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A B S T R A C T

Background: Histoplasma capsulatum and Pneumocystis jirovecii are respiratory fungal pathogens that
principally cause pulmonary disease. Coinfection with both pathogens is scarcely reported. This study
detected this coinfection using specific molecular methods for each fungus in the bronchoalveolar lavage
(BAL) of patients from a tertiary care hospital.
Materials and methods: BAL samples from 289 hospitalized patients were screened by PCR with specific
markers for H. capsulatum (Hcp100) and P. jirovecii (mtLSUrRNA and mtSSUrRNA). The presence of these
pathogens was confirmed by the generated sequences for each marker. The clinical and laboratory data
for the patients were analyzed using statistical software.
Results: The PCR findings separated three groups of patients, where the first was represented by 60
(20.8%) histoplasmosis patients, the second by 45 (15.6%) patients with pneumocystosis, and the last
group by 12 (4.2%) patients with coinfection. High similarity among the generated sequences of each
species was demonstrated by BLASTn and neighbor-joining algorithms. The estimated prevalence of H.
capsulatum and P. jirovecii coinfection was higher in HIV patients.
© 2019 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Introduction

Histoplasma capsulatum is the causative agent of histoplasmo-
sis, one of the most important systemic mycoses in humans; this
disease is particularly related to endemic regions in America, and
autochthonous outbreaks have been described from latitude 54�

north (Alberta, Canada) (Anderson et al., 2006) to 38� south
(Neuquén, Argentina) (Calanni et al., 2013). The epidemic form of
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histoplasmosis commonly implies an occupational risk, as
reported in some Latin American countries, but currently, it
represents a human immunodeficiency virus (HIV)-defining
condition (Centers for Disease Control and Prevention, 2008).
Thus, H. capsulatum could be considered a primary fungal
pathogen because it infects healthy people, although it also shows
an opportunistic behavior since it causes more severe disease in
immunocompromised individuals.

H. capsulatum is a dimorphic fungus with two morphotypes, a
mycelial infective phase found mainly in bat and bird guano and a
yeast virulent phase, which can survive within macrophages and
depicts a chronic granulomatous inflammation in host tissues
(Köhler et al., 2017; Pomerville, 2018). Infection occurs by
inhalation of aerosolized mycelial propagules (mainly micro-
conidia and small hyphal fragments), which become yeasts upon
entering the host�s respiratory tract.
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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Pneumocystis jirovecii, which was first described by Frenkel
(1976), is currently accepted as the specific fungal agent of human
pneumocystosis (Morris and Norris, 2012). During the acquired
immunodeficiency syndrome (AIDS) epidemic in the 1980s, this
fungal species was associated with the primary cause of mortality
in HIV/AIDS patients, despite the use of antiretroviral therapy.
Pneumocystosis is distributed worldwide, and it can also be
diagnosed in other immunocompromised patients and in chronic
obstructive pulmonary disease exacerbations (Morris et al., 2008).
In immunocompetent human hosts, P. jirovecii has been reported
as an asymptomatic infection or colonization, suggesting it can be
the source of infection transmission for other individuals (Morris
and Norris, 2012). All Pneumocystis spp. depict two morphotypes:
the trophic and the asci forms. The asci typically contain
ascospores, which are rounded or elongated and can be aerosol-
ized, acting as probable transmission propagules from one
individual to another (Hauser and Cushion, 2018). Each Pneumo-
cystis sp. is host-specific for one mammal species (a characteristic
known as stenoxenism) and cannot be grown in laboratory
artificial media (Akbar et al., 2012; Hauser and Cushion, 2018).

H. capsulatum and P. jirovecii coinfection was previously
reported in a few studies (Baughman et al., 1994; Gago et al.,
2014; Huber et al., 2008; Le Gal et al., 2013; Velásquez et al., 2010;
Wheat et al., 1985). Most of these studies were developed in
samples from hospitalized AIDS patients, where Histoplasma was
diagnosed by culture growth and Pneumocystis by Grocott staining
of bronchoalveolar lavage (BAL) or pulmonary biopsies. Three
studies have described H. capsulatum and Pneumocystis sp.
coinfection using molecular methods: Gago et al. (2014), who
used a multiplex PCR assay in human BAL or biopsy samples;
González-González et al. (2014), who used specific nested PCRs in
lung samples of randomly captured Tadarida brasiliensis bats from
Argentina, Mexico, and French Guyana; and Almeida-Silva et al.
(2016), who reported an HIV patient with several opportunistic
fungal infections detected by nested PCR and multiplex qPCR.

H. capsulatum and Pneumocystis sp. share different character-
istics that support the possibility of coinfection in the same
individual. They are ascomycete fungi that infect through the host�s
respiratory tract. The lung is the main target organ for both fungi,
causing the pulmonary disease representative of their most
common clinical form. However, some biological, pathogenic
and clinical differences are remarkable between both parasites. For
H. capsulatum, yeasts are preferentially found in the host’s
intracellular space (primarily within macrophages). For Pneumo-
cystis sp., the two morphotypes are particularly found in the host
extracellular space, and the trophic forms develop strong
interactions with alveolar epithelial cells. H. capsulatum is found
in natural habitats, whereas Pneumocystis spp. have only been
described in infected hosts. H. capsulatum does not colonize
healthy or immunocompetent individuals, and no possible
respiratory transmission from one individual to another has been
reported, whereas both features are common for Pneumocystis sp.
(Köhler et al., 2017; Pomerville, 2018; Skalski et al., 2015). Overall,
histoplasmosis patients can develop disseminated disease (rarely
seen in pneumocystosis).

The aim of this study was to detect the frequency of
H. capsulatum and P. jirovecii coinfection, using specific molecular
methods for each fungus, in BAL samples of patients from a tertiary
care hospital focused on respiratory diseases in Mexico.

Materials and methods

Patients

This study was developed in two periods: from June to October
2014, and from May to September 2016. We considered a total of
289 patients hospitalized for acute pulmonary diseases at the
Instituto Nacional de Enfermedades Respiratorias “Ismael Cosío
Villegas” (INER), in Mexico City, CDMX, Mexico, who required a
bronchoscopic diagnostic procedure due to hypoxemic pneumo-
nia. We also analyzed eight samples collected in 2011 from healthy
volunteers, which were kindly donated by the team of Dr. Eduardo
Sada Díaz, from the “Departamento de Investigación en Micro-
biología” at INER, as noninfected controls for molecular diagnosis
of H. capsulatum and P. jirovecii. No samples were obtained ex
professo for this study.

Clinical data processed from the medical record of each patient
were sex, age, place of birth, lactate dehydrogenase (LDH) levels,
smoking status, guano exposure, travel history, and main outcome
at hospital discharge. Laboratory data evaluated included complete
blood count, HIV status (including viral load and CD4+ cell count),
and BAL sample laboratory procedures, such as bacterial and fungal
cultures (for H. capsulatum), Grocott staining (for P. jirovecii), as
well as multiplex viral PCR and other specific tests for the diagnosis
of infectious diseases, which were performed according to
physician requests.

BAL samples

From all patients considered for this study, we analyzed one BAL
sample. After BAL collection, samples were centrifuged at 2850 � g
for 20 min, the supernatant was aliquoted in 600-ml microtubes
(Eppendorf, Inc., Enfield, CT, USA) and frozen at �80 �C in less than
one hour for other studies, and the pellet was processed for DNA
extraction to search for H. capsulatum and P. jirovecii.

DNA extraction

The pellet of each BAL sample was processed for DNA extraction
using a commercial kit (Molecular Biology Kit, Bio Basic Inc.,
Toronto, ON, CA), according to manufacturer’s instructions. DNA
samples were quantified in an Epoch microplate spectrophotome-
ter (BioTek Instruments Inc., Winooski, VT, USA) at 260–280 nm
and then stored at �80 �C until required. To avoid contamination
during molecular screening, all DNA samples were processed in
specialized cabinets for each step of the molecular assays
performed.

Molecular screening for H. capsulatum in DNA samples

Fungal presence was investigated in each extracted DNA sample
using a nested PCR for a fragment of theHcp100 gene encoding a 100-
kDa protein, a molecular marker highly specific for this pathogen
(Bialek et al., 2002; Taylor et al., 2005). Two sets of primers were
used; the outer primer set included HcI (50-GCG-TTC-CGA-GCC-
TTC-CAC-CTC-AAC-30) and HcII (50-ATG-TCC-CAT-CGG-GCG-CCG-
TGT-AGT-30); the inner primers were HcIII (50-GAG-ATC-TAG-
TCGCGG-CCA-GGT-TCA-30) and HcIV (50-AGG-AGA-GAA-CTG-TAT-
CGG-TGG-CTT-G-30), delimiting a 210-bp fragment unique to
H. capsulatum. Details of the amplification are provided in
González-González et al. (2012). DNA from the EH-53 H. capsulatum
strain from a Mexican clinical case was used as a positive control,
and milli-Q water (Milli-Q water purifier, Merck KGaA, Darmstadt,
DE) was always processed as a negative control.

Molecular screening for P. jirovecii in DNA samples

We used nested PCR for the amplification of two genes that are
reliable markers for Pneumocystis detection: the mitochondrial
ribosomal large subunit (mtLSUrRNA) and the mitochondrial
ribosomal small subunit (mtSSUrRNA) (Wakefield et al., 2003). For
the mtLSUrRNA locus, we used the outer primer set pAZ102-H
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(50-GTG-TAC-GTT-GCA-AAG-TAG-TC-30) and pAZ102-E (50-GAT-
GGC-TGT-TTC-CAA-GCC-CA-30). The inner primers, pAZ102-X (50-
GTG-AAA-TAC-AAA-TCG-GAC-TAG-G-30) and pAZ102-Y (50-TCA-
CTT-AAT-ATT-AAT-TGG-GGA-GC-30), delimit a 267-bp fragment
specific for Pneumocystis sp. Nested PCR for the mtSSUrRNA locus
was performed with the outer primers, pAZ112-10F (50-GGG-AAT-
TCT-AGA-CGG-TCA-CAG-AGA-TCA-G-30) and pAZ112-10R (50-GGG-
AAT-TCG-AAC-GAT-TAC-TAG-CAA-CCC-30). The inner primers,
pAZ112-13RI (50-GGG-AAT-TCG-AAG-CAT-GTT-GTT-TAA-TTC-G-30)
and pAZ112-14RI (50-GGG-AAT-TCT-TCA-AAG-AAT-CGA-GTT-TCA-
G-30), delimit a 300-bp fragment specific for Pneumocystis sp.
(González-González et al., 2014). A DNA sample obtained from a
pulmonary biopsy from a patient diagnosed by Grocott staining
with pneumocystosis was used as a positive control. Milli-Q water
(Merck) was always used as a negative control for both Pneumo-
cystis molecular markers.

Amplified products (amplicons)

Amplicons from each nested PCR were electrophoresed on a
1.8% agarose gel in 0.5X Tris-borate-EDTA buffer. Electrophoresis
was conducted at 120 V for 50 min using a 100-bp DNA ladder
(Gibco Laboratories, Grand Island, NY, USA) as a molecular size
marker. The amplicons were visualized using a UV transilluminator
after GelRed Nucleic Acid Gel Stain (Thermo Fisher Scientific Inc.,
Waltham, MA, USA) staining (0.5 mg/100 ml). The amplicons were
purified using the Nucleotrap PCR Purification Kit (BD Biosciences,
Palo Alto, CA, USA) and sent to the High-Throughput Genomics
Center (University of Washington, Seattle, WA, USA) for sequenc-
ing of the sense and antisense DNA strands; a consensus sequence
for each amplified sample was generated.

Sequence analyses

The generated sequences were aligned and manually edited
using MEGA software, version 7, http://www.megasoftware.net
(Kumar et al., 2016), and their alignments are provided in the
electronic supplementary material (Supplementary files 1, 2 and 3)
for the readers’ reference.

Sequences were analyzed to confirm their high homology for
each marker, which was the main criterion for the molecular
identification of each fungus in BAL samples, considering for
P. jirovecii at least one of the two markers used. First, the sequences
were analyzed using the BLASTn algorithm (http://blast.ncbi.nlm.
nih.gov/Blast.cgi) to search in the GenBank database for all
homologous sequences corresponding to the nested PCR products
of H. capsulatum and P. jirovecii gene fragments. Afterward,
sequence analysis with the neighbor-joining (NJ) method was
used to construct the respective genetic relationship trees for each
marker using MEGA7 (Kumar et al., 2016). To infer the NJ trees,
genetic distances were conducted using the Kimura two-parame-
ter model, considering gaps/missing data and mutation rates
between the analyzed nucleotide sites. Bootstrap values (bt) for NJ
analyses were based on 1000 replicates (Kumar et al., 2016). To
construct the NJ trees, Hcp100 sequences were aligned with the
sequence of the G-217B reference strain from Louisiana, USA
(GenBank accession no. AJ005963); mtLSUrRNA sequences were
aligned with the reference sequence of P. jirovecii EH1-PAZ102E
(GenBank accession no. JF733748); and mtSSUrRNA sequences
were aligned with the reference sequence of P. jirovecii (GenBank
accession no. HQ228547).

Statistical analyses

The total infection rate was estimated considering all patients.
The Chi-Square (χ2) test was used to detect significant differences
between the groups of patients infected with H. capsulatum,
P. jirovecii or both fungi. The prevalence odds ratio test and its
corresponding 95% confidence interval (95% CI) were calculated to
evaluate the possible strength of the association between each
different analyzed variable and the occurrence of histoplasmosis,
pneumocystosis or their coinfection. Both statistical analyses were
performed using SPSS Statistics version 21.0 (SPSS Inc., Chicago, IL,
USA). Values of P < 0.05 were considered significant.

Results

We analyzed BAL samples from 289 patients: 84 (29.1%) were
from HIV patients and 205 (70.9%) were from non-HIV patients.
Seventy-one HIV patients were male and 13 were female with a
median age of 34 years, showing a median HIV viral load of 246 852
copies/ml and a median CD4+ count of 23 cells/ml of peripheral
blood. One hundred and ten non-HIV patients were male and 95
were female with a median age of 54 years. Most individuals
(66.4%) lived in Mexico City and the surrounding conurbation,
whereas the rest of patients (33.6%) came from rural areas.

Out of 289 patient BAL samples, the amplified Hcp100 marker
diagnosed the presence of H. capsulatum infection in 60 patients
(20.8%), which included four patients with positive cultures for
H. capsulatum. The amplification of either mtLSUrRNA or
mtSSUrRNA locus diagnosed the presence of P. jirovecii infection
in 45 cases (15.6%) (Table 1). Regarding P. jirovecii detection
using two independent molecular markers (mtLSUrRNA and
mtSSUrRNA) for its identification, it is important to remark that
both markers were amplified in 34 samples, whereas the
mtLSUrRNA marker generated more sequences (47) than the
mtSSUrRNA (33). None of these markers was amplified in any of
the samples from noninfected controls (healthy volunteers). Milli-
Q water was always negative in each assay performed.

The BLASTn analysis for Hcp100 sequences showed a range
from 94 to 100% similarity between them and the GenBank
reference sequence from H. capsulatum, whereas mtLSUrRNA and
mtSSUrRNA sequences showed a range from 98 to 100% similarity
between them and the reference sequences from P. jirovecii.

All H. capsulatum Hcp100 sequences analyzed by NJ are
represented in Figure 1, and the cluster of these sequences
supports a close genetic relationship among them. Figure 2 shows
the sequence trees analyzed by NJ for the P. jirovecii mtSSUrRNA
(Figure 2a) and mtLSUrRNA (Figure 2b) markers, respectively, and
the topologies of these trees sustained a close genetic relationship
among the sequences.

The molecular tools used in this study revealed that 12 (4.2%)
patients presented both H. capsulatum and P. jirovecii infections
simultaneously. Out of these 12 coinfected patients, nine samples
belonged to HIV patients (10.7% of 84 HIV patients) and the other
three to non-HIV patients (1.5% of 205 non-HIV patients) (Table 1).

The main data for all studied patients, such as sex, age, HIV
status, LDH levels, smoking status, guano exposure, mechanical
ventilation, and lethality, are provided in Table 1. The last column
shows the results of the χ2 test for each variable to detect
significant differences among the groups of patients infected with
H. capsulatum, P. jirovecii or both fungi, and P values are shown in
Table 1. Demographic and clinical data such as sex, LDH levels,
mechanical ventilation, and lethality did not show significant
differences between groups. Two important risk factors were
assessed for the fungal infections studied, such as smoking status
(for H. capsulatum and P. jirovecii) or guano exposure (for
H. capsulatum only). Significant differences were found between
smoking and nonsmoking patients (P = 0.002), considering the
H. capsulatum, P. jirovecii and coinfected groups of patients. No
significant differences (P = 0.270) were found among patients
exposed to guano in the environment in regard to H. capsulatum
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Table 1
Main data from histoplasmosis, pneumocystosis and coinfected patients.

Demographic and clinical data H. capsulatum
infection only
n = 60

P. jirovecii
infection only
n = 45

Coinfection
n = 12

P

Agea (years) 46 [32–66] 37 [30–47] 34 [30–44]
Sex 0.212

Female 21 (35%) 15 (33.3%) 2 (16.7%)
Male 39 (65%) 30 (66.7%) 10 (83.3%)

HIV patients 16 (26.7%) 32 (71.1%) 9 (75%) <0.0001
Viral loada 293 479 427 572 462 080
(copies/ml) [24 064–848 244] [34 951–851 138] [228 922–933 417]
CD4+ counta 42 [10–56] 21 [7–42] 25 [7–42]
(cells/ml)

Non-HIV patients 44 (73.3%) 13 (28.9%) 3 (25%)
LDHa(UI/l) 186 [140–273] 227 [152–341] 279 [140–396] 0.070
Smoking 0.002

Active 26 (43.3%) 19 (42.2%) 3 (25%)
Passive 12 (20%) 4 (8.9%) 0 (0%)
None 16 (26.7%) 16 (35.6%) 8 (66.7%)
No data 6 (10%) 6 (13.3%) 1 (8.3%)

Guano exposure 0.270
Yes 17 (28.3%) 11 (24.5%) 2 (16.7%)
No 37 (61.7%) 28 (62.2%) 9 (75%)
No data 6 (10%) 6 (13.3%) 1 (8.3%)

Mechanical ventilation 0.129
Yes 17 (28.3%) 14 (31.1%) 6 (50%)
No 37 (61.7%) 25 (55.6%) 5 (41.7%)
No data 6 (10%) 6 (13.3%) 1 (8.3%)

Lethality 0.088
Yes 10 (16.7%) 6 (13.3%) 4 (33.3%)
No 44 (73.3%) 33 (73.4%) 7 (58.4%)
No data 6 (10%) 6 (13.3%) 1 (8.3%)

LDH: Lactate dehydrogenase.
Percentages in parentheses were estimated considering the number of patients in each infected group.

a Median values of these clinical data are shown, with the corresponding interquartile range (IQR 25–75) in brackets.

Figure 1. NJ analysis of the H. capsulatum sequences. The NJ tree was constructed using a matrix of 142-nt of the Hcp100 gene fragments. The NJ analysis was conducted as
described in Materials and methods. Supporting bt values �50% are indicated on their corresponding tree branches.
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Figure 2. NJ analyses of the P. jirovecii sequences. (a) For the mtSSUrRNA sequences, the NJ tree was constructed using a matrix of 274-nt. (b) For the mtLSUrRNA sequences,
the NJ tree was constructed using a matrix of 176-nt. The NJ analyses were conducted as described in Materials and methods. Supporting bt values �50% are indicated on their
corresponding tree branches.
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and coinfected groups of patients. Based on additional information
from the hospital records, we found that H. capsulatum was
detected in 25.5% of the patients from urban areas and in 23.7% of
the patients from rural areas, whereas P. jirovecii was detected in
18.2% of the patients from urban areas and in 22.6% of the patients
from rural areas, and no significant differences were detected.
Other laboratory data (hemoglobin, hematocrit, total leukocyte
count, and platelet count) for each group of patients studied
revealed no significant differences among patients with histoplas-
mosis, pneumocystosis and coinfection (data not shown).

According to laboratory reports, H. capsulatum cultures were
positive only in four BAL samples of HIV/AIDS patients, corre-
sponding to 5.6% of all the H. capsulatum-positive samples detected
by PCR, whereas P. jirovecii was observed by Grocott staining only
in 14 BAL samples, representing 24.6% of all the P. jirovecii-positive
samples detected by PCR.

Microorganisms distinct from the studied fungi were detected
only in 44 out of 289 patients, by culture (for bacteria and other
fungi) and by multiplex PCR (for viruses), as reported in the clinical
records. Eight patients were infected with M. tuberculosis, 14 with
Gram-negative bacteria and four with Gram-positive bacteria.
Mixed infections with different microorganisms (virus-bacteria,
bacteria-bacteria, bacteria-fungi or virus-fungi) were found in 19
patients; 11 patients presented more than two types of micro-
organisms. Interestingly, out of the 12 patients coinfected with
H. capsulatum and P. jirovecii, three were infected with other
microorganisms that could be part of the normal microbiota of the
upper respiratory tract: one patient had Pseudomonas aeruginosa,
the second had P. aeruginosa and Klebsiella pneumoniae, and the
third had P. aeruginosa, parainfluenza 2 virus and rhinovirus.
Details about the different microorganisms found in the studied
groups are available in the Supplementary Table.

Figure 3 shows a detailed description of the statistical analyses
for histoplasmosis, pneumocystosis and coinfection in HIV vs. non-
HIV patients.

The prevalence of histoplasmosis infection in the whole studied
population was 20.8% (60 of 289 patients), whereas the prevalence
in HIV patients was slightly lower (19%) than in non-HIV patients
(21.5%); however, this difference was not significant (P = 0.64)
(Figure 3a).

The prevalence of pneumocystosis infection in the whole
studied population was 15.6% (45 of 289 patients), and it was
significantly higher in HIV patients with P < 0.0001 (38.1%) when
compared to non-HIV patients (6.3%). Moreover, the estimated
prevalence odds ratio for pneumocystosis was 9.08 (95% CI, 4.45–
18.56), which suggested that infection with P. jirovecii was
9.08-fold more possible in HIV patients (Figure 3b).

The prevalence of coinfection with both fungi was 4.2% (12 of
289 patients), and the frequency of coinfection in HIV patients
(10.7%) was significantly higher than in non-HIV patients (1.5%)
with P = 0.001. Therefore, the prevalence odds ratio estimated for
coinfection was 8.08 (95% CI, 2.13–30.6), revealing that HIV
patients had an 8.08-fold greater probability of becoming infected
with both fungi (Figure 3c).

In particular, it is remarkable that the lethality rate for patients
in the histoplasmosis-pneumocystosis coinfection group (33.3%, 4
of 12 patients) was higher than the lethality rate for patients with
only histoplasmosis infection (16.6%, 10 of 60 patients) or only
pneumocystosis infection (13.3%, 6 of 45 patients), even though
these results were not statistically significant (see Table 1).



Figure 3. Statistical analyses. Within the studied population, χ2 and prevalence odds ratio tests were calculated to compare the prevalence of (a) histoplasmosis, (b)
pneumocystosis, and (c) coinfection of H. capsulatum and P. jirovecii, in HIV versus non-HIV patients.
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Discussion

The present manuscript highlights the importance of coinfec-
tion with two respiratory fungi (H. capsulatum and P. jirovecii) in a
tertiary care hospital, where most individuals were HIV patients,
although coinfection was also found in three non-HIV patients
without an immunocompromised condition or any other remark-
able data in their clinical records. The diagnosis of this coinfection
is critical for the establishment of adequate therapeutic strategies
to eliminate both fungi.
In previous years, the diagnosis of coinfection with
H. capsulatum and P. jirovecii has been unintentionally neglected
because it has not specifically been evaluated previously. The real
frequency of this coinfection is unknown, but in a few studies,
coinfection has been serendipitously reported, mostly while
describing opportunistic infections in HIV patients. When the
HIV epidemic started, Wheat et al. (1985) described the first 15
cases of AIDS in Indianapolis, where seven patients developed
disseminated histoplasmosis, and two of them were also
diagnosed with pneumocystosis; based on these authors’ data,
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we estimated a coinfection rate of 13.3%. Later, Baughman et al.
(1994) screened opportunistic infections in 894 BAL samples from
AIDS patients; they found 420 (46.97%) patients with Pneumocystis,
five of whom were coinfected with H. capsulatum (0.55% according
to our estimation). In French Guiana, Huber et al. (2008) described
200 cases of AIDS-associated histoplasmosis over 25 years; seven
were coinfected with Pneumocystis (3.5% according to our
estimation). Velásquez et al. (2010) studied 44 HIV/AIDS patients
with histoplasmosis and found concomitant pneumocystosis in
11.4% of the cases. Caceres et al. (2018) reported three cases of
pneumocystosis in 45 HIV patients with histoplasmosis (6.7% with
coinfection, according to our estimation). Interestingly, Le Gal et al.
(2013) described the intracellular coexistence of H. capsulatum and
P. jirovecii in an alveolar macrophage from a BAL sample of one
AIDS patient.

The abovementioned reports were entirely focused on HIV
patients, and most of the frequencies of coinfection that we
estimated from their results were similar to our reported rate of
10.7% (9 of 84 HIV patients). Coinfection could be explained by the
virus-related immunocompromised condition, which makes the
patients more susceptible to concomitant infections.

In regard to the LDH levels, which is a marker associated with
the prognosis of patients with disseminated histoplasmosis (Butt
et al., 2002; Ramos et al., 2018) and more frequently used to
distinguish bacterial from Pneumocystis pneumonia (Sun et al.,
2016), our results showed that the serum LDH levels were not
significant to support the diagnosis of either histoplasmosis or
pneumocystosis.

Other risk factors assessed in this study were smoking and
guano exposure. Smoking has been previously reported as a risk
factor for complications in the ocular histoplasmosis syndrome
(Chheda et al., 2012; Ganley, 1973). Additionally, smoking is a
presumed risk factor for presenting P. jirovecii pneumonia in HIV
patients (Blount et al., 2013; Miguez-Burbano et al., 2005) and in
non-HIV patients (Santos et al., 2017). Regarding the lack of
significance in the analysis concerning guano exposure related to
H. capsulatum infection, it is important to emphasize that
histoplasmosis outbreaks might occur both in rural and urban
areas because the fungus has been found in several niches where
people could be inadvertently exposed. (Corcho-Berdugo et al.,
2011; Muñoz et al., 2010; Taylor et al., 2005). However, other risk
factors associated with histoplasmosis or pneumocystosis, such as
previous treatment with immunosuppressive drugs, were scarcely
referred for the studied patients.

It would be fascinating to identify the influence of one pathogen
in regard to the other on the coinfection outcome; however, it was
not possible to detect this association because some patients’
medical records were incomplete. It is crucial to underline the
higher lethality rate associated with coinfection, suggesting a
contribution of both pathogens in the fatal clinical course of the
patients (Table 1). In general, most of the causes of death referred
for histoplasmosis, pneumocystosis and coinfected patients were
pneumonia with sepsis and/or septic shock.

An important feature to consider from most studies is the
diagnostic procedure used for histoplasmosis (culture) and pneumo-
cystosis (microscopic observation), which require specialized
supplies and technical experience for successful diagnosis. There-
fore, new methods should be implemented to detect coinfection
with these fungi. To date, only a few studies have used molecular
methods. Gago et al. (2014) reported one of 14 HIV patients with
H. capsulatum and P. jirovecii coinfection (7.14% according to our
estimation) while developing a multiplex PCR assay for fungi.
González-González et al. (2014) described coinfection with
H. capsulatum and Pneumocystis spp. in 122 randomly captured
bats (35.2% of cases), supporting a high frequency of both pathogens
in this particular host (González-González et al., 2014). Thus, we
chose molecular methods for histoplasmosis and pneumocystosis
diagnosis due to their rapid, specific and accurate detection,
emphasizing that these methods were very useful to reveal
H. capsulatum and P. jirovecii in BAL samples. We would like to
emphasize that the four HIV/AIDS patients with positive
H. capsulatum cultures also amplified the specific marker
Hcp100, which highlights the efficiency of the molecular method
used. Fungal sequences generated by PCR, using DNA extracted from
BAL samples, reflected active mycotic disease, and the specificity of
the molecular markers used in the present study makes misdiag-
nosis very improbable. In contrast, immunological diagnostic
procedures sometimes are unable to differentiate past from present
infection. For both fungi, we selected nested PCR protocols, which
have been demonstrated to be very sensitive, reproducible for the
identification of pathogens in different clinical samples, and able of
avoiding molecular contamination under well-controlled labora-
tory conditions. Moreover, nested PCR is a useful tool for
epidemiological studies, where this method serves as a great
screening technique when compared to real-time PCR (Seo et al.,
2014; Sharifdini et al., 2015).

We considered the generated sequence of each marker as a
unique criterion for diagnosis because the single visualization of
the amplified PCR products could lead to misinterpretation or
overdiagnosis of the results and because non-specific products
could sometimes be produced. Although our criterion is very strict,
it is undoubtedly precise and reliable, as demonstrated by BLASTn
and NJ genetic analyses of the generated sequences. Thus, the
close genetic relationship among the sequences of Hcp100 for
H. capsulatum and among the sequences of mtLSUrRNA and
mtSSUrRNA for P. jirovecii confirmed their respective fungal
molecular identification. The scientific literature has reported
mtLSUrRNA marker as a better diagnostic tool for P. jirovecii;
however, based on our previous experience (González-González
et al., 2014), we also selected the mtSSUrRNA marker because the
fungus was identified in a few samples in which only this marker
was amplified.

In conclusion, statistical analyses support the highest preva-
lence of pneumocystosis and coinfection in HIV patients, and based
on our findings, H. capsulatum and P. jirovecii coinfection is a more
common medical problem than expected, not only in immuno-
compromised patients. Searching for both pathogens at the initial
stages of disease should be routinely performed to establish
adequate treatments for both fungi to improve patient outcomes
and diminish the risk for complications. Basic research studies on
this coinfection are still needed to explain the interaction of the
two pathogens in vivo.
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