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ABSTRACT
There is a higher prevalence of community‑acquired pneumonia (CAP) worldwide. The 
stratification of the severity and prognosis of CAP is a vital feature as it is one of the most 
common causes of mortality among other infectious diseases in the developed countries. 
The mortality rate of patients with CAP depends on the severity of the disease, treatment 
failure along with the requirement of hospitalization and/or Intensive Care Unit  (ICU) 
management which is quite cost‑effective. To improve the outcomes in the management of 
CAP, there has recently been a significant attention paid to focus on the use and implication 
of evidence‑based scoring systems and biological markers to justify hospital admission in 
either acute medical settings or ICU, also to classify the disease severity which will help 
in predicting the mortality rate. We have reviewed the significance of established and 
newly developed clinical scores, biological markers, and cytokines whether used alone 
or in conjunction with the clinical severity scores to assess the severity of the disease, 
prediction of early or late treatment failure, justify the acute in‑hospital or ICU admission, 
and for the identification of short‑ and long‑term mortality. In conclusion, the incorporation 
of the biological markers in the prognostic scales of the clinical scoring systems may 
improve the mortality prediction value of patients with CAP requiring acute hospitalization 
or ICU care and further studies at a larger scale are needed to corroborate the additive 
value of biological markers.

Key words: Biomarkers, clinical scores, community‑acquired pneumonia, disease severity, 
mortality prediction

Address for correspondence: 
Dr. Ignacio Martin‑Loeches, Intensive Care Unit, St. James’s 
University Hospital, Dublin, Ireland. 
E‑mail: drmartinloeches@gmail.com

How to cite this article: Khan F, Martin-Loeches I. The significance 
of clinical scores and biological markers in disease severity, mortality 
prediction, and justifying hospital admissions in patients with community-
acquired pneumonia. Community Acquir Infect 2016;3:36-42.

This is an open access article distributed under the terms of the 
Creative Commons Attribution‑NonCommercial‑ShareAlike 3.0 
License, which allows others to remix, tweak, and build upon the 
work non‑commercially, as long as the author is credited and the 
new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

Review Article

Access this article online

Quick Response Code:
Website:  
www.caijournal.com

DOI:  
10.4103/2225-6482.184909

[Downloaded free from http://www.caijournal.com on Monday, October 17, 2022, IP: 61.161.250.218]



Khan and Martin‑Loeches: Community‑acquired pneumonia clinical scores and biomarkers

Community Acquired Infection | Vol. 3 | Issue 2 | Apr-Jun 2016 37

INTRODUCTION

The stratification of the severity and prognosis of 
community‑acquired pneumonia  (CAP) is a vital feature 
as it is one of the most common causes of mortality among 
other infectious diseases in the developed countries.[1] CAP 
is globally the second biggest cause of death,[2] 1.2 and 
11.6 cases/1000 population/year in Europe,[3,4] approximately 
4 million adults each year in the United States with 
over 600,000 being hospitalized[5,6] and worldwide between 
1.5 and 14.0 cases/1000 persons/year.[7‑9]

The mortality rate is  <1% for those individuals who do 
not require hospitalization.[10,11] The 30‑day mortality rate 
among hospitalized ranges from 4% to 18%;[9,12,13] however, 
for Intensive Care Unit (ICU) patients, this rate can reach 
up to or  >50%.[14] The hospitalization of patients with 
CAP is quite cost‑effective,[15] and there have been few 
recommendations to reduce their hospital length of stay 
with effective hospital outreach programs, provision of 
community parental antibiotics, appropriate and adequate 
antibiotics usage, and the introduction of vaccines in the 
community.[16,17]

To improve the outcomes in the management of CAP, there 
has recently been a significant attention paid to focus on 
the use and implication of evidence‑based scoring systems 
and biological markers to predict treatment failure, justify 
hospital admission in either acute medical settings or 
ICU, also to classify the disease severity which will help in 
predicting the mortality rate.

The recent literature concerning the significance of clinical 
scores, biological markers, and cytokines whether used alone 
or with other clinical severity scores has been reviewed for 
the prediction of early or late treatment failure, justification 
of acute in‑hospital or ICU admission, and identification of 
short‑ and long‑term mortality among these patients cohort. 
A comprehensive search has been conducted in PubMed, 
Wikipedia, and Google Scholar database searching the 
following terminologies: CAP, clinical scores, biomarker, 
prognosis, ICU, and mortality.

CLINICAL SCORES IN PREDICTING MORTALITY 
AND JUSTIFYING ADMISSIONS

There are numerous clinical tools for prediction of the 
severity of CAP, indications of in‑hospital and ICU 
admissions, treatment failure and progression of the 
disease, few examples are CURB‑65,[18‑20] pneumonia 
severity index (PSI),[10] and SMART‑COP.[21] There are few 
severity assessment scores to predict mortality in CAP in 
ICU including predisposition, insult, response, and organ 
dysfunction  (PIRO),[22] Acute Physiology and Chronic 
Health Education (APACHE) II,[23] sequential organ failure 
assessment score  (SOFA),[24] and the American Thoracic 

Society/Infection Disease Society of America (ATS/IDSA) 
criteria as a prognostic index in CAP patients requiring ICU 
admission.[25]

CURB‑65  (confusion, urea  >7 mmol/L, respiratory rate 
≥30/min, blood pressure ≤90/60 mmHg, and age ≥65 years) 
predicts mortality with an overall sensitivity and specificity 
of about 80%[18‑20] and helps in the stratification of patients 
in three management groups with CURB‑65 score of 0–1, 2, 
and >2 as low risk (mortality <2%) for outpatient management, 
intermediate risk  (mortality 9%) for hospital supervised 
treatment, and high risk (mortality >19%) treated initially in 
an intensive care or high dependency unit, respectively.[26]

The expanded version of CURB‑65 with eight parameters 
is more effective score for CAP to predict disease severity, 
mortality, and mode of treatment, called expanded CURB‑65 
(standard CURB‑65 with lactate dehydrogenase  (LDH) 
>230 µL, platelets <105/mL, and albumin <3.5 g/dL).[27] 
It is categorized into three classes with 0–2 as low risk, 
3–4 intermediate risk, and 5–8 high risk should be treated 
either as outpatient or inpatients in hospital ward or ICU, 
respectively. The thrombocytopenia, raised LDH, and 
hypoalbuminaemia are considered as independent mortality 
risk factors at multivariate analysis.[27]

PSI is an extensive scoring index including demographic 
characteristics, comorbidities, physical examinations, 
laboratory parameters, and pleural effusion.[10] It stratifies 
patients of CAP into five classes on the basis of the 
severity of the disease. It predicts the short‑term mortality 
and also identifies patients with low‑risk mortality at 
presentation. The 30‑day mortality in Class I is 0.4%, Class II 
(PSI score ≤70) is 0.7%, Class III (PSI score 71–90) is 2.8%, 
Class IV (PSI score 91–130) is 8.5%, Class V (PSI score >130) 
is 31.1%, and all classes’ 30‑day mortality is 10.2%.[10]

CURB-65 (74.6%) has a higher specificity than PSI (52.2%) 
and lower sensitivity in predicting ICU admission.[28] PSI 
better identifies low probability of death as compared 
to CURB65, also later score system does not adequately 
evaluate patients’ comorbidities as compared to PSI.[29]

SMART‑COP  (low systolic blood pressure, multilobar 
involvement, low albumin, high respiratory rate, tachycardia, 
confusion, poor oxygenation, and low arterial pH), a clinical 
tool, helps predict 30‑day mortality rate, and the need for 
ICU admission for intensive respiratory or vasopressor 
support (IRVS). The SMART‑COP scores of 0–2, 3–4, 5–6, 
and ≥7 suggests low, moderate, high, and very high risk 
of mortality requiring ICU or HDU admission for IRVS, 
respectively.[21]

PIRO is another clinical severity assessment tool designed 
to predict 28‑day mortality rate in CAP patients in ICU and 
associated with increased healthcare resource utilization in 
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these patients.[22] It comprises eight variables with one point 
each including comorbidities; age  >70  years; multilobar 
opacities in chest radiograph; shock, severe hypoxemia; 
acute renal failure; bacteremia; and acute respiratory distress 
syndrome. The score within first 24 h from ICU admission 
with 0–2 as low risk, 3 as mild, 4 as high, and 5–8 as very 
high mortality risks with longer ICU stay and prolonged 
mechanical ventilation.[22]

APACHE II is a computer‑based ICU scoring system points 
from 0 to 71 based on patient’s age, oxygen partial pressure 
(PaO2), body temperature, mean arterial pressure, arterial pH, 
heart rate, respiratory rate, serum sodium, serum potassium, 
creatinine, hematocrit, white blood cell count (WCC), and 
Glasgow Coma Scale (GCS).[23] It is applied within 24 h of 
admission to ICU to describe patients’ morbidity, assess the 
disease severity, and mortality risk. The higher APACHE II 
score reflects disease severity and increased mortality in ICU 
patients with CAP.[30,31]

SOFA is an ICU sepsis assessment score based on six variables 
including PaO2/FiO2, mean arterial pressure, bilirubin, 
platelets, creatinine, and GCS. It is used to determine the 
extent of a person’s organ function and rate of failure[24,32] 
during ICU stay. It has been shown that the SOFA scores 
help in predicting survival in patients with CAP‑associated 
sepsis.[33]

The ATS and IDSA have convened a joint committee to 
develop unified ATS/IDSA criteria to improve the care of 
adult patients with CAP by assessing the severity of illness and 
site of care decisions.[25] In relation to the decision regarding 
hospital admission, objective scores such as CURB‑65 and 
PSI must be tampered by the physicians’ clinical judgment. 
ATS/IDSA has setup criteria for ICU admission for patients 
with CAP. It comprises two major  (invasive mechanical 
ventilation, septic shock requiring vasopressors) and nine 
minor criteria (respiratory rate >30/min, PaO2/FiO2 <250, 
multilobar pneumonia, confusion, urea  >20  mg/dL, 
WCC <4000 cells/mm3, platelet count <100,000 cells/mm3, 
temperature  <36°C, and hypotension).[25] If the patients 
fulfill any of the major criteria and/or at least three minor 
criteria require ICU admission.

Although these assessment tools help in identification of 
high‑risk CAP patients with poor outcome and may impact 
on hospital resource consumption[25,34] and prognosis, these 
scores have some limitations such as low‑risk patients as 
defined by these scores may require hospital admissions 
and high‑risk have good response with short hospital stay 
and parental antimicrobials.[35] Furthermore, low sensitivity 
of these scores has been demonstrated in the prediction 
of ICU admissions too.[36] There are few more facts which 
limit the utilization of these scores such as misapplication 
or failure to remember the score by doctors, over‑  or 
under‑estimation of acute medical or ICU admission, or 

mortality risks under certain circumstances, which further 
emphasize that these scores should cautiously be used in 
conjunction with thorough systemic clinical assessment of 
the patients.

BIOMARKERS – THEIR ROLE IN PREDICTION 
OF TREATMENT FAILURE, DISEASE SEVERITY, 
AND MORTALITY IN COMMUNITY‑ACQUIRED 
PNEUMONIA

Biomarkers are cellular, biochemical, or molecular markers 
which are objectively measured in biological media such as 
human tissues, cells, or fluids. These biomarkers play vital 
role in assisting normal physiological processes, can also be 
used to indicate pathogenic processes or pharmacological 
responses to a therapeutic intervention.[37,38]

These biomarkers are useful in establishing diagnosis, 
identifying etiology, assessing severity and prognosis, and 
for therapeutic interventions in CAP. Recently, increased 
attention has, therefore, been paid in the research field 
of medicine on the biomarkers in resolving fundamental 
issues regarding prognostic prediction, disease severity, 
and aggressiveness that cannot be readily addressed using 
CAP‑specific scores.

The multiple investigators have used several biomarkers to 
evaluate the alteration in immunological, cardiovascular, 
endocrine, and coagulation systems in patients with CAP 
knowing it as a multisystem disease.[39,40] The multivariate 
analysis has been conducted in several studies to establish a 
relationship among different biomarkers and mortality rates 
in patients with CAP, and to assess the predictive power of the 
study, area under receiver operating characteristic (AUROC) 
has been used.

The serum C‑reactive protein (CRP) predicts mortality in 
hospitalized patients with CAP[41] with lesser mortality risk 
once CRP <100 mg/L, and an independent mortality predictor 
once it fails to fall <50%. Further mentioned that CRP in 
combination with interleukin‑6 (IL‑6), a potent host defense 
cytokine with ability to induce the acute phase response, 
has been independently associated with mortality risks in 
patients with CAP.[42]

There has been a strong association between treatment 
failure and risks of mortality in patients with CAP, ranges 
from 2.4% to 31% for early treatment failure  (clinical 
deterioration within 72 h of the treatment) and 3.9–11% 
for late failure[43] (clinical deterioration between 72 and 96 h 
after starting the treatment),[44,45] developing shock, requiring 
invasive mechanical ventilation or death. It has been shown 
that serum markers including CRP, procalcitonin  (PCT), 
IL‑6, higher CURB‑65 >3, with radiological presentation of 
pleural effusion and/or multilobar involvement are predictors 
of treatment failure in patients admitted with CAP.[46] 
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IL‑6 and pleural effusion are independent risk factors for 
early treatment failure whereas CRP, PCT, and multilobar 
involvement are as late failure predictors.[46]

The biomarkers  inc luding  proadrenomedul l in , 
thrombin‑antithrombin complexes, kallistatin, red blood 
cell distribution width, mid‑regional proatrial natriuretic 
peptide, C‑terminal proatrial vasopressin, D‑dimers, and 
B‑type natriuretic peptide have significant role in predicting 
long‑term mortality in CAP,[47‑53] which is helpful in 
identifying high‑risk patients who need close observation 
posthospital discharge which can impact their long‑term 
mortality rate.

The role of multiple biomarkers in predicting the mortality 
in patients with CAP admitting to ICU has been assessed 
in several studies.[47,54‑57] A series of biomarkers including 
kallistatin (a serine proteinase inhibitor with significant 
role in ion transport, inflammation, and blood pressure 
regulation),[47] platelets,[54] D‑dimers,[55] PCT,[56] and CRP[57] 
have been analyzed in different studies and found that 
they all are independently associated with the prediction of 
mortality in ICU patients with CAP. Further mentioned that 
the acute rise in the concentration of PCT and CRP[56,57] has 
significantly predicted mortality in ICU patients during the 
initial phase of admission.

Thrombocytopenia influences the outcome in patients 
admitted to ICU for severe CAP. A multicenter, observational, 
French study has classified patients into three categories 
on the basis of the degree of their thrombocytopenia and 
found significant increase in mortality rate in patients 
with CAP in ICU with lower platelet count.[54] Further, in 
non‑ICU hospitalized patients with CAP, it has been shown 
that abnormal platelet count, either thrombocytopenia of 
<100,000/L or thrombocytosis of >400,000/L, is associated 
with increased mortality.[58]

A soluble urokinase‑type plasminogen activator receptor 
(suPAR) positively correlates with the activation of immune 
system and is a marker of disease severity and aggressiveness.[59] 
suPAR possesses high sensitivity and specificity levels in terms 
of differential diagnosis. The higher levels of suPAR along 
with PCT and CRP can predict mortality in patients with 
pneumonia requiring ICU admission.[60] The concentration 
of suPAR helps in establishing the prognostication of patients 
with pneumonia.[61]

INTEGRATION OF CLINICAL SCORES 
AND BIOMARKERS IN MANAGING 
COMMUNITY‑ACQUIRED PNEUMONIA

Visfatin, a pre‑B‑cell colony‑enhancing factor 1 enzyme, 
promotes vascular smooth muscle cell maturation and 
inhibits the neutrophil apoptosis. There is a higher plasma 
concentration of visfatin in the patients with CAP.[62] It has 

a strong association with PSI, APACHE II, WCC, and CRP 
of these patients, further strengthens its correlation with 
disease severity and is considered as an independent 30‑day 
mortality marker in patients with CAP.[62]

Endothelin‑1 is a potent vasoconstrictor protein secreted 
by endothelial cells and contributes to vascular tone and 
regulates cell proliferation. It has been illustrated that the 
changes in endothelin‑1 levels on day 3 since admission has 
significantly improved the patients’ outcome by changing 
their PSI score classification from admission.[63] In another 
multicenter study, the prognostic significance of the panel 
of biomarkers including endothelin‑1, atrial‑natriuretic 
peptide, antidiuretic hormones, and PCT has been assessed 
in CAP and found that adding these prohormones has led 
to a significant improvement in the model for CURB‑65.[64] 
A 6‑year prospective study has shown that the addition of 
proadrenomedullin and proatrial natriuretic peptide has 
further improved the prognostic capabilities of the PSI and 
the CURB‑65 score[65] in patients with CAP.

The soluble receptor for advanced glycation end products 
(sRAGEs) play an important role in inflammatory mechanism 
by cell adhesions, proliferations, and migrations.[66] sRAGEs 
have been analyzed along with other severity scores (CURB‑65, 
PSI, APACHE II, and SOFA) in patients admitted with CAP 
and found that SOFA and sRAGEs are the two variables with 
ability to identify high‑risk patients with poor outcome.[33]

Copeptin, a peptide secreted from hypothalamus responsible 
for folding of vasopressin, has a role in the pathophysiological 
pathways in which vasopressin is involved[67] such as 
diabetes insipidus, acute myocardial infarction, syndrome 
of inappropriate secretion of antidiuretic hormone, and 
septic shock. A  Swiss study has demonstrated higher 
copeptin levels in patients with CAP which predict disease 
severity as classified in PSI score and also mortality rate. The 
AUROC for survivals are significantly higher for copeptin as 
compared to CRP, PCT, and leukocytes, which emphasizes 
that copeptin is a potent biomarker in the risk stratification 
of patients with CAP.[68]

A panel of proinflammatory cytokines including IL‑6, IL‑8, 
serum markers including CRP, and PCT has been analyzed at 
admission along with severity scores including PSI, CURB‑65 
in a Spanish study to predict mortality in patients admitted 
with CAP.[42] There are significantly increased concentrations 
of IL‑6, IL‑8, CRP, and PCT in patients who died with the 
severity of the disease, further it has shown that IL‑6 and 
CRP are independent 30‑day mortality predictive markers.[42]

PCT and CRP along with CURB‑65 help in predicting the 
severity of CAP, admission criteria, and microbial etiology 
as bacterial pneumonia has a significantly higher PCT, and 
CRP levels as compared to CAP with atypical or viral etiology. 
Furthermore, PCT and CRP with CURB‑65 may have a role 
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in predicting hospitalization or safe outpatient management 
in these patients.[69]

In ICU, the in‑hospital mortality has been assessed using 
D‑dimer along with SOFA and APACHE II scores and found 
higher levels of D‑dimer in nonsurvivors than surviving CAP 
patients. Furthermore, the addition of D‑dimer to APACHE 
II or SOFA score has increased the discriminative ability 
of both scores in predicting disease severity and mortality 
among these patients.[55]

Vitamin D has immunomodulatory properties and role in 
host defense against infections. Vitamin D and cortisol 
levels along with PSI and CURB‑65 have been studied in 
ICU patients with CAP to predict 30 days mortality and 
ICU admission. It has been found that Vitamin D deficiency 
is associated with adverse outcome of CAP, higher rate of 
ICU admissions and considered as an independent 30 days 
mortality predictor. The Vitamin D deficiency has added 
prognostic value to serum cortisol, and measured clinical 
scores in particular PSI.[70]

Serum albumin level within 24 h of hospitalization is a good 
prognostic marker in CAP.[71] The levels of serum albumin, 
CRP, and PSI score have been analyzed in CAP patients 
requiring hospitalization and found increased prognostic 
performance when albumin and CRP are added with their 
respective PSI scores. Hypoalbuminemia with high PSI score 
is associated with prolonged hospital stay, ICU admission, 
disease severity, and mortality rate.[71,72]

DISCUSSION WITH FORWARD DIRECTIONS

The role of the mentioned biomarkers in predicting the 
severity of the CAP and mortality risks is commendable 
but those studies have some limitations as well. There is 
a need of further research with larger sample size such as 
PSI[10] and CURB‑65[18] studies. The timing of biomarker 
analysis is critical in most of the studies as different 
time of measurements can significantly vary the severity 
classification.[73] As we know, there are multiple factors 
which can influence the concentrations, and bioavailabilty 
of these biological markers including aging,[74] medications 
such as steroids, antimicrobials, acute kidney injury, and the 
microorganisms causing CAP.[53]

The significance of biomarkers of CAP whether used 
alone or in conjunction with the above mentioned clinical 
severity of illness scores has been examined in this review. 
The identification of the short‑  and long‑term mortality 
of patients with CAP and the prediction of both the need 
for ICU admission and the potential for treatment failure 
has also been emphasized here. Further validation of these 
biomarkers and invention of more advanced biomarkers are 
required in prospective trials to elucidate their application 
in clinical practice.

CONCLUSION

We can conclude on the basis of the available data that the 
incorporation of the biological markers in the prognostic 
scales of the clinical scoring systems may improve the 
mortality prediction value of patients with CAP requiring 
acute hospitalization or ICU care. These biomarkers may 
also improve or better evaluate the mortality prediction of 
the prognosis, based on the inflammatory response of each 
patient. The early prediction of treatment failure using 
clinical scores, with biomarkers, and cytokines plays a critical 
role in improving survival of these patients. Further studies 
are needed to corroborate the additive value of biological 
markers.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.	 Heron M, Hoyert DL, Murphy SL, Xu J, Kochanek KD, Tejada‑Vera B. 
Deaths: Final data for 2006. Natl Vital Stat Rep 2009;57:1‑134.

2.	 GBD Mortality and Causes of Death Collaborators. Global, regional, 
and national age‑sex specific all‑cause and cause‑specific mortality 
for 240 causes of death, 1990‑2013: A systematic analysis for the 
Global Burden of Disease Study 2013. Lancet 2015;385:117‑71.

3.	 Almirall J, Bolíbar I, Vidal J, Sauca G, Coll P, Niklasson B, et al. 
Epidemiology of community‑acquired pneumonia in adults: A 
population‑based study. Eur Respir J 2000;15:757‑63.

4.	 Jokinen  C, Heiskanen  L, Juvonen  H, Kallinen  S, Karkola  K, 
Korppi M, et al. Incidence of community‑acquired pneumonia in the 
population of four municipalities in Eastern Finland. Am J Epidemiol 
1993;137:977‑88.

5.	 Garibaldi  RA. Epidemiology of community‑acquired respiratory 
tract infections in adults. Incidence, etiology, and impact. Am J 
Med 1985;78:32‑7.

6.	 Medicare and medicaid statistical supplement, 1995. Health Care 
Financ Rev 1995;16.

7.	 Millett ER, Quint JK, Smeeth L, Daniel RM, Thomas SL. Incidence 
of community‑acquired lower respiratory tract infections and 
pneumonia among older adults in the United  Kingdom: A 
population‑based study. PLoS One 2013;8:e75131.

8.	 Ochoa‑Gondar O, Vila‑Córcoles A, de Diego C, Arija V, Maxenchs M, 
Grive M, et al. The burden of community‑acquired pneumonia in the 
elderly: The Spanish EVAN‑65 study. BMC Public Health 2008;8:222.

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

10.	 Fine  MJ, Auble  TE, Yealy  DM, Hanusa  BH, Weissfeld  LA, 
Singer DE, et al. A prediction rule to identify low‑risk patients with 
community‑acquired pneumonia. N Engl J Med 1997;336:243‑50.

11.	 Carratalà J, Fernández‑Sabé N, Ortega L, Castellsagué X, Rosón B, 
Dorca J, et al. Outpatient care compared with hospitalization for 
community‑acquired pneumonia: A randomized trial in low‑risk 
patients. Ann Intern Med 2005;142:165‑72.

12.	 Ewig S, Birkner N, Strauss R, Schaefer E, Pauletzki J, Bischoff H, 
et  al. New perspectives on community‑acquired pneumonia 
in 388  406  patients. Results from a nationwide mandatory 
performance measurement programme in healthcare quality. 
Thorax 2009;64:1062‑9.

13.	 Arnold FW, Wiemken TL, Peyrani P, Ramirez JA, Brock GN; CAPO 
Authors. Mortality differences among hospitalized patients with 

[Downloaded free from http://www.caijournal.com on Monday, October 17, 2022, IP: 61.161.250.218]



Khan and Martin‑Loeches: Community‑acquired pneumonia clinical scores and biomarkers

Community Acquired Infection | Vol. 3 | Issue 2 | Apr-Jun 2016 41

community‑acquired pneumonia in three world regions: Results 
from the Community‑Acquired Pneumonia Organization  (CAPO) 
International Cohort Study. Respir Med 2013;107:1101‑11.

14.	 Woodhead  M, Welch  CA, Harrison  DA, Bellingan  G, Ayres  JG. 
Community‑acquired pneumonia on the intensive care unit: 
Secondary analysis of 17,869  cases in the ICNARC Case Mix 
Programme Database. Crit Care 2006;10 Suppl 2:S1.

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

16.	 Johnstone  J, Marrie  TJ, Eurich  DT, Majumdar  SR. Effect 
of pneumococcal vaccination in hospitalized adults with 
community‑acquired pneumonia. Arch Intern Med 2007;167:1938‑43.

17.	 Carratalà J, Garcia‑Vidal  C, Ortega  L, Fernández‑Sabé N, 
Clemente M, Albero G, et al. Effect of a 3‑step critical pathway to 
reduce duration of intravenous antibiotic therapy and length of stay 
in community‑acquired pneumonia: A randomized controlled trial. 
Arch Intern Med 2012;172:922‑8.

18.	 Community‑acquired pneumonia in adults in British hospitals in 
1982‑1983: A survey of aetiology, mortality, prognostic factors 
and outcome. The British Thoracic Society and the Public Health 
Laboratory Service. Q J Med 1987;62:195‑220.

19.	 Lim  WS, Macfarlane  JT, Boswell  TC, Harrison  TG, Rose  D, 
Leinonen  M, et  al. Study of community acquired pneumonia 
aetiology (SCAPA) in adults admitted to hospital: Implications for 
management guidelines. Thorax 2001;56:296‑301.

20.	 Lim  WS, Lewis  S, Macfarlane  JT. Severity prediction rules in 
community acquired pneumonia: A validation study. Thorax 
2000;55:219‑23.

21.	 Charles PG, Wolfe R, Whitby M, Fine MJ, Fuller AJ, Stirling R, et al. 
SMART‑COP: A tool for predicting the need for intensive respiratory 
or vasopressor support in community‑acquired pneumonia. Clin 
Infect Dis 2008;47:375‑84.

22.	 Rello J, Rodriguez A, Lisboa T, Gallego M, Lujan M, Wunderink R. 
PIRO score for community‑acquired pneumonia: A new prediction 
rule for assessment of severity in intensive care unit patients with 
community‑acquired pneumonia. Crit Care Med 2009;37:456‑62.

23.	 Knaus  WA, Draper  EA, Wagner  DP, Zimmerman  JE. APACHE 
II: A severity of disease classification system. Crit Care Med 
1985;13:818‑29.

24.	 Vincent  JL, Moreno  R, Takala  J, Willatts  S, De Mendonça A, 
Bruining  H, et  al. The SOFA  (Sepsis‑related Organ Failure 
Assessment) score to describe organ dysfunction/failure. On 
behalf of the Working Group on Sepsis‑Related Problems of the 
European Society of Intensive Care Medicine. Intensive Care Med 
1996;22:707‑10.

25.	 Mandell LA, Wunderink RG, Anzueto A, Bartlett JG, Campbell GD, 
Dean NC, et al. Infectious Diseases Society of America/American 
Thoracic Society consensus guidelines on the management 
of community‑acquired pneumonia in adults. Clin Infect Dis 
2007;44 Suppl 2:S27‑72.

26.	 Lim WS, van der Eerden MM, Laing R, Boersma WG, Karalus N, 
Town GI, et al. Defining community acquired pneumonia severity on 
presentation to hospital: An international derivation and validation 
study. Thorax 2003;58:377‑82.

27.	 Liu JL, Xu F, Zhou H, Wu XJ, Shi LX, Lu RQ, et al. Expanded CURB‑65: 
A new score system predicts severity of community‑acquired 
pneumonia with superior efficiency. Sci Rep 2016;6:22911.

28.	 Shah BA, Ahmed W, Dhobi GN, Shah NN, Khursheed SQ, Haq I. 
Validity of pneumonia severity index and CURB‑65 severity scoring 
systems in community acquired pneumonia in an Indian setting. 
Indian J Chest Dis Allied Sci 2010;52:9‑17.

29.	 Niederman  MS. Recent advances in community‑acquired 
pneumonia: Inpatient and outpatient. Chest 2007;131:1205‑15.

30.	 Aydogdu  M, Ozyilmaz  E, Aksoy  H, Gürsel G, Ekim  N. Mortality 
prediction in community‑acquired pneumonia requiring mechanical 
ventilation; values of pneumonia and intensive care unit severity 
scores. Tuberk Toraks 2010;58:25‑34.

31.	 Richards G, Levy H, Laterre PF, Feldman C, Woodward B, Bates BM, 

et  al. CURB‑65, PSI, and APACHE II to assess mortality risk in 
patients with severe sepsis and community acquired pneumonia 
in PROWESS. J Intensive Care Med 2011;26:34‑40.

32.	 Ferreira FL, Bota DP, Bross A, Mélot C, Vincent JL. Serial evaluation 
of the SOFA score to predict outcome in critically ill patients. JAMA 
2001;286:1754‑8.

33.	 Narvaez‑Rivera  RM, Rendon  A, Sal inas‑Carmona  MC, 
Rosas‑Taraco AG. Soluble RAGE as a severity marker in community 
acquired pneumonia associated sepsis. BMC Infect Dis 2012;12:15.

34.	 Woodhead M, Blasi F, Ewig S, Garau J, Huchon G, Ieven M, et al. 
Guidelines for the management of adult lower respiratory tract 
infections – Full version. Clin Microbiol Infect 2011;17 Suppl 6:E1‑59.

35.	 Huang  DT, Weissfeld  LA, Kellum  JA, Yealy  DM, Kong  L, 
Martino  M, et  al. Risk prediction with procalcitonin and clinical 
rules in community‑acquired pneumonia. Ann Emerg Med 
2008;52:48‑58.e2.

36.	 Chalmers JD, Mandal P, Singanayagam A, Akram AR, Choudhury G, 
Short PM, et al. Severity assessment tools to guide ICU admission 
in community‑acquired pneumonia: Systematic review and 
meta‑analysis. Intensive Care Med 2011;37:1409‑20.

37.	 Mayeux  R. Biomarkers: Potential uses and limitations. NeuroRx 
2004;1:182‑8.

38.	 Naylor S. Biomarkers: Current perspectives and future prospects. 
Expert Rev Mol Diagn 2003;3:525‑9.

39.	 Bruns  AH, Oosterheert  JJ, Cucciolillo  MC, El Moussaoui  R, 
Groenwold RH, Prins JM, et al. Cause‑specific long‑term mortality 
rates in patients recovered from community‑acquired pneumonia as 
compared with the general Dutch population. Clin Microbiol Infect 
2011;17:763‑8.

40.	 Reade MC, Yende S, D’Angelo G, Kong L, Kellum JA, Barnato AE, 
et al. Differences in immune response may explain lower survival 
among older men with pneumonia. Crit Care Med 2009;37:1655‑62.

41.	 Chalmers  JD, Singanayagam  A, Hill  AT. C‑reactive protein is 
an independent predictor of severity in community‑acquired 
pneumonia. Am J Med 2008;121:219‑25.

42.	 Menéndez R, Martínez R, Reyes S, Mensa J, Filella X, Marcos MA, 
et al. Biomarkers improve mortality prediction by prognostic scales 
in community‑acquired pneumonia. Thorax 2009;64:587‑91.

43.	 Garcia‑Vidal  C, Carratalà J. Early and late treatment failure in 
community‑acquired pneumonia. Semin Respir Crit Care Med 
2009;30:154‑60.

44.	 Arancibia F, Ewig S, Martinez JA, Ruiz M, Bauer T, Marcos MA, et al. 
Antimicrobial treatment failures in patients with community‑acquired 
pneumonia: Causes and prognostic implications. Am J Respir Crit 
Care Med 2000;162:154‑60.

45.	 Menéndez R, Torres A, Zalacaín R, Aspa J, Martín Villasclaras JJ, 
Borderías L, et al. Risk factors of treatment failure in community 
acquired pneumonia: Implications for disease outcome. Thorax 
2004;59:960‑5.

46.	 Martin‑Loeches  I, Valles  X, Menendez  R, Sibila  O, Montull  B, 
Cilloniz  C, et  al. Predicting treatment failure in patients with 
community acquired pneumonia: A case‑control study. Respir Res 
2014;15:75.

47.	 Lin WC, Lu SL, Lin CF, Chen CW, Chao L, Chao J, et al. Plasma 
kallistatin levels in patients with severe community‑acquired 
pneumonia. Crit Care 2013;17:R27.

48.	 Yende S, D’Angelo G, Mayr F, Kellum JA, Weissfeld L, Kaynar AM, 
et  al. Elevated hemostasis markers after pneumonia increases 
one‑year risk of all‑cause and cardiovascular deaths. PLoS One 
2011;6:e22847.

49.	 Braun E, Domany E, Kenig Y, Mazor Y, Makhoul BF, Azzam ZS. 
Elevated red cell distribution width predicts poor outcome in 
young patients with community acquired pneumonia. Crit Care 
2011;15:R194.

50.	 Guertler C, Wirz B, Christ‑Crain M, Zimmerli W, Mueller B, Schuetz P. 
Inflammatory responses predict long‑term mortality risk in 
community‑acquired pneumonia. Eur Respir J 2011;37:1439‑46.

51.	 Krüger S, Ewig  S, Kunde  J,  Hartmann  O, Suttorp  N, 
Welte T; CAPNETZ Study Group. Pro‑atrial natriuretic peptide and 

[Downloaded free from http://www.caijournal.com on Monday, October 17, 2022, IP: 61.161.250.218]



Khan and Martin‑Loeches: Community‑acquired pneumonia clinical scores and biomarkers

Community Acquired Infection | Vol. 3 | Issue 2 | Apr-Jun 201642

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.

52.	 Nowak  A, Breidthardt  T, Christ‑Crain  M, Bingisser  R, Meune  C, 
Tanglay Y, et al. Direct comparison of three natriuretic peptides 
for prediction of short‑  and long‑term mortality in patients with 
community‑acquired pneumonia. Chest 2012;141:974‑82.

53.	 Bello S, Lasierra AB, Mincholé E, Fandos S, Ruiz MA, Vera E, et al. 
Prognostic power of proadrenomedullin in community‑acquired 
pneumonia is independent of aetiology. Eur Respir J 2012;39:1144‑55.

54.	 Brogly N, Devos P, Boussekey N, Georges H, Chiche A, Leroy O. 
Impact of thrombocytopenia on outcome of patients admitted 
to ICU for severe community‑acquired pneumonia. J  Infect 
2007;55:136‑40.

55.	 Salluh JI, Rabello LS, Rosolem MM, Soares M, Bozza FA, Verdeal JC, 
et al. The impact of coagulation parameters on the outcomes of 
patients with severe community‑acquired pneumonia requiring 
intensive care unit admission. J Crit Care 2011;26:496‑501.

56.	 Boussekey N, Leroy O, Alfandari S, Devos P, Georges H, Guery B. 
Procalcitonin kinetics in the prognosis of severe community‑acquired 
pneumonia. Intensive Care Med 2006;32:469‑72.

57.	 Coelho  LM, Salluh  JI, Soares  M, Bozza  FA, Verdeal  JC, 
Castro‑Faria‑Neto HC, et al. Patterns of c‑reactive protein RATIO 
response in severe community‑acquired pneumonia: A cohort 
study. Crit Care 2012;16:R53.

58.	 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.

59.	 Thunø M, Macho B, Eugen‑Olsen J. suPAR: The molecular crystal 
ball. Dis Markers 2009;27:157‑72.

60.	 Yilmaz G, Köksal I, Karahan SC, Mentese A. The diagnostic and 
prognostic significance of soluble urokinase plasminogen activator 
receptor in systemic inflammatory response syndrome. Clin 
Biochem 2011;44:1227‑30.

61.	 Backes  Y, van der Sluijs  KF, Mackie  DP, Tacke  F, Koch  A, 
Tenhunen JJ, et al. Usefulness of suPAR as a biological marker 
in patients with systemic inflammation or infection: A systematic 
review. Intensive Care Med 2012;38:1418‑28.

62.	 Hu W, Liu CW, Su J, Lu J, Zhu Y, Liu BW. Elevated plasma visfatin 
concentrations in patients with community‑acquired pneumonia. 
Peptides 2013;43:8‑12.

63.	 Schuetz  P, Christ‑Crain  M, Zimmerli  W, Mueller  B. Repeated 
measurements of endothelin‑1 precursor peptides predict the 

outcome in community‑acquired pneumonia. Intensive Care Med 
2011;37:970‑80.

64.	 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.

65.	 Alan  M, Grolimund  E, Kutz  A, Christ‑Crain  M, Thomann  R, 
Falconnier C, et al. Clinical risk scores and blood biomarkers as 
predictors of long‑term outcome in patients with community‑acquired 
pneumonia: A 6‑year prospective follow‑up study. J  Intern Med 
2015;278:174‑84.

66.	 Queisser MA, Kouri FM, Königshoff M, Wygrecka M, Schubert U, 
Eickelberg O, et al. Loss of RAGE in pulmonary fibrosis: Molecular 
relations to functional changes in pulmonary cell types. Am J Respir 
Cell Mol Biol 2008;39:337‑45.

67.	 Acher R, Chauvet J, Rouille Y. Dynamic processing of neuropeptides: 
Sequential conformation shaping of neurohypophysial 
preprohormones during intraneuronal secretory transport. J Mol 
Neurosci 2002;18:223‑8.

68.	 Müller B, Morgenthaler N, Stolz D, Schuetz P, Müller C, Bingisser R, 
et al. Circulating levels of copeptin, a novel biomarker, in lower 
respiratory tract infections. Eur J Clin Invest 2007;37:145‑52.

69.	 España PP, Capelastegui  A, Bilbao  A, Diez  R, Izquierdo  F, 
Lopez de Goicoetxea  MJ, et  al. Utility of two biomarkers for 
directing care among patients with non‑severe community‑acquired 
pneumonia. Eur J Clin Microbiol Infect Dis 2012;31:3397‑405.

70.	 Remmelts  HH, van de Garde  EM, Meijvis  SC, Peelen  EL, 
Damoiseaux JG, Grutters JC, et al. Addition of Vitamin D status 
to prognostic scores improves the prediction of outcome in 
community‑acquired pneumonia. Clin Infect Dis 2012;55:1488‑94.

71.	 Viasus D, Garcia‑Vidal C, Simonetti A, Manresa F, Dorca J, Gudiol F, 
et al. Prognostic value of serum albumin levels in hospitalized adults 
with community‑acquired pneumonia. J Infect 2013;66:415‑23.

72.	 Lee JH, Kim J, Kim K, Jo YH, Rhee J, Kim TY, et al. Albumin and 
C‑reactive protein have prognostic significance in patients with 
community‑acquired pneumonia. J Crit Care 2011;26:287‑94.

73.	 Bauer  MP, Hensgens  MP, Miller  MA, Gerding  DN, Wilcox  MH, 
Dale AP, et al. Renal failure and leukocytosis are predictors of a 
complicated course of Clostridium difficile infection if measured 
on day of diagnosis. Clin Infect Dis 2012;55 Suppl 2:S149‑53.

74.	 Thiem U, Niklaus D, Sehlhoff B, Stückle C, Heppner HJ, Endres HG, 
et al. C‑reactive protein, severity of pneumonia and mortality in 
elderly, hospitalised patients with community‑acquired pneumonia. 
Age Ageing 2009;38:693‑7.

[Downloaded free from http://www.caijournal.com on Monday, October 17, 2022, IP: 61.161.250.218]


