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Abstract Histoplasmosis is considered the most important
systemic mycosis in Mexico, and its diagnosis requires fast
and reliable methodologies. The present study evaluated the
usefulness of PCR using Hcp100 and 1281–1283(220) molec-
ular markers in detecting Histoplasma capsulatum in occupa-
tional and recreational outbreaks. Seven clinical serum sam-
ples of infected individuals from three different histoplasmosis
outbreaks were processed by enzyme-linked immunosorbent
assay (ELISA) to titre anti-H. capsulatum antibodies and to
extract DNA. Fourteen environmental samples were also
processed for H. capsulatum isolation and DNA extraction.
Both clinical and environmental DNA samples were analysed
by PCR with Hcp100 and 1281–1283(220) markers.
Antibodies to H. capsulatum were detected by ELISA in all
serum samples using specific antigens, and in six of these
samples, the PCR products of both molecular markers were
amplified. Four environmental samples amplified one of the
two markers, but only one sample amplified both markers and
an isolate ofH. capsulatumwas cultured from this sample. All

PCR products were sequenced, and the sequences for each
marker were analysed using the Basic Local Alignment
Search Tool (BLASTn), which revealed 95–98 and 98–
100 % similarities with the reference sequences deposited in
the GenBank for Hcp100 and 1281–1283(220), respectively.
Both molecular markers proved to be useful in studying his-
toplasmosis outbreaks because they are matched for pathogen
detection in either clinical or environmental samples.

Introduction

Histoplasmosis is an endemic mycosis in the Americas, par-
ticularly in the USA. However, it frequently occurs as the
epidemic form of the disease, such as in local outbreaks in
North, Central and South America, where histoplasmosis has
been reported between parallels 54° North and 38° South
(Anderson et al. 2006; Calanni et al. 2013). In Mexico, the
disease has been reported across the entire republic, with pre-
dominance in the central states, followed by the South Pacific
and Gulf of Mexico (Contreras et al. 1998; Vaca-Marín et al.
1998; Velasco-Castrejón 1998; Taylor et al. 2005a).

This disease is caused by the inhalation of mycelial propa-
gules (mainly microconidia and hyphae fragments) of the di-
morphic fungus Histoplasma capsulatum, which is found in
moist soils, mainly in those containing bird and/or bat guano
(Taylor et al. 1999).

Histoplasmosis can remain asymptomatic or present differ-
ent clinical forms, from mild or moderate primary lung infec-
tion to widespread severe infection in immunocompromised
or in immunocompetent patients who inhale a massive dose of
the infectious propagules. The most common clinical form in
Mexico is the primary pulmonary histoplasmosis (PPH),
which is commonly observed in epidemic outbreaks (Vaca-
Marín et al. 1998; Velasco-Castrejón 1998; Muñoz et al.

Maria Lucia Taylor and María del Rocío Reyes-Montes were equally
involved in the design and coordination of this study, as well as in the
writing of this manuscript.

* María del Rocío Reyes-Montes
remoa@unam.mx

1 División de Investigación, Hospital Juárez de México, Av. Instituto
Politécnico Nacional 5160, Col. Magdalena de las Salinas,
07760 Ciudad de Mexico, Cd.Mx., Mexico

2 Departamento de Microbiología y Parasitología, Facultad de
Medicina, Universidad Nacional Autónoma de México (UNAM),
Ciudad Universitaria No. 3000, Ciudad de México, Cd.Mx. 04510,
Mexico

3 Hospital General de México, Dr. Balmis No. 148, Col. Doctores,
06726 Ciudad de Mexico Cd.Mx., Mexico

DOI 10.1007/s12223-016-0477-4
Folia Microbiol (2017) 62:111–116

/Published online: October 201610

http://crossmark.crossref.org/dialog/?doi=10.1007/s12223-016-0477-4&domain=pdf


2010b). The severe form of PPH is associatedwith the inhalation
of high level of fungal infective propagules due to constant and
high-effort activities that enhance the risk of infection. In most
circumstances, severe cases are linked to occupational factors
associated with studies and work-related activities in closed
spaces, such as those related to biology, geology, anthropology,
archaeology, mining and guano collection, in addition to spele-
ologist and ecotourism activities in caves (Taylor et al. 1996). In
Mexico, histoplasmosis is considered an occupational risk dis-
ease and is registered as such in the FederalWork Law (2012). In
recent years, outbreaks have been reported in non-endemic areas
or in areas considered to be at a low risk of exposure to the
pathogen (Taylor et al. 1996, 2005a; Corcho-Berdugo et al.
2011); for example, in a hotel in Acapulco, Guerrero, Mexico,
several tourists were infected with the fungus, which was present
in the compost of ornamental plants (Taylor et al. 2005a). These
events demonstrate the importance of epidemiological surveil-
lance to avoid the onset of new outbreaks with clinical dissemi-
nation cases, which usually lead to death of the patient if not
treated in a timely manner.

The conventional diagnosis of this disease is performed by
the culture and microscopic examination of samples from the
respiratory tract, biopsy and corporal fluids. However, these
techniques yield positive results in only 50 % of cases. In the
last two decades, several molecular methods using different
molecular markers have been developed based on the PCR
technique for the detection of H. capsulatum in clinical sam-
ples (Haynes et al. 1995; Bialek et al. 2002; Bracca et al. 2003;
Guedes et al. 2003; Martagon-Villamil et al. 2003; Ueda et al.
2003; Tang et al. 2006; Frías De León et al. 2012; Dantas et al.
2013; Gago et al. 2014). Due to its high sensitivity and spec-
ificity, one of the mostly used markers is a unique fragment of
the gene encoding a 100-kDa coactivator protein of
H. capsulatum (Hcp100 marker) (Bialek et al. 2002). This
marker was standardised in a nested PCR by Bialek et al.
(2002) and carefully validated in clinical samples by Muñoz
et al. (2010a), who reported a sensitivity of 100 % and a
specificity of 95.2%. These data suggest that nested PCRwith
Hcp100 could be useful for the diagnosis of histoplasmosis.
Recently, another marker for the detection of H. capsulatum
was described and amplifies a 220-bp fragment (1281–
1283(220) marker), which was designed from the randomly
amplified polymorphic DNA (RAPD)-PCR patterns of sever-
al fungal isolates from different countries in the Americas.
This marker has been tested by simplex PCR in clinical and
environmental samples with good specificity (Frías De León
et al. 2012). Buitrago et al. (2013) published a multicenter
study in which nested and simplex PCR assays were used to
validate the Hcp100 and 1281–1283(220) markers, respective-
ly. Besides, the authors also used real-time quantitative PCR
(qPCR) with a marker of the ITS1 region of the rDNA.
According to the authors (Buitrago et al. 2013), the marker
used in qPCR was the most sensitive in detecting the

pathogen, followed by Hcp100 (nested PCR) and 1281–
1283(220) (simplex PCR). However, for intra-hospital labora-
tories with few resources, where samples from patients with
histoplasmosis are concentrated, it is more feasible to perform
nested and simplex PCR assays. Therefore, the aim of this
study was to test the usefulness of the markers Hcp100 and
1281–1283(220) for the rapid and timely diagnosis of
H. capsulatum in clinical and environmental samples collect-
ed during histoplasmosis outbreaks.

Methods

In this study, clinical (serum) and environmental samples
(moist soil containing organic matter) were analysed. These
samples were collected during three histoplasmosis outbreaks
between 2012 and 2013 in the Mexican states of Morelos, San
Luis Potosí and Chiapas. The probable clinical diagnosis of
the seven patients involved in the outbreaks was PPH.

Outbreak 1

This outbreak was reported in the state of Morelos, where a
private company was performing maintenance work on par-
ticular sewer systems. Two workers (patient 1 and patient 2)
showed atypical pneumonia with general malaise and fever.

Outbreak 2

This outbreak was reported in San Luis Potosí during ecotour-
ism activities in caves, where two individuals (patient 3 and
patient 4) developed fever, profuse sweating and weakness.

Outbreak 3

This outbreak occurred in Chiapas, in an area with caves often
visited by archaeological workers and ecotourists. Three
members of a family (patient 5, patient 6 and patient 7) were
affected with atypical pneumonia and fever.

Clinical and environmental samples

Treating physicians from the Hospital General de México,
Mexico City, provided the patients’ serum samples. These
samples were sent to the Mycology Unit, Department of
Microbiology and Parasitology, School of Medicine,
Universidad Nacional Autónoma deMéxico (UNAM), to per-
form the necessary immunological and molecular diagnoses.
The samples of all patients were obtained prior to antifungal
treatment. Further, serum samples were obtained 1month after
the treatment but only from four patients (patients 1, 2, 3 and
4), because patients 5, 6 and 7 did not return to the physician
anymore. Additionally, 14 environmental samples of outbreak
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1 were collected from different sites of the sewer system as-
sociated with infected workers from a private company.

Immunological diagnosis

To obtain the anti-H. capsulatum antibody titre in the serum
samples, the indirect enzyme-linked immunosorbent assay
(ELISA) was used, as previously described by Voller et al.
(1979).

Molecular diagnosis

The DNeasy Blood & Tissue Kit (Qiagen GmbH, Hilden,
NRW, Germany) was used for circulating DNA extraction
from the serum samples, and the Fast DNA Spin Kit
(Qbiogene, Inc., Irvine, CA, USA) was used for the DNA
extraction from the environmental samples. In both cases,
the manufacturer’s instructions were followed.

The to ta l DNA obta ined f rom the serum and
environment samples was amplified using nested PCR
with the Hcp100 marker according to the method
reported by Bialek et al. (2002) and modified by Taylor
et al. (2005a, b), as well as by simplex PCR for the marker
1281–1283(220) according to the conditions described by
Frías De León et al. (2012). Nested PCR was performed
with DNA concentrations ranging from 5, 50 and 100 ng/
μL from either serum or soil samples. Simplex PCR used
different DNA volumes (6 and 12 μL). Each PCR was
processed once, but when a negative reaction was obtain-
ed, other DNA concentrations were tested. In the PCR
reactions, negative (Milli-Q water) and positive (DNA
from EH-53 H. capsulatum strain) controls were
processed.

The amplicons of both markers were run through a 1.5 %
agarose gel in electrophoresis at 100 V in 0.5× TBE buffer
using the 100-bp DNA Ladder (Invitrogen™, Carlsbad, CA,
USA) as a molecular size marker. The bands obtained in the
gels were observed in a transilluminator UV-MultiDoc-It™
Digital Imaging System (UVP, Inc., Upland, CA, USA). The
bands amplified in each PCR assay corresponded to 210 bp
(Hcp100 marker) and 220 bp (1281–1283(220) marker).
Finally, the amplified products were sequenced at the High-
Throughput Genomics Center, University of Washington,
USA. The sequence of each amplified product was the main
criterion used to confirm the presence of H. capsulatum in
clinical and environmental samples.

The alignment of the sequences was analysed with the
Basic Local Alignment Search Tool (BLASTn) algorithm
(Altschul et al. 1997) to confirm the similarities with the ref-
erence sequences for Hcp100 (accession no. AJ005963) and
for 1281–1283(220) (accession no. JN089378) deposited in
GenBank.

Isolation of H. capsulatum in the environmental samples

The isolationofH.capsulatum fromenvironmental sampleswas
only performed for the samples of outbreak 1,whichwas ampli-
fied by PCR one or both molecular markers used. For the isola-
tion, 1 g of the soil sample was used and 10 mL of 150 mM
(pH 7.2) phosphate-buffered saline (PBS) was added and left to
settle and, finally, soil samples were supplemented with 50 mg/
mL streptomycin and 100 IU/mL of penicillin (Lakeside®,
Mexico City Cd.Mx., MX). From this suspension, 0.5 mL was
intra-peritoneally inoculated in BALB/c syngeneic male mice
(4 weeks old), with three mice per sample. At the same time,
three mice were inoculated with PBS as negative controls.
Mice were maintained under optimal conditions at the animal
station of theLaboratory of Fungal Immunology,Department of
Microbiology and Parasitology, School ofMedicine, UNAM.

After the onset of the signs of murine histoplasmosis
(weight loss, hirsute hair, immobility and spine curvature),
the mice were sacrificed. Fragments of the lung and spleen
were obtained and immediately plated in mycobiotic agar
plates (Bioxon, Becton Dickinson, Mexico City, MX) and
incubated for 3–4 weeks at 28 °C. Subsequently, the fungi
were identified by routine methods in the laboratory, as pre-
viously described by Taylor et al. (1999).

Animal manipulations were in accordance with the sugges-
tions of the Ethics Committee of the School of Medicine,
UNAM, and following the recommendations of the Animal
Care and Use Committee of the UNAM and the Mexican
Official Guide (NOM 062-ZOO-1999).

Results

The immunological diagnosis with the serum samples from
the seven individuals studied revealed the detection of anti-
H. capsulatum antibodies, with titres between 1:320 and
1:2560 (Table 1). Individuals from outbreaks 2 (patients 3
and 4) and 3 (patients 5, 6 and 7) developed the highest anti-
body titres (Table 1). These results confirm the presumptive
clinical diagnosis of histoplasmosis in the seven individuals
involved in the outbreaks.

According to the molecular diagnosis, the circulating DNA
extracted from the serum samples amplified both markers
used in their respective PCR, when serum samples of six out
of the seven patients studied were analysed (Table 1). The
sample from one patient (patient 3) from outbreak 2 did not
amplify the expected PCR products for each marker (Table 1).

The DNA extracted from the sera obtained prior to the
medical treatment of the patients from outbreak 1 generated
the products expected from PCR for the markers Hcp100 and
1281–1283(220), while PCRwith the DNA of the sera obtained
after treatment did not amplify any of the markers (Table 1).
Of both patients from outbreak 2, only one sample (patient 4)
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showed that both markers were amplified before treatment but
not after (Table 1). The sera from the three patients infected in
outbreak 3 taken before treatment showed the amplification of
the expected products in the respective PCR for each marker.
However, the subsequent molecular tests (after treatment)
were not performed because these patients did not return for
their doctor’s visit (Table 1).

Of the 14 environmental samples collected in areas close to
outbreak 1, the Hcp100 marker was amplified in samples 2
and 5, while the 1281–1283(220) marker was amplified in sam-
ples 2, 3 and 4 (Table 2). The analysis of the sequences of the

amplicons obtained revealed 95–98 % similarity for marker
Hcp100 and 98–100 % similarity for marker 1281–1283(220)
when compared with the corresponding sequences of each
marker deposited in GenBank.

Environmental samples 2, 3, 4 and 5, whose amplified
PCR sequences corresponded to H. capsulatum (Table 2),
were tested for fungal isolation in inoculated mice and did
not show any apparent signs of the disease. However, a fungal
isolate compatible with the typical macroscopic and micro-
scopic characteristics of H. capsulatum was obtained from a
mouse inoculated with sample 2.

Discussion

The laboratory tests for the identification ofH. capsulatum are
crucial for the confirmation of sole cases and outbreaks of
histoplasmosis as well as for locating the source of infection.
To date, the conventional diagnostic tools are still in use de-
spite taking longer. Three weeks are required for fungal
growth in order to isolate the pathogen, which delays and
complicates for an accurate diagnosis. Furthermore, identifi-
cation of the microorganism can only be performed in biosafe-
ty level 3 laboratories (Frías De León et al. 2012). In addition,
other confirmatory tests are needed for microorganisms
suspected to be H. capsulatum, because certain saprobe mi-
crobes mimic the morphological mycelial phase of this fun-
gus. In regard to serological tests used as diagnostic tools,

Table 1 Detection of Histoplasma capsulatum in the serum samples
using ELISA and PCR with specific markers

Serum ELISA Nested PCRHcp100
Before/After
Clinical Treatment

Simplex PCR 1281–1283(220)
Before/After
Clinical Treatment

Patient 1a 1:640 (+)/(−) (+)/(−)
Patient 2a 1:320 (+)/(−) (+)/(−)
Patient 3a 1:2560 (−)/(−) (−)/(−)
Patient 4a 1:2560 (+)/(−) (+)/(−)
Patient 5 1:1280 (+)/ND (+)/ND

Patient 6 1:2560 (+)/ND (+)/ND

Patient 7 1:2560 (+)/ND (+)/ND

(+) = amplified; (−) = not amplified

ND not determined
a Patients with clinical treatment follow-up

Table 2 Isolation and detection
of Histoplasma capsulatum in the
environmental samples collected
from outbreak 1 in the state of
Morelos, Mexico

Samples Source PCR Hcp100 PCR 1281–1283(220) Fungal isolation

1 Sewer A

Zone 1 (dry soil)

(−) (−) No

2 Sewer A

Zone 2 (moist soil)

(+) (+) H. capsulatum

3 Sewer A

Zone 3 (dry soil)

(−) (+) No

4 Sewer A

Zone 4 (dry soil)

(−) (+) No

5 Sewer A1

Zone 1 (moist soil)

(+) (−) No

6 Sewer A2

Zone 1 (moist soil)

(−) (−) No

7 Sewer A3

Zone 1 (moist soil)

(−) (−) No

8 Sewer A4 (dry soil) (−) (−) No

9 Sewer B (dry soil) (−) (−) No

10 Sewer C (dry soil) (−) (−) No

11 Sewer D (dry soil) (−) (−) No

12 Sewer E (fertilised soil) (−) (−) No

13 Trolley 1 (dry soil) (−) (−) No

14 Trolley 2 (dry soil) (−) (−) No

(+) = amplified; (−) = not amplified
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such as ELISA, cross reactions with Mycobacterium
tuberculosis and some fungi (Blastomyces dermatitidis,
Paracoccidioides spp. and Coccidioides spp.) are critical in-
conveniences. Taking these facts into account, there is a need
for alternative tools and the use of molecular tests is an ade-
quate option. Molecular tests, besides being specific to each
microorganism, allow detection from small amounts of sam-
ple, provide results in a short time period and can be applied to
any type of sample. Many of the molecular markers reported
for the detection of H. capsulatum have not been validated in
clinical samples, and even fewer have been employed for en-
vironmental samples. However, the markers Hcp100 and
1281–1283(220) have been validated with clinical samples
from some laboratories (Muñoz et al. 2010a; Frías De
León et al. 2012; Buitrago et al. 2013). Therefore, they were
used to assess the fungal presence in both clinical and envi-
ronmental samples from epidemic histoplasmosis outbreaks.

The results obtained in this study showed that both the
Hcp100 and 1281–1283(220) markers were equally sensitive
in detecting the pathogen in the samples analysed, although
Hcp100 has been reported to be highly sensitive in the detec-
tion of as little as 1 fg of DNA in different samples of human
tissues (Bialek et al. 2002).

Nested and simplex PCR assays have amplified the same
clinical samples (Table 1) and have confirmed the specificity
of both markers used. Likewise, the molecular diagnosis with
the sequences of the PCR products obtained withHcp100 and
1281–1283(220) from DNA extracted from the sera of patients
involved in the three histoplasmosis outbreaks coincided with
the serological diagnosis established by the high antibody ti-
tres detected by ELISA, which suggested the existence of an
active infectious process.

In general, PCR confirmed the clinical diagnosis in most
patients in a shorter time than did the immunological tests.
Circulating DNA in serum samples has been used for fungal
molecular diagnosis (Millon et al. 2015). However, even
though the serum sample from one patient from outbreak 2
had high antibody titres, its DNA extracted did not amplify the
PCR products for the Hcp100 and 1281–1283(220) markers.
This can be explained by the low amount of circulating DNA
in the serum sample of the patient, probably associated with
the outcome of the disease, as has been reported by Dantas
et al. (2013). Thus, this result could not be corroborated with
other clinical specimens, because only serum samples were
sent to our laboratory.

A difference in the results obtained with both markers was
found in the processing of the environmental samples. The
1281–1283(220) marker detected the pathogen in soil samples
3 and 4 as well as in sample 2, while Hcp100 detected it in
samples 2 and 5. To corroborate that this difference was not
due to a false-positive result, the sequences obtained with both
markers were analysed by BLASTn, revealing high similarity
percentages with the sequences corresponding to

H. capsulatum deposited in GenBank. This finding supported
that the 1281–1283(220) marker could be as sensitive and spe-
cific as the Hcp100 marker.

Molecular markers were also useful for locating the source
of infection, as the fungus was isolated from sewer A, where
H. capsulatum was detected by both markers. The etiological
agent was clearly identified utilising macromorphology and
micromorphology. Maintenance of this fungus in the
neighbouring areas of the sewers could probably be explained
by the very important role that bats play in spreading
H. capsulatum in the environment, because the colonial be-
haviour of bats in roosting caves, the size of colonies, the
ability to fly and the high fidelity to roosts are all important
factors that explain the dynamics of fungal dispersion in na-
ture. For example, diseased bats could act as parasite dis-
persers by incorporating the fungus into new favourable envi-
ronments, possibly through their carcasses once dead (Taylor
et al. 2005b).

It is important to consider that both markers have limita-
tions. The high sensitivity of Hcp100 in nested PCR assays
(Bialek et al. 2002) can sometimes elicit false-positive results
due to the poor quality of the samples processed. Likewise,
even with good sensitivity, another limitation related to its
specificity has been described to be probably associated with
a 51-amino acid fragment from its corresponding Hcp100
protein, which shares an identity of 91 and 87 % with a tran-
scription factor in Ajellomyces dermatitidis and with a hypo-
thetical protein of Paracoccidioides brasiliensis, respectively
(González-González et al. 2012).

Moreover, because no cross reaction with other related
fungi has been detected, the 1281–1283(220) marker shows a
lower sensitivity compared to the Hcp100 marker, even
though it has high specificity (Buitrago et al. 2013).

Based on the present findings, we propose the use of the
Hcp100 and 1281–1283(220) markers with their respective
PCR methods for the identification of H. capsulatum, as the
limitations of each one could be overcome and complemented
for the detection of the pathogen.

Conclusion

The markersHcp100 and 1281–1283(220) can be useful for the
diagnosis and prognosis of histoplasmosis. Additionally, they
are excellent tools that can be used simultaneously to deter-
mine sources of infection. They can also be used to classify
sites with higher or lower risks of infection in places that meet
the micro-environmental conditions for the development of
the pathogen H. capsulatum, particularly those associated
with sites of high occupational or recreational risks, which
would allow the competent authorities to propose the neces-
sary prevention and control measures.
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