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Abstract.

Histoplasmosis usually occurs in specific endemic areas. Sporadic cases have also been reported in main-

land China. Here, we described an indigenous case of disseminated histoplasmosis. Phylogenetic analysis revealed that
the Histoplasma capsulatum isolated in our case belongs to the Australian clade. Combined with previous studies, it
revealed high genetic diversity among Chinese H. capsulatum isolates.

INTRODUCTION

Histoplasmosis caused by the soil-based dimorphic fungus
Histoplasma capsulatum is a common endemic mycosis in the
midwestern United States and Central America.' However,
sporadic cases of autochthonous histoplasmosis have been
encountered in China, which was traditionally considered non-
endemic for H. capsulatum.>~* Recently, a multilocus sequence
typing (MLST) approach and a sequence database were avail-
able for H. capsulatum, which helped us to better understand
the molecular epidemiology of this disease.’ Here, we reported
a case of disseminated histoplasmosis in an human immunode-
ficiency virus (HIV)-negative patient who had never been out-
side China. The isolate was phylogenetically characterized.

In April of 2012, a 28-year-old male construction worker
presented with right-side abdominal pain of 6 months in dura-
tion. He also complained of intermittent fevers (up to 39°C),
fatigue, and weight loss of 10 kg. The patient had been empir-
ically treated with antibiotics at the local hospital with no
apparent improvement. Other medical history was unremark-
able. The patient was from Hunan Province, but he reported
having lived in Fujian Province for 4 years before he started
experiencing the aforementioned symptoms. He was a native-
born Chinese individual and had never been outside China.
He admitted to having used injectable drugs on several occa-
sions in the past.

The patient presented with reduced general condition and a
temperature of 41°C. Physical examination revealed cervical
lymphadenopathy and hepatosplenomegaly. A complete
blood cell count showed pancytopenia, a white blood cell
count of 2.14 x 10°/L (80.4% neutrophils, 9.4% lymphocytes,
and 7.3% monocytes), hemoglobin level of 70 g/L, and plate-
let count of 57 x 10°/L. Renal function and liver enzymes were
within normal limits. Tests for HIV-1 and HIV-2 antibodies
were negative. Abdominal computed tomography confirmed
the hepatosplenomegaly. Chest radiograph showed bilateral
reticulonodular infiltrates.

Bone marrow biopsy was performed because of pancyto-
penia. Wright-stained bone marrow aspirate revealed the
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presence of numerous intracellular oval or spherical encap-
sulated organisms, which is highly suggestive of H. capsulatum
(Figure 1A, arrowheads). A biopsy of the cervical lymph node
showed many small oval microorganisms with dotlike inclu-
sions that tested positive by periodic acid-Schiff stain (PAS)
(Figure 1B). The lymph node was cultured on Sabourauds dex-
trose agar at 30°C. Two weeks later, cottony white colonies
with no red pigment were observed. Microscopic examination
showed hyaline hyphae that produced tuberculated macro-
conidia, confirming the presence of H. capsulatum (Figure
1C). When the colonies were cultured on brain heart infusion
agar at 37°C, the fungi converted to the yeast phase from the
mycelial phase.

After the diagnosis of disseminated histoplasmosis, intrave-
nous amphotericin B (0.72 mg/kg daily) was administered.
The patient’s general condition improved after 1 month of
treatment. H. capsulatum was not observed in bone marrow
aspirate obtained after treatment. The patient was discharged
and treated with oral itraconazole (200 mg two times per day)
for 6 months. He was followed up for 1 year thereafter, and no
evidence of relapse was noted.

The internal transcribed spacer (ITS) domains of the ribo-
somal ribonucleic acid (rRNA) gene of the isolate were ampli-
fied using V9G and LS266 primers and sequenced with ITSS
and ITS4.° The sequence was deposited in the GenBank data-
base under the accession number KF443065, which was found
to have 99% identity with the Ajellomyces capsulatum isolate
UAMH 7141. The isolate was identified as H. capsulatum var.
capsulatum, because it lacked the characteristic ITS1 sequence
of H. capsulatum var. duboisii.” The identification was con-
firmed by using four sets of specific primers (Figure 1D).%?

Four unlinked loci previously used for phylogenetic studies
of Histoplasma species complex were applied to analyze the
isolate according to the method of Kasuga and others.” These
four loci were ADP-ribosylation factor (arf), H-antigen pre-
cursor (H-anti), A9 fatty acid desaturase (ole), and a-tubulin
(tubl). The polymerase chain reaction (PCR) conditions used
had been reported elsewhere.'© MLST sequences from H.
capsulatum strains were downloaded from the TreeBase data-
base, and the DNA was aligned manually. The phylogenic
tree was constructed with MEGA 5 using the neighbor-
joining method. Branching pattern was statistically evaluated
by bootstrap analysis of 1,000 replicates. The genotype of the
isolate (CHO01) from our patient belonged to the Australian
clade, with bootstrap support of 99% (Figure 2). The maxi-
mum likelihood algorithm provided similar results. Four sepa-
rate gene trees are also presented (Supplemental Figures 1-4).
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Ficure 1. (A) Bone marrow aspirate stained with Wright’s stain shows numerous encapsulated oval or spherical intracellular and extracellular
organisms (x 1,000). (B) PAS staining of the cervical lymph node revealed ovoid-shaped microorganisms with dotlike inclusions (x 1,000).
(C) Phenol cotton blue stain of the isolated mold showing thick-walled and tuberculate macroconidia (x1,000). (D) Identification of
H. capsulatum is confirmed by PCR assay based on the specific nucleotide sequence. Lanes 1 and 2, PCR products amplified with M-antigen
probes Msp1F-Msp1R (111 bp) and Msp2F-Msp2R (279 bE)S; lanes 3 and 4, PCR products amplified with sequence-characterized amplified region
markers 1281-12835,0 (220 bp) and 1281-1283,3 (230 bp)’; lane 5, ITS amplified with primers V9G and L.S266.° M = molecular size marker.

The rRNA gene sequence of our patient showed 100% iden-
tity to the isolate IFM47750 (GenBank) obtained from a
Chinese male patient 25 years ago.” However, no detailed
information of that patient or the MLST sequence of
IFM47750 was available.

CONCLUSIONS

Since 1990, 300 cases of histoplasmosis had been reported
in China, of which only 17 cases were possibly imported cases.
Most of the patients were from regions through which the
Yangtze River flows.* These regions include the two provinces
where our patient had resided. Our patient had never been
abroad. He was a construction worker and usually worked in a
dusty environment. Dusts containing H. capsulatum spores
could be aerosolized during his work. He also had history
of drug abuse, which could lead to host immunosuppres-
sion.!! These risk factors increased his chances of develop-
ing histoplasmosis.

It should be noticed that few reported histoplasmosis
cases in China were acute pulmonary histoplasmosis or cave-
associated cases. The lack of acute pulmonary cases can be
explained by poor levels of awareness of this disease in China.
One hospital in Manchester reported a case of acute histo-
plasmosis in a British spelunker who acquired the disease in a
cave in Yunnan Province. Additionally, Yunnan Province
accounted for more than 27% of the reported cases of histo-
plasmosis in China.'? There are many bat-inhabited caves in
Yunnan Province. The environment there is also suitable for
H. capsulatum growth. The knowledge of the geographic dis-

tribution of H. capsulatum is critical in making the diagnosis
of histoplasmosis. However, no fungus has been isolated from
the environment, and no outbreaks have been reported in
China; therefore, the ecological niche of H. capsulatum in
China remains unknown. Bat guano is thought to be a classic
reservoir of H. capsulatum."> However, it should be noticed
that bat droppings, also called ye ming sha in Chinese, are a
type of Chinese herbal medicine used to improve vision.
People who have been exposed to this herbal medicine from
H. capsulatum-endemic areas are potentially at risk of infection.

Phylogenetic analysis of the H. capsulatum MLST gene
sequences showed that the CHOO1 strain belongs to the
Australian clade, with bootstrap support of 99%, indicating a
close phylogenetic relationship between them. The Australian
clade contained one soil isolate and four clinical isolates from
Australia.® It also suggested a strong relationship between the
clinical and environmental strains in the Australian clade.
Although the isolate fell within the Australia clade, it should
be noticed that the branch was typically deep for the individual
loci, which implied that it was significantly diverged from the
Australia clade members. Except for the CHOO1 strain in this
study, there were three other strains of H. capsulatum isolated
from China. However, no detailed clinical information of these
strains was available. Two isolates, namely H177 and H178,
were found in the Eurasian clade, and one isolate, H181, was
found in the North America 2 (NAm 2) clade. According to the
phylogenetic tree, based on ITS region sequence, the H177 and
CHO01 strains also belong to different clades.'* Among the
four strains, H181 and CHO01 were definitely isolated from
patients who had never traveled outside China. Taken
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FiGure 2. Neighbor-joining tree from analysis of the combined data of the four loci. Branch lengths are proportional to Kimura’s two-
parameter distance. Numbers on the branches indicate bootstrap support of greater than 70%. The scale bar indicates the nucleotide substitutions
per site. A = Netherlands clade; B = Australia clade; LAm A = Latin America group A clade; LAm B = Latin America group B clade; NAm 1 =
North America 1 clade. *Isolates of H. capsulatum from China.
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together, it suggests that a wide range of molecular types exists
among Chinese H. capsulatum isolates. This genetic diversity
could be explained by human activity or animal migration,
vectoring H. capsulatum and consequently, causing its spread.
However, additional studies are needed to draw a definite
conclusion, because the number of the studied Chinese H.
capsulatum strains is very small; also, no strains have been
isolated from the environment in China.

This case of indigenous human histoplasmosis in mainland
China emphasizes the need to determine likely reservoirs of
H. capsulatum to improve the understanding of its epidemiol-
ogy. As international travel becomes accessible, clinicians
whose patients have resided in China should consider the
diagnosis of this disease.
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