because 
of the diffi culties to detect the infective 
pathogen(s) from lung samples and should fol-
low an approach according to the individual risk 
of mortality [ 6 ,  9 ]. Although the most common 
bacterium identifi ed in CAP patients is  S. pneu-
monia e, other microorganisms (see above) are 
frequently involved, dependent on the place of 
care (see Table  1 ).

   Eradication of the causative microorganism is 
the most common and effective treatment option, 
and thus, antibiotic treatment should be initiated 
as soon as possible after diagnosis. In patients 
with CAP and septic shock, delay must not be 
more than 1 h after diagnosis [ 6 ,  11 ,  20 ]. The 
severity of the disease implies a decision about 
the most appropriate treatment setting (ambula-
tory, hospital ward, or ICU) and antibiotic used 
according to European guidelines [ 20 ]. 

 In a responding patient, the duration of treat-
ment should generally not exceed 8 days, because 
longer treatment days may increase bacterial 
resistance. The serial use of serum biomarkers, 
particularly PCT, may guide even shorter treat-
ment duration, because PCT levels correspond to 
response to treatment. 

 Multidrug resistance (MDR) represents 
an emerging problem in CAP because of the 
increasing number of residents living in health-
care facilities [ 21 ]. The empirical treatment of 
health-care- acquired pneumonia (HCAP) is still 
controversial. The current trend is to use risk 
factors to suggest MDR or “different to treat 
pathogens” as  P. aeruginosa ,  S. aureus  MR, or 
 Enterobacteriaceae  [ 22 ,  23 ]. 

 Recently, it has been proposed that the use 
of aerosolized vasodilators may benefi t patients. 
Inhaled nitric oxide (NO) has been shown to 
improve pulmonary gas exchange in patients with 
acute respiratory distress syndrome (ARDS) due 
to vasodilatation in ventilated lung areas where 
exogenous NO has easy access. As a result, blood 
fl ow is redistributed from non- ventilated to ven-
tilated alveolar units, thereby reducing intrapul-
monary shunts. Inhaled low doses of NO thus 

improve arterial oxygenation allowing to gain 
time for the effect of antibiotics [ 24 ].  

    Infl uence of Treatment on 
Metabolism and Consequences 
for Patients 

 Although the infl ammatory response in CAP is 
compartmentalized to the lung, most cytokines 
can be detected in the systemic circulation, such 
as interleukin (IL)-6, interleukin-8, and inter-
leukin- 10 and tumor necrosis factor-α (TNF-α). 
However, they decline in the fi rst 48 h of treat-
ment (except TNF-α) [ 25 ], correlating with the 
time to clinical defervescence (i.e., departure of 
fever). 

 High levels on admission of IL-6 as well as 
levels of IL-6 and IL-8 in the fi rst 48 h were sig-
nifi cantly higher in patients requiring ICU admis-
sion and those who died [ 26 ]. CAP patients with 
pneumococcal infection receiving combination 
therapy, a β-lactam antibiotic plus a fl uoroquino-
lone antibiotic (e.g., a cephalosporin plus levo-
fl oxacin; see Table  2 ), show a faster decrease 
in IL-6 [ 25 ,  26 ], recommending this treatment 
option.

   Table 1    Frequency of common microorganisms causing 
community-acquired pneumonia in different treatment 
settings   

 Microorganism  Outpatient 
% 

 Hospital 
% 

 ICU 
% 

  Streptococcus pneumoniae   35  43  42 
 Atypical bacteria  36  16  14 
   Mycoplasma pneumoniae   17  3  2 
   Coxiella burnetii   7  2  1 
   Legionella pneumophila   6  8  8 
    Chlamydophila 

pneumoniae  
 6  3  3 

 Respiratory virus  9  12  10 
  Haemophilus infl uenzae   5  5  3 
 Enteric Gram-negative 
bacilli 

 1  2  1 

  Staphylococcus aureus   1  2  2 
  Pseudomonas aeruginosa   1  4  5 
 Polymicrobial  9  13  22 
 Others  4  3  6 

   ICU  intensive care unit  

Community-Acquired Pneumonia



230

   Mortality in hospitalized pneumonia patients 
is often associated with cardiac complications 
such as cardiac insuffi ciency, arrhythmias, and 
myocardial infarction [ 27 ]. The reasons for this 
are still unclear, but could be explained by the 
persistent residual infl ammation found in these 
patients. 

 Additional therapies used in patients with CAP 
include adjunctive corticosteroids, low molecular 
weight heparin (LMWH), the use of noninvasive 
ventilation (NIV), and statin drugs [ 20 ]. 

 Corticosteroids are powerful inhibitors of 
infl ammation, reducing the levels of TNF-α, 
IL-1β, IL-8, and IL-6 and thus recruitment 
of infl ammatory cells into the alveolar space. 
Additionally, they can ameliorate the insuffi cient 
adrenal response in patients with severe CAP and 
septic shock [ 4 ,  6 ,  20 ]. 

 LMWH should be given to patients with acute 
respiratory failure in order to inhibit coagulation 
(see chapter “  Overview     ” under the part “Blood”), 
a major pathophysiological event in severe CAP. 
LMWH are used as prophylactic means to pre-
vent pulmonary thromboembolism [ 20 ]. 

 The use of NIV (meaning ventilatory support 
through the patient’s upper airway using a mask 
or similar device) is not yet the standard care, but 

often used in patients with COPD to treat acute 
hypercapnic respiratory failure (meaning the fail-
ure to eliminate CO 2  properly) [ 6 ,  20 ]. 

 Statins have pleiotropic effects (see chapter   43    ) 
showing immunomodulatory, anti- infl ammatory, 
antithrombotic, and direct antimicrobial action. 
Interestingly, patients receiving statins at the time 
of CAP onset were less likely to develop sepsis 
and associated mortality. The benefi cial effect of 
statins in CAP patients might also be attributed 
to their prevention of acute coronary syndrome 
and myocardial infarction, which are common in 
CAP, yet further research on their mode of action 
is needed.  

    Perspectives 

 Although mortality of hospitalized CAP has 
decreased in recent years, further improvement is 
required, especially in the area of clinical prac-
tice and pathophysiological research. To reduce 
hospital mortality, a system to quickly detect 
CAP, evaluate its severity, and identify infec-
tious microbes is required for quick intervention 
and administration of adequate antibiotics. This 
is of particular importance in MDR  pathogens 

   Table 2    Treatment options for community-acquired pneumonia   

 Place of care  Empirical antibiotic 
 Ambulatory  Amoxicillin or amoxicillin-clavulanate ± macrolide 

 Levofl oxacin or moxifl oxacin 
 Hospital ward  Aminopenicillin ± macrolide 

 Aminopenicillin/β-lactamase inhibitor ± macrolide 
 Non-antipseudomonal cephalosporin 
 Cefotaxime or ceftriaxone ± macrolide 
 Levofl oxacin 
 Moxifl oxacin 
 Penicillin G ± macrolide 

 ICU/intermediate care   No risk factors for P. aeruginosa  
 Non-antipseudomonal cephalosporin III + macrolide 
 Moxifl oxacin ± non-antipseudomonal cephalosporin III 
 Levofl oxacin ± non-antipseudomonal cephalosporin III 
  Risk factors for P. aeruginosa  
 Antipseudomonal cephalosporin PLUS ciprofl oxacin 
 Acylureidopenicillin/β-lactamase inhibitor PLUS Macrolide + Aminoglycoside 
(Gentamicin, Tobramycin, or Amikacin) 
 Carbapenem PLUS Macrolide + Aminoglycoside (Gentamicin, Tobramycin, 
or Amikacin) 

   ICU  intensive care unit  
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that already represent 6–10 % of cases of CAP. 
Measurement of biomarkers, such as PCT and 
pro-adrenomedullin, will be crucial to determine 
severity and prognosis as well as to monitor 
treatment. 

 Research into the relationship between infl am-
mation and cardiac complications in CAP will 
allow to set up appropriate therapeutic strategies 
to decrease mortality and complications of CAP. 
Finally, better and careful follow-up of CAP 
patients after discharge will reduce long-term 
mortality.     
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