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ABSTRACT

Endemic mycoses can be challenging to diagnose and accurate interpretation of laboratory data is important
to ensure the most appropriate treatment for the patients. Although the definitive diagnosis of histoplasmosis
(HP), one of the most frequent endemic mycoses in the world, is achieved by direct diagnosis performed by
micro and/or macroscopic observation of Histoplasma capsulatum (H. capsulatum), serologic evidence of
this fungal infection is important since the isolation of the etiologic agents is time-consuming and insensitive.
A variety of immunoassays have been used to detect specific antibodies to H. capsulatum. The most applied
technique for antibody detection is immunodiffusion with sensitivity between 70 to 100 % and specificity of
100%, depending on the clinical form. The complement fixation (CF) test, a methodology extensively used on
the past, is less specific (60 to 90%). Detecting fungal antigens by immunoassays is valuable in
immunocompromised individuals where such assays achieve positive predictive values of 96-98%. Most
current tests in diagnostic laboratories still utilize unpurified antigenic complexes from either whole fungal
cells or their culture filtrates. Emphasis has shifted, however, to clinical immunoassays using highly purified
and well-characterized antigens including recombinant antigens. In this paper, we review the current
conventional diagnostic tools, such as complement fixation and immunodiffusion, outline the development
of novel diagnostic reagents and methods, and discuss their relative merits and disadvantages to the
immunodiagnostic of this mycosis.

Key words: diagnostic tests, culture based methods, molecular methods, serology

INTRODUCTION

Histoplasmosis is a systemic disease caused by the fungus
Histoplasma capsulatum (21,32,97). Human histoplasmosis is
due to two varieties of the pathogen, Histoplasma capsulatum
var. capsulatum and Histoplasma capsulatum var. duboisii.
Both varieties are heterothallic and compatible (+) and (-) mating
types unite to form the ascomycetous perfect stage designated
Ajellomyces capsulatum. H. capsulatum var. capsulatum is the
causative agent of classical histoplasmosis (16,86,87,99). Less
commom, H. capsulatum var. duboisii is the etiologic cause for
African histoplasmosis (33,87). H. capsulatum is thermally

dimorphic (94). The fungus is primarily a mould in the
environment, as a saprophytic organisms in soils enriched with
organic nitrogen sources like animal excrements, or when grown
in the laboratory at less than 35ºC (3,29,40-43,124,125,159) (Fig.
1a). In contrast, the pathogenic single, budding yeast-like form
is predominately isolated from infected tissue specimens and
occurs when the microbe is grown at 37ºC in the laboratory
(66,124,125) (Fig. 1b).

Histoplasmosis is a cosmopolitan mycosis with areas of
particularly high endemicity. In North America, the endemic
regions are in the Midwestern and Southeastern of United
States (1,53,136). In Latin America, the most prevalent areas are
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in Venezuela, Ecuador, Brazil, Paraguay, Uruguay and Argentina
(13,136,140) (Fig. 2). In Brazil, endemic areas are located in the
Midwestern and Southeastern portions of the country, where
the prevalence ranges from 4.4 – 63.1% and 3.0 – 93.2%,
respectively (Table 1 - Fig. 3) (91,157). Generally, the
environmental conditions present in areas of high endemicity
are a moderate climate with constant humidity (94).

Infection with H.capsulatum usually occurs by the inhalation
of microconidia by the host, deposit in alveoli and rapidly convert
to a parasitic yeast form in tissues. This germination and
conversion can occur prior to or after ingestion by pulmonary
macrophages (2,19). Conidia and yeasts are ingested by
macrophages and reticuloendothelial cells where the organism
can survive within phagolysosomes (2). Once within the
macrophage, the yeast multiply and travel to hilar and mediastinal
lymph nodes where they gain access to the blood circulation for
dissemination to various organs (141). The clinical manifestation
of histoplasmosis range from asymptomatic infection to
disseminated sepsis (16,20,53,99,134). These manifestations

depend mainly on the magnitude of exposure (i.e. the number
of fungal particles inhaled), the immunological status of the
host, and the virulence of the infective strain, indicating that
environmental and genetic factors control the manifestation
of disease (56). Additionally, in the setting of severe
immunocompromised patients, such as individuals with AIDS,
H. capsulatum strains previously not considered virulent have
been able to cause fatal disease (23,148).

Figure 1. Histoplasma capsulatum: a) mold form (culture and
microscopy); b) yeast form at 37ºC (culture and microscopy
respectively).

Table 1. Epidemiologic distribution of histoplasmosis in Brazil,
according to the reactivity pattern of skin test using
histoplasmin.

Regions Percentage of positive reaction

North 12.8-43.4
North East 2.6-29.8

Middle West 4.4-63.1
South East 3.0-93.2

South 6.3-16.0

Figure 2. Distribution of histoplasmosis in South America.
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Importantly, infection with H. capsulatum usually is
asymptomatic. In immunologically normal hosts in endemic
areas, 95-99% of the primary infections are not recognized or
detected and these asymptomatic cases might also be
identified by serologic screening as part of pre-transplant
evaluation or epidemiological investigation (56,70,115).
Symptomatic pulmonary histoplasmosis is most often a
subacute, resulting from low-inoculum infection, with a mild
flu-like illness characterized by a dry cough, fever and fatigue
that occurs several weeks after exposure, and the radiographs
usually show enlarged hilar or mediastinal lymphnodes
and patchy infiltrates, but may be normal (141). Acute
histoplasmosis results from a high-inoculum, the primary focus
is generally pulmonary and such individuals have diverse,
nonspecific symptoms, with severity of symptoms correlating
with the magnitude of exposure (85,108,126,153). The
disseminated form is defined by the presence of an extra-
pulmonary focus and normally is a progressive illness occurring
more frequently in immunocompromised individuals, such as
patients who are receiving corticosteroids, cytotoxic therapy, and
immunosuppressive agents or individuals with HIV infection
(55,111,118,135). Commonly seen is chronic histoplasmosis,
which happens in the setting of preexisting abnormal lung
architecture. This occurs most often in the presence of
emphysema, where there is a local production of liquid material
rich in fungal particles responsible for the chronicity of the
disease (54). Mediastinal fibrosis is the least common, but the
most severe, late complication of histoplasmosis. It should be
differentiated from the many other less-severe mediastinal

complications of histoplasmosis, and from other causes of
mediastinal fibrosis. Posthistoplasmosis mediastinal fibrosis is
characterized by invasive, calcified fibrosis centered on lymph
nodes, which, by definition, occludes major vessels or airways.
In general, the diagnosis is suggested by a hilar or mediastinal
mass, which is seen in thorax radiography, because 40% of
patients are asymptomatic (96,152).

Although the clinical manifestations of histoplasmosis are
well described, the diagnosis of histoplasmosis cannot be
achieved on the basis of clinical information alone, since there
is significant overlap of histoplasmosis with other diseases.
For instance, mild acute histoplasmosis is similar to diverse
viral respiratory tract infections. Pulmonary manifestations of
more aggressive disease with pulmonary infiltrates and hilar
lymphadenopathy overlap with infections by other dimorphic
fungi or Mycobacterium tuberculosis. The definitive diagnosis
requires the isolation of the H. capsulatum on specific culture
media or the visualization of the yeast form in direct examination
of clinical specimens using specific fungal staining techniques.
However, these procedures are time consuming, usually taking
a minimum of 15 days, and lack sensitivity. Furthermore H.
capsulatum structures visualized microscopically can be
confused with structures from other fungal pathogens. Also,
depending on the material processed for these applications,
some contaminants can out grow H. capsulatum, complicating
the diagnosis.

Given these difficulties, other techniques have been
developed to supplement culture and microscopic examination
that incorporate clinical information and serology. Such
laboratory tests have the benefit of a rapid turn around time
and reasonable specificity and sensitivity. Detection of
antibodies and antigens provides information indicative of
current disease that helps in the management of the infection.
Detection of precipitins by immunodiffusion to the two most
important diagnostic antigens from H. capsulatum, the H and
M antigen, is one of the most widely available techniques for
diagnosis, but the assay has a specificity of 70 to 100%.
Complement fixation tests for histoplasmosis have a sensitivity
range of 70 - 90%, but are less specific than immunodifusion
(70 - 80%) (Table 2). Antigen detection methods are also used,
especially when the antibody detection is unlikely. This most
often occurs in immunocompromised patients with
disseminated infection who often fail to manifest an immune
response. However, antigen detection assays are not
universally available.

The choice of each test to be applied for diagnosis depends
mainly on the clinical manifestation and host factors (89).
Although attempt to culture the organism should always be
pursued, culture based methods are most effective when the
fungal burden is high, for instance, in some patients with chronic
or disseminated forms of histoplasmosis. Culture is insensitive
in sub-acute and acute histoplasmosis. Non-culture based

Figure 3. Distribution of histoplasmosis within Brazil as
indicated by histoplasmin skin test positivity.
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methods are used in conjunction with culture to improve our
ability to diagnosis H. capsulatum infection and can also guide
therapy for histoplasmosis. Recently, some molecular biology
techniques have been developed that may further improves the
diagnosis of histoplasmosis, particularly for the detection of
disease in an early stage and to improve the specificity of the
diagnosis.

Microscopy
H. capsulatum is mycelial at 25ºC where it grows with hyaline

hyphae that have tuberculated macroconidia and smooth-walled
spherical, pyriform or cigar shaped microconidia ranging in size
from 2µm to 6µm in diameter (9,36,48,104) (Fig. 1a). At 37ºC,
yeast forms predominate that are generally ovoid thick-walled
cells (Fig. 1b).

Histopathologic examinations of bone marrow aspirate or
biopsy material, bronchoalveolar lavage fluid or biopsy material
from lung, sputum, urine or skin lesions are frequently analyzed
for the diagnosis of histoplasmosis (5,7,24,100,101,140).
Peripheral blood may show intracellular organisms in white
blood cells in up to one half of the patients with the disseminated
form of disease (55). However, bone marrow biopsy for
histopathology may be the most rapid method of establishing a
definitive diagnosis of invasive infection (109).

 Skin scrapings, exudates and body fluids should be
examined using 10% KOH and Parker ink or calcofluor white
mounts. Tissue sections should be stained using PAS (Periodic
Acid Schiff) digest, Grocott’s methenamine silver (GMS) or Gram
stain (39,128). Histopathology is especially useful and is one of
the most important ways of alerting the laboratory that they
may be dealing with a potential pathogen (76). However, these
diagnostic methods lack sensitivity since they facilitate
diagnosis primarily in patients with chronic, acute disseminate
infection or severe pulmonary infection (4,45,78).

The structure of the H. capsulatum yeasts is very similar to
other pathogens and these characteristics can led to a mistake
during the identification for diagnosis purposes (98). The

misidentification occurs principally with Candida glabrata,
Penicillium marneffei, Pneumocystis (carinii) jeroveci,
Toxoplasma gondii, Leishmania donovani and Cryptococcus
neoformans. Hence, it is extremely important to be familiar with
the morphology of these pathogens and the staining
characteristics of the yeast by different methods.

Culture
Definitive diagnosis is still based on the isolation and

identification of H. capsulatum from clinical and biological
specimens. Isolation of the fungus can be achieved on special
media, such as Sabouraud agar, following incubation at 25ºC
for 6 to 12 weeks. Under these conditions, the fungal colonies
are initially smooth, but become filamentous, cottony, and
brownish with the age. Microscopically, they are composed of
hyaline septated hyphaes with micro and macroconidias in
various developmental stages. The conversion from the mold
phase to the yeast phase is necessary for accurate diagnosis of
H. capsulatum. Conversion is achieved using enriched media
such as blood agar or Brain-heart infusion agar (BHI) with
cystein incubated at 35-37ºC. After conversion, smooth white
to brown colonies can be observed that are yeast by microscopic
examination. However, H. capsulatum does not convert easily
depending on special nutrient requirement, temperature
conditions and additionally on the physiologic characteristics
of the strains (38).

Detection of H. capsulatum is also possible from blood
samples of patients with the chronic and the disseminated
form. Some methodologies for improving the recovery of H.
capsulatum in histoplasmosis patients with fungemia have
been described. Lysis-centrifugation has been shown to be
more effective than conventional biphasic blood systems
(102,116). However, the newer BACTEC type machines are
highly efficient and provide a statistically significant increase
compared to lysis-centrifugation for overall recovery of
isolates and bloodstream infections, including most individual
organism categories (49).

Table 2. Sensitivity of laboratory tests for diagnosis of histoplasmosis.

Tests Self-limiteda Acute or subacute Chronic pulmonary Disseminatedb Mediastinal

Antigen detection 39 25-75 15-21 92 0
Fungal stain
(Microscopy-Histopathology)

9 10 17-40 43 <25

Culture 15 15 50-85 85 <25
Serology 98 95 100 71 67
Molecular diagnosis NE NE NE 69 - 100 NE

All data showed mean percentage (%); a Self-limited manifestation includes asymptomatic, rheumatologic sundromis and percarditis; b Disseminated
includes non-AIDS and AIDS patients (opportunistic infection); Considered the minimum and maximum sensitivity for he set of test available.
Adapted from (76,141,151).
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Non-culture based diagnosis of histoplasmosis
Positive cultures provide the strongest evidence for

histoplasmosis, but culture diagnosis has significant limitations.
In particular, most patients with an asymptomatic or a mild form
have negative cultures (Table 2). Non-culture methods have
been developed to improve the rate and speed of diagnosis.
These tests include antibody and antigen detection as well as
newer techniques that have been developed in molecular
diagnosis for the improved identification of H. capsulatum in
clinical specimens. Any of the results from the described tests
can provide a presumptive diagnosis of histoplasmosis and
require clinical correlation for the correct evaluation and
determination of the final diagnosis.

Antibody detection
Worldwide, antibody detection methods are the major tools

currently in use for the non-culture diagnosis of histoplasmosis
given their general availability and rapid turn around time
(22,28,139). The two routine methodologies are complement
fixation and immunodiffusion, because of convenience,
availability, and accuracy of these assays. However, these
methods should not be used in patients with the disseminated
form of histoplasmosis in view of the fact that there is an increase
in false-negative results. Furthermore, serologic cross-reactions
to Histoplasma-like antigens occur in patients infected with
other common fungal pathogens. This most frequently occurs
in the setting of blastomycosis, coccidioidomycosis,
paracoccidioidomycosis, and aspergillosis, but also happens
in patients with candidiasis and cryptococcosis (103,137).

In histoplasmosis, serologic diagnosis focuses on the
identification of anti-H and anti- M antibodies. These
antibodies can be detected using histoplasmin
(HMIN). HMIN is the antigenic extract obtained from
H. capsulatum mycelial culture. The cells are removed
by centrifugation at 1,050 x g for 10 min and the
supernatant is filtered through a 0.45 μm membrane,
concentrated and dialyzed against phosphate-
buffered saline (PBS) (15,69,105,129,154). The main
components of HMIN to which antibody responses
occur are the C, M, and H antigens. The C antigen is
a carbohydrate (galactomannan) that is largely
responsible for the cross-reactions observed with
other fungal species (6). The M antigen is a catalase
(65,158) and the H antigen is a β-glucosidase (25).
Due to their higher specificity to H. capsulatum,
antibodies against the M and H antigen are particularly
useful in diagnosis (59,71,95).

The immunodiffusion (ID) test qualitatively
measures precipitating antibodies (H and M precipitin
lines or bands). Largely due to its simplicity,
reliability, and potential cost effectiveness, ID testing
has become increasingly popular among many

laboratories. ID is highly specific for the detection of anti-M
and anti-H antibodies (46,74,80,121,122), but shows low
sensitivity (Table 3), principally in acute manifestation of the
disease. In general, ID is useful for detecting antibodies 4-6
weeks after infection. While the ID test is more specific for
histoplasmosis (i.e., a person who is not infected with
H. capsulatum is unlikely to have a positive test result) than
the complement-fixation test, it is less sensitive (i.e., a person
who is acutely infected can have a negative test result) (Table
3). The H band appears after the M band and can be found in
sera from patients during acute and/or progressive disease.
However, this band is present in only 7% of serum from patient
with acute infection (140). Antibodies to the H antigen may be
detected 1-2 years after the resolution of the disease, but
antibodies to the H antigen usually disappear more quickly
than the anti-M antibodies (22). The H precipitin rarely is
detected after HMIN skin testing. The M band is more frequently
detected than the H precipitin and appears soon after infection
and can indicate prior infection, acute disease or a chronic
progressive disease. The M precipitin reaction can persist for
up to 3 years after disease resolution and can also be stimulated
after skin testing with histoplasmin in people who have never
had contact with H. capsulatum or infection (78,83). The
presence of both the H and M precipitins is considered to be
conclusive for the diagnosis of histoplasmosis, though the
status of disease requires clinical assessment of the patient.

Another common assay for antibody detection in
histoplasmosis is the complement-fixation (CF) test (57,79). This
procedure measures antibodies to either the intact yeast form
(17,58) or mycelial (HMIN) antigen (67,106,130). CF is more

Table 3. Serological parameters of the antibody detection techniques.

Serological method Sensitivity(%) Specificity(%) References

Immunodifusion 70-100 100

Complement Fixation
Yeast phase antigen 94.3 70-80
Mycelial phase antigen 72.8

Latex Agglutination 65- 97 ~39

ELISA 91-100 66-86 Torres et al.
NA 75-97 Raman et al.
NA 76-90 Zimmerman et al.
96 92 Guimarães et al.

Western blot 78 Pizzini et al.

p-HMIN 45-100 100
pt-HMIN 90-100

Adapted from (61,90,107,123,133,136);
NA - Not analyzed.
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sensitive than the immunodiffusion test but less specific (Table
3) (8,79). It is notable that inter-laboratory variation in titers
detected can be influenced by the strain of H. capsulatum used
for antigen preparation (67,73,90). A drawback of H. capsulatum
CF assay is that it can detect cross-reactive antibodies in sera
from patients with other mycosis such as blastomycosis,
candidiasis, coccidioidomycosis and paracoccidioidomycosis
(137). Another problem with CF is that negative results can
occur in culture-proven fungal disease, because of the blocking
effect of rheumatoid factor and cold agglutinins that may
develop during histoplasmosis (75). Complement-fixing
antibodies may appear 3 to 6 weeks (sometimes as early as 2
weeks) following infection by H. capsulatum in 95% of the
patients with histoplasmosis, and repeated tests will give
positive results for months (136). Titers between 1:8 and 1:16
are considered weakly positive and are observed in almost one
quarter of patients (73). However, these titers may represent
past infection and can also be detected in the serum of healthy
persons from regions where histoplasmosis is endemic. A high
titer (1:32 or greater) or a fourfold increase in titer over time is
indicative of active histoplasmosis (79). Antibody titers will
gradually decline and eventually disappear months to years
following recovery in the absence of re-exposure, but persist
for years in individuals with recurrent exposures.

Latex agglutination tests have been developed in an attempt
to eliminate cross reactions and increase sensitivity (88,119).
There is a commercial Latex agglutination assay for
histoplasmosis, but false positives results are found in patients
with tuberculosis (30). Some authors have reported that this
test is more sensitive than the CF using HMIN as antigen, where
antibodies were detected in 97% of serum samples from patients
with acute histoplasmosis, 96% in chronic pulmonary and 64%
in disseminated histoplasmosis, while the CF test detected 38%
in acute, 73% in chronic pulmonary and 45% in disseminated
histoplasmosis (50). Generally sera from patients with AIDS
lack detectable antibodies by either CF or agglutination tests
(120). A hemagglutination test was also developed for detection
of antibody to H. capsulatum. This test was sensitive enough
to detect antibodies in sera which were negative by CF and/or
ID, but it failed to discriminate reliably between antibodies to H.
capsulatum and B. dermatitidis (82). A comparison of the tests
is shown in the Table 3.

Antibodies to H. capsulatum can also be detected by
immunoenzimatic assays such as Western blot and ELISA.
Western blot technology has been used successfully in order
to diagnose histoplasmosis and evaluate epidemiologically the
distribution of the disease. Using Western blot, four different
Histoplasma antigens of 91, 83, 70 and 38 kDa have been
identified that react with sera from patients with histoplasmosis
(133). Using purified and deglycosylated histoplasmin (pt-
HMIN) (131,154-156), the sensitivity of the Western blot can be
significantly improved. In one study, the sensitivity of a Western

blot using the native glycosylated antigen was 45% with acute-
phase serum samples and 100% for convalescent-phase
specimens, while sensitivity increased to 90% for the acute-
phase specimens when using the deglycosylated antigen (107).

Several enzyme-linked immunosorbent assays (ELISA)
protocols have been described for antibody detection using
diverse antigenic preparations (113). An indirect sandwich ELISA
for the detection of antibodies to H. capsulatum ribosomes and
histoplasmin has been developed where antiribosomal
antibodies were detected in 97% of histoplasmosis patients,
but antibodies to histoplasmin were detected in only 75% of
samples (110). An ELISA using a yeast cell extract showed a
sensitivity of 86% in acute pulmonary histoplasmosis and a
specificity of 91% using anti-human IgG, whereas with anti-
human IgM the sensitivity was 66% and the specificity 100%
(133). One ELISA using ferrous metal beads for determination
of immunoglobulins G and M to H. capsulatum detected
histoplasmal antibody in 90% of the specimens that were
negative by CF, 76% that were negative by ID, and 100% that
were negative by both CF and ID, when limited to specimens
collected within 4 months of the onset of histoplasmosis
symptoms (160). An indirect ELISA was developed and
evaluated as a method for detecting antibodies against
glycosylated and deglycosylated histoplasmin (HMIN), and
the sensitivity obtained was 92% and the specificity, 96% and
is a useful adjunct to existing methods of diagnosis that could
be applied even in situations where laboratory facilities are
relatively limited (61). This last methodology has been evaluated
and validated as a specific and sensitive immunoassay for the
detection of the antibodies in sera from patients with all the
clinical manifestations of histoplasmosis (62).

Antigen detection
Antigen detection tests may be more effective than antibody

testing for diagnosing of histoplasmosis (84). During infection
with H. capsulatum, antigen can be released by the fungal cells
and detected in body fluids such as serum (blood), pleural fluid,
bronchoalveolar lavage fluid, cerebrospinal fluid and urine
(145,149,150). Antigen detection can be particularly useful in
acute disease, especially in individuals also infected with HIV,
who frequently have the disseminated form of histoplasmosis
without detectable antibodies to the fungus (146-148).

The first described methods for antigen detection used
fluorescent antibodies for the screening and identification of
H. capsulatum in sputum (77,93) and in immunohistochemical
tests (72). A radioimmunoassay for the detection of H.
capsulatum antigen in urine and serum specimens based on
the detection of a polysaccharide antigen from H. capsulatum
(HPA) using polyclonal rabbit serum has been particularly
effective, especially in patients with disseminated
histoplasmosis, with the original assay detecting antigens in
urine of 20 samples of the 22 tested (91%) and in blood, 11
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samples of the 22 tested (149). Ongoing efforts to improve this
method have resulted in increased levels of detection, with high
levels of HPA detected in the urine of 95% and the serum of
86% AIDS/disseminated histoplasmosis patients (142,144). In
general, patients with disseminated histoplasmosis have high
levels of Histoplasma antigenuria, and the determination of
titers by radioimmunoassay, besides being important for
diagnosis, is useful for monitoring the effect of treatment (44)
and management of histoplasmosis. Usually diminution in titer
of detectable antigens is directly correlated with improvement
on the patient clinical condition (51,144). False-positive
Histoplasma antigen detection tests can occur in patients with
blastomycosis or paracoccidioidomycosis (47).

Two enzyme-linked immunosorbent assays (ELISA) for
detection of HPA have been described and compared with the
solid-phase radioimmunoassay (Table 4). The ELISA has some
advantages over an RIA because it does not expose the workers
to radioactivity and the conjugate (either Alkaline phosphatase
or Horseradish peroxidase) seems to be more stable than the
radioactive 125 I labeled antibodies. However, the AP-ELISA and
HRP-ELISA appear less sensitive than RIA and could not detect
antibodies in specimens containing lower levels of HPA, giving
false negative results (161). A similar antigen test has been
adapted to an enzyme immunoassay format and the results
obtained were similar to the RIA assays (34). However, urine
sample studies have shown that cross-reactivity occurs to
Paracoccidioides brasiliensis, Blastomyces dermatitidis,
Coccidioides immitis, and Penicillium marneffei (138). False-
positive antigenemia can also occur in patients who received
rabbit antithymocyte globulin, since the infused antibodies
recognize the polyclonal serum used (143). Nevertheless, these
tests provide rapid and accurate diagnosis in patients with acute
pulmonary or disseminated infection and both urine and serum
should be tested to provide the highest sensitivity for diagnosis.
In the case of suspected meningitis, the CSF should
be tested. Bronchoalveolar lavage fluid can be tested
in the setting of pulmonary histoplasmosis, while the
usefulness of urine and serum is unknown for this
purpose (144). In chronic disease, the antigen
detection may be negative due to the low fungal
burden and failure to detect antigens in serum, being
the serological tests for anti-Histoplasma antibodies
positive in most of cases (76).

An inhibition ELISA has also been developed for
the detection of a 70 kDa protein using a species-
specific murine monoclonal antibody (52). Overall,
this test detected antigen in 71.4% of the
histoplasmosis serum samples tested. The sensitivity
varied among 57.1 to 88.9% according to clinical form
of histoplasmosis. The specificity was 85.4% when
serum samples of other mycosis were used. This
methodology is useful for the follow-up of

histoplasmosis patients during treatment and the monitoring of
disease in non-AIDS patients with the acute or disseminated
form of the disease (51).

Comparison between the sandwich-ELISA and the inhibition
ELISA showed similar results when sera from histoplasmosis
patients were evaluated, but the sandwich-ELISA was more
effective when urine from the same patients were analyzed
(Table 4).

Skin testing
This method evaluates the reactivity of the patients with

histoplasmosis when challenged intradermally with fungal
proteins (HMIN) (35,122). Some studies have suggested that
this methodology has an application on diagnosis of primary,
symptomatic or asymptomatic infections caused by H.
capsulatum in immunocompetent individuals (37,132). However,
HMIN skin testing is currently largely used for research rather
than for clinical purposes. Testing with HMIN is particularly
useful in epidemiological studies in non-endemic geographic
regions in individuals who occasionally visit endemic areas or
during epidemics. Epidemiological investigations in Brazil have
demonstrated the utility of this assay (27,117). Skin test was
most recently reported to be useful in an outbreak investigation
in a University in Texas, correlated to construction projects on
the campus that involved previously wooded land and was
adjacent to a large bird sanctuary (92).

Exoantigens
Exoantigens are valuable for the immunoidentification of

fungal pathogens and for resolving taxonomic problems. Most
fungi produce unique antigens that allow specific identification.
Exoantigens are soluble immunogenic macromolecules produced
by fungi early in their development (81). The conventional
exoantigen method using immunodiffusion test for detection of

Table 4. Antigen detection techniques and their parameters.

Sensitivity (%)
SpecificityAntigen detection test

Disseminateda Non-
Disseminatedb

(%)

RIA 95 48 96

Sandwich ELISA APc 89 25 92
HRPd 89 16 96

Inhibition-ELISA 68 75 85

aDisseminated includes disseminated non AIDS and opportunistic infection;
bNon disseminated includes acute, chronic, mediastinal and self-limited infections;
cAlkaline-Phosphatase;
dHorseradish peroxidase;
Adapted from (34,52,149).
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H and M proteins has been a valuable tool for immuno-
identification of the mycelial form of atypical H. capsulatum
and discriminating this fungus from many saprophytic fungi in
the genera Arthroderma, Chrysosporium, Corynascus,
Renispora, and Sepedonium that have mycelial forms that
grossly and microscopically resemble those of H. capsulatum.
However this method is time-consuming and false negative
results can occur. Considering that immunoenzyme assays are
more sensitive than precipitation techniques, and that nucleic
acids-based methodologies show higher specificity than
immunological tests, alternative methods for rapid identification
of H. capsulatum have been developed and evaluated for us.
Dot-blot and immunoblotting assays have been compared with
traditional tests to detect soluble species-specific macromolecule
produced by H. capsulatum in culture (31,112). Duplicates of 5
to 7-days-old cultures of H. capsulatum grown in BHI broth
were used as source of exoantigens. After 24 h of thimerosal
sterilization, the exoantigens were obtained from the supernatant
by concentration, and probed by dot-blot and immunoblot
against homologous rabbit anti-H. capsulatum serum. These
exoantigens were also tested by ID. All the isolates studied
were correctly identified as H. capsulatum by these alternative
methods. The immunoassays showed higher sensitivity (12/12
- 100%) than ID (4/12 - 33%) (112).

Molecular based methods
As described, H. capsulatum colonies grow slowly and the

differentiation form other dimorphic or saprophytic fungi having
similar colony or microscopic morphology is challenging. In
order to confirm the diagnosis, tests for the production of
exoantigens and the conversion to the yeast phase should be
done, which takes at least 3 to 4 weeks. Methods for the
identification of fungal isolates such as species-specifics DNA,
can decrease this time consuming step, while maintaining or
improving the specificity, accuracy and sensitivity (68). The
use of chemiluminescence-labeled DNA probes for the
detection of specific sequences of rRNA has been able to detect
and confirm all of the 41 H. capsulatum clinical isolates tested
(18). Also, these probes could detect H. capsulatum directly on
excised tissues, such as excised heart valves from patients with
Histoplasma endocarditis (18).

Polymerase Chain Reaction (PCR) diagnosis based on the
amplification of fungal gene sequences is a powerful tool for
identifying invasive mycoses. A new nested PCR has been
tested in murine models of histoplasmosis and compared to
quantitative cultures (12). The primers sequence used in this
method were based on the small-subunit (18S) rRNA gene of H.
capsulatum. The nested PCR could detect H. capsulatum DNA
in tissue and blood samples from infected animals, but not
specifically because preliminary data showed that the assay
could also detect DNA of Blastomyces dermatitidis and
Paracoccidioides brasiliensis. This method, when compared

with other staining methods for H. capsulatum detection, was
the most sensitive for detecting the fungus in the spleens of
experimentally infected mice (10) and all the samples used were
paraffin-embedded to reflect routine procedures in
histopathology and also provides the possibility of repetitive
examinations. Detection of fungal DNA in human formalin fixed
and paraffin-embedded tissue has been described using nested
PCR assays. One method, using specific primers targeting the
gene coding for a specific 100 kDa protein, had no false-positive
results and detected fungal DNA in all the histopathologically
positive biopsy specimens (11). A second assay using primers
for the 18S rRNA gene, amplified DNA in histopatologically
negative samples (11). Because PCR products detected could
potentially be generated by nonspecific amplification of DNA
from nonpathogenic fungal species, the products had to be
confirmed by sequencing. The detection of H. capsulatum DNA
in choroidal lesions in histopathological sections from a patient
with a chronic ocular histoplasmosis syndrome was also
accomplished using another set of primers to the rRNA gene
(127). Using the sequence of the H antigen gene, primers were
selected and a semi-nested PCR developed. Comparison of this
method using biopsy, blood and skin scraping with May-
Grunwald-Giemsa staining and culture revealed similar results
except that the PCR method detected H. capsulatum DNA in
two culture negative blood samples (14). The result of these
studies is that PCR can be a useful additional tool for diagnosis
of H. capsulatum, especially in non-endemic regions, to
complement antigen detection and serological methods.
Additionally, the molecular methods are safer, limiting the
possibility of laboratory infection, due to degradation of the
pathogen by the genetic material extraction (114).

Recently, a PCR was developed for rapid identification of H.
capsulatum isolates in culture (60). In this method, two
oligonucleotide primers pairs, Msp1F-Msp1R and Msp2F-
Msp2R, were designed based on the sequences of the M gene
(158). With this PCR assay using respectively the primers cited,
111 and 249 bases pair products were amplified successfully
from 31 H. capsulatum strains and the method showed 100%
sensitivity. Studies are in progress to analyze the specificity of
this PCR assay. Therefore, this alternative methodology appears
to offer the potential for improving the current methods for
identification of this pathogenic mould, mainly when applied in
atypical isolates. Comparison of all the methods described here
is seen on the Table 5.

Future diagnosis of histoplasmosis
The methods described for the diagnosis of histoplasmosis

each have their strength, weakness and require critical analysis
by microbiologists and clinicians. The immunological status of
the patient and manifestation of disease influence the efficacy
of the diagnostic test. Not all tests described are universally
reading available, which complicates the ability to diagnose e
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treat individuals with histoplasmosis. Ongoing efforts to improve
or develop diagnostic tests will facilitate our diagnostic
capabilities. However, such assays will require validation in
populations from various regions in the world prior to general
applications in routine diagnosis.

Due to the high number of histoplasmosis cases associated
with AIDS, efforts have been made to develop new antigens
detection techniques with improved sensitivity and specificity.
Monoclonal antibodies are highly specific reagents, recognizing
a single antigenic determinant (63,64). Characterization of these
reagents could provide information about their specificity for a
unique fungal antigen. The use of such reagents for diagnosis
could improve the parameters of the antigen and antibody
detection techniques.

Use of recombinant H. capsulatum proteins may result in an
improved assay because defined antigens could avoid the use
of complex, poorly characterized and non-standardized antigenic
mixtures and decrease the cross-reactions existing in the
antibody and antigen detection techniques described (25,158).

Molecular diagnosis has been growing in importance, due
to the facility of its application and efficiency. The need for a
rapid and accurate method for the detection of fungal pathogens
has become imperative as the incidence of fungal infections
has increased dramatically. Also, the quickness of the diagnosis
regarding an early detection is important to determine the disease
before the clinical symptoms are present, and then evaluate the
treatment depending on the clinical form of the patient (76,141).
PCR using more specific primers could give us earlier results of
H. capsulatum infection, in clinical samples as biopsies, as well
blood, sputum and CSF.

Also on the horizon is a high-throughput screen
methodology described for the detection of fungal pathogen
sequences (26). With rapid advances in molecular biology,
combined with fungal sequence database and the public
accessibility of microbial sequence data, the Luminex technology
could provide a rapid and simple assay with a high-throughput
capability to identify H. capsulatum in clinical samples. This

technology uses a microsphere-based hybridization assay uses
PCR-biotinylated amplicon target DNA, which is inoculated into
a microsphere bead mixture containing species-specific probes
of interest. Design of probes and validation of this methodology
should be done, and evaluated for a more accurate diagnosis of
histoplasmosis.

RESUMO

Diagnóstico Laboratorial da Histoplasmose

As micoses endêmicas podem ser um desafio com relação
ao diagnóstico e a interpretação acurada dos dados laboratoriais
é importante para garantir um tratamento mais apropriado para
os pacientes. Embora o diagnóstico definitivo da histoplasmose
(HP), uma das micoses endêmicas no mundo, seja determinado
pelo exame direto com a observação de micro e macroconídeos
do Histoplasma capsulatum (H. capsulatum), evidências
sorológicas da infecção fúngica se torna importante uma vez
que o isolamento dos agentes etiológicos é um procedimento
demorado e com baixa sensibilidade. Uma variedade de
imunoensaios tem sido usada para detectar anticorpos
específicos contra o H. capsulatum. A técnica mais aplicada
para a detecção de anticorpos é a imunodifusão, apresentando
uma sensibilidade entre 70 a 100% e especificidade de
dependendo da forma clínica. A fixação de complemento (CF),
uma metodologia que foi extensivamente usada no passado,
apresenta uma menor especificidade (60 to 90%). A detecção de
antígenos fúngicos pelos imunoensaios é valiosa para
indivíduos imunocomprometidos onde cada ensaio garante
valores preditivos positivos variando de 96-98%. A maioria dos
testes atual ainda utiliza antígenos complexos não-purificados
obtidos de parede celular fúngica ou filtrados de cultura.
Contudo, importância tem sido dada a imunoensaios clínicos
utilizando antígenos altamente purificados e caracterizados,
incluindo antígenos recombinantes. Neste manuscrito, nós
revisamos as ferramentas atuais utilizadas no diagnóstico, como
fixação de complemento e imunodifusão, sumarizando o
desenvolvimento de novas tecnologias, reagentes e métodos,
e discutiremos aqui os seus méritos relativos e desvantagens
no imunodiagnóstico desta micose.

Palavras-chave: testes diagnósticos, métodos baseados em
cultura, métodos moleculares e sorologia
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