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Streptococcus pneumoniae is the most common cause of community-acquired pneumonia. However, it can also asymptomati-
cally colonize the upper respiratory tract. Because of the need to distinguish between S. pneumoniae that is simply colonizing
the upper respiratory tract and S. pneumoniae that is causing pneumonia, accurate diagnosis of pneumococcal pneumonia is a
challenging issue that still needs to be solved. Sputum Gram stains and culture are the first diagnostic step for identifying pneu-
mococcal pneumonia and provide information on antibiotic susceptibility. However, these conventional methods are relatively
slow and insensitive and show limited specificity. In the past decade, new diagnostic tools have been developed, particularly
antigen (teichoic acid and capsular polysaccharides) and nucleic acid (ply, lytA, and Spn9802) detection assays. Use of the
pneumococcal antigen detection methods along with biomarkers (C-reactive protein and procalcitonin) may enhance the speci-
ficity of diagnosis for pneumococcal pneumonia. This article provides an overview of current methods of diagnosing pneumo-
coccal pneumonia and discusses new and future test methods that may provide the way forward for improving its diagnosis.
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Introduction

Streptococcus pneumoniae is responsible for a spectrum of
diseases, including mild but common diseases such as otitis
media, sinusitis, and non-bacteremic pneumonia and serious
invasive pneumococcal diseases (IPD) such as bacteremia
and meningitis. Among these diseases, pneumonia demands
special attention because the incidence and mortality rates of
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community-acquired pneumonia (CAP) are high among the
elderly. In the U.S,, the annual incidence rate of CAP is esti-
mated to be 5.2 to 6.1 cases per 1000 adults, and the mortality
rate may reach 2-3% [1, 2]. The mortality rate for pneumococ-
cal CAP is higher than for general CAP: < 2-5% in adults treat-
ed as outpatients, 12% of hospitalized patients, and > 25% in
elderly patients with bacteremia [3, 4]. Similarly, among Kore-
an adults, the mortality rate for general CAP is estimated to be
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3.2%, while the mortality rate for pneumococcal CAP is 5.9%
[5]. Since S. pneumoniae is commonly responsible for the
medically serious CAP [6], it is frequently simply referred to as
“pneumococcus.”

Reflecting its status as a major human pathogen, S. prneu-
moniae was also one of the earliest pathogens to be discov-
ered, and its microbiologic properties have been extensively
investigated [7]. Pneumococci are Gram-positive bacteria with
thick cell walls that contain teichoic acid (C-polysaccharide).
They are capable of producing toxins (e.g., pneumolysin) as
well as many surface antigens such as pneumococcal surface
adhesin A (PsaA), pneumococcal choline binding protein A
(PcpA), pneumococcal surface protein A (PspA), pneumococ-
cal surface protein C (PspC), and pneumococcal autolysin A
(LytA). LytA is the major autolysin responsible for lysis of
pneumococci observed for mature pneumococcal cultures.
However, the most prominent surface structure is the polysac-
charide capsule, which is present on almost all virulent pneu-
mococci. Pneumococci can express one of many (90+) polysac-
charide capsule types that are serologically and biochemically
distinct [8, 9]. Colony morphologies of two serotypes (3 and 37)
are highly mucoid (Fig. 1) and distinct from other serotypes.
As antibodies to the pneumococcal capsule are protective, the
polysaccharide capsule is used in current vaccines. More re-

®

Figure 1. S. pneumoniae isolates expressing most capsule types make
small round colonies similar to doughnuts on blood agar plate (A) but
serotype 3 and 37 pneumococci develop characteristically large mucoid
colonies (B).

cently, its genome sequences have been determined. Al-
though no single gene that is unique and common to all iso-
lates of S. pneumoniae has been reported, the genome
sequences have been used to investigate pneumococcal evo-
lution [10].

Despite its reputation as a pathogen, pneumococcus is a
commensal that is often asymptomatically carried in the na-
sopharynxes of children and adults. Pneumococcal carriage
occurs early in life, usually with a prevalence of about 30-60%
in infants [11]; however, in some populations, > 90% of chil-
dren are known to carry pneumococci [12]. The carriage rate
may stay above 30-40% among children younger than 10 years
of age, but it declines progressively until the rate reaches
1-10% among adults [11]. Since pneumococci are naturally
present in the oro-nasopharyngeal space, the presence of
pneumococcus in respiratory specimens does not necessarily
indicate the presence of disease. Consequently, this commen-
salism must be incorporated in any diagnostic approaches to
identifying pneumococcal infections.

In addition to S. preumoniae, the oro- and nasopharynxes
harbor Gram-negative rods and Staphylococcus aureus as
well as many streptococcal species that resemble S. pneu-
moniae. The streptococcal species include S. mitis, S. oralis,
and S. pseudopneumoniae, and are often referred as viridans
species because they can produce o-hemolysis on blood agar
plates similar to that produced by S. pneumoniae [13]. S. mitis
and S. oralis can be responsible for subacute endocarditis and
sepsis [14]. S. pseudopneumoniae is known to cause pneumo-
nia or acute exacerbation in patients having a history of
chronic obstructive pulmonary disease [15]. Gram-negative
rods and staphylococci are mostly gentamicin-sensitive
whereas viridans species and pneumococci are generally gen-
tamicin-resistant. Consequently, the use of blood agar plates
containing gentamicin improved the isolation of pneumococ-
ci and viridans species from respiratory specimens [16-19].
Although S. pneumoniae and viridans group are genetically
related, S. mitis and S. oralis are generally resistant to opto-
chin and bile-insoluble while S. pneumoniae is not (Fig. 2)
[13]. S. pseudopneumoniae is generally bile-insoluble but is
optochin-resistant only in 5% CO,, but not in room air [15, 20].

In most clinical laboratories, S. pneumoniae is routinely
identified by microscopic morphology (Gram-positive bacte-
ria in the shape of slightly pointed cocci, usually in pairs), col-
ony morphology, and characteristic phenotypes such as
a-hemolysis observed on blood agar, catalase negativity, opto-
chin susceptibility, and bile solubility [13]. These tests exclude
most [13] but not all of the viridans species [21]. Conversely,
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Figure 2. S. pneumoniae growth is inhibited around the paper disk containing optochin (A). The test tube containing S. pneumoniae shows a loss of
turbidity in the presence of sodium deoxycholate (bile salts) due to bacterial lysis while the test tube containing viridans species is turbid (B).

some S. pneumoniae strains may be bile-insoluble [22]. Also,
viridan species may have lytA and pneumolysin genes, there-
by limiting the usefulness of the genetic tests for S. pneumoni-
ae [23]. Biochemical tests based on teichoic acid may also fail
to distinguish S. pneumoniae because some viridans species
can produce teichoic acid that is identical to pneumococcal
teichoic acid. More recently, multi-locus sequence typing
(MLST) has been adapted to differentiate among these strep-
tococcus species [24-26]. This approach is called multilocus
sequence analysis (MLSA) and is more reliable than previous
methods in distinguishing among the streptococcal species
but has been used only as a research method.

Thus, routine phenotyping methods used in clinical labora-
tories may be inadequate to definitely distinguish S. pneu-
moniae from viridans species. This inadequacy was illustrated
by recent studies that showed that many “pneumococci” car-
ried in the nasopharynxes of HIV patients are actually viridans
species that were previously misidentified as S. pneumoniae [24).
Also, the presence of S. pneumoniae in the respiratory tract
may not be pathologic in a substantial number of cases. Thus,
one must be aware of these fundamental limitations when in-
terpreting epidemiologic as well as clinical studies. This article
will review conventional techniques for diagnosing pneumo-
coccal pneumonia and recent developments in other tech-
niques such as urinary antigen, polymerase chain reaction,
and serologic tests.

Current methods of diagnosing pneumococcal
pneumonia

Early accurate diagnosis and treatment of pneumonia are
associated with improved survival; they also reduce costs as-
sociated with unnecessary investigations and complications
due to inappropriate treatment [27, 28]. In a study of 14,000
elderly patients with pneumonia treated at over 3,500 hospi-
tals, patients who received early antibiotic therapy (within 8
hours of hospital arrival) had a lower 30-day mortality [27]. In
addition, etiologic diagnosis of CAP has an important effect
on our ability to provide the optimal therapy for this disease,
understand its societal burden, and assess the effectiveness of
pneumococcal vaccines.

The diagnosis of pneumococcal pneumonia begins with es-
tablishing the presence of pneumonia. Pneumonia is often di-
agnosed by clinical symptoms and radiologic evidence. The
clinical symptoms include cough or difficulty breathing plus
tachypnea [29]. Although there could be limitations in these
approaches, this review is focused on pneumococcal pneu-
monia, and readers are referred to other recent reviews for the
limitations of pneumonia diagnosis [30-33].

1. Conventional microbiological methods for
establishing bacterial etiology
S. pneumoniae is thought to be the most common etiologic
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agent of bacterial CAP. The gold standard in establishing pneu-
mococcal CAP is to isolate bacteria from a normally sterile
body fluid and then identify that bacterium as S. pneumoniae.
To identify pneumococcal CAP from body tissue, the ideal tis-
sue is the lung tissue obtained by biopsy or bronchoscopy;
consequently, lung biopsy was used previously in research
settings [34]. In addition, transtracheal aspiration has been
shown to have high yields of S. pneumoniae 35, 36]. However,
since these approaches are not practical in clinical settings,
most bacteriological confirmation is performed with readily
available fluid samples such as peripheral sputum, blood
samples, and pleural fluids. Advantages and limitations of us-
ing these types of samples are described below.

1) Sputum Gram stains and culture

Sputum Gram stains and culture are most often the first di-
agnostic step for pneumonia. Gram stains of sputum could be
strongly suggestive of pneumococcal pneumonia if the sputum
is of high-quality (< 10 squamous epithelial cells and > 25 poly-
morphonuclear cells at a magnification of 100x) and shows the
predominant presence of Gram-positive diplococci [37, 38]. A
meta-analysis of sputum studies performed in 1966-1993 found
diverse sensitivity (15-100%) and specificity (11-100%) for this
diagnostic method [39]. In comparison, prospective studies
with high-quality sputum samples showed relatively high sensi-
tivity (57-82%) and specificity (93-97%) [37, 40-42]. However,
direct microscopic examination of Gram-stained specimens
has some limitations in clinical practice; specifically, inade-
quate sputum collection and antimicrobial therapy before ob-
taining sputum specimens lead to low diagnostic yields. In the
study by Musher et al. [37], sensitivity increased in inverse
proportion to the duration of prior antibiotic therapy. In pri-
mary care settings, the availability of skilled microbiologists is
another limitation of sputum Gram stain [39, 43]. Additional
problem with this diagnostic method is that it may not be easy
to collect good quality sputum from children.

Sputum culture can further assist etiology identification.
However, the diagnostic sensitivity of the culture has been re-
ported to be quite variable, ranging between 29 and 94% (36,
44-52]. Such variable results are related to inadequate sam-
pling of sputum, delayed processing of sputum specimens,
and prior antimicrobial therapy. Sputum culture was found to
be negative in about 50% of patients with concurrent pneu-
mococcal bacteremia [35, 36]. Also, Musher et al. [37] found
that the sputum culture identified pneumococci only in 44%
of the persons with bacteremic pneumococcal pneumonia
with the sensitivity of sputum culture increasing to 93% if the

comparison is confined to adequate sputum samples ob-
tained before antimicrobial therapy. In addition, false posi-
tives may occur due to nasopharyngeal carriage, particularly
among children, so the culture results should be interpreted
along with the findings from Gram stain.

2) Blood and pleural fluid culture

Since blood and pleural effusions are normally sterile, iso-
lating pneumococci from these normally sterile tissues pro-
vides the definite diagnosis of pneumococcal pneumonia.
However, the clinical utility of this diagnostic method is limit-
ed because blood cultures are estimated to be positive for S.
pneumoniae in less than 10% of patients who actually have
pneumococcal pneumonia [53-56]. The low rate of culture
may be due to pneumonia without bacteremia, autolysis of S.
pneumoniae during the stationary growth phase, use of anti-
biotics before the culture, or inadequate samples (e.g., insuffi-
cient blood volume) [57]. To reduce autolysis, one may have
to optimize the blood culture condition and/or use an anti-
gen-detection method or a nucleic acid amplification test
(NAAT) to analyze the culture-negative broth samples from
patients with a high suspicion for pneumococcal pneumonia.
Nevertheless, positive blood culture unambiguously estab-
lishes pneumococcal etiology.

Empyema was once considered rare in children, but it has
been increasing worldwide over the last decade [58-61]. The
incidence of empyema is also increasing in adults, S. pneu-
moniae is likely to cause empyema in healthy young adults,
and the Streptococcus milleri group is the common pathogen
causing empyema in the elderly with comorbidities [62]. Con-
ventional bacterial culture of pleural fluid is often negative
among children with pneumococcal pneumonia complicated
by empyema. Similar to what happens in blood cultures, the
culture rate of pleural fluid may be low due to autolysin re-
lease from pneumococci during the stationary growth phase,
resulting in cell death [57].

2. Pneumococcal antigen detection methods

The conventional microbiological methods of pneumococ-
cal pneumonia detection described above have several limita-
tions. First, the culture is often falsely negative. Second, it
takes several days to culture pneumococci. To overcome these
limitations, laboratory methods are designed to detect pneu-
mococcal molecules present in diverse tissue samples such as
sputum, urine, breath, pleural fluids, and peripheral blood
[63-66]. These methods have the theoretical advantage of rap-
idly detecting pneumococci even if they are non-viable after



www.icjournal.org

http://dx.doi.org/10.3947/ic.2013.45.4.351 e Infect Chemother 2013;45(4):351-366 355

antibiotic treatment. In addition, using a novel molecular tar-
get such as PcpA may be highly desirable because its presence
can clearly distinguish pneumonia from carriage: its expres-
sion requires low manganese levels, with those levels being
high in the nasopharynx but low in blood [67, 68]. Neverthe-
less, below we describe clinical experiences with teichoic acid
and capsular polysaccharide detection as they have been cen-

tral to most previous investigations.

1) Teichoic acid (C-polysaccharide) detection

Holmberg et al. [63] compared the sensitivity and specificity
of using ELISA to detect teichoic acid with the sensitivity and
specificity of using latex agglutination tests to detect capsular
polysaccharide antigens in sputum specimens. Both ELISA
and latex agglutination tests showed favorable sensitivity (95
and 86%, respectively) and specificity (94% for both detection
methods) when sputum culture was used as the standard for
comparison. Recently, detection of teichoic acid has become
very popular following the introduction of a rapid immuno-
chromatographic test (Binax NOW S. pneumoniae assay) in

2003 (US Food and Drug Administration approval). This is a
point-of-care test with high analytical sensitivity for C-poly-
saccharide in urine specimens.

Studies of urine samples from children showed inadequate
specificity for the Binax NOW assay (50-60%) due to the high
rate of nasopharyngeal carriage in children, resulting in uri-
nary excretion of teichoic acid [69-73]. When concentrated
children urine was used (25-fold concentration by ultra-filtra-
tion), the specificity of the Binax NOW assay decreased even
more, to about 12% [70]. Because false-positive tests are com-
mon, the Binax NOW S. pneumoniae assay is not recom-
mended for the diagnosis of pneumococcal pneumonia in
children [33].

Although the specificity of the Binax NOW assay was disap-
pointing for urine samples from children, its sensitivity (71-96%)
and specificity (71-100%) for pneumococcal empyema were
high when pleural fluid samples were examined (Table 1) [74-
79]. Also, Gram stain of pleural fluid is rather insensitive for
pneumococcal empyema, although it has a good positive pre-
dictive value [80]. Thus, the Binax NOW S. pneumoniae assay

Table 1. Review of Binax NOW S. pneumoniae assay performance for the diagnosis of pneumococcal empyema
| ) O A

Study Country ::::gl pols):ll:t);on Age Standard methods Sen(s;i)vity Spe(c;’f;city

Lee et al. [78] Korea Retrospective 62  Children 69 months Culture (blood or pleural fluid) 77 94
(median) or Positive PCR for lytA

Picazo etal. [76] Spain  Prospective 217" Children = <15years Culture (pleural fluid or CSF) 88 73

old or Positive PCR for lytA

Strachan Australia Prospective 137  Children 4.9years Culture (blood or pleural fluid) 84 94

etal. [74] (mean) or Positive PCR for lytA

Martinon- Spain Prospective 55  Children 6.5years Culture (blood or pleural fluid) 96 100

Torres et al. [77] (mean) or Positive PCR for ply/wzg

Casado Flores Spain Prospective 76  Children 3.5year Culture (blood or pleural fluid) 88 71

etal. [79] (median) or Positive PCR for ply

Porcel etal. [75] Spain  Retrospective 140 Adults 56 years Culture (blood or pleural 71 93

(mean) fluid)

PCR, polymerase chain reaction.
“The number includes 12 CSF (cerebrospinal fluid) samples.

Table 2. Sensitivity and specificity of Binax NOW urinary antigen test for the diagnosis of pneumococcal pneumonia based on meta-analysis

Study Published No. of in‘cluded Stud){ Sensitivity Specificity . Incre'flsefi
year studies population (95% CI) (95% CI) diagnostic yield"

Boulware et al. [83] 2007 24 Adults 74% (72-77%) 94% (93-95%) 23% (range: 10-59%)

Sinclair et al. [81] 2013 27 Adults 74% (67-82%) 97% (93-100%) -

Horita et al. [82] 2013 10 Adults 75% (71-79%) 95% (92-98%) -

Said et al. [6] 2013 35 Adults - - 11% (95% CI: 10-14%)

Cl, confidence interval.

“Increased diagnostic yield means additional diagnosis made by using Binax NOW urinary antigen test beyond conventional microbiological methods.
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may be practically useful for the diagnosis of pneumococcal
empyema using pleural fluid samples. The study by Le Mon-
nier et al. [80] also found that NAAT could improve the detec-
tion of etiologic agents in 43% of patients with pneumococcal
empyema.

Clinical studies with adults, however, produced better results.
According to the recent meta-analyses for adults, the estimated
sensitivity and specificity of the Binax NOW S. pneumoniae as-
say were 74-75% and 94-97%, respectively (Table 2) [6, 81-83].
The Binax NOW S. pneumoniae assay increased the rate of
etiologic diagnosis for CAP by 11-23% beyond conventional
microbiological methods (Table 2) [6, 83]. In adult studies, the
sensitivity of the Binax NOW S. pneumoniae assay was higher
for bacteremic pneumococcal pneumonia (77-92%) than for
non-bacteremic pneumococcal pneumonia (52-78%) [84-88].
Although the Binax NOW S. pneumoniae assay is less sensi-
tive in patients with non-bacteremic pneumococcal pneumo-
nia, it can be helpful for tailoring antibiotic therapy. The 2007
IDSA/ATS guidelines for the management of CAP recom-
mend the use of the Binax NOW S. preumoniae assay in the
following circumstances: intensive care admission, failure of
outpatient antibiotic therapy, leukopenia, active alcohol
abuse, asplenia, chronic severe liver diseases, and pleural ef-
fusion [31].

One of the important advantages of the Binax NOW S. pneu-
moniae assay is that prior antibiotic use has less influence on
the diagnostic yield. In the meta-analysis by Said et al. [6], pri-
or antibiotic use reduced the relative diagnostic yield for
blood cultures by 67% (95% confidence interval [CI], 53-77%),
for sputum cultures by 34% (95% CI, 8-53%), and for the Binax
NOW S. pneumoniae assay only by 26% (95% CI, 0-44%).
However, the Binax NOW S. pneumoniae assay has some limi-
tations. First, false negative results may occur in relation to
low levels of the C-polysaccharide antigen [83]. Second, false
positive results can be induced by cross-reaction with viridans
species, asymptomatic nasopharyngeal colonization of pneu-
mococci, and previous pneumococcal infections. Detectable
amounts of teichoic acid excretion persist in 40-50% of pa-
tients’ urine samples for more than 1 month following pneu-
mococcal illness [64, 83]. If concentrated urine samples are
used, the C-polysaccharide antigen can be detected in 70% of
urine samples at 1 month after pneumococcal infection [89].
Also, one should be aware that a recent pneumococcal vacci-
nation may produce a false-positive Binax NOW result [90].

2) Capsular polysaccharide detection
Since capsular polysaccharide was first detected in the urine

of patients with pneumococcal pneumonia in 1917 [91], there
has been considerable interest in this detection method. Us-
ing enzyme-linked immunosorbent assay (ELISA) for the cap-
sule, Schaffner et al. [92] found the capsular polysaccharide
levels in the urine of these patients to be variable (> 500-2.5
ng/mL). In addition to depending on the severity of infection,
the levels were dependent on serotypes since the serotype-
specific clearance rates varied more than 250 fold [92].

Although the latex agglutination test was initially developed
to detect urinary capsular polysaccharide of S. pneumoniae,
the test was of limited usefulness because it was not easy to per-
form and could not detect all the different capsule types [13].
However, the situation recently changed with the introduction
of a multiplexed immunoassay system based on the Luminex’
system and monoclonal antibodies [93, 94]. Although clinical
experience is limited, such multiplexed serotype-specific uri-
nary antigen detection (UAD) assays showed excellent sensi-
tivity (79-97%) and specificity (99-100%) for the diagnosis of
bacteremic pneumococcal pneumonia based on the capsule
types included in the test [94, 95].

In addition, the serotype-specific UAD assays generate addi-
tional information that allows the identification of the pneu-
mococcal serotype causing CAP. When Bewick et al. [93] eval-
uated the pneumococcal serotype distribution among
patients with non-invasive CAP in the U.K.; PCV13-associated
serotypes were identified in 57.4% of the cases. When Sherwin
et al. [96] estimated the serotype distribution of pneumococ-
cal pneumonia using serotype-specific UAD in U.S. adults
aged > 50 years; PCV13-associated serotypes were detected in
80% of patients with S. pneumoniae-positive CAP or health-
care-associated pneumonia. However, since the aforemen-
tioned UAD assays were developed by vaccine companies to
study the efficacy of conjugate vaccine against pneumonia,
the current UAD assays cover only a limited number of sero-
types (13-14 serotypes) and are not commercially available.

Similar to the Binax NOW S. pneumoniae assay, multiplex
immunoassays for capsular polysaccharides were also used to
directly detect the serotypes of pneumococcal empyema [97,
98]. Recently, Yu et al. [65] determined pneumococcal sero-
types directly from pleural fluids using a multiplex serotype-
specific immunoassay covering a relatively large number (36
types) of serotypes. This study found that pneumococcal em-
pyema was associated with serotypes 1, 3, 7F/7A, and 19A,
which are serotypes that were not covered by the 7-valent
conjugate vaccine [65]. The clinical usefulness of these assays
is still limited because the assays cover only a limited number
of serotypes. However, even an assay with limited serotypes
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may be useful as the diagnostic yield of conventional microbi-
ological methods is poor with pleural fluids.

3. Nucleic acid amplification tests

As nucleic acid amplification tests (NAAT) using the poly-
merase chain reaction (PCR) became popular, it was hoped
that NAAT would yield a sensitive molecular diagnostic test of
pneumococcal pneumonia. So far, the use of NAAT for pneu-
mococcal pneumonia focused on multiple genetic targets in
blood and respiratory tract samples. The pneumolysin gene
(ply), autolysin gene (lytA), pneumococcal surface adhesin A
gene (psaA), wzg/cpsA, and the Spn9802 gene fragment have
been used as PCR targets to detect S. pneumoniae [99]. The
current experiences with these samples are described below.

1) Whole blood

Initially, the ply gene was widely used for the detection of S.
pneumoniae. Compared with blood culture results, several
studies detected S. pneumoniae DNA in blood samples using
the ply PCR, with sensitivities ranging from 35 to 100% [88,
100-103]. The first challenging issue for the ply PCR test is the
inability to differentiate S. pneumoniae from other streptococ-
cus species. This poor specificity occurs because the ply gene
is also present in viridans group streptococci [104, 105]. Con-
sidering the low specificity of the ply PCR, the use of PCR to
detect the lytA gene was introduced and was found to have a
higher specificity [22, 104, 106]. Regardless of carrier status, the
lytA gene was not detected in the blood of healthy subjects [107].
Although the IytA gene is present in both S. pneumoniae and
S. mitis, lytA gene sequences vary more among streptococcus
species than among S. pneumoniae strains [22]. Thus, the use of
lytA PCR with an appropriately designed primer may have a
high sensitivity and specificity for the detection of S. prneumoni-
ae. Noticeably, some (less than 2%) clinical isolates of S. preu-
moniae are bile-insoluble and produce negative results for lytA
PCR due to the alteration of the gene sequence [22]. Similar to
the IytA PCR, the Spn9802 PCR is highly specific for S. pneu-
moniae, but it may also be positive for S. pseudopneumoniae
[108]. In addition to the target genes themselves, the part of the
gene amplified by PCR is very important because of allelic vari-
ation between closely related species [109]. A few studies quan-
titated the blood pneumococcal load by real-time PCR, and
high bacteremic DNA load was associated with increased mor-
tality [110, 111]. Thus, quantitative real-time PCR may be pre-
dictive of pneumonia severity.

2) Respiratory tract specimens

When PCR targeting the ply gene was applied to lower respi-
ratory tract specimens from patients with pneumococcal
pneumonia, sensitivities ranged from 68 to 100% [112-115], but
specificities were quite poor. Moreover, ply PCR positive rates
for throat swab specimens were almost the same in both pa-
tients with pneumonia (55%) and in control subjects (58%) [113].
In addition to the poor specificity of the ply PCR, this differ-
ence might occur because non-quantitative PCR tests could
not distinguish between true pneumococcal pneumonia and
nasopharyngeal colonization. To overcome this limitation,
quantitative real-time PCR has been introduced with better
specific gene targets. Spn9802 real-time quantitative PCR
showed 71% sensitivity and 100% specificity for the diagnosis
of pneumococcal pneumonia at a cutoff of >10* copies/mL
[108]. Similarly, in a study by Albrich et al. [116], lytA quantita-
tive real-time PCR had a sensitivity of 82.2% and a specificity
of 92.0% at a density of > 8,000 copies/mL for distinguishing
pneumococcal CAP from asymptomatic colonization. The
proportion of CAP cases attributable to pneumococcus in-
creased from 27.1 to 52.5% using that cutoff [116]. Thus, quan-
titative real-time PCR of respiratory specimens may be a
promising diagnostic method for pneumococcal pneumonia.

4. Antibody responses to pneumococcal infection
Epidemiologic studies investigating antibody levels in serum
samples obtained at both acute and convalescent phases of
pneumococcal pneumonia should reveal the presence of the
disease. Such serologic studies used diverse pneumococcal
antigens, which include pneumolysin, C-polysaccharide, cap-
sular polysaccharides, and PsaA, a highly immunogenic lipo-
protein. Compared with blood culture, IgG antibody to PsaA
showed good sensitivity (85-89%) and specificity (83-98%) for
pneumococcal pneumonia diagnosis in Kenyan adults [117, 118].
However, the estimated sensitivity (42%) was insufficient in
children [119]. Moreover, PsaA is also present in the cell walls
of viridans group streptococci [120]. As the method for mea-
suring the level of antibodies to pneumococcal capsule has
been standardized by the World Health Organization (WHO)
[121], Tuerlinckx et al. [122] used the assay to prospectively
evaluate the etiology of CAP in children. IgG ELISA detected
pneumococcal pneumonia in 80% of cases in which the diag-
nosis of pneumococcal pneumonia was proven with positive
blood or pleural fluid culture. Although serologic tests are not
affected by prior antibiotic exposure and do not require isolat-
ing bacteria, they have the potential to detect antibodies
against colonized pneumococci and are not thus routinely
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available in clinical diagnostic laboratories. Thus, the serologic
tests are primarily useful in epidemiological surveillance stud-
ies and have limited value in clinical practice.

5. Biomarkers

The concentrations of acute-phase reactants increase in re-
sponse to infection, inflammation, and tissue injury, so they
may be useful as biomarkers to distinguish bacterial infection
from non-infectious conditions [123] or to predict prognosis
or therapeutic options. An advantage of biomarkers is that the
test results can be produced rapidly. Such biomarkers include
CRP, procalcitonin and triggering receptor expressed on my-
eloid cells (TREM-1). TREM-1 is a member of the immuno-
globulin superfamily, is up-regulated by microbial products
[124] and may stimulate secretion of several cytokines and
chemokines [125]. The serum soluble TREM-1 was associated
with bacteremic CAP [125] while soluble TREM-1 in bron-
choalveolar lavage fluid was associated with bacterial pneu-
monia [124]. Procalcitonin is produced by the parafollicular
cells of the thyroid and by the neuroendocrine cells of the
lungs and intestines in response to pro-inflammatory stimuli,
particularly stimuli of bacterial origin. Procalcitonin may be-
come down-regulated in the presence of viral infections [126].
The level of CRP, an acute-phase protein synthesized by the
liver, can rapidly increase during acute infections or inflam-
mations. CRP binds to phosphocholine residue on pneumo-
coccal teichoic acid or lipoteichoic acid and can activate the
complement cascade [127].

At present, there are substantial clinical data with C-reactive
protein (CRP) and procalcitonin. Studies of pneumococcal
vaccines have shown that a serum CRP value of >120 mg/L
and a procalcitonin level of >5 ng/mL would be useful to
identify cases of pneumococcal pneumonia in children with
non-specific changes on chest X-rays [128, 129]. Elevated pro-
calcitonin levels were well correlated with positive PCR, serol-
ogy, and chest X-rays but not with positive urinary Binax NOW
S. pneumoniae assays in children [109]. Galetto-Lacour et al.
[130] also evaluated procalcitonin and CRP as predictors of a
pneumococcal etiology of CAP in hospitalized children. Ele-
vated procalcitonin and CRP values were strongly associated
with pneumococcal CAP. The sensitivity was 94.4% for procal-
citonin (cutoff: 1.5 ng/mL) and 91.9% for CRP (cutoff: 100 mg/
L). A procalcitonin level of = 1.5 ng/mL combined with the de-
tection of positive pneumococcal urinary antigens had a diag-
nostic probability for pneumococcal CAP of almost 80% (posi-
tive likelihood ratio: 4.59).

Similar to the results from pediatric studies, both procalcito-

nin and CRP tests were also useful in distinguishing bacterial
pneumonia (including pneumococcal pneumonia) from viral
pneumonia in adults [131]. Moreover, procalcitonin levels were
significantly higher in adult patients with pneumococcal pneu-
monia than in those with other bacterial pneumonias [132] and
correlated with the severity of the pneumonia [133]. For these
reasons, some have suggested the inclusion of quantitative as-
says of CRP and procalcitonin when designing clinical trials to
estimate vaccine efficacy or to study the benefit of antibiotic
therapy [126, 134]. However, these acute-phase reactants can-
not be used as the sole determinant when distinguishing be-
tween viral and bacterial causes of CAP [33]. Yet, when com-
bined with other pneumococcal detection methods,
biomarkers may significantly enhance the specificity of diag-
nosis for pneumococcal pneumonia.

Summary and the way forward

The ability to rapidly and accurately diagnose pneumococ-
cal pneumonia would improve our ability to provide appro-
priate therapy, assess vaccine effectiveness, and estimate the
disease burden. Yet, diagnosis of pneumococcal pneumonia
remains challenging. Microbiologic studies of lung tissue or
bronchoalveolar lavage (BAL) fluids (yielding >10° cfu/mL)
may be the “gold standard” for CAP diagnosis, but they are too
invasive to be routinely used in clinical settings. A definitive
diagnosis of pneumococcal pneumonia can be established if
S. pneumoniae can be isolated from blood or pleural fluid of
pneumonia patients [135]. However, their culture is often neg-
ative. Positive microscopic examination and culture of high-
quality sputum samples provide strong evidence for pneumo-
coccal pneumonia [99]. However, one must be aware that the
results of such tests can depend on the quality of the speci-
men and that positive results may be confused with normal
carriage.

Recently, an assay for teichoic acid (the Binax NOW assay)
has been adopted as a part of diagnostic criteria. If an adult
patient is positive in both the Binax NOW assay and microbio-
logic studies of high-quality sputum samples, the combined
results would provide the physician with solid evidence for
pneumococcal pneumonia. A procalcitonin test may also be
adopted as a part of diagnostic criteria. Although not yet com-
mercially available, the serotype-specific UAD assay seems to
be more sensitive and specific than the Binax NOW S. preu-
moniae assay [94, 96]. Thus, serotype-specific UAD may be a
promising option for the diagnosis of pneumococcal pneumo-
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nia. In addition, quantitative real-time PCRs of blood and low-
er respiratory tract specimens appear to be sensitive and spe-
cific for pneumococcal pneumonia [108, 116]. Taken together,
while there is a no magic test, the increased number of sensi-
tive and specific tests should help clinicians diagnose pneu-
mococcal pneumonia.

In the future, additional diagnostic options may include use
of metabolomics approaches such as analysis of urinary me-
tabolites with nuclear magnetic resonance (NMR) [136] or an-
alyzing patients’ breath or bacterial isolates with mass spec-
trometry. A breath test is an attractive diagnostic option for
pneumococcal pneumonia; indeed, volatile metabolites are
being investigated as biomarkers for specific bacterial patho-
gens, but, at present, data are quite insufficient to determine if
such a test would be sufficiently sensitive and specific [66]. On
the other hand, matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (MALDI-TOF MS) is used in
many clinical laboratories to identify bacteria. Although MAL-
DI-TOF-based systems have been found to be easy-to-use,
cost-effective, and fast with high-throughput performances,
they have shown limitations in discriminating between S.
pneumoniae and the viridians group [137, 138]. However, rap-
id improvements are being made and Vitek MS MALDI-TOF
mass spectrometry system has been reported to perform as
well as the conventional identification method (e.g., optochin
test) [139].

Although S. pneumoniae is the most common etiologic agent
for CAP, Haemophilus influenzae, S. aureus, Klebsiella pneu-
moniae, and atypical pathogens (Mycoplasma pneumoniae
and respiratory viruses) are also important causes of CAP. In
clinical practice, therefore, it is desirable to have a diagnostic
test for these pathogens as well. Some commercial multi-
plexed NAATs are designed to detect the DNA of these patho-
gens. Park et al. [140] evaluated a multiplexed NAAT designed
to detect six respiratory bacterial pathogens (S. pneumoniae,
H. influenzae, M. pneumoniae, Chlamydia pneumoniae, Le-
gionella pneumophila, and Bordetella pertussis) in children.
The agreement rates between multiplex PCR and cultures for
S. pneumoniae and H. influenzae were 92.9% and 91.1%, re-
spectively. However, S. pneumoniae and H. influenzae can
exist as commensal organisms of the upper respiratory tract,
so quantitative multiplex NAAT would be required to better
detect and differentiate the etiologic agent of CAP. Indeed, a
quantitative multiplex PCR to detect S. pneumoniae, H. influ-
enzae, and Neisseria meningitidis was described in 2010 [141].
Multiplex assays for all these pathogens should potentially
revolutionize both the diagnosis of pneumonia and its treat-

ments in the future.
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