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OBJECTIVES 

 

Community-acquired pneumonia (CAP) is a major cause of morbidity and mortality and high costs 

worldwide. CAP is one of the most common causes of admission in most healthcare systems and is 

associated with adverse short- and long-term outcome. The entire range of physicians, from 

generalists to intensive care physicians, will face CAP in one form or another. During recent decades 

new evidence has been published in this field, including in severe community-acquired pneumonia 

(SCAP), usually defined as CAP admitted to an intensive care unit. However, despite all the extensive 

data available, several questions remain unanswered and some controversies remain unsolved.  

The goal of this thesis is to clarify some of them and to contribute to improve the management of 

SCAP patients. Once identified some relevant issues, from severity assessment to the outcome of this 

group of patients, we developed research to evaluate the usefulness of different severity assessment 

tools (general severity of illness and CAP specific scores) to guide site of care decisions in patients 

with pandemic influenza A pneumonia and the role of different biomarkers (absolute values or their 

kinetics) as markers of pneumococcal bacteremia and treatment response in SCAP. We also looked 

for the impact of comorbidities on SCAP patients and tried to identify epidemiological, clinical and 

laboratorial differences between viral (Influenza A) and bacterial (Streptococcus pneumoniae) 

pneumonia.  We further aimed to assess the impact of different strategies (timing, mono vs. 

combination therapy, macrolide use, appropriateness and duration) of antibiotic therapy on the short 

and long-term outcome of critically ill patients with CAP. Finally, we intended to provide a point score 

that, after 48 h of treatment, could early predict treatment failure at fifth day of Intensive Care Unit 

stay in SCAP patients. 
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Community-acquired pneumonia (CAP) is defined as an acute illness with cough and at least one of 

new focal chest signs, fever > 4 days or dyspnoea/tachypnoea, without other obvious cause 

supported by chest radiograph findings of lung shadowing that is likely to be new (1). However, this 

condition is characterized by a wide range of possible presentations. Indeed, in subgroup of patients 

(eg, elderly people), clinical presentation can have less evident symptoms (eg, an altered state of 

consciousness or gastrointestinal discomfort) and fever can be absent leading to a delayed diagnosis. 

CAP has been described as a humankind plague for millennia. It was identified in ancient times with 

first cases being recognised in the Mummies of Egyptians who lived between 1250 and 1000 BC (2).  

In Europe, the Ancient Greeks described it for the first time and it was known as "peripneumonia". 

Hippocrates described pneumonia as a disease which “the ancients” named, and stated that “when 

pneumonia is at its height, the case is beyond remedy if he is not purged” (3). Pneumonia continues 

to appear in documents at various times through European history with, for example, a clear 

description of the condition appearing in the writings of Thomas Willis in the seventeenth century in 

England (4).  

In 1830, the French doctor René Laennec (5) described, for the first time the pathological changes of 

pneumonia.  

Many of the initial discoveries linking microbial pathogens to pneumonia occurred in Europe. Bacteria 

were found in the bronchial contents of patients dying of pneumonia in 1875, but its significance was 

not underlined by the authors (6). Six years later, Pasteur (7) recovered for the first time what is now 

known to be Streptococcus pneumoniae, from rabbits injected with the saliva from a child who had 

died from rabies: ". . . le sang des animaux est envahi par un organisme microscopique dont les 

proprie´te´s sont fort curieuses." (the animal’s blood is invaded by a microorganism whose properties 

are very strange).  
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The casual relationship between bacteria and pneumonia was firstly suggested by Friedlander (8,9) 

in 1882/1883. This was followed in 1886 by the first comprehensive microbiological study of patients 

with pneumonia performed by Weichselbaum (10). This study reported 129 cases of pneumonia in 

which Streptococcus pneumoniae was found in 94, Klebsiella pneumoniae in nine and Staphylococcus 

aureus in five.  

Its bleak prognosis led Osler, the father of modern medicine, to call, in 1892, pneumonia the “Captain 

of the men of death” (11). 

In the last century, most discoveries in the field of pneumonia aetiology related to atypical pathogens 

and viruses. In the USA, the term atypical pneumonia was coined by Reimann (12) in 1933, and the 

"Eaton Agent", subsequently to be called Mycoplasma pneumoniae, was identified as the cause (13). 

Although psittacosis was first described in Switzerland in 1880 (14), the causative organism was not 

described until 1930, simultaneously in England, Germany and the USA. In 1933, English investigators 

discovered the influenza virus (15) and most recently legionella (1977) (16) and Chlamydia 

pneumoniae (1986) (17) were discovered in the USA.  

In the last decades, we faced the emergence of antibiotic resistant pathogens. In 1967, penicillin-

resistant pneumococci in clinical specimens were firstly described (18). Since then, antibiotic 

resistance in pneumococci has become a worldwide issue.  After that, we have seen an increase in 

the incidence of multiresistant microorganisms in CAP which, present a real challenge in the 

treatment of these patients and is associated with greater morbidity and mortality. 

Although its outcome has improved with the advent of antibiotics, CAP continues to be one of the 

world’s leading causes of hospitalisation, morbidity and mortality (19,20). Its incidence is estimated 

to be between 1.5 and 14.0 per 1000 person-years (21-23). Most of the patients (40-80%) present 

mild pneumonia, have a low risk of death and can be safely treated as outpatients (24).  Around 20-

60% require hospitalization for reasons of severity, decompensated comorbidity or because of social 
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reasons (25,26). The annual rate of adult hospital admissions with CAP is increasing. Data from the 

USA and Canada showed that before 2000, the global annual rate of hospital admission for CAP was 

between 1.1 and 4 cases per 1000 inhabitants (27,28), being 13.2 among those aged over 55 years 

(29). After that date, recent studies demonstrated a steady increase in the number of hospital 

admissions for pneumonia not only in the USA (24.8 cases per 10000 adults (30) but also in some 

European countries (31-34), such as the United Kingdom where a 34% increase in the average rate of 

CAP admissions was registered between 1997-1998 and 2004-2005 (32). This trend has also been 

observed in Portugal, where the annual rate of hospital admissions for CAP increased 27.3% between 

2000-2004 and 2005-2009 (35). 

Between 2 to 24% of hospitalized CAP patients will require Intensive Care Unit (ICU) admission (30, 

36-39). According to data from large recent multicentre studies, most of severe community-acquired 

pneumonia (SCAP) patients are male in the 6th or 7th decades of life (36, 40-48). At least one co-

morbid condition is present in over two thirds of the patients (62%), namely chronic obstructive 

pulmonary disease (24-41%), cardiomyopathy (14-30%) and diabetes mellitus (14-23%) (42-45). 

In Portugal, between 2000 and 2009, 3.7% of all adult hospital admissions were for CAP (35). The 

average annual rate of hospital admissions was 3.61 per 1000 total population, rising to 13.4 for those 

aged ≥ 65 years. Most of the CAP patients were male (56%) with a mean age of 73.1 years.  

On admission, organ failure is present in 64% of the patients (49), mainly respiratory, cardiovascular 

and renal organ failures. In fact, 23-83% require mechanical ventilation at admission (36, 40-46, 50-

54) with a median duration of 7 days, up to 50% present with concomitant septic shock (40, 41, 43-

46, 50, 51) and renal replacement therapy is started during the first week in 10% of them (43, 44). 

Median length of ICU and hospital stay are 11 (IQR 6-23) and 22 (IQR 13-40) days (43).  
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Mortality in CAP patients ranges between 17 to 56% in large multicentre cohort studies (40, 43, 44, 

46, 49, 51, 55-57). It is also well recognised that CAP patients have an increased death rate (around 

10%) in the months following hospital discharge (43, 47, 58, 59). However, despite advances in 

antimicrobial therapy and critical care, there are some conflicting data on whether mortality is 

increasing or decreasing over time (45, 47, 60, 61). 

In a cohort of 800 patients, an increase of SCAP mortality from 2001 to 2013 was observed (15.7% in 

the period between 2001-2004 to 24.3% in 2009-2013) without a significant reduction of the length 

of stay and time to clinical stability (47). A different trend was reported by Simonetti et al. (62) that 

observed a 0.2% per year reduction of CAP mortality in hospitalized patients between 1995 and 2014 

and an overall ICU mortality of 24.8%. Valles et al.  also found a decline in ICU mortality from 37.9% 

to 19.9% in the 1999-2013 period (50). In a single centre study, a significant reduction in mortality 

rate in SCAP was documented (43.6% in the period of 1995-2000 to 30.9% in the period 2005-2010) 

which was associated with an improvement in quality of care (45). Gattarello et al. (60, 63) evaluated 

changes in both pneumococcal and non-pneumococcal SCAP epidemiology in two different periods 

(2000-2002 and 2008-2013) and observed a significant reduction in mortality, including patients with 

the most severe forms of presentation. ICU mortality in SCAP due to unidentified organisms has also 

decreased in the last 15 years from 26.9% (2000-2002) to 15.7% (2008-2015) (61). 

CAP patients needing ICU admission present an ICU mortality ranging from 19% to 35% (36, 43, 44, 

48, 49).  Hospital mortality in this cohort ranges between 17% and 49% (36, 41, 43, 45, 49). Regarding 

28-day mortality rate, it is around 17% increasing to 24.4% and 28.8% in those requiring invasive 

mechanical ventilation and presenting with septic shock respectively (43). 

Prediction of the outcome within 48-72h of admission is required to put into operation an optimal 

management for antibiotic and adjuvant therapy administration. Several studies have attempted to 

determine independent risk factors for both short and long-term mortality from CAP. The outcome 
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of SCAP managed in the ICU depends on multiple factors including patient characteristics, the 

pathogen involved, the impact of sepsis-related organ failures on admission and the management 

strategy. 

Old age (namely older than 65 years old) and need of mechanical ventilation have consistently been 

associated with 30-day and hospital mortality in CAP (43, 44, 46, 49, 62, 64).  

According to several studies, septic shock is also associated with an increase odds ratio for death in 

SCAP patients (40, 45, 46, 48, 51, 62, 65-67). Although not consistently, acute renal failure has also 

been independently associated with a worse outcome (48). 

Antibiotic therapy strategy also plays an important role in the outcome of SCAP patient since 

inappropriate/inadequate therapy is a major risk of death (49, 50, 64, 68). In addition to 

appropriateness, combination antibiotic therapy seems to be a determining factor in the outcome of 

SCAP patients. A recent meta-analysis (69) reported an odds ratio for all-cause death by beta-lactam 

plus macrolide compared with beta-lactam alone of 0.75 (95% CI 0.65-0.86). Recently, other authors 

have also observed this benefit of combination therapy in this group of patients (50, 60, 63), including 

Legionella SCAP (70). There is also some data showing that compliance with American Thoracic 

Society/Infectious Diseases Society of America (ATS/IDSA) CAP guidelines is independently associated 

with a good outcome (38, 44, 61, 71-73). Nevertheless, results are not consistent. Indeed, namely in 

pneumococcal pneumonia, this result was not replicated by other authors (40, 62, 74-77). 

Several other risk factors for mortality have been described. Co-morbidities also influence outcome. 

According to Simonetti et al. the presence of some comorbidity increases 30-day mortality in 

hospitalized patients (OR 1.48; 95% CI 1.04-211) (62). Immunosupression (44, 46, 50), hematologic 

malignancy (41), neurologic disease (78) and chronic liver disease (49, 64) are examples of 

comorbidities that influence outcome in SCAP. 
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There is also some correlation between severity scores, such as Acute Physiology And Chronic Health 

Evaluation (APACHE) II, and ICU (OR 1.12; 95% CI: 1.08-1.16) (44) and hospital mortality (OR 1.15; 

95% CI 1.03-1.28) (79). In addition, APACHE II is also related to both 28-day (OR 1.06; 95% CI 1.03-

1.09) and 6-month (OR 1.04; 95% CI 1.02-1.06) survival for patients admitted to the ICU with CAP 

(43). 

Bilateral pneumonia (40), Gram negative etiology CAP (62) and the presence of bacteremia (50, 62, 

80, 81), have also been reported as risk factors for mortality in SCAP. Nevertheless, in pneumococcal 

CAP, some authors did not find this association between bacteremia and mortality (82, 83). 

In addition, low platelets count (≤100x109/l) and hyperlactacidemia (> 4 mmol/L) have been 

identified as independent predictors of hospital mortality in ICU patients with pneumococcal 

pneumonia (40). Definitely, CAP should be regarded as an emergency and aggressive interventions 

should be implemented to lower mortality (84).  

In addition, CAP costs still are high (78) and few interventions, such as vaccines use and adequate use 

of antibiotics, reduced these costs so far (47, 85).  
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In healthy individuals, many microorganisms colonise the nasopharynx and oropharynx. Despite 

constant exposure to particulate material and microorganisms via microaspiration, human lower 

respiratory tract remains sterile because of both innate and acquired pulmonary defence 

mechanisms, such as glottal reflexes, the presence of complement proteins and immunoglobulins, 

the secretion of peptides with antimicrobial activities, and the inhibition of bacteria binding (86).  

Pneumonia is the result of a complex process. Usually, it is the result of a defect in host defence, 

exposure to a high virulent microorganism, an overwhelming inoculum of microorganisms or a 

combination of these mechanisms (87, 88). Several virulence factors enable microflora to develop 

infection. For instance, influenza viruses reduce tracheal mucous velocity, pneumococcus presents a 

polysaccharide capsule that inhibits phagocytosis and Legionella is more resistant to the microbicidal 

activity of phagocytes (89, 90). 

However, in addition to pathogen characteristics, host predisposing factors   also play an important 

role in predicting the risk of infection. These include alterations in level of consciousness, smoking, 

alcohol abuse, hypoxemia, malnutrition, dysphagia, immunosuppression, advanced age, lung 

malignancy, viral respiratory infection, structural lung disease, bronchial obstruction and ciliary 

dysfunction. 

Drugs, such as H2 blockers, proton pump inhibitors, antipsychotics and inhaled glucocorticoids, may 

also play a role in the pathogenesis of CAP (91).  

There is also some individual genetic variability regarding predisposition to CAP development.  For 

instance, specific variations of the FER gene are associated with a lower risk of mortality in patients 

with sepsis due to CAP (92) and TLR6 polymorphism is associated with increased risk of Legionnaires’ 

disease (93). 
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Pathogens responsible for CAP are varied and wide-ranging in their capacity to cause severe disease 

and extra-pulmonary features. They may vary according to geographic area, seasonal climate change, 

outreach of vaccination programmes and underlying risk factors. One of the main problems for the 

studies on microbial aetiology in SCAP is that not all available microbiologic tests are systematically 

done in all patients. However, no causative pathogen is identified in between one third of patients 

and 75% of the cases (2, 36, 42-44, 47, 48, 51, 94) and the rate of pneumonias of unidentified 

organism has not fallen over time (47). More than 100 years after the first comprehensive 

microbiological study in patients with pneumonia performed by Weichselbaum (10), Streptococcus 

pneumoniae still is the most commonly isolated microorganism in SCAP (21.7-57%) (2, 42-45, 48, 95, 

96). Other pathogens more frequently associated with SCAP are Staphylococcus aureus, Legionella 

pneumophila, Haemophilus influenzae, Pseudomonas aeruginosa, Enterobacteriaceae spp. and virus. 

Their prevalence is variable according to the studied population, the epidemiological setting, 

microbiological workup and rate of previous antimicrobial treatment (42-44, 51). There are no 

specific findings from history, physical examination, routine laboratory and imaging tests that allow 

clinicians to predict the pathogen involved or to distinguish between typical and atypical 

microorganisms (97). However, certain pathogens are more associated with specific clinical 

conditions. For instance, Staphylococcus aureus infection is more common following influenza 

infection whereas Pseudomonas aeruginosa is more prevalent in patients with structural lung disease 

or on chronic corticosteroid therapy (98, 99).  

Multidrug resistance is increasing all over the world. In CAP studies, the prevalence of multidrug 

resistant pathogens is significantly higher among ICU patients compared to patients treated in the 

ward (100).  According to the literature, they have been identified in 3.3% to 7.6% patients, with 

methicillin-resistant Staphylococcus aureus (MRSA) being the most common (91, 101, 102). 

Multidrug resistant Pseudomonas aeruginosa has been isolated in 1% of CAP patients (42, 102) and 
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CAP cases caused by Acinetobacter baumanii or Stenotrophomonas maltophilia are extremely rare 

(78). Approximately 1-7% of CAP episodes are caused by Klebsiella pneumoniae of which 5 to 36% 

are multidrug resistant strains (103, 104). Despite their low prevalence, CAP caused by multidrug 

resistant Gram-negative bacteria is associated with a significant morbidity and mortality. 

Bacteraemia is documented in 6-44% of patients and empyema in 3-6% (40-45, 51, 105). In 

pneumococcal CAP, the presence of a pleural effusion, multilobar involvement and high C-reactive 

protein serum level are independent predictors of bacteraemia (82). 

Polymicrobial aetiology is found in 5.7% to 38.4% of all patients with CAP admitted to the ICU (42, 

79, 106, 107). The most frequent polymicrobial pattern is Streptococcus pneumoniae and viral 

infection, particularly influenza virus, both seasonal and H1N1 (42). Chronic respiratory disease and 

acute respiratory distress syndrome have been independently associated to polymicrobial aetiology 

(42). Furthermore, the identification of several pathogens in SCAP is strongly associated with initial 

inappropriate antimicrobial treatment which is associated to increased hospital mortality (42). ICU 

and hospital length of stay tend to be higher in these patients (42). 

Two decades ago, it was thought that viruses played a minor role in the pathogenesis of severe CAP, 

notwithstanding influenza epidemics. However, recent literature contradicts this and draws our 

attention to the fact that viruses are frequently isolated in SCAP, ranging from 7.7% to 57% (41, 49, 

79, 95, 108). This wide variation may reflect potential limited availability of test assays and 

heterogeneity in clinical practice regarding the performance of viral diagnostic tests. Lack of clear 

clinical guidelines perceived low cost-effectiveness and the paucity of effective anti-viral therapies 

for respiratory viruses other than influenza may justify the non-routine performance of these tests. 

The predominant viruses associated with CAP are influenza virus (10-22%) and rhinovirus (8-31%) 

(41, 95, 108). Some clinical features have been associated with viral pneumonia: a high creatine 

kinase serum level, a low platelet count and an alveolar-interstitial infiltrate on chest-X ray (41). 
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Pregnancy, obesity, immunosuppression and chronic diseases, such as asthma or chronic obstructive 

pulmonary disease, are important risk factors for severe illness and development of complications.   

Between 9 and 39% of patients with CAP who have documented bacterial pneumonia are co-infected 

with a virus (41, 58, 95, 109). However, it is unclear if the virus is the primary causative pathogen or 

predisposes the patient to secondary bacterial infection (103, 110), since it alters host immune 

responses increasing susceptibility to bacterial infection through viral-induced interferons (48, 51, 

111). The most common bacteria isolated in mixed infections are Streptococcus pneumoniae, 

Staphylococcus aureus and Haemophilus influenzae. Mixed viral-bacteria coinfection seems to be 

associated with higher severity on hospital admission and higher prevalence of hemodynamic and 

respiratory failure during ICU stay (41). Nevertheless, viral coinfection seems not to have a significant 

impact on clinical outcome (95, 112).  
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Appropriate, aggressive and early management of SCAP patients is fundamental. Antimicrobial 

therapy is typically initiated empirically and must be optimized in order to maximize survival. 

Antibiotic recommendations are based on several issues such as: illness severity, frequency of 

pathogens, local microbial resistance patterns, drug interactions, allergies and safety profiles. 

Antimicrobial therapy should be initiated as soon as the diagnosis of CAP has been established. A 

recent systematic review observed that antibiotics should be given within 4 to 8 hours of arrival to 

hospitalized adults with radiographically confirmed CAP since it was associated with a 5-43% 

reduction in mortality, even in non-ICU patients (113). This recommendation is mainly supported by 

retrospective data (114-118), but similar conclusions were reached by two prospective cohort studies 

(119, 120) and a secondary analysis of a randomized trial (121). However, in SCAP patients with septic 

shock, it should be started in the first hour after diagnosis (122, 123). 

Empiric antibiotic therapy in CAP ICU patients depends on the presence of risk factors for 

Pseudomonas aeruginosa infection (124) which include prolonged or recent use of broad-spectrum 

antibiotic therapy, the presence of structural lung diseases (bronchiectasis), repeated exacerbations 

of chronic obstructive pulmonary disease, chronic corticosteroid therapy, malnutrition, human 

immunodeficiency virus and other forms of immunosuppression (36). A combination of a β-lactam 

plus a macrolide or respiratory fluoroquinolone (levofloxacin and moxifloxacin) is recommended in 

SCAP patients without risk factors for Pseudomonas aeruginosa (1, 124). In patients with 

pseudomonal risk, an anti-pseudomonal β-lactam combined with both an aminoglycoside and either 

azithromycin or a respiratory quinolone is suggested (1, 124). 

The role of combination therapy (β-lactam plus a macrolide or a fluoroquinolone) in CAP still is a 

matter of debate. Antibacterial effects of macrolides result from their ability to inhibit ribonucleic 

acid synthesis, to reduce bacterial protein and biofilm production and to attenuate bacterial virulence 

factors. They also have anti-inflammatory properties since they inhibit host cell cytokine production 
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and release, promote macrophage phagocytosis and limit neutrophil chemotaxis, survival and 

oxidative burst (125). As macrolides, fluoroquinolones also possess immunomodulatory effects by 

reducing the levels of proinflammatory cytokines and increasing the levels of anti-inflammatory 

cytokines both in vitro and in vivo models (126, 127). 

The potential benefit of combination therapy on SCAP outcomes has been observed in severe CAP 

patients, mainly in septic shock and bacteraemic pneumococcal pneumonia (69, 70, 80, 128-132).  

Furthermore, CAP patients with pneumonia severity index category V are less likely to reach clinical 

stability after 7 days of treatment (HR 0.81; 95%CI 0.59-1.10) and more likely to be readmitted within 

30 days if treated with monotherapy compared with combination therapy (133). A recent meta-

analysis (74) confirmed a lower mortality in SCAP when a macrolide was part of antibiotic therapy 

regimen (risk ratio: 0.82; 95%CI 0.70-0.97; p= 0.02) and, compared to β-lactam plus a 

fluoroquinolone, the use of a combination of a β-lactam plus a macrolide is associated with a trend 

toward improved mortality. In addition, patients receiving this combination are earlier discharged 

from the hospital (about 3 days) but no significant difference in ICU length of stay is observed 

between the two regimens (134). More recently, Ceccato et al. observed that this combination 

compared with a β-lactam in association with a fluoroquinolone is independently associated with a 

30-day lower mortality in patients with pneumococcal CAP and in those with a high inflammatory 

response (C reactive protein > 15 mg/dl) (65). However, the existence of conflicting data (135, 136) 

and the lack of good quality trials comparing these two regimens makes it difficult to clearly 

recommend using one regimen over the other. 

 Anaerobic coverage is usually indicated in patients with a risk for aspiration, such as alcoholism, loss 

of consciousness and neurological disease and dysphagia due to mechanical or neurological upper 

digestive tract dysfunction. In such cases, a combination of cephalosporin with clindamycin is 
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indicated (122, 137). However, recent international recommendations suggest not adding anaerobic 

coverage for suspected aspiration pneumonia unless lung abscess or empyema is suspected (124). 

 In severe cases, antiviral treatment (oseltamivir, zanamivir or peramivir) should be started 

immediately in both suspected and confirmed influenza cases, regardless of illness duration prior to 

hospitalization (137). This strategy not only reduces symptoms duration and risk of pneumonia 

complications but it also improves survival even when started more than 2 days after symptoms 

onset (137). 

Once the etiology of CAP has been identified on the basis of appropriate and reliable microbiological 

methods, antibiotic therapy shall be directed at that pathogen. 

According to international guidelines (1, 110, 138), a 5 to 7 days course of antibiotic therapy is 

recommended for patients who show good clinical response to therapy. In an observational study, 

similar outcomes were observed in both short (≤7 days) and long (> 7 days) courses of antibiotic 

treatment (139). Nevertheless, longer durations of therapy are warranted in some circumstances, 

such as: pneumonia due to Pseudomonas aeruginosa or methicillin-resistant Staphylococcus aureus 

(especially if bacteraemic), if the isolated pathogen is resistant to empirical antibiotic regimen or if 

the pneumonia is complicated by empyema, lung abscess, lung necrosis or extrapulmonary infection 

(such as endocarditis and meningitis). 

 

In CAP, clinical response during the first 48-72 hours of treatment seems to be important to predict 

outcome (140-142). Non-response is associated with increased mortality and morbidity, but clinical 

deterioration due to CAP after achieving clinical stability is infrequent (143). Close monitoring of SCAP 

patients at higher risk for treatment failure may prevent unnecessary deaths, complications and 

associated costs. Nevertheless, there is very little information about treatment failure in SCAP. 
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Overall, the incidence of treatment failure in hospitalized CAP patients ranges from 7 to 24% in the 

literature (144-150) and it seems to be higher in patients with comorbidities. The incidence of early 

(<72 hours) treatment failure ranges from 2.4% to 31% while in late (>72 hours) treatment failure it 

varies from 3.9% to 11% (151). 

Treatment failure is associated with high mortality, reaching in some series 43% (146), and is higher 

in patients with early compared to late treatment failure (30 vs 17%) (144). Furthermore, failure to 

improve increases hospital length of stay by a mean of 4 days (147, 149, 152), prolongs intravenous 

antibiotic therapy in early failures (149) and rises costs (147).  

Treatment failure can be attributed to factors related to the host (61%), to the pathogen (16%) and 

to the antibiotic (18%) (147). 

However, there is no standard definition of treatment failure across the literature. Halm’s criteria are 

frequently proposed to define clinical stability (137, 143, 153) but their application to ICU patients is 

not very feasible. Likewise, criteria for clinical stability such as normalization of heart rate, systolic 

blood pressure, respiratory rate and mental status (143, 154) are also not suitable for critically ill 

patients. 

In a prospective randomized trial of CAP patients with PSI score >90, Hoogewerf et al. (152) defined 

early clinical failure as the presence of at least one of the following features after three days of 

therapy: death, need for mechanical ventilation, respiratory rate > 25/min, oxygen saturation <90%, 

PaO2 <55 mmHg, haemodynamic instability, altered mental state or fever. Menendez et al. (144) 

defined early failure as clinical deterioration resulting from at least one of the following causes: 

haemodynamic instability, appearance or impairment of respiratory failure, need for mechanical 

ventilation, radiographic progression or the appearance of new metastatic infectious foci. For the 

same authors, late treatment failure is defined as persistence/reappearance of fever and symptoms 

or haemodynamic instability, the development or impairment of respiratory failure (PaO2 < 60 mmHg 
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or saturation <90% with FiO2 0.21), radiographic progression or the appearance of new infectious foci 

after 72h of antibiotic therapy. Other authors (147) defined failure when at least one of the following 

endpoints was present: 1) fever for more than 3 days with clinical deterioration (worsening of 

dyspnea with decrease of partial pressure of oxygen and/or increase of leukocytes count); 2) clinical 

deterioration leading to a change in the initial antibiotic therapy based on microbiologic results or 

occurrence of a severe adverse event; 3) death after 48h of antibiotic therapy. Once again, it is 

difficult to use these definitions in a population of very severe critically ill patients with multiple organ 

failure, mainly if under mechanical ventilation and/or vasopressor support on admission. 

In the literature, several predictors of treatment failure have been defined. For Hoogewerf et al. 

(152), arterial pH <7.35, arterial PaO2 <60 mmHg, altered mental status on admission and absence of 

chronic heart failure are independent predictors of early clinical failure. The association between 

comorbidities and treatment failure is not consistent.  In a prospective observational study, Genné 

et al. (147) observed that, after adjusting for potentially confounding variables, concomitant 

neoplasia (OR 3.25), neurological disease (OR 2.34) and aspiration pneumonia (OR 2.97) are 

associated with failure to improve in hospitalized CAP patients. Other authors found that the 

presence of COPD (144) or heart failure (152) was associated lower risk of treatment failure while 

liver disease increased this risk (144). Other researchers (149) did not find any statistically significant 

difference in underlying diseases between patients who responded and who had early treatment 

failure. These authors (149) identified as independent risk factors associated with early treatment 

failure: PSI >90, multilobar infiltrates, Legionella or Gram-negative pneumonia and discordant 

antibiotic therapy. In the study performed by Menéndez et al. (144), multilobar pneumonia, 

cavitation on chest radiograph, pleural effusion, leucopenia and high PSI were independently 

associated with early treatment failure.  
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An increase in biomarkers and cytokines levels within 72h of hospital admission is often associated 

with treatment failure and a worse prognosis. On the other hand, a reduction in those levels is 

associated with a good outcome (150, 155, 156). Only few studies assessed the utility of biomarkers 

for predicting treatment failure or clinical stability and they included a low number of patients at the 

clinical endpoint. Menéndez et al. (157) observed that when clinical stability is achieved within 72h 

of therapy and biomarkers are below the cut-off points (0.25 ng/ml for procalcitonin and 3 mg/dl for 

C-reactive protein) no severe complication occurs. In a small study, Smith et al. (158) observed that 

persistently high or rising levels of C-reactive protein suggest treatment failure or the development 

of complications. The role of this biomarker was also assessed by other researchers. According to 

Coelho et al. (159), at day three, a reduction lesser than 50% of the initial C-reactive protein was 

predictor of worse outcome. A similar finding was observed by Chalmers et al. (156). According to 

this author, a failure of C-reactive protein to fall by ≥ 50% at day four of treatment is associated not 

only with 30-day mortality (OR 24.5; p= 0.001) but also with development of complications (OR 14.5; 

p= 0.0001). Menéndez et al. (150) also documented that, like procalcitonin, low levels of this 

biomarker on day one has a high predictive value for early treatment failure. Moreover, late failure 

is best predicted by high levels of interleukin-6 and C-reactive protein on day three of therapy.  

Several other biomarkers were also investigated. High D-dimer concentrations on admission are 

associated with early treatment failure (160). Christ-Crain et al. (161,162) identified 

proadrenomedulin and B-type natriuretic peptide as good predictors of treatment failure.  

Biomarkers may be an additional tool to help physicians to early identify a target population with 

higher risk of treatment failure and a worse prognosis. However, studies are needed to clarify which 

single or combination of biomarkers from distinct biological pathways should be used to define 

treatment response. Moreover, more information is needed on whether changes in biomarkers levels 

during the course of the disease are also informative of treatment response. 
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SCAP is a major challenge in the ICU due to its high mortality, complications, short and long-term 

consequences. Until now, the optimal care is still not well standardized with many areas of 

uncertainty and controversy. 

Severity assessment in CAP patients is an essential component of their initial evaluation (163). To 

date, the optimal assessment tool or how it should be applied in clinical practice is far from being 

consensual (164, 165). European and American guidelines recommend the use of severity of illness 

score, such as PSI, CURB 65 and ATS/IDSA 2007 criteria, in addition to clinical judgement, to help 

physicians to decide the most appropriate site of care. However, some real-world problems may limit 

their applicability and usefulness in all patients. In the last years, we are facing a progressive increase 

in the prevalence of viral pneumonia in the ICU. Since the accuracy of the available severity scores in 

this condition is unknown, we performed a prospective, international, multicentre study in patients 

with SCAP due to 2009 Influenza A (H1N1) virus to assess which scoring system had the best 

discriminatory power to predict ICU mortality. In our cohort of patients with primary viral pneumonia, 

the discriminatory power of the different severity scores like PSI, CURB-65 or PIRO-CAP was 

reasonable and PSI was the best predictor of mortality with an acceptable discriminatory power 

(aROC 0.73). For patients with bacterial co-infection, the CURB-65 showed the best ability to predict 

ICU mortality. Nevertheless, all scores underestimate mortality in these patients. Therefore, 

according to our data, the use of these scores in patients with CAP due to 2009 Influenza A (H1N1) 

virus in order to decide site of treatment should be discouraged, as demonstrated by a significant 

mortality rate even in patients not meeting criteria for hospital admission. Our results are not quite 

different from others in the literature. Muller et al. [166] found that neither PSI nor CURB-65 were 

good predictors of in-hospital mortality or ICU admission in patients hospitalized for influenza. The 

poor performance of these scores was confirmed by other authors [167-169]. 
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Furthermore, all these scores do not perform well for the identification of patients with a low risk of 

death. In our low-risk group of patients, risk factors associated with higher mortality were severe 

respiratory failure (assumed to be the need for mechanical ventilation), chronic pulmonary disease 

other than Chronic Obstructive Pulmonary Disease (COPD), chemotherapy and the presence of 

associated clinical conditions such as septic shock, acute coronary syndrome and rhabdomyolysis. 

Therefore, physicians should be cautious about the management of low-risk patients if at least one 

of the mentioned risk factors is present. Based on our results, it is likely that these patients should 

be admitted to the hospital (eventually to the ICU) and carefully reassessed in order to decide on the 

best site of treatment. 

We must stress that this is the first large study that has evaluated the accuracy of several pneumonia 

specific severity scores in patients admitted to the ICU due to 2009 Influenza A (H1N1) infection. Our 

study has several limitations:  PSI and CURB-65 were developed and validated to be used in the 

emergency department and not at ICU admission; the use of these scores at ICU admission may have 

introduced some discriminatory and calibration bias; and the volunteer nature of the registry may 

have introduced a degree of selection bias in the development of the database. 

 

Comorbidities are essential in risk prediction and risk adjustment modelling. The risk of acute organ 

dysfunction is elevated in patients with pre-existing comorbidity (170). Therefore, the presence of 

unstable or decompensating comorbidities should be evaluated routinely in CAP patients who 

require intensified organ monitoring and management. Although some studies suggest that 

comorbidities play an important role in long-term CAP outcome, their influence in determining short-

term outcome in SCAP patients is still unclear. 
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A well-known method for classifying comorbid conditions is the Charlson Comorbidity Index (CCI) 

(171). This method estimates the risk of dying in the following years and has been validated for short 

and long-term outcome in different study samples (172).  

In our study, comorbidities were present in 70% of the patients and the most frequent were diabetes 

mellitus (21%), chronic respiratory failure (18%) and alcoholism (15%). Median Charlson Comorbidity 

Index was 4 (0-13) and it was significantly higher in non-survivors (5 vs. 3; p<0.001) with an odds ratio 

per point of 1.10 (95%CI 1.05-1.15). Similar finding was reported by Franzen et al. (173) in their study 

of 108 patients, which showed that pneumonia in-hospital mortality trends upward as Charlson 

Comorbidity Index rises (HR 1.10; 95% CI 0.99 to 1.23). Nguyen et al. also observed an impact of this 

score in the outcome of CAP patients: the higher the score, the higher the risk of hospital mortality 

(OR 1.28: 95%CI 1.07-1.53) (174). In an analysis of 1117 patients, Capelastegui et al. showed that this 

score is an independent predictor of 90-day mortality in CAP (175). Nevertheless, data are not 

consistent. According to Wesemann et al. (176), CCI is associated with log-term mortality but its 

discriminatory power is only moderate (aROC 0.647; 95%CI 0.592-0.702). 

There is some evidence in the literature that comorbidities such as immunosuppression (27, 29, 177), 

cancer (178, 179), hematologic malignancy (30), diabetes mellitus (179), neurologic disease (151, 

179, 180), chronic renal failure (181) and chronic liver disease (30,151) are associated with an 

increased mortality. Interestingly, in univariate analysis, we confirmed the impact of 

immunosuppression (OR 2.12), neurologic disease (OR 1.87), cancer (OR 3.80) and chronic renal 

failure (OR 3.23) increased the chances of SCAP patients dying in the hospital. Actually, the presence 

of at least one comorbidity is an independent risk factor for hospital mortality duplicating the odds 

of dying (OR 2.09). This is in line with the results of a large observational prospective cohort study of 

hospitalized CAP patients (149) which showed that the presence of a comorbidity was independently 

associated with mortality (OR 1.48; 95%CI 1.04-2.11). 
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Biomarkers from distinct pathophysiological pathways are being increasingly used in critically ill 

patients with severe infections, such as SCAP, to complement clinical judgement. In the ICU setting, 

there are three main areas where biomarkers can improve patients’ clinical management: 1) to 

improve infection diagnosis which may lead to a better empiric treatment of the patient; 2) to help 

in the early stratification and thus provide prognostic information and 3) to monitor clinical response 

and to optimize therapeutic decisions. 

Human adrenomedullin, a 52-aminoacid peptide is a member of the calcitonin peptide family with 

vasodilatory, antimicrobial and anti-inflammatory properties (182). In severe infections, it is widely 

expressed and intensively synthetized but its measurement is very complicated due to its rapid 

degradation and clearance from circulation. However, the more stable mid-region fragment of 

proadrenomedullin (MR-proADM) directly reflects levels of adrenomedullin and can be easily 

determined. In sepsis, there is increasing evidence that it is superior to other biomarkers for 

prognostic purpose (183, 184). Regarding CAP management, this seems to be a promising biomarker 

showing a good correlation with both short- and long-term mortality (185) and its addition to clinical 

scoring systems improves their discriminatory power (186-188). We evaluated the role of MR-

proADM kinetics (at admission and 48h hours later) as an early predictor of response in a small cohort 

(n= 19 patients) of SCAP patients. In our study, we found that after 48 hours of antibiotic therapy, 

MR-proADM kinetics, measured by the percentage of change from baseline was a good predictor of 

hospital mortality (aROC 0.80; 95% CI: 0.47-1.00). We observed that the absence of decrease in MR- 

proADM serum levels was a risk factor for hospital mortality independently of general severity 

[Simplified Acute Physiology Score (SAPS) II-adjusted odds ratio (OR) 174; 95% CI: 2-15,422; p = 

0.024]. Despite being the first time that the kinetics of this biomarker was evaluated in this type of 
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patients, similar findings were previously reported in other populations such as septic and 

hematologic patients.  

Furthermore, this biomarker did not further stratify severity assessed by general (SAPS and SOFA 

score) or specific pneumonia severity scores (PSI). Our results are in agreement with Apkinar et al. 

findings (189), but go against those published by other authors (187, 188, 190) that reported MR-

proADM serum levels consistently rise as PSI class increases. 

Conflicting results have been published in the literature, regarding the performance of this biomarker 

in the prediction of both short and long-term outcome in the most severe patients. According to 

some authors (184, 187, 191), MR-proADM presents a good prognostic accuracy for ICU and 30-day 

mortality. On the other hand, there is also some evidence in the literature showing a low 

discriminatory power of this biomarker to predict hospital and one-year mortality. Regarding this 

issue, we confirmed that, on admission, MR-proADM presented a bad discriminatory power to 

predict both hospital and one-year mortality. 

Yet, these results cannot be generalized since this was a small single centre study. However, the fact 

that this biomarker was collected within 12h after the first antibiotic dose in patients without prior 

use of antibiotic therapy and that all patients were prospectively enrolled should be regarded as two 

of the strengths of this study. A large multicentre study is needed to validate our results. 

 

Antibiotic therapy is the cornerstone of the management of SCAP. Although, the best treatment 

regimen is far from being established, antibiotic combination therapy, namely the combination of a 

β-lactam with a macrolide or a respiratory fluoroquinolone, is recommended by the majority of 

international guidelines for all patients with SCAP once it seems to be associated with a lower 

mortality. This outcome benefit is more pronounced not only in septic shock and mechanically 

ventilated patients but also in bacteraemic pneumococcal pneumonia, based on retrospective and 
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nonrandomized studies. At a time when the emergence of multiresistant pathogens is a reality, the 

empiric use of combination therapy to all patients may lead to antibiotic overuse and, consequently, 

to an increase in the prevalence of this bugs. Furthermore, this could also raise the risk of Clostridium 

dificille associated diarrhoea and the rate of adverse drug events. To reduce these complications and 

to provide a better antibiotic use, the better strategy would be to identify which patients would 

benefit the most from combination therapy. Identifying CAP patients with septic shock or under 

mechanical ventilation is easy, but the identification of CAP patients with pneumococcal bacteraemia 

is definitely more complicated. We performed a prospective, single centre, observational, cohort 

study of 108 patients with SCAP to evaluate the role of biomarkers as markers of bacteraemic 

pneumococcal pneumonia. In this study, we observed that pneumococcal bacteraemia was 

associated with significantly higher lactate, C-reactive protein and procalcitonin serum levels which 

was consistent with the published literature (192-195). Of all biomarkers evaluated to identify 

pneumococcal bacteraemia, procalcitonin showed the best discriminatory power (AUC 0.79; 95%CI 

0.70-0.99). Although this finding confirmed previous reports (196, 197), the best cut-off for 

procalcitonin to indicate the presence of bacteraemia is not yet defined. Several authors found 

different cut-offs ranging from 0.36 ng/ml to 1.34 ng/ml (193,196, 197). In all cases, procalcitonin 

presented a good sensitivity and a high negative predictive value. In our study, a serum level of 17 

ng/ml was the best cut-off and, like previous reports, had a good sensitivity (87%) and a high negative 

predictive value (97%) but only a reasonable specificity (67%). 

Nevertheless, we would like to stress that, to the best of our knowledge, this was the first study 

addressing the issue of the role of biomarkers for the prediction of pneumococcal bacteraemia in a 

population of SCAP patients admitted to an intensive care unit. We also must highlight other 

strengths of this study, such as: all biomarkers were collected within 12h after the first antibiotic dose 

in patients without prior antibiotic use and the prospective nature of the study.  However, we can’t 
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forget some limitations of our study which may limit the generalization of our findings. First, it was a 

small, single centre, observational study. The fact that all patients with pneumonia, including the 

culture-negative ones, are in the control group should also be considered a limitation. Finally, no 

routine screening for atypical pathogens other than Legionella pneumophila was performed. 

Based on our results and as a part of an antibiotic sparing strategy, we hypothesize that in non-

shocked SCAP patients with procalcitonin serum levels below 17 ng/ml, monotherapy could be safely 

used leading to lower antibiotic pressure, lower emergence of antibiotic resistance and lower costs. 

Avoiding delayed appropriate therapy is essential to reduce mortality in patients with severe 

infections (198). In order to increase the likelihood of initial therapy being appropriate, early 

identification of the causative agent(s) is of major importance. Clinical findings, like the radiological 

pattern, are not specific enough to predict the pathogen involved. Biomarkers, applied in synergy 

with clinical assessment, may provide additional information on the probable pathogen involved, 

namely on the distinction between bacterial and viral aetiology. For instance, it is well documented 

that procalcitonin rapidly increases in bacterial infections but remains low in viral diseases. At 

present, however, biomarkers that discriminate viral infections from bacterial and mixed viral–

bacterial causes of CAP are not precise enough to allow pathogen-specific therapy (199).  

In our study, at ICU admission, all severity scores with the exception of SAPS II and CAP PIRO, were 

significantly higher in patients with pneumococcal than in H1N1 SCAP. These last patients received 

appropriate antimicrobial therapy later than in pneumococcal pneumonia and for a longer period of 

time. No significant differences were observed regarding hospital and ICU length of stay and 

mortality. The same findings were observed by Sohn et al. (200) in a study comparing H1N1 

pneumonia and other pneumonia. 

According to our small, prospective, observational study, biomarkers may to be useful to differentiate 

viral from bacterial pneumonia. In fact, we documented that procalcitonin, lactate and B-type 
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natriuretic peptide were significantly higher in pneumococcal pneumonia than in viral pneumonia 

while no differences were observed regarding other studied biomarkers. Our results are in agreement 

with those published by other investigators (201-204). According to Torres et al.  (205) a procalcitonin 

≤ 0.5 ng/ml provides high sensitivity (89%) and negative predictive value (98%) for viral and atypical 

aetiology in CAP patients. However, results are not consistent. For instance, in one sub-study of the 

German Network of CAP (CAPNETZ), procalcitonin, like C-reactive protein, did not allow an individual 

prediction of aetiology of pneumonia (204). Self et al. (206) did not find a procalcitonin threshold that 

could perfectly discriminate between viral and bacterial pneumonia. However, in this work, higher 

serum procalcitonin concentrations presented a good correlation with an increased probability of 

bacterial aetiology. More recently, a meta-analysis that included 12 studies (2408 CAP patients) 

suggests that a serum procalcitonin level is unlikely to provide reliable information that will enable 

physicians to immediately address whether the infection is viral or bacterial. The sensitivity and 

specificity of serum procalcitonin were 0.55 and 0.76 respectively, limiting its use to predict CAP 

aetiology (207). 

The performance of C-reactive protein to predict the pathogen responsible for CAP has also been 

studied. We didn’t find any differences in C-reactive protein levels between H1N1 and pneumococcal 

SCAP patients. This finding was also observed by other authors in a large trial (204). Almirall et al. 

(192) reported the highest C-reactive protein values in pneumococcal pneumonia and the lowest in 

viral pneumonia, but the overlap of this biomarker serum values in patients with viral and bacterial 

pneumonia is very high limiting its use to predict CAP aetiology (192, 208). Yet, some observational 

studies demonstrated some value of C-reactive protein in this field. In a retrospective study of 139 

low respiratory tract infections, the authors found a higher discriminatory power to distinguish 

bacterial from viral infections for C-reactive protein (AUC 0.838) compared to procalcitonin (AUC 
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0.77) (209). In another small study, C-reactive protein assisted more effectively than procalcitonin to 

discriminate between bacterial and H1N1 CAP (210). 

Based on a cohort study of 267 hospitalised patients with CAP, the authors suggest that calprotectin 

is an independent marker of bacterial aetiology, and provides a diagnostic accuracy for discriminating 

bacterial from viral infections comparable to the established inflammatory biomarkers CRP and PCT, 

thus suggesting it primarily reflects bacterially mediated  However, all these three biomarkers of 

inflammation presented a moderate diagnostic accuracy for discriminating bacterial from viral CAP 

(208). 

The role of cytokines to identify CAP aetiology has been addressed by some researchers but data 

from recent studies are limited and contradictory (211-214), what can be explained, at least in part, 

by the short cytokine half-life in the blood. 

A strategy based in a combination of biomarkers to differentiate viral from bacterial pneumonia is a 

possibility. Myxovirus resistance protein 1 is a specific marker of viral infection with a good 

discriminatory power (AUC 0.89) (215) which increases when used in combination with C-reactive 

(215, 216). Based on our results, we hypothesized that the combination of biomarkers like 

procalcitonin, lactate and B-type natriuretic peptide, may be useful to distinguish viral from bacterial 

pneumonia, but this needs to be confirmed in large clinical trials designed specifically for this 

purpose. 

The best antibiotic strategy in SCAP is far from being universally accepted. In fact, no prospective 

randomized controlled trial has been performed specifically on antibiotic therapy in severe 

community-acquired pneumonia patients. Moreover, mechanically ventilated and vasopressor-

dependent patients are routinely excluded from antibiotic trials in this group patients. Therefore, 

treatment recommendations are mostly based on retrospective case series or cohort studies. 
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Since controversy persists and in order to search some answers to this issue, we performed a post 

hoc analysis of all critically ill patients with community-acquired pneumonia enrolled in a prospective, 

observational, multicentre study to evaluate the impact of different features of antibiotic therapy 

(timing, mono vs. combination therapy, macrolide use, appropriateness and duration of therapy) 

both in short- (hospital) and long-term (6 months) outcome. One of the controversial issues in 

antibiotic therapy for SCAP is the potential advantage of combination therapy, since the 

recommendations for its use are not based in large randomized controlled trials. More recent data 

do not help to clarify this issue: some studies showed some benefit while others did not. In our 

cohort, we did not find a clear benefit of using a combination regimen. However, the use of a 

combination antibiotic therapy that included a macrolide was independently associated with a 

significant reduction in hospital (OR 0.19; 95%CI 0.06-0.61) and 6 months (OR 0.24; 95%CI 0.08-0.69) 

mortality. This benefit was also observed in the specific cohort of SCAP patients with septic shock. 

These results are in line with recently published studies, that showed a mortality benefit with a 

combination of antibiotic therapy that included a macrolide, including septic shock patients. 

Inadequate antibiotic therapy is usually independently associated with a worse outcome in septic 

patients. In SCAP few studies specifically evaluated the impact of antibiotic therapy appropriateness 

and in all but one no significant impact on mortality was observed. In our prospective study, despite 

the low rate of microbiologic documentation, inappropriate antibiotic therapy was not associated 

with higher long-term mortality. However, in logistic regression analysis, we found a significant 

association between initial inappropriate antibiotic therapy and short-term mortality. In the 

subgroup of patients with septic shock, no association between inappropriateness of initial antibiotic 

therapy and short- or long-term mortality was identified. 

International guidelines recommend the use of an anti-pseudomonal antibiotic whenever risk factors 

for Pseudomonas aeruginosa are present. Interestingly, a higher mortality was documented in those 
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patients that received an anti-pseudomonal antibiotic. Several possible explanations can be raised to 

explain it. First, physicians usually use broad spectrum antibiotics for the most severe cases of SCAP. 

This could result to lead to higher toxicity, worse coverage of Gram positive bacteria with some 

antibiotics (e.g. ceftazidime) and higher rate of nosocomial infections caused by multidrug resistant 

microorganisms. 

The duration of antibiotic therapy is another important issue concerning the management of SCAP. 

Despite both European and American guidelines recommend not to exceed 7 to 8 days of antibiotic 

therapy in a responding patient, there are no randomized controlled trial to support it. Therefore, we 

evaluated the relationship between duration of antibiotic therapy and outcome. We found that 

receiving 7days or less of adequate antibiotic therapy did not lead to a significantly higher short- or 

long-term mortality, but it was associated with a slightly shorter ICU and hospital length of stay. These 

results are consistent with data recently published in the literature showing that shorter duration of 

therapy is not associated with worse prognosis. 

Some strengths of this study merit consideration: a large number of critically ill patients with severe 

CAP were included (almost half of them with septic shock); it was a prospective multicentre study; 

and different aspects of antibiotic therapy were simultaneously addressed. However, some 

limitations should also be pointed: it was an observational study and unknown bias may have 

influenced the results; no pneumonia-specific score was used to assess CAP severity although these 

scores present a high discriminatory power to identify low risk patients; the use of adjuvant therapies, 

such as corticosteroids, and bacterial load that could impact on outcome were not collected. Lack of 

data regarding intubation rate and duration of mechanical ventilation are also limitations that should 

be stated. 

Based on our study, the only strategy that seems to significantly improve short- and long-term 

mortality is the use of combination of antibiotics which includes a macrolide. On SCAP, 
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appropriateness of empiric antibiotic therapy only improves short-term survival, but not in the 

subgroup of patients with septic shock who are supposed to benefit the most. Apart from not being 

associated with a survival benefit, courses of appropriate antibiotic therapy longer than 7 days may 

prolong ICU and hospital length of stay in this population. 

 

Although most CAP patients respond to treatment, some still fail to respond (3). Timely prediction of 

treatment failure may be relevant for the selection and implementation of early and appropriate 

rescue strategies. More than 80% of clinical failure in CAP patients seems to be directly related to 

pneumonia and the associated systemic inflammatory response and only an early identification of 

non-responders allows the use of a rescue therapy that may positively impact on outcome (218). 

Biomarkers may be a helpful tool to identify those patients who fail to respond to treatment but, 

until now, no single or panel of biomarkers were validated as markers of treatment failure (137). In 

order to answer to this question, we performed a prospective, single-centre, cohort study to identify 

a single or a panel of biomarkers that could allow early prediction of treatment failure and to provide 

a point score to estimate the individual risk of a composite outcome at fifth day of ICU stay in SCAP 

patients. 

The two most studied biomarkers in SCAP are procalcitonin and C-reactive protein. Menendez et al. 

(136) found that a C-reactive protein ≥ 219 mg/l on day 1 is an independent factor for treatment 

failure. Furthermore, C-reactive levels on day 1 and on day3 are associated with early and late 

treatment failure (136). On day 3, a C-reactive protein reduction lesser than 50-60% of the initial 

value is associated with an increased risk of receiving inappropriate empiric antibiotic therapy, 

increased risk of ICU/30-day mortality, complicated pneumonia and need for mechanical ventilation 

and/or inotropic support (141, 142, 143, 149, 219). A relationship between procalcitonin 

concentration and clinical resolution has been identified (220) and its serum levels on day one and 
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day three have been independently associated with treatment failure (136, 143, 221, 222). Regarding 

its kinetics, in SCAP, an increase in this biomarker from day 1 to day 3 is associated with a worse 

outcome (222) while a decrease is observed in patients without complications (195). Moreover, a 

decline in procalcitonin serum levels of at least 30% between day two and day three is associated 

with both good outcome and appropriateness of first line empirical antibiotic therapy (223). In our 

cohort, we observed an inverse relationship between procalcitonin levels in day one and treatment 

failure: the higher the levels of this biomarker, the lower the chances of treatment failure. However, 

on day three, the higher the levels, the higher the odds of primary outcome. The differences between 

our results and those previously reported can be justified by several reasons: we included only 

patients with SCAP admitted to an ICU, most of them under vasopressor support and/or mechanical 

ventilation; we used a different primary outcome; and median procalcitonin value on day 1, in both 

responders and non-responders were higher than previously suggested cut-off levels predictors of 

outcome. 

Unlike previous reports (148), we did not find a significant association between brain natriuretic 

peptide serum levels on day one or its kinetics with treatment failure. Baseline cortisol levels seem 

to be significantly higher in non-survivors (224). In addition to confirm this data, we also observed a 

more pronounced decrease in cortisol between day one and day three in non-responders. In several 

reports, D-dimers have been associated not only with radiological pneumonia extension (225) and 

hospital mortality (226) but also with early treatment failure (146). In our study, on admission, 

median D-dimers serum levels were increased in both responders and non-responders but this 

biomarker increased more sharply from day one to day three in patients meeting our primary 

outcome. 

Until now, no biomarker or group of biomarkers were able to reliably identify patients at high risk of 

poor short-term outcome or who may benefit from adjuvant therapies. We developed a model that 
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showed a good discriminatory power for our primary outcome in both derivation (AUC 0.82) and 

validation (AUC 0.76) cohort. Besides presenting a good discriminatory power, it was also well 

calibrated supporting its value in clinical practice. Based on estimates of the regression coefficients 

of the multiple logistic regression model, we obtained a point score system – The PRoFeSs score 

(PRediction of Failure in SCAP score) - for risk of the primary outcome. This score includes six 

variables: the CCI score, procalcitonin on day one and day three, brain natriuretic peptide on day one 

and D-dimer and lactate on day three. These variables were divided into categories and points were 

assigned to each of them. The discriminatory power of this score was good (AUC 0.81) and it was also 

well calibrated (X2= 2.88; df= 1; p= 0.09). The score ranges from -31 to +39 and at a cut-off of 3 points 

we observed the best relationship between sensitivity (79%; 95%CI 63-90) and specificity (71%; 95%CI 

59-81). The positive predictive value was only 60% (95%CI 45-74) but the negative predictive value 

was good (86%; 95%CI 74-94). 

Additionally, the PRoFeSs score, at its best cut-off, could further discriminate between responders 

and non-responders in patients with and without improvement in SOFA score by day three. In fact, 

in the former group, a score above 3 explicitly distinguished patients at risk of primary outcome (33% 

vs. 3%; p= 0.013). Similarly, in patients whose SOFA did not improve on the third day, the threshold 

of 3 points divided patients into groups at significantly different risk of the endpoint: 29.2% vs. 71.4% 

(p= 0.03). 

Our score, to the best of our knowledge, was the first to be developed to early predict treatment 

failure in SCAP patients. Previously, a clinical score (CLCGH scoring system) to predict 28-day 

mortality in SCAP patients was proposed (227). However, it must be stressed that 28-day mortality 

may not be the best outcome, since it may not be related to SCAP itself. Furthermore, it does not 

assess adverse outcomes such as multiple organ failure and the discriminatory power of the score 

was not better than the SOFA score, unlike the PRoFeSs score. 
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In addition to its originality, our study presents some strengths that must be highlighted: all 

biomarkers were collected within 12h after the first antibiotic dose: all patients were prospectively 

enrolled; all biomarkers used are available in daily practice and both inflammatory/infection, 

coagulation and stress biomarkers were included. 

Nevertheless, some limitations also merit consideration. First, this was a single centre study. Second, 

not all biomarkers were collected on a daily basis. We chose to assess them within 12h of first 

antibiotic dose (day one) and 48h later (day three) in order to carry our research into clinical practice. 

The small number of patients included in this cohort may also be considered an important limitation 

since it may determine the precision of the final estimates. This low rate of recruitment of patients 

was a consequence of the very strict inclusion criteria used. Although the ideal methods for assaying 

the biomarkers may have not been used, which is a limitation, we used tests with good precision and 

agreement between them in our investigation. Finally, we used a new definition for treatment failure 

that has not been used and validated before. Although several definitions of treatment failure in 

hospitalized CAP patients have been published (143, 144,150, 221), the true is that most of them are 

unsuitable for critically ill patients. In order to overcome this, we added SOFA score evolution to 

variables previously used such as early mortality and pulmonary infiltrate worsening. We decided on 

including this item due to its close relationship with short-term prognosis in this group of patients. 

Recently, it was demonstrated by other authors that SOFA score can serve as an excellent 

operationalization of CAP severity and they propose it as endpoint for biomarker and therapeutic 

studies (228), just like we did. 
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SCAP is a major cause of morbidity and mortality worldwide and entails a significant social cost (229). 

In the last decades, despite all the efforts that have been made to improve CAP outcome, no 

sustained and significant positive effect on both short and long-term mortality has been recognised. 

Notwithstanding all the extensive published studies, the management of several aspects of severe 

CAP are still open issues. 

The clinical application of many biomarkers is still being debated because of their limitations and the 

heterogeneity of this disease. 

Despite all this, we aimed to bring some new and innovative data to the management of SCAP 

patients in the ICU.  

Our main messages are: 

- Pneumonia-specific scores undervalue severity and should not be used as instruments to 

guide ICU decisions in CAP patients hospitalized for influenza  

- The presence of at least one comorbidity doubles the chances of dying in the hospital and is 

an independent risk factor for hospital mortality in severe CAP. 

- Procalcitonin, lactate and BNP may be helpful tools to distinguish between viral and bacterial 

CAP. 

- MR-proADM is a promising biomarker in the management of SCAP patients. Its kinetics in 

the first 48 h after ICU admission may be a good predictor of clinical response and better 

outcome. 

-  Within 12h of first antibiotic dose, a procalcitonin serum level lower than 17 ng/mL could 

identify patients with SCAP unlikely to have pneumococcal bacteraemia. In the absence of 

septic shock or mechanical ventilation, this could be useful to identify which patients may not 

benefit from combination therapy leading to an antibiotic sparing strategy. 
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- Combination of antibiotic therapy with a macrolide may be the most suitable antibiotic 

strategy to improve both short and long-term outcome of severe CAP patients. Antibiotic 

therapy for more than 7 days had no survival benefit and was associated with a longer LOS. 

- A combination of biomarkers measured at admission and 48 h later may allow early 

prediction of treatment failure. 

- PRoFeSs score may help ICU physicians to early recognize SCAP patients with poor short-

term prognosis. 
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Our research addressed important issues in an attempt to answer to come current controversies in 

the management of severe community-acquired pneumonia. We believe that it was innovative and 

some new and important data was brought into this field. However, some of our research was 

conducted in a single centre, which limits generalization. So, to support and generalize our findings, 

validation from other centres is necessary in the next years.  

In the future, also aiming on reducing both short- and long-term mortality, severe community-

acquired research should probably investigate biomarkers and phenotypes of SCAP patients with a 

higher risk of dying at hospital admission and after hospital discharge. The exact role of adjunctive 

therapies must also be defined since conflicting results about their impact on different outcome 

measures have been published.  

A key obstacle in pneumonia treatment is timely prescribing of appropriate pathogen directed 

antimicrobials and reducing antimicrobial resistance. In order to overcome this challenge, research 

on fast and accurate point-of-care testing to discriminate viral from bacterial pneumonia and identify 

the microorganism responsible for bacterial pneumonias is of paramount importance. This would 

allow early, directed therapy and withdrawal of inappropriate treatment.  

Currently, we are facing an antibiotic resistance crisis, since the overuse and inappropriate use of 

antibiotics is leading to the emergence and dissemination of resistance among bacterial pathogens. 

Consequently, new antibiotics were developed and introduced into the clinical practice. So, clinical 

trials evaluating the efficacy and safety of these antibiotics in the pipeline should include SCAP 

patients requiring ICU admission and mechanical ventilation. Pharmacokinetic/pharmacodynamic 

studies are also required to optimize antibiotic dosing regimens to improve outcome. Furthermore, 

the role of nebulized antibiotics in SCAP patients caused by multidrug resistant Gram-negative 

pathogens, should also be subject of research. 
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Virus are increasingly recognized as a cause of SCAP. Although there is sufficient evidence that 

antivirals decrease viral load, their use in this group of patients is still a matter of controversy (230). 

Studies to determine the best treatment strategy (which antiviral, timing of administration, duration 

of therapy) could provide important results that may improve outcome. 
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Severe community-acquired pneumonia is a frequent cause of ICU admission and is associated with 

a high clinical burden, so deep knowledge is fundamental for its correct management. Despite 

advances in rapid diagnostic tests, newer treatment options and vaccine strategies, its high mortality 

rate is still a major concern, namely in the older patients. Since, delay in ICU care and inadequate use 

of antibiotics are associated with worse outcome, adequate severity assessment for site of care 

decision, identification of the best treatment strategy and early assessment of treatment response 

may be paramount to improve its outcome. This thesis looks at these issues and tries to answer to 

some controversies in this field, aiming at deepening the current knowledge on the management of 

SCAP patients.  

First, we investigated whether available severity assessment tools can be used to guide decisions for 

ICU patients admitted due to pandemic influenza A pneumonia. We observed in a prospective, 

observational, international, multicentre study that, in this group of patients, pneumonia-specific 

scores should not be used as instruments to guide decisions in the ICU since they underestimate 

severity and ICU mortality. Furthermore, all of them do not perform well regarding the identification 

of patients with a low risk of death. 

Regarding the etiology of SCAP, we analysed the role of biomarkers as markers of bacteraemia in 

pneumococcal SCAP. In a prospective, observational, single-centre study, we found that patients with 

Streptococcus pneumoniae bacteraemia presented significantly higher serum values of procalcitonin, 

brain natriuretic peptide, lactate and C-reactive protein measured within 12 h after the first antibiotic 

dose. In this study, procalcitonin presented the best discriminatory power to identify pneumococcal 

bacteraemia. In fact, a procalcitonin serum level lower than 17 ng/ml could identify patients with 

SCAP unlikely to have pneumococcal bacteraemia. 
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Although being the cornerstone of the management of SCAP, the best antibiotic strategy is far from 

being defined. To evaluate the impact of different aspects of antibiotic therapy in patients with CAP, 

we did a post hoc analysis of all community-acquired patients enrolled in a prospective, 

observational, multicentre study. In this study, we evaluated the impact of timing of administration, 

use of monotherapy vs combination therapy, macrolide use, appropriateness and duration of 

antibiotic therapy on short (hospital) and long term (6 months) mortality in SCAP patients. Globally, 

combination therapy did not improve survival in this cohort of critically ill patients, but combination 

therapy with a macrolide independently decreased both short and long-term mortality, namely in 

patients with septic shock. Inappropriate empiric antibiotic therapy was independently associated 

with hospital mortality, except in the subset of patients with septic shock on admission. Extending 

the duration of appropriate antibiotic therapy for more than 7 days was not associated with an 

outcome benefit. In this group of patients, timing to antibiotic first dose did not impact outcome. We 

further verified that lactate concentration on ICU admission was an independent risk factor for 

hospital mortality. 

Finally, we aimed at evaluating the role of biomarkers in the early identification of treatment 

response. In the first study, we planned to evaluate the value of mid-regional proadrenomedullin 

levels at ICU admission for further severity stratification and outcome prediction, and its kinetics as 

early predictor of response in SCAP. In this small, single-centre, prospective, observational, cohort 

study, this biomarker, at ICU admission and within 12h of first antibiotic dose, did not further stratify 

severity in SCAP. Furthermore, it did not perform well as a predictor of ICU, hospital and one-year 

mortality. Nevertheless, its kinetics in the first 48h after antibiotic therapy was a good tool to predict 

hospital mortality since the absence of decrease in its serum levels significantly increased the chances 

of dying, independently of general severity. In a second study, we intended to identify a single or 

panel of biomarkers and to provide a point score that, after 48h of antibiotic therapy for SCAP, could 
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early predict treatment failure at fifth day of ICU stay in SCAP. We developed a model based on 

Charlson’s score and a panel of biomarkers (procalcitonin on D1 (within the first 12 h of first antibiotic 

dose) and D3 (48h after first assessment), B-natriuretic peptide on D1, D-dimer and lactate on D3) 

that showed a good discrimination for primary outcome (death or absence of improvement in 

Sequential Organ Failure Assessment score by ≥ 2 points within 5 days of treatment) in both 

derivation and validation samples. A point score system (PRoFeSs score) built on the estimates of 

regression coefficients presented good discrimination for our primary outcome. We concluded that 

a combination of biomarkers measured at admission and 48 h later may early predict treatment 

failure and, therefore, PRoFeSs score may be a useful tool to recognize patients with poor short-term 

prognosis. 

In summary, our research addressed different important aspects of CAP and has brought some new, 

innovative and relevant data for the management of these patients, from severity assessment to 

outcome. We do not recommend the use of pneumonia-specific severity scores to guide ICU decision 

in hospitalized patients for influenza pneumonia. Within 12h of first antibiotic dose, a procalcitonin 

serum level lower than 17 ng/ml could identify SCAP patients unlikely to have pneumococcal 

bacteraemia that, in the absence of septic shock or mechanical ventilation, may not benefit from 

combination therapy. We raise the hypothesis that mid-regional proaddrenomedullin kinetics in the 

first 48h of therapy may be an early marker of treatment response. Combination of antibiotic therapy 

with a macrolide is probably the best antibiotic strategy. Unless there is a specific indication, 

prolonging antibiotic therapy for more than 7 days does not improve outcome and is associated with 

a longer length of stay. Finally, we provided a score (PRoFeSs score) that may help physicians to early 

recognize SCAP patients with poor short-term prognosis and that may benefit from a change in 

therapeutic strategy or in whom continuing therapy is likely to be futile. 
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A pneumonia adquirida na comunidade (PAC) grave é uma causa frequente de admissão em Unidades 

de Cuidados Intensivos (UCI) e está associada a uma elevada morbilidade e mortalidade, pelo que um 

conhecimento mais profundo sobre esta patologia tem uma enorme relevância clínica. Apesar dos 

avanços nos testes rápidos de diagnóstico, das novas opções de tratamento e das estratégias 

vacinais, a elevada taxa de mortalidade a que está associada ainda constitui motivo de preocupação, 

especialmente nos doentes idosos. Uma vez que a admissão tardia em UCI e o uso inadequado de 

antibióticos estão associados a pior prognóstico, a adequada avaliação da gravidade para decisão 

sobre o melhor local de tratamento, a identificação da melhor estratégia terapêutica e a avaliação 

precoce da resposta ao tratamento podem ser fundamentais para melhorar o prognóstico da PAC. 

Esta tese aborda estes tópicos e tenta responder a algumas controvérsias nesta área, com o objetivo 

de aprofundar os conhecimentos atuais na abordagem de doentes com PAC grave. 

Em primeiro lugar, investigamos se os índices disponíveis para estratificar a gravidade da PAC podem 

ser usados para orientar decisões em doentes com PAC por Influenza A admitidos em UCI. Num 

estudo multicêntrico, prospetivo, observacional e internacional observamos que, neste grupo de 

doentes, os índices de gravidade específicos da PAC não devem ser utilizados como instrumentos 

para guiar decisões, dado que subestimam a gravidade e a mortalidade. Para além disso, todos esses 

índices não apresentam um bom desempenho na identificação de doentes com baixo risco de morte. 

Relativamente à etiologia, analisamos o papel dos biomarcadores na identificação de bacteremia na 

PAC grave pneumocócica. Num estudo prospetivo, observacional, realizado num único centro, 

observamos que os doentes com bacteremia secundária a PAC grave pneumocócica apresentavam 

níveis séricos significativamente mais elevados de procalcitonina, peptídeo natriurético tipo B, 

lactato e proteína C reativa, quando determinados nas primeiras 12 horas após a primeira dose de 

antibiótico. Neste estudo, a procalcitonina apresentou o melhor poder discriminativo para identificar 

bacteremia a Streptococcus pneumoniae. De facto, um nível sérico de procalcitonina inferior a 17 
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ng/ml poderia identificar doentes com PAC grave em quem a presença de bacteremia pneumocócica 

é improvável. 

Apesar de ser a pedra angular no tratamento dos doentes com PAC grave, nestes doentes a melhor 

estratégia antibiótica ainda não está perfeitamente definida. Para avaliar o impacto de diferentes 

aspetos da terapêutica antibiótica nos doentes com PAC, realizamos uma análise post-hoc de todos 

os doentes com PAC incluídos num estudo prospetivo, observacional e multicêntrico nacional. Nela 

avaliamos o impacto do timing de início do antibiótico uso de monoterapia vs. terapêutica 

combinada, uso de macrólido, apropriação e duração da terapêutica antibiótica na mortalidade a 

curto (hospital) e longo (6 meses) prazo. Globalmente, a combinação de antibióticos não diminuiu a 

mortalidade nesta coorte de doentes críticos, mas a combinação de antibióticos com um macrólido 

diminuiu significativamente a mortalidade a curto e a longo prazo, nomeadamente nos doentes com 

choque séptico. A terapêutica antibiótica inapropriada associou-se significativamente com a 

mortalidade hospitalar, exceto no subgrupo de doentes com choque séptico na admissão. Prolongar 

a duração da terapêutica antibiótica para além dos 7 dias não teve impacto positivo na mortalidade 

destes doentes tal como o timing de início da terapêutica antibiótica. Verificamos ainda que a 

concentração sérica de lactato na admissão à UCI era um fator de risco independente de mortalidade 

hospitalar. 

Avaliamos também, o papel dos biomarcadores na identificação precoce de resposta à terapêutica 

em doentes com PAC grave. Num primeiro estudo, investigamos o papel dos níveis séricos do 

fragmento médio-regional da pro-adrenomedulina (MR pro-ADM) à admissão em UCI na 

estratificação da gravidade e na previsão do resultado em doentes com PAC grave e da sua cinética 

como indicador precoce de resposta à terapêutica. Num pequeno estudo, prospetivo, observacional, 

tipo coorte, este biomarcador, na admissão em UCI, não foi útil para estratificar a PAC grave. Para 

além disso, não foi um bom preditor de mortalidade na UCI, hospitalar e ao ano. No entanto, a sua 
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cinética nas primeiras 48 horas de terapêutica antibiótica constituiu uma boa ferramenta para prever 

mortalidade hospitalar, uma vez que a não diminuição dos seus níveis séricos neste período de tempo 

aumentava significativamente a probabilidade de morrer, independentemente da gravidade inicial. 

Noutro estudo, pretendíamos identificar um único ou um painel de biomarcadores e criar um score 

que, após 48 h de terapêutica antibiótica para PAC grave, pudesse prever precocemente falência da 

terapêutica ao 5º dia de internamento na UCI. Desenvolvemos um modelo baseado no score de 

Charlson e num painel de biomarcadores [procalcitonina no D1 (nas primeiras doses após o início da 

terapêutica antibiótica) e D3 (48h após a primeira determinação), peptídeo natriurético tipo B no D1, 

D-dimeros e lactato no D3] que demonstrou um bom poder discriminativo para o resultado que 

constituía o objetivo principal (morte ou ausência de melhoria no Sequential Organ Failure 

Assessment score ≥ 2 pontos nos primeiros 5 dias de tratamento) nos modelos de derivação e 

validação. Uma escala de pontuação (PRoFeSs score) desenvolvida com base nas estimativas dos 

coeficientes de regressão apresentou um bom poder discriminativo para o nosso objetivo principal. 

Concluímos que uma combinação de biomarcadores determinados na admissão em UCI e 48 horas 

depois, pode prever precocemente falência da terapêutica e, consequentemente, o PRoFeSs score 

pode vir a ser uma ferramenta útil para identificar os doentes com mau prognóstico a curto prazo. 

Em resumo, a nossa investigação abordou diversos aspetos importantes da PAC grave e trouxe alguns 

dados novos, inovadores e relevantes para a abordagem desses doentes, desde a estratificação da 

gravidade até ao outcome. Não recomendamos a utilização dos scores de gravidade específicos para 

a PAC para orientar decisões na UCI nos doentes hospitalizados por pneumonia a Influenza A. Um 

nível sérico de procalcitonina, determinado dentro das primeiras 12h após o início do antibiótico, 

inferior a 17 ng/ml pode identificar os doentes com PAC grave em que é improvável a presença de 

bacteremia a Streptococcus pneumoniae e que, na ausência de choque séptico ou ventilação 

mecânica, podem não beneficiar da combinação de antibióticos.  Identificamos a cinética da MR pro-
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ADM nas primeiras 48 horas de tratamento antibiótico como um potencial indicador precoce de 

resposta à terapêutica. A combinação de antibióticos com um macrólido é provavelmente a melhor 

estratégia antibiótica em doentes com PAC grave. Excetuando na presença de uma indicação 

específica, prolongar a terapêutica antibiótica para além dos 7 dias não parece melhorar o outcome 

e está associada a uma maior duração de internamento. Finalmente, propomos um sistema de 

pontuação (o PRoFeSs score) que pode ajudar os clínicos a identificar os doentes com PAC grave com 

mau prognóstico a curto prazo e que podem beneficiar de uma mudança na estratégia terapêutica 

ou em quem continuar terapêutica será provavelmente fútil. 
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