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Biomarkers and clinical scoring 
systems in community‑acquired 
pneumonia
Meropi Karakioulaki, Daiana Stolz1

Abstract:
Community‑acquired pneumonia (CAP) is the third most common cause of death globally. Due to the 
complexity of CAP, it is widely accepted that, currently, clinical prognosis and diagnosis is inadequate 
for the assessment of the severity of the disease. With the aim to determining the initial treatment 
and the appropriate level of intervention, several clinical scores of severity and biomarkers have been 
developed. Both biomarkers and clinical scoring systems are expected to determine the different 
aspects of the host factor and the response to therapy, in order for physicians to be able to make 
an accurate benefit/risk assessment that will lead to proper diagnosis and correct prescription of 
antibiotics. This review aims to highlight the prognostic and diagnostic accuracy of various laboratory 
and clinical parameters in CAP and discuss the perspectives for the reduction of CAP mortality.
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Community‑acquired pneumonia (CAP) 
is the third most common cause of 

death globally, the major infection‑related 
cause of death in developed countries, 
and accounts for between 5% and 12% of 
all cases of adult lower respiratory tract 
infection  (LRTI) managed by primary 
care physicians.[1‑4] The annual cost for 
treating CAP in the United States exceeded 
$9 billion throughout the mid‑1990s[5] and 
mid‑2000s.[6,7] Approximately 10% of CAP 
patients require lung ventilation support or 
are admitted to an intensive care unit (ICU) 
due to septic shock. The mortality rate among 
those patients ranges from 19% to 50%, and 
their survival depends on the genome, age, 
comorbidities, and immunity defense of the 
patient, as well as the pathogens and the 
therapy being administered.[8] Due to this 
complexity, it is widely accepted that clinical 
judgment can be inadequate to assess the 
severity of the disease.[8]

A definite diagnosis of pneumonia can 
be made based on chest radiography, 
when a new infiltrate appears on the chest 
radiograph, together with the presence of 
recently acquired respiratory symptoms, 
such as cough, increased production of 
sputum, dyspnea, fever, and abnormal 
auscultatory findings.[3,9‑11] However, a 
chest radiograph may not be feasible in 
all cases, while clinical findings do not 
always reliably predict radiologically 
confirmed pneumonia.[12] Diagnosis can 
be problematic in the elderly (who present 
with atypical symptoms and without fever) 
and in patients with cardiac or respiratory 
comorbidity.[1,13] Moreover, primary care 
physicians rely more on taking the patient’s 
history and on physical examination, rather 
than performing radiography.[14]

Most cases of pneumonia result from 
bacterial infection, which is treated with the 
prescription of antibiotics.[1] Overprescribing 
of antibiotics includes many risks, such as 
unnecessarily exposing patients to side 
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effects of antibiotics without achieving a more rapid 
recovery;[15] increasing the probability of infection with 
antibiotic‑resistant organisms;[16,17] and increasing patient 
recovery time, costs, and workload.[18,19] On the other 
hand, underprescription of antibiotics may lead to an 
increased risk of severe pneumonia.[20,21]

Some noninfectious causes, such as pulmonary embolism, 
malignancy, and congestive heart failure, may lead to a 
wrong diagnosis of CAP.[22] In this case, the erroneous 
diagnosis is suspected after the failure of antibiotic 
therapy, increasing the potentially life‑threatening risks 
that are related to the above untreated nonbacterial 
disease.[23] On the other hand, a more than 4  h delay 
of antibiotic treatment after hospital admission of 
a patient with CAP is significantly associated with 
increased mortality rates.[24] Thus, both a rapid diagnosis 
of CAP and an accurate differentiation from viral and 
noninfectious causes are necessary.[25]

With the aim of determining the initial site of treatment 
and the appropriate level of intervention, several 
severity clinical scores, such as “Pneumonia Severity 
Index (PSI),” “confusion, urea, respiratory rate and 
blood pressure  (CURB‑65)” or CURB‑65 with urea 
measurements omitted  (CRB‑65), and “systolic blood 
pressure, multilobar chest radiography, albumin level, 
respiratory rate, tachycardia, confusion, oxygenation and 
arterial pH (SMART‑COP),” have been developed and 
are recommended widely for clinical decision‑making 
when evaluating CAP patients.[8,26] These scores, 
however, have many weaknesses, particularly regarding 
their positive predictive values.[27]

Both the PSI and CURB‑65 scores consist of clinical rules 
that identify a subset of patients at low risk of death 
and thus, classify all the remaining patients as “high 
risk,” recommending for them hospital admission, 
despite the fact that a significant percentage of these 
patients can be treated safely at home.[27] Most sensitive 
tests (low false‑negative rate), such as the PSI, require 
from physicians the collection of data on twenty 
parameters (including detailed medical history, physical 
examination, arterial blood gas measurements, and chest 
radiograph), prohibiting their applicability in a busy 
emergency department setting.[28] The CORB‑65 test 
does not require the evaluation of so many parameters; 
however, due to the fact that it does not address 
comorbidities, it underestimates the mortality risk in 
the elderly with other underlying diseases.[8] PSI and 
CURB‑65 have both good discriminatory power for 
mortality, but low ability to predict ICU admission.[8] 
SMART‑COP performs better than both CURB‑65 and 
PSI, but fails to identify younger patients  (<50  years 
of age) requiring mechanical ventilation and inotropic 
support due to CAP.[29]

Biomarkers are laboratory tests, which are easily 
measured, objective, and dynamic, reflecting a disease 
process.[8] They could potentially be very useful in the 
diagnosis of CAP as they can provide information for the 
identification of a pathology and thus, help physicians 
avoid further invasive or expensive diagnostic tests. 
Moreover, biomarkers can allocate CAP patients in the 
proper severity category and also determine the initiation 
and duration of CAP therapy.

Both biomarkers and clinical scoring systems are 
expected to capture the different aspects of the host 
factor and the response to therapy.[8] Therefore, there is 
a growing interest in the usage of biomarkers both as 
stand‑alone tests and in combination with clinical risk 
scores for an enhanced risk assessment, proper diagnosis, 
and correct antibiotic prescription.

The recent advances in the fields of metabolomics, 
genomics, and microbiomics could further allow us 
to stratify patients into different severity groups, 
as personalized and precision medicine, focused 
on individual phenotypes, can be a great tool for 
determining a most accurate clinical outcome.[30]

Biomarkers in the Diagnosis of 
Lower Respiratory Tract Infection/
Community‑Acquired Pneumonia

Biomarkers and the use of prognostic scores, such as 
CURB‑65 and PSI, are indicated to support clinical 
judgment.[31] The usefulness of biomarkers for diagnosing 
LRTIs is unclear; however, when high‑sensitivity 
C‑reactive protein  (CRP) and procalcitonin  (PCT) are 
used, the specificity of pneumonia diagnosis is high. 
Some biomarkers that can reliably predict LRTIs 
mortality are PCT, CRP, mid‑regional pro‑atrial 
natriuretic peptide  (MR‑pro‑ANP), and C‑terminal 
pro‑atrial vasopressin  (CT‑pro‑AVP); however, these 
biomarkers do not significantly improve the severity 
score of predictive values [Table 1].[32]

Data from two randomized prospective studies with 
a total of 545  patients with suspected LRTI were 
combined in a post hoc analysis, and a significant 
relationship between PCT levels and PSI category was 
shown. PCT was distinctly elevated in the highest PSI 
Class V, indicating that it could be a useful tool in the 
assessment of CAP severity. Moreover, it had the highest 
diagnostic accuracy in differentiating radiographically 
confirmed CAP from other differential diagnoses and 
best predictive power for bacteremia.[36]

In a large multicentric, prospective observational cohort 
study, including 1651  patients admitted for CAP, for 
most patients, PCT levels did not provide prognostic 
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information beyond the PSI and CURB‑65 scores. Among 
high‑risk groups, however, low PCT levels reliably 
predicted lower mortality.[47]

Moreover, it has been shown that PCT levels at admission 
is a better biomarker for CAP severity and outcome, when 
compared to leukocyte count (white blood cell [WBC]) 
and CRP levels in a study including 1671 patients with 
proven CAP, tested for PCT, CRP, WBC, and CRB‑65 
followed up for 28 days. Additionally, a PCT threshold 
of <0.228 ng/mL classifies low‑risk patients within all 
CRB‑65 risk groups.[48]

In a multivariate Cox proportional hazard regression 
analysis in 589  patients with CAP, high levels of 
MR‑pro‑ANP and CT‑pro‑AVP were the strongest 
predictors of mortality when compared to PCT and 
CRP. MR‑pro‑ANP and CT‑pro‑AVP were shown 
to be better predictors for CAP severity and 28‑day 
mortality, than the CRB‑65 score.[40] Furthermore, 
in 302 consecutively admitted adults with CAP, 
pro‑adrenomedullin  (pro‑ADM) levels on admission 
predicted the severity and outcome of CAP with similar 
prognostic accuracy as the PSI. However, many patients 
with high PSI (Class V) had low pro‑ADM levels.[42] In a 

multicentric prospective cohort study including a total 
of 1653  patients, pro‑ADM was indicated as superior 
to PCT, but only in high‑risk patients, it was superior 
to PSI.[43]

Looking at the role of consecutive CRP measurement in 
the follow‑up of CAP in a prospective, multicentric study 
including 289 hospitalized patients with severe CAP, 
delayed normalization of CRP was not significantly related 
to mortality, but to inappropriate treatment (steroids and 
pneumonia etiology).[49] When CRP was evaluated for its 
diagnostic accuracy in detecting radiologically proven 
pneumonia, it was shown neither sufficiently sensitive to 
rule out pneumonia nor sufficiently specific to rule in an 
infiltrate on chest radiograph and bacterial (rather than 
viral) etiology of LRTI. Thus, it was concluded that CRP 
cannot be widely introduced as a rapid test to guide the 
prescription of antibiotics.[46]

The inflammatory response at the time of CAP diagnosis 
is influenced by the time elapsed from the onset of 
symptoms. CRP levels measured were significantly 
lower in patients presenting <3 days since the onset of 
symptoms, whereas PCT, interleukin  (IL)‑6, and IL‑8 
were already elevated. Moreover, PCT, IL‑6, and IL‑8 

Table 1: Diagnostic and prognostic value of biomarkers and clinical scores in lower respiratory tract infections 
and community‑acquired pneumonia
Biomarkers and clinical scores Diagnosis Prognosis
CRP LRTIs, CAP CAP caused by Streptococcus pneumoniae or Legionella pneumophila[33]

Absence of severe CAP complications[34]

Bacterial infection[35]

Hospitalization[35]

PCT LRTIs CAP severity[34,36]

Differentiation of radiographically confirmed CAP from other differential diagnoses[36]

Bacteremia,[36] bacterial infection[35]

Hospitalization[35]

Initiation and duration of antibiotic treatment[32,37,38]

28‑day mortality[39]

MR‑pro‑ANP LRTIs 28‑ and 180‑day mortality[40,41]

CAP severity[40,41]

CT‑pro‑AVP LRTIs 28‑ and 180‑day mortality[40,41]

CAP severity[40]

Pro‑ADM LRTIs Severity and outcome of CAP[42,43]

28‑ and 180‑day survival[44]

CAP complications and mortality[45]

Platelets CAP CAP severity and mortality[46]

PSI CAP High‑risk patients, need of hospital admission[27]

Mortality[8]

Pneumonia with low risk of death[28]

CURB‑65 CAP High‑risk patients, need of hospital admission[27]

Mortality[8]

Pneumonia with low risk of death[28]

SMART‑COP CAP ICU admission[8,29]

CRP=C‑reactive protein, PCT=Procalcitonin, MR‑pro‑ANP=Mid‑regional pro‑atrial natriuretic peptide, CT‑pro‑AVP=C‑terminal pro‑atrial vasopressin, 
PSI=Pneumonia Severity Index, CURB‑65=Confusion, urea, respiratory rate and blood pressure, Pro‑ADM=Pro‑adrenomedullin, SMART‑COP=Systolic blood 
pressure, multilobar chest radiography, albumin level, respiratory rate, tachycardia, confusion, oxygenation and arterial pH, CAP=Community‑acquired pneumonia, 
LRTIs=Lower respiratory tract infections, ICU=Intensive care unit
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were significantly reduced after 3 days of symptoms, 
but CRP was still high.[50] In a case–control study, CRP 
was shown to be significantly higher in confirmed 
CAP, compared to healthy controls and suspected 
CAP. CRP  values were especially high in patients 
with pneumonia caused by Streptococcus pneumoniae or 
Legionella pneumophila.[51]

In a prospective, observational study including a total 
of 364  patients with LRTI enrolled from 42 general 
practices both PCT >0.06 ng/mL and CRP ≥20 mg/L 
were associated with radiographic pneumonia, bacterial 
infection, and subsequent hospitalization. However, 
positive predictive values were too low for any of 
the two markers to be of use in clinical practice, and 
there was no indication that PCT is superior to CRP 
in identifying patients with CAP, bacterial etiology, or 
adverse outcome.[33] A CRP level ≥100 mg/L, however, 
was indicated to be an indicator for CAP (specificity 91%) 
when the diagnosis of pneumonia is in doubt.[35]

CRP and PCT increase partially in parallel. In the setting 
of LRTI, it is especially important not to miss possible 
severe complications, such as sepsis.[52,53] The downside 
of CRP is not sensitivity, but specificity, because CRP 
is an inflammatory marker and PCT is a biomarker 
for infection. The increase in CRP is delayed, when 
compared to an increase in PCT.

Platelets,  as they play a very crucial role in 
antimicrobial host defenses and the coagulation 
mechanism, are another possible biomarker for CAP 
severity.[32] Thrombocytopenia and thrombocytosis have 
been significantly associated with mortality in CAP 
patients. When compared to abnormalities in WBC, 
abnormalities in platelet count are a better predictor of 
the severity and outcome of CAP.[54]

Prescription of Antibiotics in 
Community‑Acquired Pneumonia

Unnecessary prescription of antibiotics is associated with 
an increased risk of patients’ exposure to side effects of 
antibiotics without achieving a more rapid recovery. 
On the other hand, underprescription of antibiotics may 
lead to an increased risk of severe pneumonia. When 
exploring the influence of general practitioners’  (GPs) 
examination findings in the prescription of antibiotics, 
auscultation abnormalities (crackles) and diarrhea were 
found to be the stronger predictors for GPs to prescribe 
an antibiotic. This, however, leads to inappropriate or 
unnecessary prescription of antibiotics to 86% of the 
patients (positive predictive value = 14%).[55]

In a 13‑country, prospective, observational primary 
care study, including 1776 patients, clinicians reported 

pneumonia in only 4.3% of the cases and an antibiotic 
was prescribed in 52.7% patients with acute cough/LRTI. 
However, after further cautious analysis, an estimated 
70.8% of the patients could have been considered to have 
suspected or definite pneumonia, and according to the 
ERS/ESCMID guidelines, clinicians could have justified 
an antibiotic prescription for 71.2% of the patients.[56] 
In an observational study in the United Kingdom that 
included 346 primary care practices and 151,088 LRTI 
cases, antibiotic prescribing on the day of LRTI diagnosis 
was associated with reductions in hospital admissions 
and respiratory infection‑related mortality, thus helping 
to prevent adverse outcomes in patients with LRTI.[20]

From the above evidence, it is clear that there is a 
great need for biomarkers that could be used for a 
more rationalistic antibiotic prescription in CAP. In 
this respect, it has been shown that PCT can be used 
as an indicator for the duration of antibiotic treatment 
in pneumonia.[32] A systematic review with individual 
patient data from 14 randomized controlled trials with 
a total of 4211 participants indicated that the use of PCT 
to guide the initiation and the duration of antibiotic 
treatment in patients with acute respiratory infections is 
not associated with higher mortality rates or treatment 
failure.[57]

A recent meta‑analysis of patient data from 26 randomized 
controlled trials including 6708 patients from 12 countries 
suggested that the use of PCT to guide treatment with 
antibiotics in patients with acute respiratory infections 
reduces exposure to antibiotics and their side effects and 
improves survival. Thus, the implementation of PCT 
testing in patients with acute respiratory infections could 
improve antibiotic management, tackle the current threat 
of the increasing antibiotic multiresistance, and at the 
same time have positive effects on clinical outcomes.[58]

In another study of 1337  patients with proven CAP, 
levels of PCT, CRP, and WBC were significantly higher 
in patients with typical bacterial CAP, compared to CAP 
of atypical or viral etiology. PCT, CRP, and WBC were 
similar in patients with atypical and viral etiologies of 
CAP. PCT, noticeably, increased with the severity of 
CAP (measured by CRB‑65 score, P < 0.001), in contrast 
to CRP and WBC, and thus it could be useful in the 
assessment of the severity of CAP. However, CRP, PCT, 
and WBC could not predict the etiology of CAP.[37]

A meta‑analysis of data from individual participants 
from 12 countries indicated that PCT can be used as a 
safe tool to discontinue antibiotic therapy in patients 
with LRTI  (including CAP, acute exacerbations of 
chronic obstructive pulmonary disease [AECOPD], and 
ventilator‑associated pneumonia  [VAP]). Therefore, 
PCT can be used to guide the initiation and duration 
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of antibiotic treatment, resulting in lower mortality 
risk and decrease in the consumption of antibiotics and 
antibiotic‑related side effects.[59]

CRP has also been suggested as a biomarker to guide 
the prescription of antibiotics in CAP. In a randomized 
controlled trial to assess whether CRP can be used to 
guide antibiotic prescription to patients with respiratory 
infections in GP offices (35 general practices, 812 patients 
with LRTI), the use of the CRP rapid test was not 
recommended  (antibiotic prescription frequency: 43% 
in CRP group vs. 46% in control group, odds ratio = 0.9, 
nonsignificant, morbidity frequency: 12% in CRP group 
vs. 8% in control group, odds ratio = 1.6, P = 0.05).[60]

A cluster randomized trial of 431 patients recruited in 
twenty general practices in the Netherlands showed 
that both GP testing for CRP and training in enhanced 
communication skills significantly reduced antibiotic 
prescribing for LRTI, without compromising patient’s 
recovery and satisfaction with care  (GPs in CRP test 
group prescribed antibiotics to 31% of patients vs. 53% 
from GPs from no test group, P = 0.02, and trained GPs 
prescribed antibiotics to 27% of patients, vs. 54% from 
GPs from no training group, P < 0.01). This indicates that 
a combination of illness and disease approaches may 
be necessary to achieve reduction in the prescription of 
antibiotics for CAP in primary care.[38]

Use of Biomarkers in Lower Respiratory 
Tract Infection/Community‑Acquired 

Pneumonia Prognosis

A summary of the biomarkers that can be used for 
the prognosis of LRTIs and CAP is shown in Table 1. 
A  prospective cohort study in 394 hospitalized 
patients with CAP indicated that low levels of CRP 
and PCT after 72 h of treatment–in addition to clinical 
criteria–might improve the prediction of absence of 
severe complications, as they reflect stability. However, 
CRP and PCT levels at 72 h do not significantly improve 
the prediction of severe complications as compared 
to clinical criteria for clinical stability. Therefore, the 
addition of the biological information provided by CRP 
and PCT levels to clinical criteria of stability improves 
the safety of that prediction.[34]

In a meta‑analysis of 23 studies, which aimed to predict 
mortality in patients with CAP (22,753 patients, average 
mortality 7.4%), the different scoring systems employed 
in the studies were compared. PSI had the highest 
sensitivity and the lowest specificity for mortality, CRB‑65 
was the most specific, but least sensitive, and CURB‑65 
was between the two. Negative predictive values ranged 
from 0.94 (CRB‑65) to 0.98 (PSI), and positive predictive 
values ranged from 0.14 (PSI) to 0.28 (CRB‑65). All four 

prognostic scales had good negative predictive values in 
populations with low prevalence of death, but modest 
positive predictive values. This suggests that the PSI and 
CURB‑65 scoring systems perform well at identifying 
patients with pneumonia who have a low risk of death. 
All the four scales, however, have limitations and should 
be used in combination with careful clinical judgment.[28]

Investigating the mortality predictive value of serum 
biomarkers and clinical risk scales in 125 CAP patients, 
serum PCT was found to be a valuable single predictor 
for 28‑day mortality. The models combining PCT 
and/or CRP with PSI or IDAS/ATS guidelines 
demonstrated better performance than PSI or the 
IDAS/ATS guidelines alone.[39]

In another study of 1740  patients with proven CAP, 
MR‑pro‑ANP, CT‑pro‑AVP, PCT, CRP, WBC, and 
CRB‑65 score were determined on admission and patients 
were followed up for 180  days. Both MR‑pro‑ANP 
and CT‑pro‑AVP levels increased with increasing 
severity of CAP  (CRB‑65 score classification). Median 
MR‑pro‑ANP and CT‑pro‑AVP levels were significantly 
higher in patients who died within 28 and 180  days, 
than in survivors. MR‑pro‑ANP and CT‑pro‑AVP were 
independent and the strongest predictors of short‑term 
and long‑term mortality in patients with CAP.[41]

In a multicentric CAP cohort study (28 hospitals, 1653 
CAP patients), the prognostic role of MR‑pro‑ADM was 
investigated and its significance was compared to PCT. 
MR‑pro‑ADM levels correlated with increased severity 
of illness and death. High MR‑pro‑ADM levels do not 
alter PSI‑based risk assessment in most CAP patients 
(PSI I–III) but offer additional risk stratification in 
high‑risk CAP patients (PSI IV/V).[43]

In another study of 728 patients with CAP, some new 
biomarkers were compared for the prediction of short‑ and 
long‑term all‑cause mortality in CAP. MR‑pro‑ADM had 
the best performance for 28 days (hazard ratio = 3.67) and 
180 days (hazard ratio = 2.84) survival, when compared 
to MR‑pro‑ANP, copeptin, pro‑ET‑1 (pro‑endothelin‑1), 
PCT, CRP, and WBC. Moreover, MR‑pro‑ADM 
was independent of CRB‑65, and a combination of 
MR‑pro‑ADM with CRB‑65 was indicated to be the best 
predictor for mortality, as the addition of MR‑pro‑ADM 
significantly improved the prognostic value of CRB‑65 
score for 28‑ and 180‑day outcome.[44]

Additionally, the prognostic value of prohormones in 
CAP was investigated in 925 CAP patients (CURB‑65 and 
PSI vs. MR‑pro‑ADM, pro‑ET1, CT‑pro‑ANP, copeptin, 
and PCT), and the results indicated that both PSI and 
CURB‑65 overestimated the observed mortality and that 
ΜΡ‑pro‑ADM or pro‑ET1 alone was significantly better 
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than the PSI or CURB‑65 score to predict complications. 
The inclusion of MR‑pro‑ADM alone in addition to 
the PSI and CURB‑65 scores significantly increased the 
area under the curve (for PSI from 0.69 to 0.75 and for 
CURB‑65 from 0.66 to 0.73) for the prediction of serious 
complications.[61]

A meta‑analysis of eight studies and 4119  patients 
demonstrated that MR‑pro‑ADM is predictive of 
increased complications and higher mortality rates 
in patients suffering from CAP, as an elevated 
MR‑pro‑ADM level is associated with increased risk of 
death from CAP  (relative risk = 6.16; 95% confidence 
interval = 4.71–8.06, mean cutoff = 1.416 ng/ml, positive 
likelihood ratio = 2.8; 95% confidence interval = 2.3–3.3, 
negative likelihood ratio  =  0.36; 95% confidence 
interval = 0.29–0.45).[45]

From the abovementioned studies, we can conclude 
that CRP‑point of care and training in communication 
skills can decrease antibiotic prescription in LRTI at 
the GP office. Moreover, procalcitonin can be used as 
a safe tool to discontinue antibiotic therapy in patients 
with LRTI (including CAP, AECOPD, and VAP). CRP, 
PCT, or WBC cannot predict the etiology of CAP. All 
prohormones, however, provide prognostic information 
in CAP and are superior than the prognostic scores alone. 
MP‑pro‑ADM seems to be the best predictor in CAP, 
providing additional information than the scores alone, 
particularly in patients with PSI Class IV–V.

Perspectives for the Reduction of 
Community‑Acquired Pneumonia Mortality

Recent advances in the field of severe infections indicate 
the crucial role of interindividual genetic variability. CAP 
development and its treatment depend on many different 
characteristics of the host, such as susceptibility to 
specific organisms, inflammatory responses to invasion 
of pathogens, and response to antibiotics.[30] Not all CAP 
episodes are similar. In other words, successful CAP 
treatment strategies require to take individual variability 
into consideration.[8] Even with low bacterial burden, 
some patients can be susceptible to morbidity. An 
explanation to this fact was provided by a genome‑wide 
association study of survivors of sepsis due to CAP. The 
study indicated that some common variants in the FER 
gene are significantly associated with survival.[62]

Current guidelines take into account only macroscopic 
differences in immunosuppression and comorbidities, 
such as neutropenia, hematologic cancers, HIV, diabetes, 
and chronic obstructive pulmonary disease. Research on 
genetics, microbiomics, proteomics, and metabolomics 
has demonstrated that individual characteristics 
(such as genetic variability, metabolic composition of the 

host, and specific patterns of saprophytic flora colonizing 
the lower airways) can have a great impact on the final 
outcome of prognostic and diagnostic procedures and 
also contribute significantly to the progression of CAP.[30] 
Therefore, at the moment, the most important unmet 
clinical need in CAP medicine is the creation of novel 
designs, in order to test and evaluate the contribution of 
personalized and precision medicine in the management 
of CAP.[30]

The implementation of new rapid microbiologic and 
nonmicrobiologic molecular testing, that is the new fast 
multiplex real‑time polymerase chain reaction and the 
study of integrated host gene expression in the context 
of an inflammatory process in order to distinguish 
an infection from an inflammatory process, or even 
discriminate a viral or a bacterial cause of infection, 
together with the application of personalized medicine, 
will contribute to the reduction of CAP mortality 
rates[30] and will lead to the reduction of unnecessary 
administration of antibiotics.[63,64]

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1.	 British Thoracic Society Standards of Care Committee. BTS 
guidelines for the management of community acquired 
pneumonia in adults. Thorax 2001;56 Suppl 4:IV1‑64.

2.	 Klein Klouwenberg  PM, Ong  DS, Bos  LD, de Beer  FM, 
van Hooijdonk RT, Huson MA, et al. Interobserver agreement of 
centers for disease control and prevention criteria for classifying 
infections in critically ill patients. Crit Care Med 2013;41:2373‑8.

3.	 Niederman MS, Mandell LA, Anzueto A, Bass JB, Broughton WA, 
Campbell GD, et  al. Guidelines for the management of adults 
with community‑acquired pneumonia. Diagnosis, assessment 
of severity, antimicrobial therapy, and prevention. Am J Respir 
Crit Care Med 2001;163:1730‑54.

4.	 Mortensen EM, Coley CM, Singer DE, Marrie TJ, Obrosky DS, 
Kapoor  WN, et  al.  Causes of death for patients with 
community‑acquired pneumonia: Results from the pneumonia 
patient outcomes research team cohort study. Arch Intern Med 
2002;162:1059‑64.

5.	 Welte T, Torres A, Nathwani D. Clinical and economic burden of 
community‑acquired pneumonia among adults in Europe. Thorax 
2012;67:71‑9.

6.	 File TM Jr., Marrie TJ. Burden of community‑acquired pneumonia 
in North American adults. Postgrad Med 2010;122:130‑41.

7.	 Sun  HK, Nicolau  DP, Kuti  JL. Resource utilization of adults 
admitted to a large urban hospital with community‑acquired 
pneumonia caused by Streptococcus pneumoniae. Chest 
2006;130:807‑14.

8.	 Stolz D. Procalcitonin in severe community‑acquired pneumonia: 
Some precision medicine ready for prime time. Chest 
2016;150:769‑71.

9.	 Mandell  LA, Bartlett  JG, Dowell SF, File TM Jr., Musher DM, 
Whitney C, et al. Update of practice guidelines for the management 



Karakioulaki and Stolz: Biomarkers in CAP

Annals of Thoracic Medicine ‑ Volume 14, Issue 3, July‑September 2019	 171

of community‑acquired pneumonia in immunocompetent adults. 
Clin Infect Dis 2003;37:1405‑33.

10.	 Dalhoff K. Worldwide guidelines for respiratory tract infections: 
Community‑acquired pneumonia. Int J Antimicrob Agents 
2001;18 Suppl 1:S39‑44.

11.	 Hoare  Z, Lim  WS. Pneumonia: Update on diagnosis and 
management. BMJ 2006;332:1077‑9.

12.	 Hopstaken  RM, Muris  JW, Knottnerus  JA, Kester  AD, 
Rinkens PE, Dinant GJ, et al. Contributions of symptoms, signs, 
erythrocyte sedimentation rate, and C‑reactive protein to a 
diagnosis of pneumonia in acute lower respiratory tract infection. 
Br J Gen Pract 2003;53:358‑64.

13.	 Janssens JP, Krause KH. Pneumonia in the very old. Lancet Infect 
Dis 2004;4:112‑24.

14.	 Goossens H, Little P. Community acquired pneumonia in primary 
care. BMJ 2006;332:1045‑6.

15.	 Smucny  J, Fahey  T, Becker  L, Glazier  R. Antibiotics for acute 
bronchitis. Cochrane Database Syst Rev 2004; CD000245.

16.	 Malhotra‑Kumar  S, Lammens  C, Coenen  S, Van Herck  K, 
Goossens H. Effect of azithromycin and clarithromycin therapy on 
pharyngeal carriage of macrolide‑resistant streptococci in healthy 
volunteers: A  randomised, double‑blind, placebo‑controlled 
study. Lancet 2007;369:482‑90.

17.	 Hillier  S, Roberts  Z, Dunstan  F, Butler  C, Howard  A, 
Palmer S, et al. Prior antibiotics and risk of antibiotic‑resistant 
community‑acquired urinary tract infection: A case‑control study. 
J Antimicrob Chemother 2007;60:92‑9.

18.	 Butler CC, Hillier S, Roberts Z, Dunstan F, Howard A, Palmer S, 
et  al. Antibiotic‑resistant infections in primary care are 
symptomatic for longer and increase workload: Outcomes for 
patients with E. coli UTIs. Br J Gen Pract 2006;56:686‑92.

19.	 Alam MF, Cohen D, Butler C, Dunstan F, Roberts Z, Hillier S, 
et al. The additional costs of antibiotics and re‑consultations for 
antibiotic‑resistant Escherichia coli urinary tract infections managed 
in general practice. Int J Antimicrob Agents 2009;33:255‑7.

20.	 Winchester CC, Macfarlane TV, Thomas M, Price D. Antibiotic 
prescribing and outcomes of lower respiratory tract infection in 
UK primary care. Chest 2009;135:1163‑72.

21.	 Petersen I, Johnson AM, Islam A, Duckworth G, Livermore DM, 
Hayward  AC, et  al. Protective effect of antibiotics against 
serious complications of common respiratory tract infections: 
Retrospective cohort study with the UK general practice research 
database. BMJ 2007;335:982.

22.	 O’Donnell WJ, Kradin RL, Evins AE, Wittram C. Case records of 
the massachusetts general hospital. Weekly clinicopathological 
exercises. Case 39‑2004. A  52‑year‑old woman with recurrent 
episodes of atypical pneumonia. N Engl J Med 2004;351:2741‑9.

23.	 Genné D, Kaiser  L, Kinge  TN, Lew  D. Community‑acquired 
pneumonia: Causes of treatment failure in patients enrolled in 
clinical trials. Clin Microbiol Infect 2003;9:949‑54.

24.	 Meehan  TP, Fine  MJ, Krumholz  HM, Scinto  JD, Galusha  DH, 
Mockalis JT, et al. Quality of care, process, and outcomes in elderly 
patients with pneumonia. JAMA 1997;278:2080‑4.

25.	 Evans AT, Husain S, Durairaj L, Sadowski LS, Charles‑Damte M, 
Wang Y, et al. Azithromycin for acute bronchitis: A randomised, 
double‑blind, controlled trial. Lancet 2002;359:1648‑54.

26.	 Ebell  MH. Outpatient vs. inpatient treatment of community 
acquired pneumonia. Fam Pract Manag 2006;13:41‑4.

27.	 Marrie  TJ, Huang  JQ. Admission is not always necessary for 
patients with community‑acquired pneumonia in risk classes 
IV and V diagnosed in the emergency room. Can Respir J 
2007;14:212‑6.

28.	 Loke YK, Kwok CS, Niruban A, Myint PK. Value of severity scales 
in predicting mortality from community‑acquired pneumonia: 
Systematic review and meta‑analysis. Thorax 2010;65:884‑90.

29.	 Chalmers JD, Singanayagam A, Hill AT. Predicting the need for 
mechanical ventilation and/or inotropic support for young adults 

admitted to the hospital with community‑acquired pneumonia. 
Clin Infect Dis 2008;47:1571‑4.

30.	 Leoni D, Rello J. Severe community‑acquired pneumonia: Optimal 
management. Curr Opin Infect Dis 2017;30:240‑7.

31.	 Woodhead M, Blasi F, Ewig S, Huchon G, Ieven M, Ortqvist A, 
et al. Guidelines for the management of adult lower respiratory 
tract infections. Eur Respir J 2005;26:1138‑80.

32.	 Blasi F, Stolz D, Piffer F. Biomarkers in lower respiratory tract 
infections. Pulm Pharmacol Ther 2010;23:501‑7.

33.	 Holm A, Pedersen SS, Nexoe J, Obel N, Nielsen LP, Koldkjaer O, 
et  al. Procalcitonin versus C‑reactive protein for predicting 
pneumonia in adults with lower respiratory tract infection in 
primary care. Br J Gen Pract 2007;57:555‑60.

34.	 Menéndez R, Martinez R, Reyes S, Mensa J, Polverino E, Filella X, 
et  al. Stability in community‑acquired pneumonia: One step 
forward with markers? Thorax 2009;64:987‑92.

35.	 Flanders SA, Stein J, Shochat G, Sellers K, Holland M, Maselli J, 
et  al. Performance of a bedside C‑reactive protein test in the 
diagnosis of community‑acquired pneumonia in adults with acute 
cough. Am J Med 2004;116:529‑35.

36.	 Müller B, Harbarth S, Stolz D, Bingisser R, Mueller C, Leuppi J, 
et al. Diagnostic and prognostic accuracy of clinical and laboratory 
parameters in community‑acquired pneumonia. BMC Infect Dis 
2007;7:10.

37.	 Krüger S, Ewig  S, Papassotiriou  J, Kunde  J, Marre  R, 
von Baum  H, et  al. Inflammatory parameters predict etiologic 
patterns but do not allow for individual prediction of etiology 
in patients with CAP: Results from the German Competence 
Network CAPNETZ. Respir Res 2009;10:65.

38.	 Cals JW, Butler CC, Hopstaken RM, Hood K, Dinant GJ. Effect 
of point of care testing for C reactive protein and training in 
communication skills on antibiotic use in lower respiratory tract 
infections: Cluster randomised trial. BMJ 2009;338:b1374.

39.	 Kim  MW, Lim  JY, Oh  SH. Mortality prediction using serum 
biomarkers and various clinical risk scales in community‑acquired 
pneumonia. Scand J Clin Lab Invest 2017;77:486‑92.

40.	 Krüger S, Papassotiriou  J, Marre  R, Richter  K, Schumann  C, 
von Baum H, et al. Pro‑atrial natriuretic peptide and pro‑vasopressin 
to predict severity and prognosis in community‑acquired 
pneumonia:  Results  from the German Competence 
Network CAPNETZ. Intensive Care Med 2007;33:2069‑78.

41.	 Krüger S, Ewig S, Kunde J, Hartmann O, Suttorp N, Welte T, et al. 
Pro‑atrial natriuretic peptide and pro‑vasopressin for predicting 
short‑term and long‑term survival in community‑acquired 
pneumonia:  Results  from the German Competence 
Network CAPNETZ. Thorax 2010;65:208‑14.

42.	 Christ‑Crain M, Morgenthaler NG, Stolz D, Müller C, Bingisser R, 
Harbarth  S, et  al. Pro‑adrenomedullin to predict severity and 
outcome in community‑acquired pneumonia [ISRCTN04176397]. 
Crit Care 2006;10:R96.

43.	 Huang  DT, Angus  DC, Kellum  JA, Pugh  NA, Weissfeld  LA, 
Struck J, et al. Midregional proadrenomedullin as a prognostic 
tool in community‑acquired pneumonia. Chest 2009;136:823‑31.

44.	 Krüger S, Ewig S, Giersdorf S, Hartmann O, Suttorp N, Welte T, 
et  al. Cardiovascular and inflammatory biomarkers to predict 
short‑ and long‑term survival in community‑acquired pneumonia: 
Results from the German Competence Network, CAPNETZ. Am 
J Respir Crit Care Med 2010;182:1426‑34.

45.	 Liu  D, Xie  L, Zhao  H, Liu  X, Cao  J. Prognostic value of 
mid‑regional pro‑adrenomedullin  (MR‑proADM) in patients 
with community‑acquired pneumonia: A systematic review and 
meta‑analysis. BMC Infect Dis 2016;16:232.

46.	 van der Meer V, Neven AK, van den Broek PJ, Assendelft WJ. 
Diagnostic value of C reactive protein in infections of the lower 
respiratory tract: Systematic review. BMJ 2005;331:26.

47.	 Huang  DT, Weissfeld  LA, Kellum  JA, Yealy  DM, Kong  L, 
Martino M, et al. Risk prediction with procalcitonin and clinical 



Karakioulaki and Stolz: Biomarkers in CAP

172	 Annals of Thoracic Medicine ‑ Volume 14, Issue 3, July‑September 2019

rules in community‑acquired pneumonia. Ann Emerg Med 
2008;52:48‑58.

48.	 Krüger S, Ewig  S, Marre  R, Papassotiriou  J, Richter  K, 
von Baum H, et al. Procalcitonin predicts patients at low risk of 
death from community‑acquired pneumonia across all CRB‑65 
classes. Eur Respir J 2008;31:349‑55.

49.	 Bruns  AH, Oosterheert  JJ, Hak  E, Hoepelman  AI. Usefulness 
of consecutive C‑reactive protein measurements in follow‑up 
of severe community‑acquired pneumonia. Eur Respir J 
2008;32:726‑32.

50.	 Méndez R, Menéndez R, Cillóniz C, Amara‑Elori   I , 
Amaro  R, González P, et  al. Initial inflammatory profile in 
community‑acquired pneumonia depends on time since onset 
of symptoms. Am J Respir Crit Care Med 2018;198:370‑8.

51.	 Almirall  J, Bolíbar I, Toran  P, Pera  G, Boquet  X, Balanzó X, 
et  al. Contribution of C‑reactive protein to the diagnosis and 
assessment of severity of community‑acquired pneumonia. Chest 
2004;125:1335‑42.

52.	 Joen  JS, Ji  SM. Diagnostic value of procalcitonin and CRP in 
critically ill patients admitted with suspected sepsis. J Dent Anesth 
Pain Med 2015;15:135‑40.

53.	 Principi N, Esposito S. Biomarkers in pediatric community‑acquired 
pneumonia. Int J Mol Sci 2017;18. pii: E447.

54.	 Mirsaeidi M, Peyrani P, Aliberti S, Filardo G, Bordon J, Blasi F, et al. 
Thrombocytopenia and thrombocytosis at time of hospitalization 
predict mortality in patients with community‑acquired 
pneumonia. Chest 2010;137:416‑20.

55.	 Hopstaken RM, Butler CC, Muris JW, Knottnerus JA, Kester AD, 
Rinkens  PE, et  al. Do clinical findings in lower respiratory 
tract infection help general practitioners prescribe antibiotics 
appropriately? An observational cohort study in general practice. 
Fam Pract 2006;23:180‑7.

56.	 Wood J, Butler CC, Hood K, Kelly MJ, Verheij T, Little P, et al. 

Antibiotic prescribing for adults with acute cough/lower 
respiratory tract infection: Congruence with guidelines. Eur 
Respir J 2011;38:112‑8.

57.	 Schuetz  P, Müller B, Christ‑Crain  M, Stolz  D, Tamm  M, 
Bouadma L, et al. Procalcitonin to initiate or discontinue antibiotics 
in acute respiratory tract infections. Cochrane Database Syst Rev 
2017;10:CD007498.

58.	 Schuetz  P, Wirz  Y, Mueller  B. Procalcitonin testing to guide 
antibiotic therapy in acute upper and lower respiratory tract 
infections. JAMA 2018;319:925‑6.

59.	 Schuetz P, Wirz Y, Sager R, Christ‑Crain M, Stolz D, Tamm M, 
et  al. Procalcitonin to initiate or discontinue antibiotics in 
acute respiratory tract infections. Cochrane Database Syst Rev 
2017;10:CD007498.

60.	 Diederichsen  HZ, Skamling  M, Diederichsen  A, Grinsted  P, 
Antonsen S, Petersen PH, et al. Randomised controlled trial of 
CRP rapid test as a guide to treatment of respiratory infections 
in general practice. Scand J Prim Health Care 2000;18:39‑43.

61.	 Schuetz P, Wolbers M, Christ‑Crain M, Thomann R, Falconnier C, 
Widmer I, et al. Prohormones for prediction of adverse medical 
outcome in community‑acquired pneumonia and lower 
respiratory tract infections. Crit Care 2010;14:R106.

62.	 Rautanen  A, Mills  TC, Gordon  AC, Hutton  P, Steffens  M, 
Nuamah R, et al. Genome‑wide association study of survival from 
sepsis due to pneumonia: An observational cohort study. Lancet 
Respir Med 2015;3:53‑60.

63.	 Sweeney  TE, Wong  HR, Khatri  P. Robust classification of 
bacterial and viral infections via integrated host gene expression 
diagnostics. Sci Transl Med 2016;8:346ra91.

64.	 Gelfer G, Leggett  J, Myers J, Wang L, Gilbert DN. The clinical 
impact of the detection of potential etiologic pathogens of 
community‑acquired pneumonia. Diagn Microbiol Infect Dis 
2015;83:400‑6.


