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The laboratory diagnosis of invasive pneumococcal disease (IPD) continues to rely on culture-based methods that have been

used for many decades. The most significant recent developments have occurred with antigen detection assays, whereas the

role of nucleic acid amplification tests has yet to be fully clarified. Despite developments in laboratory diagnostics, a micro-

biological diagnosis is still not made in most cases of IPD, particularly for pneumococcal pneumonia. The limitations of

existing diagnostic tests impact the ability to obtain accurate IPD burden data and to assess the effectiveness of control

measures, such as vaccination, in addition to the ability to diagnose IPD in individual patients. There is an urgent need for

improved diagnostic tests for pneumococcal disease—especially tests that are suitable for use in underresourced countries.

Streptococcus pneumoniae (the pneumococcus) is one of the

most important human pathogens. It is a major cause of pneu-

monia, meningitis, bacteremia, sinusitis, and otitis media, and

it occasionally infects tissues at other sites. The collective term

invasive pneumococcal disease (IPD) refers to pneumonia,

meningitis, bacteremia, and infections of other normally sterile

sites with S. pneumoniae. The World Health Organization es-

timates that ∼1.6 million people, including up to 1 million

children aged !5 years, die of IPD every year [1], with devel-

oping countries bearing the greatest burden [2]. With the avail-

ability of an effective conjugate vaccine [3–6], IPD is also the

leading cause of death among vaccine-preventable infectious

diseases [7].

Despite its importance, IPD (particularly pneumococcal

pneumonia) can be surprisingly difficult to confirm microbi-

ologically. In a recent editorial commentary, Bartlett [8] pointed

out the decrease in microbiological testing in the context of

pulmonary infections. Instead of having developed more rapid,

definitive, and conclusive tests to diagnose pneumonia, we seem

to be doing less well now than scientists did 70 years ago. With

regard to pneumococcal pneumonia, Bartlett’s conclusion was

that “either the pneumococcus is disappearing or microbiology

is disappearing” [8, p. 170]. At least part of this phenomenon
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is likely due to a change in emphasis on microbial detection,

with a higher threshold for performance of microbiological tests

and less attention to obtaining high-quality samples. The emer-

gence of multidrug-resistant pneumococci is a fundamental

reason for enhanced efforts toward culturing pneumococci.

Isolation of S. pneumoniae from a normally sterile body site

provides conclusive evidence of pneumococcal infection, but

this is achieved for only a minority of cases of IPD. Pneu-

mococcal pneumonia, the most common manifestation of IPD,

can be particularly difficult to diagnose. This is largely a result

of the problems associated with obtaining high-quality lower

respiratory tract samples for testing and with uncertainty re-

garding the differentiation of infection from colonization. Prior

antibiotic use will also significantly reduce the ability to isolate

S. pneumoniae from clinical samples. Despite the global im-

portance of pneumococcal disease, there have been surprisingly

few recent developments in laboratory diagnostics. The diffi-

culties in diagnosing IPD have ramifications that extend well

beyond the ability to diagnose IPD in individual patients. The

capacity to obtain accurate data on IPD burden and to assess

the effectiveness of vaccination are hindered by the limitations

of existing diagnostic tests. The laboratory diagnosis of IPD

currently relies on methods (or variations of methods) that

have been around for many decades.

MICROSCOPY AND CULTURE

The laboratory identification of S. pneumoniae isolates relies

on the recognition of typical morphological characteristics and

on the results of a few phenotypic tests. During microscopic

evaluation, S. pneumoniae appear as lancet-shaped, gram-
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Figure 2. Quellung reaction, showing both positive (for Streptococcus
pneumoniae) and negative results.

Figure 1. Gram stain of a sputum sample showing Streptococcus pneu-
moniae as gram-positive diplococci.

positive diplococci or chains of cocci (figure 1). If observed by

experienced microscopists, these features have high specificity

for the presence of S. pneumoniae and should be reported as

such. However, typical appearances can be altered by antimi-

crobial therapy, and over-decolorization of the stain can give

the false impression that they are gram-negative diplococci.

Although infrequently used nowadays, the quellung reaction is

a more specific method for pneumococcal detection from pure

cultures or sputum samples [9, 10]. After reaction of the pneu-

mococcus with streptococcal anticapsular antisera, the pneu-

mococcal capsule becomes visually enhanced, and the bacterial

cell appears to be surrounded by a halo (figure 2). Although

the quelling reaction is generally regarded as being highly spe-

cific for pneumococcus, cross reactions have been reported with

other streptococcal polysaccharides [11], and unencapsulated

strains will produce false-negative results.

After overnight incubation at 35�C with 5% CO2 on 5%

sheep blood agar or chocolate agar, S. pneumoniae colonies

appear to be small, grayish, and mucoid and are surrounded

by a greenish zone of a-hemolysis. After 24–48 h of incubation,

the colonies become centrally depressed (“draughtsman” col-

onies) (figure 3). Further identification is important to confirm

the identity. Laboratory differentiation between S. pneumoniae

and other viridans streptococci is usually accomplished by 2

key reactions: optochin susceptibility and bile solubility. Op-

tochin (ethylhydrocupreine) is an antibacterial agent that is not

used therapeutically but is used for the laboratory identification

of streptococci. The bile solubility test is based on the autolysis

of S. pneumoniae in the presence of the surfactant sodium

deoxycholate. S. pneumoniae isolates are typically susceptible

to optochin and are bile soluble, whereas other viridans strep-

tococci are typically resistant to optochin and are bile insoluble.

Although bile solubility is generally regarded as being very sen-

sitive and specific for identification of S. pneumoniae, the find-

ing that up to 10% of S. pneumoniae isolates can be resistant

to optochin has reduced reliance on the latter test [12]. Con-

sequently, suspicious isolates that have reduced susceptibility

to optochin should also be tested for bile solubility. Commercial

slide agglutination, coagulation, and DNA probe hybridization

tests are alternative methods for rapid identification of S. pneu-

moniae isolates [12, 13]. All of these methods are highly sen-

sitive but occasionally produce positive results with other vir-

idans streptococci (specificity range, 85%–95%) [12, 14].

The laboratory identification of S. pneumoniae has been fur-

ther complicated by the recent description of Streptococcus pseu-

dopneumoniae [15]. S. pseudopneumoniae is phenotypically and

genetically distinct from S. pneumoniae and other viridans

streptococci, but it has the potential to be incorrectly identified

as S. pneumoniae. Some key characteristics of S. pseudopneu-

moniae are the absence of a pneumococcal capsule, insolubility

in bile, resistance or indeterminate susceptibility to optochin

when incubated in 5% CO2 but susceptibility to optochin when

incubated in ambient air, and positive reactions with DNA

probe hybridization and antigen detection tests [15, 16]. The

clinical relevance of S. pseudopneumoniae is still uncertain, al-

though there may be an association with chronic obstructive

pulmonary disease [16].

Blood cultures. The isolation of S. pneumoniae from blood

culture provides a definite diagnosis of pneumococcal disease.

However, documented bacteremia occurs in only a minority of

cases of IPD. Although S. pneumoniae is regarded as the most

common cause of community-acquired pneumonia in all age

groups, rates of positive blood culture results for adults hos-

pitalized with pneumonia are typically only 3%–8% [17–20]

and are lower in children [21, 22]. In pneumococcal meningitis,

documented bacteremia occurs more frequently than in pneu-
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Figure 3. Streptococcus pneumoniae growing on sheep blood agar as
“draughtsman” colonies. The disk contains optochin and is surrounded
by a zone of inhibition.

monia, and reported rates of positive results are often 150%

[23, 24]. The relatively low documented rates of bacteremia in

patients with IPD involve several factors, including prior ad-

ministration of antimicrobials and the intermittent nature of

bloodstream invasion by S. pneumoniae. In addition, S. pneu-

moniae releases autolysin during the stationary growth phase,

resulting in cell death and making traditional methods of bac-

terial growth on media, such as blood culture, difficult [25].

CSF examination. For the diagnosis of pneumococcal

meningitis, the combination of Gram stain and bacterial culture

of CSF samples will identify most cases. In one large review,

Gram stain smears of CSF samples detected S. pneumoniae with

a sensitivity of 84% and specificity of 98%, but prior admin-

istration of antibiotics significantly reduced the yield for both

Gram stain smear and culture [23]. Processing a CSF specimen

for culture as soon as possible is vital for optimal culture per-

formance, because bacterial viability decreases over time.

Sputum examination. In the absence of documented bac-

teremia, the diagnosis of pneumococcal pneumonia can be

challenging, especially in children who may not produce spu-

tum. The microscopic demonstration of numerous gram-

positive diplococci in a sputum sample containing !10 squa-

mous epithelial (SEC) cells and 125 polymorphonuclear

(PMN) cells per low-power field (magnification, �100) [26]

or �10 leukocytes for each SEC [27] for a patient with pneu-

monia is strongly suggestive of pneumococcal pneumonia. This

is further supported if S. pneumoniae is the predominant isolate

in cultures of sputum specimens. Poor-quality sputum samples,

which contain relatively low numbers of PMN cells and high

numbers of SEC cells, should not be processed, because they

are likely to represent commensal oropharyngeal flora. Having

a sputum quality assessment system in place is a valuable and

cost-effective tool that allows the microbiology laboratory to

maintain clinically relevant results. In this context, it is useful

to remember that intra- and intertechnologist variability in the

specimen quality assessment process have been reported and

might account for some of the varied sensitivities of Gram-

stained sputum specimens for the detection of pneumococci

[28, 29].

Several clinical studies have shown that sputum culture and

Gram stain are still useful for the diagnosis of pneumococcal

pneumonia, as long as specimens are of high quality and, ide-

ally, were obtained before the administration of antibiotic ther-

apy or up to 24 h after the initiation of therapy [27, 30, 31].

One prospective study revealed that high-quality sputum sam-

ples can be obtained from a substantial proportion of adults

with community-acquired pneumonia and that the sputum

Gram stain had sensitivity of 57% and specificity of 97% for

the diagnosis of pneumococcal pneumonia [31]. For bacteremic

pneumococcal pneumonia in adults, sputum Gram stain and

culture have sensitivities of 80% and 93%, respectively, if an

adequate specimen has been produced before therapy [27]. The

reason why sputum culture has been shown to have variable

sensitivities in different studies is not necessarily the inadequacy

of the microbiological tool itself; it can be the result of various

factors, such as delayed processing of a sputum sample or pro-

cessing of an inadequate sample, the patient’s failure to produce

a sputum sample, and the administration of antimicrobial ther-

apy before obtaining a specimen.

Lung aspirate examination. Transthoracic needle aspira-

tion has the potential to improve the diagnostic yield of pneu-

mococcal pneumonia, especially in individuals with large pe-

ripheral lesions, including in children who may not produce

sputum [32–34]. This is a relatively safe procedure if it is per-

formed by experienced staff, but it has yet to be widely adopted

because of its invasive nature and concerns about complica-

tions. The less compliant lungs of older adults are more prone

to pneumothoraces after the procedure, and patients receiving

anticoagulation may bleed.

ANTIGEN DETECTION ASSAYS

The detection of pneumococcal antigen in clinical samples—

particularly urine samples—dates back at least to 1917 [35].

Over the past few decades, commercial latex agglutination tests

targeting capsular polysaccharide antigens of S. pneumoniae

have been widely used, although their use has been contro-

versial. Systematic evaluations have cast doubt on their clinical

usefulness over and above standard Gram stain and culture

methods. In one large study, the sensitivity of a latex aggluti-

nation assay was high for detection of S. pneumoniae in CSF

samples, but all samples that yielded positive results also dem-

onstrated the causative organism on Gram stain [36]. Moreover,

false-positive results were common, especially for urine sam-
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ples, for which most positive results were erroneous. However,

latex agglutination tests have still found a role for diagnosing

pneumococcal pneumonia and meningitis in communities with

limited laboratory facilities [37, 38].

The recent development of a rapid immunochromatographic

test (ICT) that detects the C polysaccharide cell wall antigen

common to all strains of S. pneumoniae (NOW S. pneumoniae

urinary antigen test; Binax) has renewed interest in antigen

detection. Arguably, this test has been the only major advance-

ment in pneumococcal diagnostics over recent years. If applied

to urine samples, this test has a sensitivity of 70%–80% and a

specificity of 190%, compared with conventional diagnostic

methods for detection of pneumococcal pneumonia in adults

[39–44]. In all studies, a proportion of patients with positive

blood or sputum culture results have negative NOW test results.

Consequently, the NOW test should be used in conjunction

with other testing methods. The test result can remain positive

for several weeks [41, 45], and pneumococcal vaccination may

produce false-positive reactions [46]. The utility of the NOW

test for children is still being defined because of the high rate

of false-positive results in children, which results from naso-

pharyngeal colonization with S. pneumoniae [47–49]. Other

limitations of the test are its relatively high cost and the inability

to provide antimicrobial susceptibility data. Recent reports have

shown that the NOW test can be used to support the initiation

of treatment with narrow-spectrum b-lactam antibiotics for

pneumonia in adults, thereby preventing the unnecessary use

of broad-spectrum therapy [50, 51].

Although originally designed for testing urine samples, the

NOW test has been successfully used with specimens of other

body fluids. The test is particularly useful for the rapid diagnosis

of pneumococcal meningitis with use of CSF samples, with a

sensitivity of 95%–100% and a specificity of 100% [52, 53]. It

has also been successfully used with pleural fluid specimens

obtained from children and adults with pneumonia [54, 55].

With bronchoalveolar lavage fluid samples, pneumococcal an-

tigen could be detected with a sensitivity of 95% and a spec-

ificity of 87% [56]. The NOW test can also provide a rapid

provisional identification of S. pneumoniae in blood cultures

with positive results [25].

Other pneumococcal antigens—in particular, pneumoly-

sin—have been investigated as potential diagnostic targets.

Pneumolysin antigen detection has been applied to urine [57–

59] and CSF [60] specimens. The results have been promising,

but they have yet to be demonstrated as superior to the cell

wall C polysaccharide (NOW) assay [57]. It is possible that the

combination of a pneumolysin-specific antigen detection ELISA

together with the NOW test would result in a better diagnostic

yield, because of the higher specificity of the pneumolysin de-

tection ELISA [58].

ANTIBODY DETECTION ASSAYS

Detection of pneumococcal antibodies or immune complexes

has been used for diagnosis of pneumococcal disease in some

research settings [61–64], but they have never been widely used.

These assays suffer from problems inherent in most serological

tests, including suboptimal sensitivity and specificity, as well

being limited by the time it takes to demonstrate sero-

conversion.

NUCLEIC ACID AMPLIFICATION TESTS

Nucleic acid amplification tests, such as PCR, have established

themselves as important diagnostic tools and are now repre-

sentative of the current microbiological zeitgeist. Their attrac-

tiveness in a diagnostic laboratory setting stems from the fol-

lowing attributes: they can detect minute amounts of nucleic

acid from potentially all pathogens, they do not depend on the

viability of the target microbe, they are probably less affected

by prior antimicrobial therapy than are culture-based methods,

and they provide results within a short time frame.

To date, nucleic acid amplification tests have had variable

performance for diagnosing IPD. In the setting of pneumonia,

PCR has a sensitivity for detecting S. pneumoniae in blood

samples ranging from 29% to 100% [65], although there is a

tendency for the performance to be better in children than in

adults. The generally poor performance of PCR in blood sam-

ples may be because of the rapid clearance of the S. pneumoniae

from the blood stream and sampling errors resulting from the

small sample volumes used in PCR reactions. In addition, pos-

itive pneumococcal PCR results have also been recorded from

asymptomatic control subjects [66–68], and these findings are

not readily explained.

When testing sputum samples, reported PCR positivity rates

have ranged from 68% to 100% for samples from patients with

pneumonia [65], although it is unclear how often this reflects

colonization of the upper respiratory tract rather than infection

[69]. This is a particular concern given the presence of the

pneumolysin gene, a common pneumococcal PCR target, in

some nonpneumococcal viridans streptococci [16]. Further re-

finement of PCR assays, including the use of multiple targets,

have increased the specificity [70], with lytA assays potentially

offering advantages over other assays [71]. Some investigators

have suggested that quantitative PCR may help distinguish col-

onization from infection, with a higher bacterial burden in IPD

than in a carrier state. Although this has not been systematically

evaluated, initial data suggest that this might be worth exploring

further [72]. A recent study from Malawi showed that high

pneumococcal DNA loads in blood and CSF were associated

with fatal outcome in children with IPD [73].

Unlike for pneumococcal pneumonia, detection of pneu-

mococcal DNA in CSF specimens can be useful for diagnosis
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of pneumococcal meningitis. This is perhaps unsurprising,

given the high bacterial concentration in CSF in the presence

of meningitis and the lesser concerns about contamination with

colonizing bacteria. Although they have yet to be extensively

evaluated, the sensitivity and specificity of PCR applied to CSF

samples is high for diagnosis of pneumococcal meningitis

(92%–100% and 100%, respectively), and this finding has been

demonstrated in a variety of field settings [74–78]. PCR has

also been successfully used with other samples obtained by

invasive means, such as pleural fluid [79, 80] and lung aspirate

[81] specimens.

FUTURE PERSPECTIVES

What does the future hold for pneumococcal diagnostics? There

is still no easy way to establish the diagnosis of IPD, and there

have been relatively few major developments in laboratory di-

agnostics during the past few decades. The promise of nucleic

acid amplification methods has not yet been realized for IPD,

and the problem of differentiating between colonization and

infection for pneumonia remains predominant. The NOW an-

tigen detection assay is a welcome addition, although it still

has limitations, especially for diagnosis of pneumonia in chil-

dren. It is essential to look again at existing diagnostic tools

with the intention to optimize their use. There has been a

tendency to downplay the role of diagnostic tests for pneu-

monia, and undoubtedly traditional microscopic and culture-

based methods would have an increased yield if greater care

was given to collecting appropriate samples at the right time.

Increased efforts should be directed toward development of

new diagnostic tools for IPD. The search should continue for

other pneumococcal antigens to be used for diagnostic pur-

poses. Considerable efforts have gone into determining good

vaccine targets for IPD. These targets often encompass the same

criteria necessary for a diagnostic target. The trend in vaccine

development is to move away from the inherent difficulties that

are associated with the pneumococcal capsule as a result of its

variability. The same holds true for diagnostic targets, and this

view is somewhat supported by the success of the cell wall C

polysaccharide as a useful antigen in the NOW test.

We have not yet fully explored the use of established diag-

nostic tools, such as antigen detection tests and molecular

methods, in the framework of novel diagnostic strategies or in

combination with more-experimental techniques, such as

PCR–mass spectrometry. Developments in the field of bacterial

identification by detection of volatile organic compounds in

breath samples or mass profiling by mass spectrometry may

open up new diagnostic avenues in the future.

Developments in diagnostics for IPD should occur in the

context of pneumonia and meningitis in general, recognizing

that other pathogens that cause pneumonia and meningitis are

also difficult to identify. Finally, it is of immense importance

to never lose sight of the fact that the major burden of pneu-

mococcal disease is in the developing world. To successfully

diagnose IPD in underresourced countries, the microbiological

test needs to be rapid, cheap, and easy to use, and it should

be useful for surveillance purposes.

Acknowledgments

We thank David Beckingham for assistance with the photographs.
Potential conflicts of interest. D.R.M. and A.W.: no conflicts.

References

1. World Health Organization. Pneumococcal conjugate vaccine for child-
hood immunization—WHO position paper. Wkly Epidemiol Rec
2007; 82:93–104.

2. Scott JAG. The preventable burden of pneumococcal disease in the
developing world. Vaccine 2007; 25:2398–405.

3. Black S, Shinefield H, Fireman B, et al. Efficacy, safety and immu-
nogenicity of heptavalent pneumococcal conjugate vaccine in children.
Pediatr Infect Dis J 2000; 19:187–95.

4. Cutts FT, Zaman SMA, Enwere G, et al. Efficacy of nine-valent pneu-
mococcal conjugate vaccine against pneumonia and invasive pneu-
mococcal disease in The Gambia: randomised, double-blind, placebo-
controlled trial. Lancet 2005; 365:1139–46.

5. Klugman KP, Madhi SA, Huebner RE, Kohberger R, Mbelle N, Pierce
N. A trial of a 9-valent pneumococcal conjugate vaccine in children
with and those without HIV infection. N Engl J Med 2003; 349:1341–8.

6. Whitney CG, Farley MM, Hadler J, et al. Decline in invasive pneu-
mococcal disease after the introduction of protein-polysaccharide con-
jugate vaccine. N Engl J Med 2003; 348:1737–46.

7. World Health Organization. Challenges in global immunization and
the Global Immunization Vision and Strategy 2006–2015. Wkly Epi-
demiol Rec 2006; 81:190–5.

8. Bartlett JG. Decline in microbial studies for patients with pulmonary
infections. Clin Infect Dis 2004; 39:170–2.

9. Austrian R. The Quellung reaction, a neglected microbiologic tech-
nique. Mt Sinai J Med 1976; 43:699–709.

10. Merrill CW, Gwaltney JM, Hendley JO, Sande MA. Rapid identification
of pneumococci. N Engl J Med 1973; 288:510–2.

11. Lee CJ, Koizumi K, Henrichsen J, Perch B, Lin CS, Egan W. Capsular
polysaccharides of nongroupable streptococci that cross-react with
pneumococcal group 19. J Immunol 1984; 133:2706–11.

12. Kellogg JA, Bankert DA, Elder CJ, Gibbs JL, Smith MC. Identification
of Streptococcus pneumoniae revisited. J Clin Microbiol 2001; 39:3373–5.

13. Denys GA, Carey RB. Identification of Streptococcus pneumoniae with
a DNA probe. J Clin Microbiol 1992; 30:2725–7.

14. Mundy LS, Janoff EN, Schwebke KE, Shanholtzer CJ, Willard KE.
Ambiguity in the identification of Streptococcus pneumoniae. Optochin,
bile solubility, Quellung, and the AccuProbe DNA probe tests. Am J
Clin Pathol 1998; 109:55–61.

15. Arbique JC, Poyart C, Trieu-Cuot P, et al. Accuracy of phenotypic and
genotypic testing for identification of Streptococcus pneumoniae and
description of Streptococcus pseudopneumoniae sp. nov. J Clin Microbiol
2004; 42:4686–96.

16. Keith ER, Podmore RG, Anderson TP, Murdoch DR. Characteristics
of Streptococcus pseudopneumoniae isolated from purulent sputum sam-
ples. J Clin Microbiol 2006; 44:923–7.

17. Fang G-D, Fine M, Orloff J, et al. New and emerging etiologies for
community-acquired pneumonia with implications for therapy—a
prospective multicenter study of 359 cases. Medicine 1990; 69:307–16.

18. Lieberman D, Schlaeffer F, Boldur I, et al. Multiple pathogens in adult
patients admitted with community-acquired pneumonia: a one year
prospective study of 346 consecutive patients. Thorax 1996; 51:179–84.

19. Luna CM, Famiglietti A, Absi R, et al. Community-acquired pneu-



MEDICAL MICROBIOLOGY • CID 2008:46 (15 March) • 931

monia—etiology, epidemiology, and outcome at a teaching hospital in
Argentina. Chest 2000; 118:1344–54.

20. Ruiz M, Ewig S, Marcos MA, et al. Etiology of community-acquired
pneumonia: impact of age, comorbidity, and severity. Am J Respir Crit
Care Med 1999; 160:397–405.

21. Drummond P, Clark J, Wheeler J, Galloway A, Freeman R, Cant A.
Community acquired pneumonia—a prospective UK study. Arch Dis
Child 2000; 83:408–12.

22. Juvén T, Mertsola J, Waris M, et al. Etiology of community-acquired
pneumonia in 254 hospitalized children. Pediatr Infect Dis J 2000; 19:
293–8.

23. Geiseler PJ, Nelson KE, Levin S, Reddi KT, Moses VK. Community-
acquired purulent meningitis: a review of 1,316 cases during the an-
tibiotic era, 1954–1976. Rev Infect Dis 1980; 2:725–45.

24. Kirkpatrick B, Reeves DS, MacGowan AP. A review of the clinical
presentation, laboratory features, antimicrobial therapy and outcome
of 77 episodes of pneumococcal meningitis occurring in children and
adults. J Infect 1994; 29:171–82.

25. Petti CA, Woods CW, Reller LB. Streptococcus pneumoniae antigen test
using positive blood culture bottles as an alternative method to di-
agnose pneumococcal bacteremia. J Clin Microbiol 2005; 43:2510–2.

26. Murray PR, Washington JAI. Microscopic and bacteriologic analysis
of expectorated sputum. Mayo Clin Proc 1975; 50:339–44.

27. Musher DM, Montoya R, Wanahita A. Diagnostic value of microscopic
examination of gram-stained sputum and sputum cultures in patients
with bacteremic pneumococcal pneumonia. Clin Infect Dis 2004; 39:
165–9.

28. Cooper GM, Jones JJ, Arbique JC, Flowerdew GJ, Forward KR. Intra
and inter technologist variability in the quality assessment of respi-
ratory tract specimens. Diagn Microbiol Infect Dis 2000; 37:231–5.

29. Nagendra S, Bourbeau P, Brecher S, Dunne M, LaRocco M, Doern G.
Sampling variability in the microbiological evaluation of expectorated
sputa and endotracheal aspirates. J Clin Microbiol 2001; 39:2344–7.

30. Korsgaard J, Møller JK, Kilian M. Antibiotic treatment and the diag-
nosis of Streptococcus pneumoniae in lower respiratory tract infections
in adults. Int J Infect Dis 2005; 9:274–9.
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