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Abstract Community-acquired pneumonia is one of the most
common reasons for emergency department (ED) visits in
children and adults. Despite its prevalence, there are many
challenges to proper diagnosis and management of pneumo-
nia. There is no accurate and timely etiologic gold standard to
differentiate bacterial from viral disease, and there are limita-
tions with precise risk stratification of patients to ensure
appropriate site-of-care decisions. Clinical factors obtained
by history and physical examination have limited the ability
to diagnose pneumonia etiology and severity. Biomarkers
offer information about the host response to infection and
pathogen activity within the host that can serve to augment
clinical features in decision-making. As science and technol-
ogy progress, novel biomarkers offer great potential in aiding
critical decisions for patients with pneumonia. This review
summarizes existing knowledge about biomarkers of host
response and pathogen activity, in addition to briefly
reviewing emerging biomarkers using novel technologies.
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Introduction

Community-acquired pneumonia (CAP) causes substantial
morbidity and mortality worldwide [1, 2]. The Infectious
Diseases Society of America (IDSA) has published guidelines
on the management of CAP in adults and children, including
recommendations regarding diagnostic testing. There are sev-
eral important differences between the two guidelines. For
example, in adult patients requiring the intensive care unit
(ICU) or who fail outpatient therapy, the guideline recom-
mends performing a blood culture and a sputum culture, in
addition to legionella and pneumococcal urinary antigen tests
[3••]. Although performing blood cultures is recommended in
children with pneumonia as well, additional recommenda-
tions, such as testing for influenza and Mycoplasma
pneumoniae, are also recommended to guide antimicrobial
therapy [4••]. These differences in recommendations stem
from several key distinctions between children and adults,
including differences in pneumonia etiology, differences in
bacterial colonization rates, and the inability in obtaining
quality sputum samples in children.

Despite these guidelines, there is substantial variation in the
emergency department (ED) management of CAP [5–8]. This
emphasizes the need for improved diagnostics for CAP that at
the very least differentiate between viruses and bacteria and
potentially all of the etiologies found in the adult and pediatric
population. In addition, improvement in the ability to risk
stratify patients with CAP is needed to enable effective site-
of-care decisions. In adults, several clinical severity scores

This article is part of the Topical Collection on Respiratory Infections

T. A. Florin (*)
Division of Emergency Medicine, Cincinnati Children’s Hospital
Medical Center, 3333 Burnet Avenue, ML 2008, Cincinnati,
OH 45229, USA
e-mail: todd.florin@cchmc.org

T. A. Florin : L. Ambroggio
Department of Pediatrics, University of Cincinnati College of
Medicine, Cincinnati, OH, USA

L. Ambroggio
Division of Hospital Medicine, Cincinnati Children’s Hospital
Medical Center, Cincinnati, OH, USA

L. Ambroggio
Division of Biostatistics and Epidemiology, Cincinnati Children’s
Hospital Medical Center, Cincinnati, OH, USA

Curr Infect Dis Rep (2014) 16:451
DOI 10.1007/s11908-014-0451-8



have been developed to guide clinicians in predicting clinical
outcomes; however, these are limited by their complexity or
their moderate ability to predict clinical outcomes other than
mortality [9, 10]. Unfortunately, such validated clinical scores
do not yet exist for children with CAP. Biomarkers therefore
offer the potential to improve clinical decision-making around
CAP etiology and severity beyond clinical scoring systems.

A biomarker is defined by the National Institutes of Health
as a characteristic (e.g., protein, metabolite, etc.) that is an
indicator of a biological process, either normal, pathogenic, or
as a response to a therapeutic intervention [11]. Biomarkers
for CAP, such as white blood counts, procalcitonin, and C-
reactive protein, have been suggested as potential aids in the
differential diagnosis of pneumonia and the decision whether
to initiate antibiotic therapy [12, 13]. Biomarkers for CAP can
be classified as those released by the host in response to the
infection, such as inflammatory markers, and those that mea-
sure pathogen activity within the host, such as cultures and
organism load. By assisting with etiologic diagnosis or pro-
viding information about disease severity or prognosis, these
biomarkers may be useful in the management of patients with
CAP in the ED [13, 14]. It is critical to recognize that bio-
markers are not a substitute for a carefully performed history
and physical examination, that biomarker results are
completely dependent on being performed with appropriate
clinical suspicion and using sensitive and specific assays, and
that it is highly likely that no single biomarker in isolation will
accurately provide all the information necessary for accurate
clinical care. However, biomarkers offer great potential in
providing adjuncts to and augmenting the clinical examination
for CAP diagnosis and management.

Biomarkers of Host Response to Infection

Leukocyte Count

Traditionally, an elevated leukocyte count was considered to
be associated with a serious bacterial infection (SBI), includ-
ing CAP. However, a recent meta-analysis found that leuko-
cyte count was less valuable for ruling in SBI than inflamma-
tory markers such as C-reactive protein (CRP) or
procalcitonin (PCT) and that it was not useful for ruling out
SBI [15]. Although leukocyte count is more likely to be
elevated in children with CAP compared with adults [16],
recent data suggests that leukocyte count is not useful in the
majority of children diagnosed with CAP [4••]. Furthermore,
multiple studies suggest that leukocyte count is of no value in
differentiating viral from bacterial etiology of CAP in children
or adults [17–25].

The IDSA/American Thoracic Society (ATS) guidelines
for management of adults with CAP recommend that the use
of diagnostic tests to identify an etiologic diagnosis of CAP in

outpatients is optional. For inpatients, the guidelines recom-
mend testing for specific pathogens under specific conditions,
but leukocyte count is not one of the explicitly recommended
tests (Table 1). The IDSA/Pediatric Infectious Diseases
Society (PIDS) guideline for the management of childhood
CAP concludes that the specificity of the leukocyte count in
making the diagnosis of bacterial pneumonia in children is
poor and that although leukocyte count may be elevated in
children with bacterial pneumonia, the degree of elevation
does not distinguish between viral and bacterial pneumonia
[4••, 24]. Because of its lackluster diagnostic performance, the
guideline recommends avoidance of routine measurement of
leukocyte count in outpatients, while it is tentatively recom-
mended in those with severe disease to be interpreted in
context of other laboratory or imaging studies (Table 1) [4••].

C-Reactive Protein

CRP is an acute phase reactant largely produced by the liver in
response to interleukin-6, a cytokine released at sites of in-
flammation [26]. CRP has been shown to have limited value
in differentiating pneumonia from other respiratory condi-
tions. In adults, a CRP value >48 mg/L distinguished pneu-
monia from asthma exacerbations with 91% sensitivity (95 %
confidence interval (CI), 80–97%) and 93% specificity (95%
CI, 86–98 %) [27]. In children, an elevated CRP, particularly
greater than 100 mg/L, was associated with radiographic
pneumonia with a positive likelihood ratio of 7.3 and positive
predictive value of 88 %. Despite these findings, almost one-
third of children with pneumonia had a CRP below 20 mg/L
with a negative predictive value of 72 %. Therefore, CRP
alone should not be used to diagnose pneumonia, but it may
have some utility in combination with other clinical features
and biomarkers.

There have been conflicting results about the ability of
CRP to predict a bacterial etiology of CAP. A recent meta-
analysis of 8 studies and more than 1200 children found that
CRP values greater than 40–60mg/L were a weak predictor of
bacterial etiology in children with CAP. This meta-analysis
included studies that had significant heterogeneity, particular-
ly around definitions of bacterial pneumonia. Even with a
pooled odds ratio of 2.58 (95 % confidence interval, 1.20–
5.55), the positive predictive value of CRP >40–60 mg/L in
predicting bacterial etiology was only 64 % [28]. Given these
limitations, CRP should not be used to predict bacterial pneu-
monia in children [4••, 13, 29]. Similar limitations of CRP are
seen in adults with CAP [30].

With regard to clinical outcomes and disease severity,
several studies in adults have demonstrated that CRP on
presentation and CRP kinetics measured over the course of a
hospitalization (i.e., failure of CRP value to fall during hospi-
talization) were associated with adverse clinical outcomes,
including ICU admission and elevated pneumonia severity
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index scores, though not with mortality [31–36]. Despite this
association, PCT was more strongly associated with these
outcomes than CRP [30, 32, 37, 38], and therefore, PCT
may be of more value than CRP (see below). Furthermore,
there are discordant results with regard to the associations of
CRP and these outcomes, suggesting that CRP may not be
useful for determining the prognosis of adult CAP [38]. These
conflicting results emphasize the need for continued research

to determine the optimal combination of clinical factors and
biomarkers for risk stratification.

Procalcitonin

PCT is a 116-amino acid peptide precursor of the thyroid
hormone calcitonin [39]. PCT is derived primarily from
nonthyroidal tissues and is typically not detectable at high

Table 1 Infectious Diseases Society of America recommendations for laboratory diagnostic testing in community-acquired pneumonia

Diagnostic test Adult recommendations [3••] Pediatric recommendations [4••]

Host response

Leukocyte count Not mentioned Routine measurement NOT recommended;
may assist in those with severe disease

C-reactive protein Not mentioned Cannot be used as sole determinant to
distinguish viral vs. bacterial disease;
do NOT routinely obtain, but may be
helpful in more serious disease,
particularly to track resolution

Procalcitonin Not mentioned Cannot be used as sole determinant to
distinguish viral vs. bacterial disease;
do NOT routinely obtain, but may be
helpful in more serious disease,
particularly to track resolution

Proadrenomedullin Not mentioned Not mentioned

Pathogen activity

Blood culture Severe disease, ICU admission, cavitary
infiltrates, leukopenia, alcohol abuse,
chronic severe liver disease, asplenia,
positive pneumococcal antigen result,
pleural effusion; optional for other
hospitalized patients

Failure of antibiotic therapy, progression
of disease despite antibiotic therapy,
moderate to severe disease requiring
hospitalization

Sputum culture ICU admission, intubated patients
(endotracheal), failure of outpatient
therapy, cavitary infiltrates, alcohol
abuse, severe obstructive/structural
lung disease, positive pneumococcal
or Legionella antigen result, pleural
effusion

Hospitalized patients who can adequately
produce sputum

Pleural fluid Gram stain and culture If pleural effusion >5 cm present If pleural fluid specimen obtained

Mycoplasma pneumoniae and
Chlamydophila testing

Not mentioned Obtain Mycoplasma testing in those
with suspected atypical pneumonia;
Chlamydophila testing NOT recommended

Influenza testing Obtain if likely to change management Sensitive and specific tests for influenza
recommended during influenza season

Other viral testing Not mentioned Consider if clinical decision-making will
be altered by result

Legionella urine antigen ICU admission, failure of outpatient
antibiotic therapy, alcohol abuse,
travel within the past 2 weeks,
pleural effusion

Not mentioned (Legionella not a major
pathogen in children)

Pneumococcal urine antigen ICU admission, failure of outpatient
antibiotic therapy, leukopenia,
alcohol abuse, chronic severe
liver disease, asplenia,
pleural effusion

Not recommended

Polymerase chain reaction Not mentioned Pleural fluid PCR test for Staphylococcus
aureus and Streptococcus pneumonia
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levels (<0.1 ng/mL) in the serum of healthy subjects. PCT
expression and secretion are stimulated in various inflamma-
tory and infectious conditions [40], but circulating levels are
particularly elevated in severe bacterial infection, sepsis, and
multiple organ dysfunction [41]. PCT is being increasingly
used as a diagnostic, prognostic, and therapeutic biomarker in
CAP [42], particularly as assays become more efficient and
rapid bedside tests are developed. It is important to recognize
that the accuracy of PCT and its optimum cutoffs are fully
dependent on the use of a sensitive assay in a specified clinical
setting with a pretest probability for the presence of a specific
infection. Commercially available assays have functional sen-
sitivities as low as 0.06 mcg/L, and results can be obtained
within 1 h using 20–50 μl of plasma or serum [43]. An
additional caution in the use of PCT is that it can be elevated
in noninfectious conditions, such as severe trauma, pneumoni-
tis, and burns, and similarly can remain low in bacterial sepsis.

Adult Studies

In the ED setting, PCT has been shown to be of value in the
diagnosis and prognosis of adults with CAP. As a diagnostic
biomarker, PCT has been shown to assist in the diagnosis of
pneumonia when the diagnosis is uncertain and in differentiat-
ing bacterial from viral etiology. PCT substantially improved
the ability of a clinical model including fever, cough, sputum
production, abnormal chest auscultation, and dyspnea to dis-
criminate pneumonia from other respiratory diseases in adults
[44]. This same study also demonstrated that PCT had the
highest diagnostic accuracy compared to CRP, leukocyte count,
body temperature, chest auscultation, and sputum production in
predicting radiographic infiltrate compared to noninfectious
respiratory diagnoses [44]. Other studies have found that PCT
can differentiate pneumonia from asthma exacerbation in adults
with lower respiratory signs and symptoms. [27].

The lack of a sensitive etiologic gold standard in pneumo-
nia makes evaluation of new etiologic tests challenging. Some
of the strongest supporting evidence of the ability of PCT to
differentiate bacterial from viral respiratory etiologies in
adults stems from interventional studies that used PCT to
guide the use of antibiotic therapy [45•]. These trials com-
pared the provision of guidance around antibiotic use depend-
ing on the PCT with standard care at the discretion of the
treating clinician (Table 2) [42, 46–48]. The primary outcomes
were clinical outcomes, assuming that if a patient recovered
without antibiotics, there was no serious bacterial illness. A
multicenter noninferiority trial of 1359 adults found that rates
of overall adverse outcomes were similar between those in the
PCT-guidance group compared to controls (15.4 vs. 18.9 %,
difference −3.5 %, 95%CI −7.6 to 0.4 %). The mean duration
of antibiotic exposure (5.7 vs. 8.7 days) and antibiotic-
associated adverse effects (19.5 vs. 28.1 %) were less frequent
in the PCT-guidance group compared with controls [48].

Procalcitonin has also been shown to be associated with
certain prognostic outcomes in adult CAP, including disease
severity and mortality [49]. PCT has generally been found to
be a stronger predictor of these outcomes than CRP or leuko-
cyte count [44]. Serial measurements of PCT over time may
more accurately describe outcomes, with persistently elevated
PCT levels associated with worse outcomes and a declining
level suggesting a promising outcome [50, 51]. Although
these associations exist, there are dangers in relying on a
single measurement of PCT to definitely rule out bacterial
infection or predict prognosis. For example, PCT is not a
marker of early infection, with typical increases occurring
approximately 6 h after stimulation [52]. Other markers, such
as proadrenomedullin (see below), are likely better prognostic
markers when measured in isolation at presentation; however,
further study is required to fully evaluate the role of
proadrenomedullin in prognosis compared to PCT.

Pediatric Studies

Procalcitonin has been studied as a marker of serious bacterial
infection (SBI) in children in several contexts, including the
febrile neonate [53•], fever without focus in children younger
than 3 years [54, 55], urinary tract infections [56], sickle cell
disease [57], and in those with central venous catheters [58].

Studies examining the use of PCT to differentiate viral
from bacterial etiology in childhood CAP demonstrate con-
flicting results. Several studies report that PCT is better than
CRP in distinguishing viral from bacterial CAP [20, 59, 60],
yet several others report that PCT was of no use in this
distinction [13, 61–63]. These differences are a reflection of
heterogeneous methods, in addition to the challenges in de-
tecting etiology in children with CAP. A recent study
attempted to circumvent this challenge by obtaining polymer-
ase chain reaction tests for viruses and pneumococcus, in
addition to acute and convalescent pneumococcal serology
and standard blood and nasal cultures, to identify pneumococ-
cal pneumonia. This study found that a PCT value ≤0.5 ng/mL
ruled out pneumococcal CAP in >90 % of cases (negative
likelihood ratio 0.08), while a PCT ≥1.5 ng/mL in combina-
tion with a positive pneumococcal urinary antigen had a
diagnostic probability for pneumococcal pneumonia of almost
80 % (positive likelihood ratio 4.59) [64•]. Another study
found that PCT ≥2 ng/mL had a negative predictive value of
95 % (95% CI 89–100 %) for differentiating bacteremic
pneumonia from viral infection in children [65]. Again, these
results need to be interpreted with caution and replicated given
the challenges of defining CAP etiology.

Two studies have attempted to extrapolate the adult PCT-
guided antibiotic therapy algorithm for use in children. In one,
the PCT-guided group received fewer antibiotic prescriptions,
had shorter antibiotic duration, and experienced few
antibiotic-related adverse events [66], while the other found
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no difference in antibiotic prescribing rates, antibiotic side
effects, or safety measures, but the duration of antibiotic
therapy was shorter in the PCT-guided group [67•]. These
studies are limited in their generalizability and sample size,
and future research must clarify if PCT has a role in guiding
antibiotic therapy in children [45•].

Procalcitonin has been found to be a marker of disease
severity in children with CAP; this data is not of high quality,
and further studies are necessary to define the role of PCT in
evaluating and predicting disease severity. One study of 100
children with CAP (26 hospitalized, 74 outpatients) found
PCT to be related to disease severity, as defined by the need
for hospitalization and alveolar infiltrates, but not etiology
[63]. Unfortunately, this study did not examine additional
more clinically relevant and less subjective markers of
severity.

Although initial studies are promising, research using high-
quality, rigorous methodology needs to further define the role
of PCT in diagnosis and risk stratification for pediatric CAP. It
is likely that a combination of clinical factors and biomarkers,
including PCT, will be of most use for diagnosis and progno-
sis of childhood CAP.

Proadrenomedullin

Adrenomedullin is produced at times of physiologic stress and
has vasodilatory, antimicrobial, and anti-inflammatory prop-
erties. Levels of adrenomedullin have been shown to increase
with disease severity in adults with sepsis [68]. Serum levels
of adrenomedullin are difficult to measure due to rapid clear-
ance from the circulation [69]. The midregional fragment of
proadrenomedullin is more stable, easier to measure, and
directly reflects levels of adrenomedullin [70]. When com-
pared with CRP and leukocyte count in adults with CAP,
proadrenomedullin increased with escalating disease severity
[71]. Studies of proadrenomedullin in adult CAP have found
that proadrenomedullin independently predicted mortality and
adverse outcomes with similar accuracy of clinical risk scores,
such as the Pneumonia Severity Index. However, when
proadrenomedullin was added to the clinical severity scores,
it enhanced severity prediction compared with the score alone
and was more consistently accurate in predicting prognosis
than other blood biomarkers [71, 72••, 73–75]. In addition,

proadrenomedullin was found to have high short- and long-
term prognostic accuracy [74]. There has only been one small
study of hospitalized children with CAP that found that
proadrenomedullin levels were associated with the develop-
ment of pneumonia-associated complications [76]. In summa-
ry, proadrenomedullin appears to be a promising biomarker,
particularly around prognosis, in adult CAP. Further research
is required to understand if proadrenomedullin affects clinical
decision-making and predicts patient outcomes and to deter-
mine if there is a role for proadrenomedullin in the manage-
ment of children with CAP.

Summary

The PIDS/IDSA pediatric pneumonia guideline strongly rec-
ommends that acute phase reactants, including CRP and PCT,
should not be used as the sole determinant to distinguish
between viral and bacterial etiology and should not be routinely
measured in fully immunized children who are managed as
outpatients (Table 1). The pediatric guideline is less committed
in patients with more severe disease, stating that they may be of
use in patients with more serious disease to guide clinical
management and assess response to treatment [4••]. The adult
ATS/IDSA pneumonia guidelines do not provide any recom-
mendations regarding the use of CRP or other acute phase
reactants in the diagnosis and management of adult CAP
(Table 1). Other biomarkers, including cytokines, copeptin,
cortisol, d-dimer, and brain natriuretic peptide, have been ex-
amined in CAP, but there is not sufficient data to recommend
any of these markers in clinical practice. Based on current and
emerging data, PCT or proadrenomedullin may be used in
combination with clinical features to assist in management
decisions for CAP in the future.

Biomarkers of Pathogen Activity

Blood, Sputum, and Pleural Fluid Cultures

Conventional microbiological techniques, such as cultures
from sterile sites including blood or pleural fluid, demonstrate
high specificity and are commonly used as diagnostic tools for

Table 2 Recommendations for initiation of antibiotics in adults with community-acquired pneumonia in the emergency department using procalcitonin

Procalcitonin (PCT) value (mcg/L) Antibiotic initiation recommendation Comments

<0.10 Strongly discouraged If no clinical improvement, recheck PCT in 6–12 h
0.10–0.24 Discouraged

0.25–0.5 Encouraged Recheck PCT every 2–3 days to assist in
deciding to discontinue antibiotics>0.5 Strongly encouraged

Adapted from Schuetz P et al. Arch Intern Med 2011
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patients with CAP. The sensitivity and specificity of cultures
increase when the sample has been obtained 24 h prior to the
first dose of antibiotics administered [77]. The quality of the
sample is also critically important when collecting respiratory
secretion samples such as sputum for culture [78]. Among 105
adult patients with blood culture-confirmed pneumococcal
pneumonia, sputum cultures had a sensitivity of 79 % and
increased to 86 % when excluding patients who received
antibiotics within 24 h of obtaining the sputum sample.
Although the majority of adults can produce a sputum spec-
imen for microbiologic analysis, children have difficulty pro-
ducing sufficient sputum of adequate quality for culture and
young children are more likely to swallow the sputum than
expectorate it [79]. In addition, up to two-thirds of children
under 5 years presenting with CAP symptoms are colonized
with common bacterial causes of pneumonia, such as
Streptococcus pneumoniae, compared with only 6–14 % of
adults. Therefore, sputum specimens from children are typi-
cally contaminated with colonizing bacteria [80, 81].

Blood cultures obtained in children are typically positive in
less than 7 % of cases; therefore, in the majority of cases,
when the blood cultures are negative, it can be unclear how to
proceed with antibiotic prescribing [82•]. Themain limitations
of any culture technique are false-negative cultures, false-
positive cultures due to contamination, and the amount of time
to return a positive result (approximately 1–5 days). Blood
cultures are recommended for both adults and children who
are hospitalized with CAP, in addition to those with specific
indications. Sputum cultures are recommended from adults
with specific indications and from children hospitalized with
CAP who are developmentally able to produce an adequate
sputum sample. As cultures from pleural fluid are more sen-
sitive and specific than blood cultures, it is recommended that
pleural fluid culture should be performed whenever pleural
fluid is obtained (Table 1) [3••, 4••].

Nucleic Acid Detection Tests

As blood cultures for S. pneumoniae are rarely positive in
CAP, alternative methods of organism detection have been
developed. Nucleic acid tests (NAT) most commonly use
polymerase chain reaction (PCR) methodology. PCR has
many benefits compared with culture-based techniques: it is
not influenced substantially by prior antibiotic therapy, it can
be performed for multiple respiratory pathogens, it can indi-
cate antibiotic-resistant genes, and, most importantly, results
can be used for timely clinical management [83]. For
S. pneumoniae, known pneumococcal surface antigens such
as pneumococcal autolysin A (lytA), pneumococcal surface
adhesin A (psaA), gene fragment Spn9802, and a
pneumococcus-produced toxin, pneumolysin (ply), have all
been evaluated using PCR techniques with variable sensitivity
and specificity when compared with blood and sputum culture

[83–89]. Compared with blood cultures, results from lytA
PCR on average have the highest sensitivity and specificity
compared to the other gene fragments [83]. In addition, mul-
tiplex PCR for psaA, lytA, and ply simultaneously showed no
additional improvement in pneumococcal detection over
performing the PCR for each gene fragment separately [83].
Due to the process of gene amplification in PCR, it is possible
that false-positives could occur because of amplifying the
viridians group of streptococcus-related sequences or detec-
tion of dead bacteria post-infection. Children who are healthy
may also have false-positive PCR results due to colonization
with pneumococcus.

PCR testing can be extremely helpful in determining other
prevalent organisms in children, such as M. pneumoniae and
influenza A and B, thereby guiding and determining the need
for antimicrobial therapy. Although the PIDS/IDSA guideline
recommends PCR testing in children for M. pneumoniae, it is
unclear from the literature the best specimen type to use (e.g.,
nasopharyngeal swabs, sputum) or the best set of PCR primers
[4••]. Therefore, it is recommended that clinicians familiarize
themselves with the performance characteristics of their locally
available test for M. pneumoniae when applicable [4••]. The
PIDS/IDSA guideline also recommends that influenza A and B
PCR testing (or rapid influenza antigen testing) from nasal spec-
imens and PCR testing from pleural fluid samples for
Staphylococcus aureus and S. pneumoniae be performed.
Viruses account for greater than half of all pneumonias in children,
with roughly 20 % being viral-bacterial coinfections [90]. PCR
testing for other viruses (e.g., respiratory syncytial virus) in chil-
dren may be helpful to minimize unnecessary antibiotic use when
a bacterial coinfection is not suspected (Table 1) [4••].

Although evidence that bacterial burden in blood is a
predictor of severity has existed for decades, its utility was
limited by burdensome and time-consuming culture tech-
niques. Newer quantitative real-time PCR allows such quan-
tification to occur quickly and with substantially less effort
than conventional culture-based techniques. Studies in adults
with CAP have found a strong correlation with high pneumo-
coccal bacterial loads and increased risk of prolonged hospital
length of stay, ICU admission, higher severity scores, system-
ic inflammatory response syndrome, septic shock, and mor-
tality, with a threshold effect (i.e., there is a certain number of
organisms above which these adverse events occur) [91]. To
date, there has been no substantial study that investigates the
role of pneumococcal bacterial load in children with CAP.

Urine Antigen Test

Antigen tests can be performed on urine, CSF, and blood. The
most commonly used are urinary antigen tests which have
been developed and validated for selected bacterial pathogens,
namely S. pneumoniae and Legionella pneumophila [92]. The
advantages of these tests are the ease of performing the test
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and the noninvasive nature of sample collection. For pneumo-
coccal pneumonia, the urine immunochromatographic test
detects c-polysaccharide found on the cell wall [84]. For
adults, urinary antigen tests for pneumococcus have been
shown to have a sensitivity of 60–82 % and a specificity of
92–97 % [92–94]. For L. pneumophila, the urinary antigen
test only detects serogroup 1 but has a sensitivity of 70–90 %
and a specificity of >99 % [95]. In children, sensitivity and
specificity of pneumococcal urine antigen test when compared
with blood culture are 96–100 and 62–92 %, respectively [94,
96, 97]. Up to two-thirds of children under 5 years are also
colonized with common bacterial causes of pneumonia, such
as S. pneumoniae, compared with only 6–14 % of adults,
therefore making urinary antigen tests difficult to interpret in
children [81]. Urine antigen tests are recommended for de-
tecting pathogens to guide antibiotic treatment in adult pa-
tients; however, due to the high rate of bacterial colonization,
urine antigen tests are not recommended in children [3••, 4••].

Emerging Biomarkers

A systems biology approach to diagnostic testing has emerged
with the identification of genes, proteins, and metabolites that
represent the interaction between pathogen and host. This
approach focused on pathogen-specific host responses repre-
sents a potential paradigm shift in pneumonia diagnostics.
Initial studies have demonstrated that gene expression profiles
of peripheral blood leukocytes in patients with lower respira-
tory tract infection can accurately distinguish influenza viral
infection from bacterial infection, in addition to predicting
disease severity [98•, 99]. Metabolomic studies, the study of
metabolites, have distinguished different etiologies of CAP in
urine samples in both adults and children; however, these
studies are limited by small sample sizes [100•, 101]. The
benefits of a metabolomic study are the relatively quick pro-
cessing time of samples (e.g., a few hours) compared to
traditional microbiological techniques (e.g., a few days). A
substantial limitation of the systems biology approach is the
expertise required to analyze the complex data produced.

Conclusion

Biomarkers offer distinct advantages in the diagnosis and
management of CAP, often acting as important adjuncts to a
well-performed history and physical examination. Commonly
used biomarkers, such as leukocyte count, have been found to
lack diagnostic accuracy; however, newer biomarkers such as
procalcitonin and proadrenomedullin are emerging as prom-
ising alternative measures of the host response to infection in
CAP. These biomarkers show potential as diagnostic,

therapeutic, and prognostic indicators in both adult and pedi-
atric CAP, yet further research is required to clearly under-
stand the role of these biomarkers in clinical practice.

Blood culture is still the most common pathogen detection
technique used in CAP due its widespread availability and
relatively low cost. Its use in targeting antibiotic therapy in the
management of pneumonia continues to be limited by the
large potential for false-negative results and a turnaround time
of days, rather than hours, for results. Newer quantitative real-
time PCR techniques are specific to the organism and not
widely available for clinical use; however, they are emerging
as a promising method of pathogen detection.
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