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ABSTRACT 

Purpose of the Review 

This manuscript reviews the recent literature describing the occurrence, risk factors, 

recognition and treatment of sepsis, respiratory failure and multiple organ 

dysfunction in patients with community-acquired pneumonia (CAP).  

Recent findings 

CAP may present with varying degrees of disease severity ranging from an almost 

asymptomatic infection to a fulminant systemic disease with both respiratory failure 

and multiple organ dysfunction. Severe sepsis occurs early in the course of the 

infection in more than 30% of cases. It may involve several organ systems and is 

associated with the severity and mortality of CAP. A number of factors exist, which 

may promote the transition of CAP from a local to a systemic disease, particularly 

immunosuppression and poorly controlled inflammatory responses, which promote 

extrapulmonary dissemination of the causative pathogens. Although CAP may be 

associated with complications involving most organ systems, much recent research 

has focused attention on cardiac complications, particularly those associated with 

pneumococcal infections. Biomarkers as a strategy for discriminating between 

invasive and non-invasive CAP have been comprehensively studied. A number of 

treatment strategies using antibiotics and various adjunctive therapies have been 

studied in severe CAP.  

Summary 

Recent research highlights the fact that CAP is frequently a systemic illness.  
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INTRODUCTION 

 

It is well recognized worldwide that community-acquired pneumonia (CAP) remains 

an extremely common cause of infection, which is frequently associated with 

significant morbidity and mortality, particularly among cases needing intensive care 

unit (ICU) admission, such that it has been recommended that CAP should be 

treated as a medical emergency [1*, 2**]. However, CAP may present with markedly 

varying degrees of disease severity ranging from an almost asymptomatic infection 

to a relatively mild, localized condition to a fulminant systemic disease with both 

respiratory failure and multiple organ dysfunction [3]. Nevertheless, it has been 

reported for many years that CAP may be associated with severe sepsis, which 

occurs relatively frequently, involving more than 30% of cases (37.6% of cases in 

one study [4**]), that it occurs early in the course of the infection, that it may involve 

several organ systems and that it is associated with the severity and mortality of 

CAP [4▪▪, 5–7]. One recent study documented that the time to positive blood culture 

in patients with pneumococcal pneumonia is a good marker of disease severity and 

also predicts outcome [8*].  

 

TRANSITION OF CAP FROM A LOCALIZED TO A SYSTEMIC INFECTION 

 

The transition of CAP from an acute infection of the pulmonary parenchyma to 

severe sepsis, commonly defined as bacteremia-associated, new-onset, acute organ 

dysfunction, is a frequent complication of CAP, occurring in more than 30% of 

patients [7], which is consistent with the lungs being the most common primary site 

of infection in relation to development of sepsis and septic shock [9]. Administration 

of inappropriate antimicrobial chemotherapy to CAP patients infected with antibiotic-

resistant pathogens is a recognized cause of bacteremia [10], as well as with a 

strong association with 30-day mortality in patients with CAP caused by the 

pneumococcus [11], and presumably other bacterial pathogens. In addition to this, a 

number of other factors exist, which may promote the transition of CAP from a local 

to a systemic disease, particularly immunosuppression and poorly controlled 

inflammatory responses, which promote extrapulmonary dissemination of the 

causative pathogens. 
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Immunosuppression 

Foremost among conditions associated with impairment of pulmonary host defenses 

are immunosenescence, primary and acquired antibody deficiency syndromes, HIV 

infection, and smoking. In the case of immunosenescence, Marrie et al. in a 

prospective observational study covering the period 2000–2014, to which 2435 

cases of invasive pneumococcal disease (IPD) were included, investigated the effect 

of age on the frequency and manifestations of this severe infection [12**]. The 

authors reported that although patients in the age group ≥65 years accounted for 

only 27.3% of the cases, the mortality rate of 48% in this age group was 

disproportionately high. Indeed, the case fatality rate was found to increase with 

increasing age, being 9.6% and 31.7% in patients aged 17–54 years and ≥75 years 

respectively [12**]. As stated by the authors “the rate of IPD is highest in the very 

elderly.” 

 

In another very recent prospective, multicentre cohort study, which included 4070 

patients hospitalized with CAP, 1529 (37.6%) of whom presented with severe sepsis, 

Montull et al. investigated both host- and pathogen-related characteristics associated 

with severe sepsis [4**]. The authors reported that older age (>65 years), chronic 

obstructive pulmonary disease (COPD) and renal disease, as well as alcohol abuse, 

were independently associated with severe sepsis [4**]. With respect to the causative 

pathogens, the pneumococcus and a mixed microbial etiology were found to be 

associated with severe sepsis, while, on the other hand, prior antibiotic therapy, and 

also somewhat surprisingly, diabetes mellitus, were found to be protective [4**]. 

Those patients with severe sepsis detected at the time of hospital admission had 

higher PSI and CURB-65 scores; however, more than half of these patients had a 

CURB-65 score of ≤2, which according to the authors is indicative of the limitations 

of applying scales for severity assessment [4**]. 

 

With respect to other causes of pulmonary immunosuppression which predispose for 

development of severe CAP, HIV infection is a well-recognized risk for bacteremia, 

but apparently not for increased mortality or time to clinical stability [13]. The adverse 

effects of smoking were described an earlier seminal publication by Nuorti et al, who 

found that the smoking habit was “the strongest independent risk factor for invasive 

pneumococcal disease among immunocompetent, non-elderly adults” [14]. In the 
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case of antibody deficiency syndromes, it has recently been reported that decreased 

concentrations of the immunoglobulin (Ig) subclass, IgG2, are associated with a 

poorer prognosis and a higher risk of mortality in patients hospitalized for CAP [15]. 

In this context, it is noteworthy that IgG2 antibodies have a key protective role in 

opsonophagocytosis, via neutralization of the anti-phagocytic, polysaccharide 

capsule of the pneumococcus. 

 

Inflammatory responses in CAP 

Studies comparing inflammatory responses in severe and non-severe CAP have 

suggested that the former patients do not mount a robust local inflammatory 

response, but rather have a much more exuberant systemic inflammatory response 

suggesting that what drives CAP severity is the ability or not of the patient to mount 

an optimal local inflammatory response [16]. Other investigations documenting 

patterns of both local and systemic cytokines of importance in the pathogenesis of 

severe CAP have concluded that interleukin (IL)-1, IL-6, IL-8, IL-10, tumour necrosis 

factor alpha (TNFα) and interferon gamma (IFNɣ) play important roles, with systemic 

levels of these various cytokines being related to disease severity [17, 18]. In this 

context, higher IL-6 and TNFα levels on admission were associated with greater risk 

of death, need for mechanical ventilation and acute kidney injury [18].  

 

SEPSIS AND ORGAN DYSFUNCTION 

 

As mentioned above, Montull and colleagues reported that elderly patients, alcohol 

abusers, and patients with renal disease and COPD were more likely to develop 

community-onset severe sepsis, whereas prior antibiotic use was a protective factor 

and that the presence of bacteremia, infection with Streptococcus pneumoniae and 

infections of mixed etiology were the most common microbial causes [4**]. Similarly, 

Menendez and colleagues [2**] reported the occurrence of >2 organ dysfunctions in 

11.3% of CAP patient at diagnosis, being associated with a greater 30-day mortality 

than cases without organ dysfunction (12.4% versus 3.4%) and that infections with 

the pneumococcus, or Gram-negative organisms and polymicrobial infections were 

the most common etiologies and that hepatic, renal and neurological disorders and 

COPD were main risk factors. Amaro and colleagues [19*] demonstrated that recent 

use of antibiotics prior to hospital admission in patients with CAP seemed to reduce 
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the incidence of septic shock and the need for mechanical ventilation. It has been 

suggested that assessment for organ dysfunction early on hospital admission of 

patients with CAP and/or even phenotyping CAP patients according to the presence 

or absence of acute respiratory failure and/or severe sepsis could facilitate 

appropriate clinical management, assisting in site-of-care decisions, assessment of 

infection severity and early initiation of optimal management [2**, 3].  

 

Recent studies of the new screening tool for sepsis, namely the quick Sepsis-related 

Organ Failure Assessment (qSOFA), which has prognostic performance similar to 

the SOFA when used in patients outside the ICU, indicated that it was similar to 

(higher sensitivity and lower specificity) [20], or better than, the CRB-65 severity 

score (using confusion, respiratory rate, blood pressure, age > 65 years) [21*] in 

patients with CAP. Furthermore, Ranzani and colleagues documented that the 

qSOFA and CRB outperformed the systemic inflammatory response syndrome 

(SIRS) criteria and appeared to be useful tools for CAP assessment in the 

emergency department [22*].  

 

ORGAN DYSFUNCTION – CARDIAC COMPLICATIONS IN CAP  

 

Although It is well recognized in patients with CAP that complications involving most 

of the organ systems beyond the lungs and pleura and including the brain, 

hematological, renal and endocrine systems,  may occur, much recent research has 

focused attention on cardiac complications, particularly those in association with 

pneumococcal infections [23]. Some recent studies have indicated that assessment 

of the presence or absence of certain indicators of cardiac dysfunction using 

echocardiography (such as a decrease in tricuspid annular plane systolic excursion 

(TAPSE) and cardiac biomarkers (such as a raised N-terminal proB-type natriuretic 

peptide level)) may be useful since they are appear to be associated with an 

increased rate of complicated hospitalization and adverse events in patients with 

CAP [24, 25*]. Reyes and colleagues successfully developed a non-human primate 

model of severe pneumococcal pneumonia [26**]. In that model these researchers 

were able to confirm the findings of previous studies in murine models of 

pneumococcal pneumonia that the pneumococcus was able to invade the heart in 

severe pneumonia, and induce cardiomyocyte death by direct cytotoxic effects 
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(necroptosis and apoptosis) with subsequent cardiac scarring [27**]. Very 

interestingly, Shenoy and colleagues [28**] documented that contrary to current 

dogma, pneumococci resident in biofilm, rather than being passively 

immunoquiescent, are involved in immune cell killing, rapidly killing cardiac 

macrophages in a pneumolysin-dependent manner, promoting myocardial damage 

and dysfunction. Importantly, it is well recognized that cardiovascular complications 

occurring in patients with CAP are associated with both short-term and long-term 

mortality   [29, 30]. 

 

BIOMARKERS WHICH MAY ENABLE DISTINCTION BETWEEN INVASIVE AND 

NON-INVASIVE CAP 

 

Distinguishing between invasive and non-invasive CAP is of considerable 

importance due to the clinical management of patients, particularly in relation to re-

assessment of antimicrobial therapy and possible implementation of adjunctive 

therapeutic strategies such as macrolide antibiotics and possibly corticosteroids. To 

achieve this objective, much recent research has focused on the inclusion of 

biomarkers as a strategy to reinforce the utility of clinical scoring systems in 

discriminating between invasive and non-invasive CAP. Biomarkers which have 

attracted recent attention in this context, include circulating mid-regional pro-

adrenomedullin (MR-proADM), platelet counts, lactate, presepsin, and combinations 

of these with other biomarkers such as C-reactive protein (CRP) and procalcitonin 

(PCT). 

 

An earlier study undertaken in a small group (n=49) of CAP patients with sepsis or 

septic shock admitted to an intensive care unit (ICU) investigated the prognostic 

utility of measurement of circulating MR-proADM relative to that of CRP or PCT [31]. 

The authors reported that median levels of MR-proADM were significantly higher in 

non-survivors vs. survivors (5.0 and 1.7 nanomoles/liter respectively, P<0.01), as 

well as being superior to either CRP or PCT, and comparable with the PSI [31]. In a 

subsequent prospective observational study, undertaken by España et al., a total of 

491 patients with CAP was recruited, 256 and 235 of whom were admitted to 

hospital or treated as outpatients, respectively [32]. The authors, who evaluated the 

potential of three clinical scoring systems (PSI, CURB-65, SCAP) and three 
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biomarkers (CRP, PCT, MR-proADM) to discriminate between the two groups of 

patients, reported that the SCAP score and  MR-proADM had the best AUCs of 0.83 

and 0.84 respectively, while combining these increased the AUC to 0.88 [32]. 

 

While neither of the aforementioned studies was designed with the primary objective 

of discriminating between systemic and non-systemic disease, they do, however, 

underscore the potential of MR-proADM to achieve this objective [31, 32]. This 

contention is supported by the findings of a more recent prospective observational 

study by Angeletti et al. undertaken with the objective of analysing the predictive 

potential of PCT and MR-proADM, individually and in combination, to distinguish 

between localized and systemic infections, as well as the prognosis thereof, in 382 

patients with a diagnosis of bacterial infection (n=168 septic, 148 severe 

sepsis/septic shock, 66 with localized infections) [33*]. Scores were assigned to PCT 

and MR-proADM according to the magnitudes of the circulating concentrations of 

these biomarkers, while the combined scores were calculated by simply adding the 

individual values. The combined score AUCs for patients with severe sepsis/septic 

shock, sepsis and localized infections were 0.99, 0.96 and 0.88 respectively with 

corresponding likelihood ratios of 88.38, 80.1 and 7.1 [33*]. The authors conclude 

that the “combined PCT/MR-proADM score could represent a valid tool in the clinical 

practice to timely identify patients with bacterial infections and guide the diagnosis of 

sepsis and severe sepsis, conditions requiring a prompt treatment” [33*]. Clearly, 

however, a similar study focused specifically on CAP is required to ascertain the 

validity of this strategy in the setting of this condition. 

 

Other recently described biomarkers with the potential to discriminate between 

localized and systemic infection in patients with CAP include: i) a bacteremia 

prediction model based on the combination of a platelet count of <130,000 cells/µL, 

albumin <3.3 mg/dL and CRP >17 mg/dL [34*]; ii) measurement of serum presepsin 

(a subtype of soluble CD14), which has been reported to be an accurate biomarker 

of sepsis [35]; iii) measurement of blood lactate [36]; and iv) applying a biomarker 

profile comprising CRP, PCT and B-type natriuretic peptide (BNP),because 

circulating levels of all three biomarkers are higher in patients with bacteremic CAP 

[37]. 
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In addition to the aforementioned, other biomarkers which have the potential to 

distinguish between localized and systemic CAP, but which remain untested in this 

setting include: i) decreased IgG2 as mentioned above [15]; ii) elevated circulating 

levels of intercellular adhesion molecule-1 (ICAM-1) [38]; iii) specifically in the case 

of pneumococcal CAP, the combination of a high bacterial DNA load in association 

with elevated levels of PCT and soluble urokinase plasminogen activator receptor 

(suPAR) [39]; and iv) a rising mean platelet volume in patients hospitalised with CAP 

[40]. 

 

These various biomarkers of severe disease are summarised in Table 1. 

 

Table 1: Apparent and potential circulating biomarkers, which may distinguish between 

systemic and localized disease 

 

Apparent Reference 

Increased mid-regional pro-adrenomedullin individually and in 

combination with either procalcitonin or the SCAP clinical scoring 

system 

 

             31, 32, 33* 

Bacteremia prediction model consisting of: 

- Platelet count <130,000 cells/µl 

- Albumin <3.3 mg/dL 

- C-reactive protein >17 mg/dL 

 

              34* 

Increased presepsin 

 

               35 

Increased lactate 

 

               36 

Biomarker profile consisting of increased: 

- C-reactive protein 

- Procalcitonin 

- B-type natriuretic peptide 

-  

               37 

Potential  

Decreased immunoglobulin G2 

 

                15 

Increased intercellular adhesion molecule-1 

 

                38 

Pneumococcal CAP biomarker profile consisting of increased: 

- Bacterial DNA load 

- Procalcitonin 

- Soluble urokinase plasminogen activator reaction 

-  

                39 

Increased mean platelet volume                 40 
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MANAGEMENT OF SEVERE CAP – ANTIBIOTICS AND BEYOND 

 

One interesting recent review asked the question as to whether the use of lytic 

antibiotics, such as the beta-lactams, as opposed to non-lytic antibiotics such as 

macrolides and macrolide-like agents, in patients with severe invasive pneumococcal 

disease is optimal. This is because bactericidal antibiotics have been documented to 

increase the release of the highly proinflammatory toxin, pneumolysin, which is well 

recognized to participate in host tissue damage, such as the cardiac injury that 

occurs in pneumococcal CAP and is associated with a poorer outcome [41]. A 

number of years ago Restrepo and colleagues documented that the addition of a 

macrolide to the antibiotic regimen in patients with severe CAP and sepsis was 

associated with a lower mortality [42]. However, a more recent systematic review 

and meta-analysis comparing the combination of a fluoroquinolone or macrolide 

together with a beta-lactam antibiotic, in hospitalized patients with CAP, concluded 

that with low quality of data and absence of data from randomized controlled trials, 

no recommendations could be made with regard to either regimen [43]. It was 

interesting to note in the latter study that there was a difference in mortality (higher in 

the fluoroquinolone/beta-lactam group both overall and in the American, but not 

European, studies). Nevertheless, Pereira and colleagues [44*] in a post hoc 

analysis of a prospective multicenter observational study documented that 

combination antibiotic therapy with a macrolide in patients with severe CAP was 

independently associated with a reduction in hospital stay and 6-month mortality. 

However, it does not appear that the use of severity scores is helpful in predicting 

the likely response to macrolide therapy [45].  

 

 

Falcone and colleagues [46], in an observational study, with correction of all the 

relevant effect estimates and p values using propensity score analysis, noted that in 

patients with pneumonia (CAP or healthcare-associated pneumonia) and septic 

shock, receipt of aspirin and a macrolide was associated with a better survival. 

However, a further post hoc exploratory analysis of a randomized controlled trial was 

undertaken in patients with severe CAP and a high inflammatory response (C-

reactive protein > 150mg/l) [47]. After taking into account potential confounders, no 

difference in treatment failure or in-hospital mortality was noted in those receiving the 
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combination of a glucocorticoid and a beta-lactam/macrolide compared with any 

other combination (i.e. beta-lactam/fluoroquinolone plus glucocorticoid or either 

antibiotic combination without the glucocorticoid) [47]. 

 

CONCLUSIONS 

 

Severe sepsis occurs relatively frequently in patients with CAP. It occurs early in the 

course of the infection, may involve several organ systems and is associated with 

the severity and mortality of CAP. A number of factors are recognized which promote 

the transition of CAP from a local to a systemic disease. Much recent research has 

focused attention on cardiac complications. Biomarkers as a strategy for 

discriminating between invasive and non-invasive CAP and a number of treatment 

strategies using antibiotics and various adjunctive therapies have been studied in 

severe CAP.  

 

Key points 

 CAP may present with markedly varying degrees of disease severity ranging 

from an almost asymptomatic infection to a relatively mild localized condition 

to a fulminant systemic disease with both respiratory failure and multiple 

organ dysfunction 

 A number of factors exist, which may promote the transition of CAP from a 

local to a systemic disease, particularly immunosuppression and poorly 

controlled inflammatory responses, which promote extrapulmonary 

dissemination of the causative pathogens. 

 Although It is well recognized in patients with CAP that complications 

involving most of the organ systems beyond the lungs and pleura and 

including the brain, hematological, renal and endocrine systems, may occur, 

much recent research has focused attention on cardiac complications, 

particularly those in association with pneumococcal infections 

 Distinguishing between invasive and non-invasive CAP is of considerable 

importance due to the clinical management of patients, particularly in relation 

to re-assessment of antimicrobial therapy and possible implementation of 
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adjunctive therapeutic strategies such as macrolide antibiotics and possibly 

corticosteroids.  

 Much recent research has focused on the inclusion of biomarkers as a 

strategy to reinforce the utility of clinical scoring systems in discriminating 

between invasive and non-invasive CAP 
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