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ABSTRACT The diagnosis of histoplasmosis is based on a multifaceted approach
that includes clinical, radiographic, and laboratory evidence of disease. The gold
standards for laboratory diagnosis include demonstration of yeast on pathological
examination of tissue and isolation of the mold in the culture of clinical specimens;
however, antigen detection has provided a rapid, noninvasive, and highly sensitive
method for diagnosis and is a useful marker of treatment response. Molecular methods with improved sensitivity on clinical specimens are being developed but are not
yet ready for widespread clinical use. This review synthesizes currently available laboratory diagnostics for histoplasmosis, with an emphasis on complexities of testing
and performance in various clinical contexts.
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istoplasmosis is the most common endemic fungal infection in North America and
causes a wide spectrum of disease, ranging from pulmonary to disseminated and
acute to chronic. The etiologic agent, Histoplasma capsulatum, is thermally dimorphic,
existing as a hyaline mold in the natural environment and as a yeast at body temperature. Demonstration of the yeast on pathological stains and isolation of the mold in
culture of clinical specimens constitute the gold standard tests for the diagnosis of
histoplasmosis. In 1986, the ﬁrst Histoplasma antigen assay was developed, introducing
a novel, highly sensitive, and noninvasive diagnostic modality. Further iterations of this
assay have allowed for both greater speciﬁcity and quantitative capacity and have
revolutionized the diagnosis of histoplasmosis by allowing physicians to make rapid
diagnoses in the absence of culture or pathological conﬁrmation. Serologic testing for
histoplasmosis is another widely employed method for diagnosis and is particularly
useful for chronic disease manifestations in which the sensitivity of antigen detection
is suboptimal. Although not yet ready for widespread use, molecular methods have the
potential to revolutionize the diagnosis of histoplasmosis.
The European Organization for Research and Treatment of Cancer/Invasive Fungal
Infections Cooperative Group and the National Institute of Allergy and Infectious
Diseases Mycoses Study Group (EORTC/MSG) have deﬁned criteria for the diagnosis of
invasive fungal infections, including those caused by dimorphic fungi (1). A proven
diagnosis is contingent on conﬁrmation by either histopathology or culture, while a
probable diagnosis is based on the presence of an appropriate clinical presentation, a
predisposing condition, and mycological evidence, such as the presence of antigenuria.
The Council of State and Territorial Epidemiologists (CSTE) has recently developed a
consensus case deﬁnition for histoplasmosis to address the variability in designations
across different states and as a tool for improved epidemiologic surveillance. Deﬁnite
and probable criteria for a new case of histoplasmosis include clinical, laboratory, and
epidemiologic evidence of disease, as well as a period of 24 months since the last
reported onset of histoplasmosis in the same individual (2). As reﬂected by these
criteria, the diagnosis of histoplasmosis often requires a multifaceted approach, includJune 2017 Volume 55 Issue 6
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TABLE 1 Summary of diagnostic test for histoplasmosisa
% histoplasmosis result by type
Test
Culture
Pathology
Antigen
Serology
aSee

Acute
pulmonary
0–20
0–42
82.8–83.3
64.3–66.7

Subacute
pulmonary
53.8
42.1
30.4
95.1

Chronic
pulmonary
66.7
75.0
87.5
83.3

Progressive
disseminated
74.2
76.3
91.8
75

references 14 and 16.
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ing convincing laboratory evidence. This review synthesizes current diagnostics for the
laboratory identiﬁcation of H. capsulatum, with an emphasis on testing complexities
and context-based value.
CULTURE AND MICROBIOLOGY STAINS
Isolation of H. capsulatum from clinical specimens remains the gold standard for the
diagnosis of histoplasmosis. In the microbiology laboratory, H. capsulatum can be
identiﬁed in culture after specimen is inoculated onto appropriate medium and incubated sufﬁciently to allow for fungal growth or by staining and direct microscopy on
body ﬂuid and tissue specimens. Unlike Candida and Cryptococcus yeast cells, which are
predominantly extracellular, H. capsulatum stains poorly with Gram stain and is only
rarely detected by this modality. Calcoﬂuor white, a ﬂuorescent stain that binds chitin
in the cell wall of all fungi, is useful to identify H. capsulatum in clinical specimens sent
for microbiological testing. When incubated on appropriate medium at 25 to 30°C,
growth of the mycelial phase occurs most commonly within 2 to 3 weeks but may take
up to 8 weeks. Once a colony is identiﬁed on solid medium, a lactophenol cotton blue
test (tease mount) can be performed to determine mold morphology, and depending
on the maturity of the mycelia, will ﬁrst show septated hyphae, followed by the
presence of smooth (or, less commonly, spiny) microconidia (2 to 5 m in size) and
ﬁnally, characteristic tuberculate macroconidia (7 to 15 m in size). If plates are
originally incubated at 37°C, colonies appear yeast-like, and microscopy will reveal
small round narrow-budding yeast. Incubation of the mold form at 37°C will lead to
transformation from the mycelial to the yeast phase. Although previously used as a
method to conﬁrm the dimorphic nature of H. capsulatum, the rate of conversion is low
and therefore impractical as a diagnostic tool. Tuberculate macroconidia are highly
suggestive of H. capsulatum, but other fungi, including Sepedonium species, can also
produce such structures; therefore, a more speciﬁc test is needed prior to making a
deﬁnitive diagnosis of histoplasmosis. Commercially available molecular probes can be
applied to the isolate and yield rapid identiﬁcation (see Molecular Methods). These
have replaced tests for a speciﬁc exoantigen, which are more labor-intensive and less
practical. H. capsulatum poses an infectious risk and must be manipulated in a laboratory with biosafety level 3 safety equipment and facilities.
The sensitivity of cultures for detection of H. capsulatum depends on the clinical
manifestation (pulmonary versus disseminated), the net state of immunity of the host,
and the burden of disease (Table 1). Patients with disseminated histoplasmosis have a
higher rate of positive cultures (74%) than patients with acute pulmonary histoplasmosis (42%) (3). In patients with HIV/AIDS, respiratory cultures may be positive in up to
90%, while blood cultures may be positive in up to 50% (4). Although the routine use
of lysis centrifugation tubes for recovery of fastidious bacteria and fungi from blood
cultures has fallen out of favor in many laboratories, the sensitivity of this method has
been shown to be superior to those of conventional and Bactec MYCO/F Lytic blood
cultures for the recovery of H. capsulatum (5–7).
HISTOPATHOLOGY
Demonstrating the presence of yeast cells consistent with H. capsulatum in tissue
supports the diagnosis of histoplasmosis (although not necessarily active infection). H.
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capsulatum var. capsulatum yeast cells are ovoid in shape, measure 2 to 4 m in size,
have thin nonrefractile cell walls, and manifest characteristic narrow base budding.
Yeast are predominantly found phagocytosed within macrophages and histiocytes,
often in clusters of many organisms but may sometimes be seen in extracellular spaces.
H. capsulatum var. duboisii, the agent of African histoplasmosis, is larger (6 to 12 m)
and easily distinguishable from the more common variety. Organisms to consider when
making the histopathologic diagnosis of H. capsulatum include Cryptococcus spp.,
Blastomyces dermatitis, Candida glabrata, Pneumocystis jirovecii, Coccidioides spp., Talaromyces (formerly Penicillium) marneffei, Leishmania spp., Toxoplasma gondii, and
Trypanosoma cruzi. The use of speciﬁc histochemical stains facilitates the differentiation
of these pathogens, with the Gomori methenamine silver (GMS) and periodic acidSchiff (PAS) stains being the most useful to visualize H. capsulatum in tissue preparations by highlighting the yeast cell wall. Hematoxylin and eosin (H&E) staining is often
too insensitive to detect the presence of H. capsulatum, except when the burden of
organisms is very large. Mucicarmine allows differentiation from Cryptococcus, another
narrow-budding and slightly larger yeast (3 to 8 m), by staining its capsule and
producing the appearance of characteristic halos. In unencapsulated strains of Cryptococcus, Fontana-Masson stain can be used to stain cryptococcal melanin. The majority
of Blastomyces dermatitis yeast cells are signiﬁcantly larger (up to 15 m) than those of
H. capsulatum, but their broad-based budding and thicker walls can distinguish smaller
forms. Because of its small size and lack of pseudohyphal production, the appearance
of C. glabrata demonstrates the most overlap with H. capsulatum. Characteristics that
help distinguish these yeasts include predominant cellular location (intracellular for H.
capsulatum, extracellular for C. glabrata), shape and size variation (uniform versus
heterogenous), and histopathologic response (granulomatous versus suppurative) (8).
Pneumocystis jirovecii cysts, like H. capsulatum, stain with PAS and GMS but are not
encapsulated and do not take up mucicarmine. However, these cysts are larger (5 to 8
m) than H. capsulatum yeast, do not exhibit budding, and are predominantly extracellular. Endospores of Coccidioides spp. will approximate the size and shape of H.
capsulatum and must prompt a search for intact or rupture spherules. T. marneffei
exhibits a transverse septum that is absent in other yeast and does not bud. Leishmania
spp., Toxoplasma gondii, and Trypanosoma cruzi are protozoa that do not stain with
GMS or PAS stains but are often evident with H&E. When applied to peripheral blood
smears, the Wright-Giemsa stain can identify intracellular clusters of budding yeast,
especially in patients with disseminated disease.
The presence of H. capsulatum yeast in certain tissues or sterile body ﬂuid (such as
skin lesions) and in the appropriate clinical context (such as acute pneumonia) is
indicative of active infection. However, nonviable organisms may be found in in
mediastinal or lung granuloma tissues for many years after initial infection. Pathology
usually shows incomplete granulomas and/or ﬁbrosis rather than a well-formed pyogranulomatous reaction. In these cases, negative cultures, lack of symptoms, and
antigenemia can help distinguish between resolved disease, old disease, and active
infection.
CYTOPATHOLOGY
Examination of tissue aspirates and ﬂuids for individual cells rather than tissue with
preserved architecture can provide presumptive evidence for histoplasmosis. As with
histopathology, when stained with GMS or PAS, the cytological preparation will often
show narrow-based budding yeast cells mainly within macrophages. Sensitivity varies
according to the clinical manifestation (Table 1). Cytopathologic evaluation of bronchoalveolar lavage (BAL) ﬂuid is relatively noninvasive and has a sensitivity of around
50% for acute pulmonary histoplasmosis. When combined with BAL ﬂuid Histoplasma
antigen testing, the sensitivity rises to 97% (9). Fine-needle aspiration is another safe
diagnostic method that can yield a cytodiagnosis of histoplasmosis when applied to a
variety of tissues, including lymph nodes and adrenal glands (10).
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ANTIGEN DETECTION
By virtue of its noninvasive nature, wide accessibility to clinicians, and good performance characteristics, antigen testing has become a leading modality to diagnose
histoplasmosis. Although a deﬁnitive diagnosis of histoplasmosis necessitates culture or
histopathologic conﬁrmation, a probable diagnosis can still be made when a host factor
(immunocompromising condition), compatible clinical picture, and mycological evidence (such as antigen positivity) are present (1).
First developed in 1986 as a sandwich radioimmunoassay, the Histoplasma antigen
was reformulated into an enzyme immunoassay (EIA) in 1989. A second-generation EIA
was developed in 2004, which allowed for semiquantitative results, and a thirdgeneration test (MiraVista H. capsulatum Galactomannan EIA) with greater speciﬁcity
and quantitative results became available in 2007. In contrast to the MiraVista assay,
which requires processing in a central laboratory, an in vitro diagnostic EIA (IMMY
ALPHA Histoplasma EIA) was approved by the Food and Drug Administration (FDA) on
urine specimens in 2007 for use at local facilities. The sensitivity and speciﬁcity of this
assay were found to be lower than those of the MiraVista assay (11). A subsequently
developed analyte-speciﬁc reagent (ASR) H. capsulatum antigen EIA (IMMY) has shown
improved performance characteristics (12), as well as high agreement with the
MiraVista EIA (13). However, head-to-head comparisons between IMMY ASR EIA and
MiraVista EIAs have shown increased sensitivity and an overall trend toward higher
numerical values with the MiraVista EIAs (12, 13).
In a large multicenter study, the sensitivity of the MiraVista EIA Histoplasma antigen
test was found to be highest in patients with disseminated histoplasmosis in whom the
burden of infection is substantial, followed by those with chronic pulmonary histoplasmosis and acute pulmonary histoplasmosis (91.8%, 87.5%, and 83%, respectively), and
lowest in patients with subacute histoplasmosis (30%) (14) (Table 1). The sensitivity of
the assay is particularly high in patients with HIV/AIDS with disseminated disease, in
which antigenuria can be detected in 95% of cases (15). Mediastinal manifestations of
histoplasmosis, including mediastinal granuloma and ﬁbrosing mediastinitis, usually do
not lead to positive antigen testing.
Detecting antigen in urine has generally proven to be slightly more sensitive than
in serum across all manifestations of histoplasmosis. Combining both urine and serum
testing increases the likelihood of antigen detection (16). Antigen testing has also been
applied to other body ﬂuids, including BAL ﬂuid and cerebrospinal ﬂuid (CSF). In
patients with pulmonary histoplasmosis, BAL ﬂuid Histoplasma antigen may serve as a
useful adjunct to urine and serum testing. An earlier study among HIV/AIDS patients
showed a BAL ﬂuid Histoplasma antigen sensitivity of 70% compared to 93% in urine
and 88.5% in serum (17). However, in a more recent study, the sensitivity of BAL ﬂuid
antigen testing was superior (93%) to those of both urine (79%) and serum (65%) and
identiﬁed cases that were missed by the urine and serum methods (9). In patients with
Histoplasma meningitis, antigen may be detected in the CSF, with a sensitivity ranging
from 40% to 65% (18, 19). More recent data suggest that the CSF Histoplasma antigen
may be up to 85% sensitive when drawn within 14 days of antifungal initiation in cases
of proven CNS histoplasmosis (unpublished data). It is important to note that antigen
testing on non-FDA-approved specimens is often based on less robust data, may be
hindered by interfering factors, and requires validation studies to establish performance
characteristics.
In addition to its utility in diagnosis, the third-generation Histoplasma antigen EIA’s
quantitative nature allows for sequential monitoring of antigen clearance. Antigen
levels, particularly in serum, have been shown to decline on effective treatment and to
increase with treatment failure, providing a useful marker of treatment response. Data
for monitoring of antigenemia and antigenuria have been most rigorous among
HIV/AIDS patients; in this population, antigen levels in urine and serum of ⬍2 ng/ml
have been proposed as one of the requirements for cure and antifungal discontinuation (20).
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TABLE 2 Cross-reactivity of Histoplasma antigen with other fungi
Fungus
Blastomyces dermatitidis
Histoplasma capsulatum var. duboisii
Coccidioides immitis and C. posadasii
Paracoccidioides brasiliensis
Sporothrix schenckii
Penicillium marneffei
Aspergillus spp.
aData

Cross-reactivity (%)
(reference)
64 (40), 90 (14), 70 (41), 80 (9)
100 (40)a
0 (40), 60 (41), 67 (42)
90 (40), 80 (41)
100 (43)a
94 (40), 80 (41)
0 (41)

based on single patient.

Downloaded from http://jcm.asm.org/ on June 18, 2019 by guest

A limitation of Histoplasma antigen testing is the signiﬁcant cross-reactivity with
other fungal antigens, including Blastomyces dermatitidis, Paracoccidioides brasiliensis, T.
marneffei, and less commonly, Coccidioides immitis and Coccidioides posadasii (see Table
2). False-positive reactions have also been shown to occur in 15% of transplant patients
receiving anti-thymocyte globulin as part of anti-rejection treatment (21). Although
low-positive results are more likely to be false positives, they are often of clinical
signiﬁcance and cannot be ignored. In one study of 25 patients with low-positive results
and no history of histoplasmosis, 13 patients were proven to have active histoplasmosis
by other diagnostic methods (histopathology, culture, serology, or PCR), and 5 patients
were determined to have other fungal infections (blastomycosis or coccidioidomycosis)
endemic to the area (22).
SEROLOGY
Antibodies require 4 to 8 weeks to become detectable in peripheral blood and are
therefore unsuitable for the diagnosis of early acute infection. Antibody testing is most
useful for subacute and chronic forms of histoplasmosis (including mediastinal histoplasmosis), in which circulating antibodies are present and the sensitivity of antigen
detection is suboptimal (Table 1). As with other serologic testing, a positive antibody
test for H. capsulatum indicates that the patient was exposed to the fungus at some
point in the past. However, in some scenarios, serologic testing may provide evidence
of acute infection (Table 3). The 3 most common serologic assays for histoplasmosis
include the immunodiffusion (ID) test, complement ﬁxation (CF) test, and enzyme
immunoassay (EIA). The CF method detects the presence of antibodies in a patient’s
serum, based on the extent of complement ﬁxation to complexes of patient antibodies
with yeast-phase and mycelium-phase (histoplasmin) antigens. With this assay, acute
infection is deﬁned as a ⱖ4-fold rise in antibody titers between acute and convalescentphase sera. A titer of 1:8 is positive, indicating previous exposure to H. capsulatum. A
titer of ⱖ1:32 or a 4-fold rise in antibody titer from acute- to convalescent-phase serum
is strongly suggestive of active infection (23). Titers usually decrease with disease
resolution, but the decline is slow and often incomplete, making antibody clearance
impractical as a tool to assess treatment response. The ID test detects the presence of
serum antibodies that precipitate on agar gel after binding with H and M H. capsulatum
TABLE 3 Serologic evidence of acute infection per CSTE criteriaa
Criterionb
ⱖ4-fold rise in H. capsulatum CF titers taken at least 2 wk apart
Detection of H band by H. capsulatum ID test
Detection of M band by H. capsulatum ID test after documented
lack of M band on previous test
Detection of H. capsulatum antibodies by single CF titer of ⱖ1:32
Detection of M band by H. capsulatum ID test without previous
negative test

Specimen
sourcec
Serum
Serum
Serum
Serum or CSF
Serum or CSF

aFulﬁllment

of a single criterion is sufﬁcient for a diagnosis of acute histoplasmosis.
complement ﬁxation; ID, immunodiffusion.
cCSF, cerebrospinal ﬂuid.
bCF,

June 2017 Volume 55 Issue 6

jcm.asm.org 1616

Minireview

Journal of Clinical Microbiology

Downloaded from http://jcm.asm.org/ on June 18, 2019 by guest

antigens. The M band is detectable in most patients with acute histoplasmosis (80%)
but persists for long periods of time; therefore, a single positive M band cannot
distinguish active from latent or resolved disease. H precipitins are rarely seen (20%)
but, when present, conﬁrm acute infection. The CF method is more sensitive than ID
(90% versus 80%, respectively) (23). Cross-reactivity in the setting of other fungal
infections or other conditions (particularly granulomatous disease, such as tuberculosis
and sarcoidosis) can occur with both assays but is more common with CF (24). An EIA
method that is more sensitive than CF and ID but with decreased speciﬁcity has been
described (25). Serology can be useful even in areas that are highly endemic for the
disease, where surprisingly, less than 5% of individuals have positive serology on CF or
ID (23). The presence of antibodies in the CSF by CF or ID is sufﬁcient to make the
diagnosis of Histoplasma meningitis and is more sensitive than the isolation of H.
capsulatum on CSF cultures (26). Serologic parameters that provide conﬁrmation of
acute infection have been delineated by the CSTE, and the presence of a single criterion
is sufﬁcient for diagnosis of acute infection (Table 3). Immunosuppressed patients,
particularly those with impaired humoral immunity, may not mount an antibody
response. Data suggest that the majority of patients on tumor necrosis factor inhibitors
will have positive serology, whereas only 25 to 30% of recipients of solid organ
transplant patients develop an antibody response (27, 28). Combining antibody and
antigen testing may lead to signiﬁcantly improved sensitivity for diagnosing acute
pulmonary histoplasmosis (29).
MOLECULAR METHODS
Molecular methods offer the advantage of high analytical speciﬁcity, combined with
turnaround times shorter than those of other diagnostics. However, there are no
currently FDA-approved molecular assays for H. capsulatum that are directly applicable
to clinical specimens. Laboratory-developed PCR assays using a variety of molecular
targets have been developed (Table 4). Compared to culture and a criterion-based or
clinical diagnosis of histoplasmosis, the sensitivity of molecular assays in published
studies has ranged between 67 and 100% (30–35) and 33 and 87% (36, 37), respectively.
A ﬂuorescence in situ hybridization (FISH) technique that successfully detects H. capsulatum rRNA in blood cultures may circumvent the need for colony growth to obtain
a deﬁnitive and timely diagnosis (35). Although culture has typically been considered
the gold standard for diagnosis, molecular methods may in fact be more sensitive.
Indeed, in a study comparing real-time PCR to culture for the detection of H. capsulatum, 10 of 11 patients with culture-negative PCR-positive samples were conﬁrmed to
have histoplasmosis based on positive cultures from other specimens or positive
histopathology (33). Fewer studies have examined molecular methods in comparison to
antigen and antibody detection. A PCR-enzyme immunoassay-based method was only
18.5% sensitive in comparison to high-level antigenuria (⬎20 U) (34), while a nested
PCR detected 86% of cases with elevated H. capsulatum-speciﬁc antibodies (1:320 to
1:2,560) (38). The generalizability of these results is limited by the heterogeneity of
molecular assays, targets used, small numbers of patients included, variation in the
clinical specimens studied, and the comparator diagnostic method. Nonetheless, molecular methods clearly have the potential to revolutionize the diagnosis of histoplasmosis, and assays with improved performance characteristics will likely play a larger
role in years to come.
At present, the main procedure for molecular diagnosis of histoplasmosis is by
applying a rapid DNA probe to fungus isolated from culture. One such test is the
AccuProbe, which uses a single-stranded DNA probe with a chemiluminescent label
that is complementary to a sequence of fungal rRNA. Fluorescence generated by
labeled DNA:RNA hybrids are then measured by a luminometer. Signals greater than or
equal to predetermined cutoff values are considered positive (39). Certain commercial
laboratories offer tissue-based PCR testing and sequencing, including a broad-range
PCR of fungal 28S ribosome and internal transcribed spacer (ITS) sequence, as well as
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9
348 (71 culture-positive
samples)

3 HIV⫹ with clinical
diagnosis of invasive
mycosis, 30 controls
3 HIV⫹ with clinical
diagnosis of invasive
mycosis, 30 controls
9 with histoplasmosis
Suspicion for clinical
mycoses, N NR

Ribosomal 18S subunit

rRNA

H. capsulatum-speciﬁc gene
sequence (99 bp)
Internal transcribed spacer region of
rRNA gene complex

FISH (35)

PCR (35)

Real-time PCR (44)

Serum

Serum

7
7

Serum (4), FFPE (4), BAL ﬂuid (1)

Serum (4), FFPE (4), BAL ﬂuid (1)

9

9

21

Bone marrow (108), CSF (55), blood (48), BAL
ﬂuid (43), intestinal biopsy (31), liver
biopsy (30), lymph nodes (25), skin
biopsy (8)
Blood

FFPE

Blood

Serology (EIA; titer range,
1:320–1:2,560)
Serology (EIA; titer range,
1:320–1:2,560)

Diagnosis of histoplasmosis
per EORTC criteria

Diagnosis of histoplasmosis
(speciﬁc comparator not
reported)
Diagnosis of histoplasmosis
per EORTC criteria

Culture

Culture

Culture

Culture

bNAALADase,

86

86

33

77

87

96

89

100

100

ND

ND

ND

ND

100

96

ND

100

100

NR
100

18.5
73

Culture

NR

0

Urine antigen (1–19.9 U)
Urine antigen (⬎20 U)

100

Speciﬁcity
(%)e
100
100

80

Sensitivity
(%)
67
100

Culture

Comparator test
Culture
Culture

Loop-mediated isothermal ampliﬁcation; EIA, enzyme immunoassay; FISH, ﬂuorescence in situ hybridization.
N-acetyl-L-aspartyl-L-glutamate peptidase. “[220]” refers to a 220-bp fragment that was ampliﬁed using primers 1281 to 1283.
cPDH, progressive disseminated histoplasmosis; EORTC, European Organization for Research and Treatment of Cancer. *, all patients except 1 were HIV positive. N NR, number not reported.
dBAL, bronchoalveolar lavage; CSF, cerebrospinal ﬂuid; FFPE, formalin-ﬁxed parafﬁn-embedded tissue.
eNR, not reported; ND, not done.

aLAMP,

hcp100 gene locus

H. capsulatum-speciﬁc gene
sequence (1281–1283 [220] bp)

Conserved regions of NAALADase
genes

Real-time PCR (37)

Nested PCR (38)

5 with proven (4) or probable
(1) histoplasmosis per
EORTC criteria
5 with proven (4) or probable
(1) histoplasmosis per
EORTC criteria
7 with acute pulmonary
histoplasmosis
7 with acute pulmonary
histoplasmosis

Conserved regions of NAALADase
genes

Nested PCR (37)

Simplex PCR (38)

15 HIV⫹ with histoplasmosis,
6 controls

RYP1 gene

PCR (36)

33

Bronchial washings (346), BAL ﬂuid (212),
pleural ﬂuid (157), tracheal secretions (35),
tissue (14), sputum (13), lung washes (6),
blood (4), bone marrow (5), peritoneal
ﬂuid (3), other body ﬂuids (2)
Blood culture

Specimen source(s) (n)d
Urine
Bone marrow (11), hepatic biopsy sample (9),
bronchial aspirations (6), BAL ﬂuid (4),
lymph node (2), gut biopsy (2), blood (2),
CSF (2), serum (2)
Urine
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Real-time PCR (33)

797 (15 culture-positive
samples)

Suspected fungal infection,
N NR

192-bp region of GAPDH gene

76

Real-time PCR (30)

51 with positive urine
Histoplasma antigen, 25
controls

H. capsulatum-speciﬁc gene
sequence (99 bp)

No. of clinical samples
16
40

PCR-EIA (34)

No./type of patientsc
6 HIV⫹ with PDH, 10 controls
15 HIV⫹ with PDH*, 12
controls*

H. capsulatum
molecular targetb
hcp100 gene locus
hcp100 gene locus

Molecular
methoda
LAMP (32)
Nested PCR (31)

TABLE 4 Laboratory-developed molecular methods for detection of H. capsulatum in clinical specimens
Minireview
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a Histoplasma-speciﬁc PCR assay. However, the performance and clinical validation of
these assays have not been well clariﬁed.
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SUMMARY AND CONCLUSIONS
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can serve as an important resource for clinicians seeking to select and interpret
diagnostic tests for histoplasmosis.
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