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KEY POINTS

� Because of their high specificity, urine antigen tests for Legionella and pneumococcus
offer rapid pathogen identification for community-acquired pneumonia, allowing for tar-
geted antimicrobial therapy.

� Although the urine antigen test provides many benefits over traditional methods, culture is
still required for bacterial antimicrobial susceptibility profiles and epidemiologic data.

� Urinary antigen testing has revolutionized diagnostic testing particularly for disseminated
histoplasmosis, largely supplanting serology.

� Recent commercial development of Histoplasma urine antigen reagents may allow institu-
tions to perform testing in-house as an alternative to submitting specimens to reference
laboratories.
INTRODUCTION

Diagnosing respiratory infections has historically relied on targeted culture of respira-
tory pathogens. Although this can provide adequate sensitivity for some organisms,
not all causative organisms can be readily cultured from respiratory specimens. In
addition, significant delays in turnaround time (TAT) are detrimental to patient care,
particularly in the cases of pneumonia or severely immunocompromised hosts. As a
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result of these limitations, testing for pneumonia has evolved in recent decades to
include so-called rapid culture-independent methods. However, not all modalities of
culture-independent testing have measured up to clinical expectations. For instance,
in the case of direct fluorescence antibody staining for Legionella pneumophila, the
method has proved to be considerably less sensitive than conventionally used culture
methods despite its shortened TAT.1 In this case, the lack of result accuracy negates
the rapidity of the result.
Urinary antigen testing has grown in popularity for several significant respiratory in-

fections, particularly Legionella pneumophila, Streptococcus pneumoniae, and Histo-
plasma capsulatum. The broad concept of urinary antigen testing capitalizes on the
concentration of shed antigen from a variety of pathogens in the kidneys for excretion
in the urine. The antigens are then detected via an immunoassay such as an enzyme-
linked immunosorbent assay (ELISA) or an immunochromatographic or lateral flow
assay (LFA). Of importance is that the aforementioned pathogens are not present in
the urine for culture, despite the target antigen being concentrated on this anatomic
site. This situation allows for a noninvasive specimen collection to provide information
on an infection occurring in a distal anatomic location. Urinary antigen testing can
therefore be used to obtain rapid test results related to respiratory infection, indepen-
dent of an invasive collection such as a bronchoalveolar lavage (BAL). This article de-
scribes the 3 aforementioned organisms, their role in respiratory disease, and the
current status of urinary antigen testing in their respective diagnosis.
MICROBIOLOGY
Legionella

Legionella spp are fastidious, gram-negative bacilli that are ubiquitous in the aqueous
environment, often parasitizing free-living amoebas.2 The unusual nutritional require-
ments of this organism has led to a general difficulty in recovering the organism in
many clinical cases of respiratory infections, with average cultures requiring 2 to
5 days for growth. While up to one-third of the validly named species have been iso-
lated from humans, L pneumophila is conventionally considered the most clinically
significant species, and within this species serogroup 1 is considered the most
significant.3

Pneumococcus

S pneumoniae is a gram-positive coccus and a member of the viridans group of strep-
tococcal bacteria. The pneumococcal genome is approximately 2 million base pairs,
with more than 150 genes dedicated to virulence.4 Pneumococci have to strike a bal-
ance between immune evasion and successful colonization of the human nasopharyn-
geal tract. To do this, they retain the ability to switch between thin, procolonization,
polysaccharide capsules and more virulent, thicker capsules.5,6 Prior colonization
with certain bacteria or viral infection can also have dramatic effects on both propneu-
mococcal and antipneumococcal colonization.7,8

Histoplasma

H capsulatum is a dimorphic mold of the Ascomycota phylum, Onygenales order. This
organism exists in the body as a small, intracellular yeast (2–4 mm), exhibiting narrow-
based budding, and in the environment as a mold with hyphae, tuberculate macroco-
nidia, and smooth microconidia.9 Environmentally, (1) and (�) forms of the perfect
state (Ajellomyces capsulatus) combine sexually,10 whereas replication in vivo tran-
spires asexually by budding.
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EPIDEMIOLOGY, DISEASE PRESENTATION, AND PATHOGENESIS
Legionella

Owing to the ubiquitous nature of Legionella in the environment, the epidemiology of
disease is difficult to predict. In fact, Legionella can be found in almost any artificial
water storage device. There are well-established environments that pose significantly
higher risk for the organism being transmitted to humans, and these are more likely to
cause community-associated outbreaks of disease. Of particular concern are devices
found in institutional settings that use water in the cooling process for which aerosols
are produced (eg, air-conditioners, evaporative coolers, cool-air humidifiers, warm-
water spas, cooling towers, and plumbing/showers). In hospital settings, colonization
of any number of these devices can be of significance, particularly in units housing
severely immunocompromised patients.3

Legionella exist in the environment by parasitizing amoebas, and in the human host
they also parasitize a conceptually analogous cell type, namely the macrophage.2

Legionella interferes with phagocyte membrane trafficking, and can persist within a
macrophage for an extended period of time in a protective vacuole where they repli-
cate and subsequently infect other neighboring alveolar macrophages.11 This subse-
quent proliferation leads to progressively amplified disease in the lung.
Legionella causes 2 distinct respiratory syndromes: Legionnaires disease (LD) and

Pontiac fever (PF). LD is caused by L pneumophila and other Legionella spp. The dis-
ease is characterized as a mild to fatal (average 12% case-fatality rate) pneumonia.
Symptoms include fever, nonproductive cough, myalgias, rigors, dyspnea, and diar-
rhea.12 Features of LD are difficult to distinguish from those of other forms of
community-acquired pneumonia (CAP) such as pneumococcal CAP, largely because
of the nonspecific features of radiographic imaging, clinical presentation on admit-
tance, and general laboratory tests. Specific risks for LD include advanced age,
impaired airway function (cigarette smokers, emphysema, chronic obstructive pulmo-
nary disease), use of nonchlorinated water supplies, cellular immune-system suppres-
sion, and chronic disease of major organ systems (heart, lung, or kidneys). Solid organ
and bone marrow transplant recipients and patients receiving immune-suppressive
therapy for autoimmune diseases (eg, systemic lupus erythematosus, Crohn disease,
rheumatoid arthritis) that target tumor necrosis factor are also at risk.3,13 The incuba-
tion period typically ranges from 4 to 7 days; however, the infection can incubate for up
to 2 weeks after primary exposure, making epidemiologic investigations challenging.14

PF is an acute influenza-like illness that is self-limiting and nonfatal. The early pre-
sentation may appear similar to LD; however, patients do not progress to pneu-
monia.15–17 Unlike LD, treatment of PF is not indicated and is not discussed here in
any further detail.
Pneumococcus

Asymptomatic colonization of the nasopharyngeal tract by pneumococcus occurs
early in infancy, with almost all children being colonized at least once by 1 year of
age.18,19 Carriage rates for children younger than 5 years vary by geographic region,
but can be as high as 99% in some parts of the developing world.20 Colonizing pneu-
mococci are generally cleared within a month, but new serotypes can successfully
colonize the same individual.20,21 Adult colonization is less frequently detected
(w10%).22

Disease is associated with recent colonization by a serotype not previously encoun-
tered.19 Encapsulated pneumococci migrate from the nasopharynx to the lung and
can enter the bloodstream by translocating across the lung interstitium,4 although
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this process is not a requirement for invasive disease. Production of pneumococcal
pneumolysin leads to massive inflammation and destruction of host lung tissue.
There are currently more than 90 recognized serotypes of Pneumococcus. Vaccine

development has centered on serotypes that produce the most severe phenotypes.
The pneumococcal polysaccharide vaccine was released in 1977 but was not suffi-
ciently immunogenic in children younger than 2 years.23 As a result, the pneumococcal
conjugate vaccine (PCV) was developed and originally released in 2000 (PCV7), with
an expanded serotype coverage version released in 2010 (PCV13). Vaccination pro-
grams have dramatically reduced the vaccine-serotype colonization rates, which
have in turn reduced the rate of disease.24,25 Nonvaccine serotypes have begun to
replace colonization by vaccine serotypes,22,26 although it remains to be determined
if these serotypes cause less severe disease.
S pneumoniae is still the leading cause of CAP and meningitis worldwide,27–30

although rates of both diseases have begun to decrease with conjugate vaccine intro-
duction.29,31 Pneumococcal infections can lead to a variety of additional presenta-
tions, the most common being otitis media.

Histoplasma

H capsulatum disease is most prevalent in the Ohio-Mississippi river valley, with high-
est rates of endemicity in Indiana, Arkansas, Kentucky, and Mississippi owing to the
ideal soil, temperature, and moisture conditions in these regions. Areas laden with
avian excrement are particularly favored by this organism. Having the distinction of
being the most common endemic mycoses in the United States, histoplasmosis has
a predilection for older men, particularly those with chronic lung disease.32 As a conti-
nent, North America claims most infections attributable to this pathogen; however, ge-
netic studies have revealed 8 clades within 3 varieties that are found across the world
and are responsible for varying clinical manifestations by region.33,34

In North America, acute and chronic localized disease is noted in immunocompe-
tent individuals, whereas disseminated variants are found in immunocompromised
hosts. Acute localized illness, typically affecting healthy individuals exposed to an
abundant inoculum, manifests as a mild to severe flu-like syndrome with or without
pneumonia, whereas chronic localized illness, transpiring in those with existing lung
disease, presents with pneumonic consolidation, cavitation, and cough resembling
tuberculosis. Disseminated presentations have a proclivity for affecting the hemato-
poietic system, lung, liver, and gastrointestinal tract.9 By contrast, African and South
American varieties are marked by prominent cutaneous and osseous involvement
resembling blastomycosis.35,36 The ability of H capsulatum to bind CD11-CD18
cellular receptors, enter macrophages by expression of heat-shock protein 60, and
circumvent acidification in phagosomes is its primary means of pathogenesis and
evasion of the immune system.9
DIAGNOSIS

Clinical symptoms and radiologic evidence of pneumonia is often the first indication of
LD, histoplasmosis, and pneumococcal pneumonia. For each of these specific infec-
tions, the gold-standard diagnostic laboratory test remains culture of the offending
pathogen from an appropriate clinical specimen (typically sputum or BAL). For both
LD and histoplasmosis, serologic testing has historically been used as an adjunctive
diagnostic tool that can be particularly helpful in retrospective investigation of illness.
Of importance, the immunoglobulin G (IgG) antibody response may take several
weeks to become detectable, limiting its utility particularly in LD beyond outbreak
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investigations.37 Molecular methodologies using nucleic acid amplification are limited
primarily to reference laboratories as laboratory-developed tests, and as a result are
not routinely used diagnostic tools despite their excellent analytical sensitivity and
specificity. Comprehensive descriptions of these and other methods have been
reviewed in detail.13,38 Advantages and disadvantages of each method are compared
in Table 1.
Legionella Urinary Antigen Testing

Urine antigen testing has become a routine test method for the diagnosis of LD. The
current Legionella urine antigen assays cleared by the Food and Drug Administration
(FDA) are shown in Table 2, and are the focus of this article. Attributes of urinary an-
tigen testing that are advantageous for LD include the relatively short TAT (particularly
for LFAs), ability for laboratories to perform the testing on-site (near point of care for
some assays), and very high specificity (paramount test characteristic for a rare path-
ogen). Antigenuria can be detected in as little as 24 hours after onset of clinical symp-
toms, and the typical shedding period can persist for several days or weeks.13 For this
reason, the use of serial testing for “test of cure” is limited and should be discouraged
in most clinical situations. In fact, one report demonstrated persistent antigenuria for
300 days.39 Alternatively, for patients with high pretest probability of LD who have a
negative test result shortly after symptom onset, repeat testing in 2 to 3 days is indi-
cated. The clinical sensitivity of urinary antigen testing is also associated with the
severity of disease, whereby hospitalized patients are more likely to test positive
than those with mild illness.40,41

Legionella urine antigen assays use capture antibodies specific for L pneumophila
serogroup 1, which is considered the leading cause of LD. As a result, these assays
perform best in the setting of L pneumophila serogroup 1 infections, with a pooled clin-
ical sensitivity and specificity of 74% and 99%, respectively, for LD.42 These data are
based on a comprehensive meta-analysis, and the sensitivity value is drastically lower
than those claimed by each individual manufacturer (see Table 2).42 Essentially, this
pooled clinical test performance indicates that a positive Legionella antigen test can
indicate LD, whereas a negative one cannot reliably exclude the diagnosis. Other
serogroups of L pneumophila and non-pneumophila Legionella spp are poorly
detected by these assays (sensitivity of 5%–40%), which likely results in underappre-
ciation of the true clinical role of these organisms.43

ELISA
ELISA was once the most commonly used method for urine antigen detection, and
was primarily performed in reference laboratories and large academic medical cen-
ters. According to the most recent (2013) College of American Pathologists survey re-
sults, LFAs are now the most frequently used methodology, accounting for more than
95% of respondent laboratories. The results from these surveys show equivalent per-
formance for both ELISA and LFAs. LFAs are advantageous to perform because the
results are available near point of care, but clinical studies are mixed in terms of per-
formance when compared with ELISA. For instance, published studies have demon-
strated comparable sensitivity for ELISA and LFAs (echoing CAP survey results),
whereas more recent studies have shown significantly lower sensitivity for LFAs.41,44

LFA
All 3 FDA-cleared LFAs (Meridian, SAS, and Binax) show improved sensitivity when
the test is incubated an additional 60 minutes longer than the manufacturer’s re-
commendation (importantly, with no loss in specificity).41,45,46 In addition, urine



Table 1
Comparison of detection methods for Legionella, Pneumococcus, and Histoplasma

Test Time to Result Advantages Disadvantages

Blood culturea 3 d to 1 wk (for
Histoplasma)

Likely to identify true pathogen if detected; isolate for
susceptibility testing and further investigation (eg,
serotyping, sequencing)

Bacteremia not always associated with pneumonia

Sputum stain
and culture

Minutes (Gram
stain/DFA) to 2 d

Potential quick result could lead to targeted therapy;
isolate for susceptibility and further investigation

Difficult to obtain good-quality specimen; colonizing
pneumococcus can be detected. Histoplasma requires
unique stains

Other lower
respiratory tract

1–2 d Likely to identify true pathogen if detected; isolate for
susceptibility and further investigation

Invasive procedure limits utility

Molecular assays 2–4 h Quick result; high sensitivity; may be able to include
susceptibility or other genetic markers (species or
serotyping)

No isolate for further testing; not standardized; many
different laboratory-developed tests; colonizing
Pneumococcus can be detected

Serology 2 h to 2 d Useful for epidemiologic investigation; prognostic
indicator for Histoplasma; can differentiate serotypes
of Pneumococcus

Not useful for acute diagnosis; no isolate for further
testing; pneumococcal vaccination confounds results

UAT 15 minb Quickb; high specificity allows for rapid modification of
therapy based on positive result; FDA-approved tests
availableb

No isolate for further testing; Histoplasma UAT not
widely available

Abbreviations: DFA, direct fluorescent antibody; FDA, Food and Drug Administration; UAT, urine antigen test.
a Blood culture is of limited utility for Legionella infections.
b These characteristics are specific to the Legionella and pneumococcal UATs.
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Table 2
Legionella UATs currently cleared by the FDA with manufacturer’s stated test characteristics

Manufacturer Product Name Method Sensitivitya Specificitya
Comparison
Method

Binax Legionella Urinary
Antigen EIA

ELISA 87 86 Culture

Trinity
Biotech

Bartels Legionella
urinary antigen
ELISA test

ELISA 94.7 91.1 Culture

Alere BinaxNOW Legionella
pneumophila urinary
antigen test

LFA 97 98 Binax ELISA

Meridian
Biosciences

TRU Legionella Assay LFA 95.5 100 BinaxNOW

Sa Scientific SAS Legionella Test LFA 90.5 95 BinaxNOW

a The values are stated by the manufacturer based on clinical studies submitted to the FDA and
represent agreement values for the comparison method stated.
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concentration for LFAs is recommended to maximize sensitivity, but is not included in
the package inserts.40,47 Similarly, several reports suggest that concentration of urine
before testing can significantly increase the sensitivity of ELISA tests.47,48 However,
The Bartels ELISA, if performed on nonconcentrated urine, is more sensitive than
the Binax ELISA.49,50

Pneumococcal Urinary Antigen Test

The Alere BinaxNOW is the only FDA-approved pneumococcal urine antigen test
(pUAT), and is available as an LFA with antibodies directed against the pneumococcal
C-polysaccharide protein. The test was released in 2003 and is also approved by the
FDA for detection in cerebrospinal fluid (not reviewed). The pUAT can be performed by
the bedside with results available in 15 minutes. Manufacturer-defined sensitivities
range from 86% to 90%, specificity from 71% to 94%, and positive and negative pre-
dictive values from 31% to 59% and 98%, respectively. It is reported to detect 100%
of 23 of the most important serotypes. Cross-reactivity is only reported with Strepto-
coccus mitis. Pneumococcal polysaccharide vaccination does not cause false-
positive detection more than 48 hours after vaccination; however, the PCV was not
evaluated by the manufacturer. As a result, testing is not recommended on individuals
vaccinated against Pneumococcus in the last 5 days.

Effects of study design on the sensitivity of the pUAT
Several studies have been published evaluating the clinical accuracy of the BinaxNOW
pUAT. A clear theme in many of these studies is that the choice of gold standard signif-
icantly affects pUAT performance (compared in Table 3).
Studies that definitively diagnosed pneumococcal infection via blood or pleural fluid

culture showed the highest sensitivity, ranging from 77% to 87%,51–59 overlapping
with, but lower than values defined by the manufacturer. Studies comparing a prob-
able diagnosis based on sputum Gram stain, sputum culture, or nasopharyngeal
specimens had lower sensitivities ranging from 44% to 60%.51,54,55,57–60 The differ-
ence in sensitivities could be due to the culture of colonizing Pneumococcus from res-
piratory samples, rather than detection of a true pathogen. However, because CAP is
often unaccompanied by bacteremia, it is unclear as to what the appropriate gold-
standard comparator should be.



Table 3
Published sensitivities and specificities for given pneumococcal urine antigen test studies

Authors,Ref. Year
Sensitivity
(%) Gold Standard for Sensitivity Evaluation

Specificity
(%)

Negative Controls for Specificity
Evaluation Additional Findings

Marcos et al,54 2003 77 Blood, BAL or pleural fluid culture 93 Non-pneumo CAP Concentrating urine
gives better sensitivity44 Sputum culture

Dominguez et al,52

2001
82 Blood culture 97 Non-pneumo CAP, non-pneumo

bacteremia, UTI

Smith et al,56 2009 87 Blood culture 98 Non-pneumo bacteremia or UTI
72 Blood culture (non-CAP bacteremia)a

Briones et al,51 2006 81 Blood or pleural fluid culture 80 Non-pneumo CAP
59 Sputum Gram stain and/or sputum culture

Gutierrez et al,53

2003
77 Blood culture 90 Non-pneumo CAP
64 Pleural fluid or sputum culture

Murdoch et al,55

2001
80 Blood culture 100 Non-CAP, illness not specified False-positive vaccine

recipients (>5 d
postvaccination)

52 Sputum culture

Stralin et al,58 2004 79 Blood culture 98 Skin infection, urinary tract
infection, non-ID related surgery

Better sensitivity in
severe CAP47 Sputum culture

54 Nasopharyngeal swab/aspirate

Sorde et al,57 2011 78 Blood or pleural fluid culture 96 Non-pneumo CAP
57 Sputum Gram stain and/or sputum culture

Boulware et al,59

2007
85 Blood culture 98 Non-pneumo CAP HIV status does not

affect pUAT result60 Sputum Gram stain and/or sputum culture

Guchev et al,60 2005 52 Sputum culture N/A

Genne et al,62 2006 64 Blood or respiratory culture 99/100 Healthy controls/non-pneumo CAP

Roson et al,61 2004 66 Blood or respiratory culture 100 Non-pneumo CAP Better sensitivity in
severe CAP

Gold standard represents themethod used to diagnose pneumococcal CAP. Non-pneumo CAP or bacteremia refers to the isolation of a pathogen other than Pneumo-
coccus. Methods in italics highlight studies that did not separate definitive (eg, blood culture) from presumptive (eg, respiratory culture) pneumococcal pneumonia.

Abbreviations: BAL, bronchoalveolar lavage; CAP, community-acquired pneumonia; HIV, human immunodeficiency virus; N/A, no data available; pUAT, pneu-
mococcal urine antigen test; UTI, urinary tract infection.

a This study used patients with pneumococcal bacteremia without pneumonia as a gold standard.
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Study design does not seem to affect specificity. Testing in individuals with CAP
caused by an organism other than Pneumococcus had specificity similar to that in in-
dividuals with nonpneumococcal bacteremia, urinary tract infections, or other nonin-
fectious conditions, and in healthy adults (range 80%–100%; see Table 3).
Initiation of antibiotics before specimen collection can also confound study results.

Many of the prospective studies in Table 3 were unable to detect a pathogen by
classic microbiology methods, but a large proportion (w20%) of these patients had
positive pUATs.51,53,61,62 Antibiotic therapy may limit recovery of Pneumococcus
from blood or respiratory sites while antigen is still detectable in urine. Indeed, pneu-
mococcal antigens are still detectable in most infected patients as many as 7 days af-
ter the initiation of therapy.63

Similarly to LD, there is a strong correlation between severity of symptoms and sensi-
tivity of the pUAT.58,60,61 Limiting pUAT performance to these classes might be more
cost-effective. In fact, the Infectious Disease Society of America (IDSA) and American
Thoracic Society (ATS) recommend the pUAT only in cases of severe or critical CAP.64

Colonization and the pUAT
As discussed earlier, pneumococcal carriage varies by age group. Although the manu-
facturer does not recommend restricting the use of the BinaxNOW, the package insert
does admit a lack of evaluation in children. At least 2 studies reported that a large per-
centage (22%–54%) of colonized children had positive pUATs whereas only a small
percentage (4%–21%) of noncarriers had positive pUATs, although it is possible
that sampling methods missed colonizing pneumococcus in some of these individ-
uals.65,66 Unfortunately, this is a high false-positive rate in the population most
frequently affected by pneumococcal CAP.29 More studies are needed in different
geographic regions to fully evaluate the false-positive rate and guide recommenda-
tions for pUAT use.

Histoplasma Antigen Testing

As for LD and pneumococcal CAP, tests to detect antigenuria in the context of histo-
plasmosis are routinely ordered, although such assays are best utilized in dissemi-
nated infection. Two commercially available tests exist, one of which is approved by
the FDA; a third can be obtained through a private diagnostic company (Miravista Di-
agnostics [MVD], Indianapolis, IN).

Miravista Diagnostics enzyme immunoassay
In 1986, MVD published results of an H capsulatum antigen capture sandwich immu-
noassay capable of use on urine or serum. Polyclonal rabbit anti-Histoplasma IgG was
used as capture and detect antibodies, with detect antibodies conjugated to 125I.
Levels of H capsulatum antigen relative to a negative control, in turn, were then
expressed semiquantitatively in radioimmunoassay (RIA) units. Despite low sensitivity
in localized pulmonary disease, greater than 90% and 50% sensitivity, respectively,
were demonstrated in disseminated disease with the urine and serum assays.
Cross-reactions were documented to various endemic fungi.67 Similar positive find-
ings were found with this RIA in pediatric and HIV patients with dissemination.68,69

A drawback, however, is the requirement for radioactive materials.

Second generation More palatable enzyme immunoassays (EIAs) were subsequently
developed by MVD. Using microwells coated with polyclonal anti-Histoplasma IgG,
urine specimens were incubated, washed, and later exposed to alkaline phosphatase
or horseradish peroxidase (HRP) enzymes conjugated to similar detect antibodies. Af-
ter repeat washing, 1 of 2 substrates was then added depending on the conjugated
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enzyme, and colorimetric enzymatic reactions were expressed as EIA units relative to
a mean negative control. Results of both EIAs reached sensitivity comparable with that
of the RIA in disseminated histoplasmosis (w90%). Specificities for all methods
exceeded 92%, though superior with the RIA and HRP-EIA. All methods had poor
sensitivity (18%–50%) in localized (predominantly pulmonary) disease.70 Further
investigation confirmed the high correlation between the HRP-EIA and RIA, making
the HRP-EIA preferred.71

Additional modifications to the HRP-EIA on serum (heat-EDTA treatment)72 and
urine (ultrafiltration)73 have been implemented to increase sensitivity. Furthermore,
owing to false-positive results in serum specimens in patients treated with rabbit
antithymocyte globulin, alterations of the detect antibody and the HRP enzyme
were undertaken.74 Thus, current techniques use a modified biotinylated rabbit detect
antibody, a streptavidin-HRP enzyme, and a tetramethylbenzidine substrate. If antigen
is present in a specimen, a semiquantitative, colorimetric value in EIA units relative to a
control is provided.

Third generation Further enhancement applying graded, standard concentrations of
Histoplasma antigen (ng/mL) to each run has negated the need to express a result in
reference to a mean negative control.75 This third-generation assay (MVista EIA) yields
a best-fit curve from the included standards with optical density measurements on the
x-axis andconcentration (ng/mL) on the y-axis,making it possible to extrapolate optical
density (absorbance) of a sample to quantitative vales from 0.4 to 19 ng/mL. A detect-
able antigen level greater than 19 ng/mL or less than 0.4 ng/mL is reported as positive,
but cannot be quantified, although the clinical utility in particular of registering
“detected” levels of less than0.4 ng/mLhas not been elucidated.76With these improve-
ments, sensitivity for disseminated infection is 100% for urine and 92% for serum;
specificity is 99%.75 For optimum test performance, simultaneous urine and serum as-
says are advised.76 Aswith previous versions, cross-reactions occur withBlastomyces
dermatitidis, Paracoccidioides brasiliensis, Penicilliummarneffei,77Sporothrix species,
and, infrequently, Aspergillus and Coccidioides species.76 While this assay has been
used on additional body fluids,78 it is particularly valuable in BAL specimens where
sensitivity and specificity may exceed 90% in patients with localized cavitary disease
or disseminated disease with lung involvement.79 Furthermore, antigen dynamics par-
allel successful therapy and can be used to identify recurrence.80,81

Thus, through a series of refinements, MVD offers a sensitive and specific, quanti-
tative H capsulatum antigen EIA that is most useful in disseminated disease. Further-
more, this assay makes it possible to monitor therapy and detect recurrence.
Unfortunately, this test is not commercially available and can only be executed at
MVD on physician request.
Immuno-Mycologics EIA
A commercially available, FDA-cleared EIA that uses (polyclonal) antibodies and re-
agents similar to those of the MVista EIA, namely the IMMY ALPHA Histoplasma
EIA (Immuno-Mycologics, Norman, OK), has been developed for urine and found to
have greater than 90% agreement with the MVista EIA. Values are reported in EIA units
by using “standards” analogous to the MVista EIA; levels of 2 or more EIA units are
considered positive. False-positive results occur with various dimorphic fungi.82

This test has not been validated to confirm successful treatment or document relapse,
and data on specific patient presentations (systemic vs localized disease) are not
readily available. Although the high correlation initially reported with the MVista
EIA82 was not later corroborated by MVD,83 these findings are debated.84 Recently,
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Immuno-Mycologics has also developed an EIA using analyte-specific reagents (ASR)
and a monoclonal capture/detect antibody for Histoplasma urinary antigen. Using a
threshold of 0.5 ng/mL to denote a positive result, the sensitivity of this assay is
64.5% with specificity of 99.8% when using the MVista EIA as the gold standard. Re-
sults correlate with the MVista EIA more than 90% of the time. Of note, nearly half of
values not concordant with the MVista EIA were 0.4 ng/mL or less by the MVista EIA, a
range of dubious clinical significance.85 In a related analysis involving immunocom-
promised patients with dissemination, the ASR monoclonal assay was directly
compared with the polyclonal IMMY ALPHA kit. Higher sensitivity (90.5%), specificity
(96.3%), and correlation with the MVista assay were noted with the monoclonal ASR
test when compared with the polyclonal IMMY ALPHA.86
TREATMENT
Empiric Therapy for LD/Pneumococcal Pneumonia

TheCAP treatment guidelines issuedby the IDSAandATS recommendempiric therapy
for outpatients.64 Empiric therapy in most outpatients consists of a newer-generation
macrolide. For patients with significant comorbidities, a respiratory quinolone and b-
lactam in combination with a macrolide are recommended.64 For inpatients without
intensive care unit (ICU) admission, the same 2 options as indicated for outpatients
with comorbidities is appropriate. For patients admitted to the ICU, a b-lactam plus
either a respiratory quinolone or macrolide is recommended.64 In light of the test per-
formance described herein for both pneumococcal Legionella urinary antigen testing,
a positive test result supports the use of pathogen-targeted therapy.

Targeted Therapy for LD/Pneumococcal Pneumonia

The intracellular nature of Legionella is particularly important in choosing appropriate
pathogen-directed antimicrobial therapy, as directed therapy for S pneumoniae using
b-lactams will not provide adequate therapy for LD.64 The official CAP treatment
guidelines issued by the IDSA and ATS recommend either a fluoroquinolone or macro-
lide as targeted therapy for LD.64 If concern for persistent fever is noted in Legionella
CAP, a quinolone is preferred to older macrolides for its more rapid clinical
response.87 The length of therapy is typically 7 to 14 days in uncomplicated patients;
however, therapy for immunocompromised patients often requires 21 days for
adequate resolution of symptoms. Of importance, any significant delay in initiating
antimicrobial therapy increases the mortality associated with LD.88 Despite the ease
with which many organisms develop resistance to quinolones, to date resistance is
not a significant concern in LD, possibly because of the sporadic, environmentally
derived nature of the outbreaks.
Resistance to b-lactams is a significant concern for S pneumoniae infections.

Directed therapy, therefore, depends on knowing whether the causative organism is
penicillin resistant or susceptible. Directed therapy is a b-lactam; however, many
clinical/epidemiologic variables need to be considered and are beyond the scope of
this work. The reader is referred to the IDSA/ATS guidelines for each specific
recommendation.64

Treatment of Histoplasma

Treatment of histoplasmosis is intimately linked to the site of infection and presenta-
tion (localized disease vs disseminated disease). Traditional options include lipid
versions of amphotericin B as induction (depending on severity) with consolidation
regimens of itraconazole. Disseminated disease requires reduction in



Table 4
Treatment of Histoplasma capsulatum infection by disease manifestationa

Disease Manifestation Treatment

Acute localized pulmonary Itraconazole 12 wkb

Chronic cavitary (pulmonary) Itraconazole 12 mo

Disseminated Lipid formulation of amphotericin B
followed by 12 mo itraconazolec

Histoplasmosis of central nervous system Lipid formulation of amphotericin B 4–6 wk
followed by 12 mo itraconazole

Pericarditis, mediastinal lymphadenopathy,
pulmonary nodules, rheumatologic
syndromes, broncholithiasis

No antifungal treatment indicated; may
consider anti-inflammatory medicine in
select cases

a Taken from the 2007 Infectious Disease Society of America guidelines.89
b Treatment indicated if illness present >1 month or if severe symptoms present.
c For milder disease, treatment is begun with itraconazole.
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immunosuppression and addition of combined antiretroviral therapy in patients with
acquired immunodeficiency syndrome. Newer triazoles (posaconazole, voriconazole)
are reserved for refractory instances.89 Treatment guidelines for histoplasmosis are
summarized in Table 4.

SUMMARY AND DISCUSSION

Urinary antigen tests for LD and pneumococcal CAP are rapid and readily available
methods of laboratory testing that should be incorporated into all testing algorithms
for CAP. Use of these methods as front-end diagnostic tools can provide important
early recognition of the pneumonia-causing agent, and provide early and appropriate
administration of pathogen-targeted antimicrobial therapy. Despite the very high clin-
ical specificity of urinary antigen tests for LD and pneumococcal CAP, the compara-
tively lower clinical sensitivity of these assays cannot effectively exclude disease.
Although urine antigen testing provides diagnostic benefit, culture remains a neces-

sary epidemiologic tool for the interrogation of LD and pneumococcal CAP. Cultured
isolates provide invaluable information for outbreak investigations and, in the case of
Pneumococcus, surveying localized rates of antimicrobial resistance and associated
serotypes. For this reason, culture and antigen detection are an ideal diagnostic com-
bination for comprehensive clinical investigation of these diseases.
Urine and serum antigen testing for histoplasmosis has revolutionized the diagnosis

of this disease, particularly if disseminated, and effectively supplants serologic testing
in particular in such a setting, owing to concomitant immunosuppression. A caveat is
that urine and serum antigen performance is much less robust in more focal respiratory
disease, where additional investigation including serology, culture, and histopathology
is still recommended. Ostensibly, while theMVista EIAmaintains the preponderance of
evidence supporting use, it is not as readily available as the polyclonal IMMY ALPHA
EIA. Finally, the monoclonal IMMY ASR assay, also available commercially, shows
promise, but requires further scrutiny before widespread implementation.
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