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Abstract: Histoplasmosis is an endemic disease caused by Histoplasma capsulatum. This systemic disease can affect various organs
beyond the lungs, such as the liver, spleen, adrenal gland, and lymph nodes. The clinical symptoms can range from asymptomatic to
severe, life-threatening conditions, depending on the state of the patient’s immune system. This report describes a 40-year-old male
who presented with reports of weight loss, low back pain, and progressively worsening movement disorder of the bilateral lower
extremities for months. Computed tomography (CT) examination showed multiple lytic lesions of vertebral bodies, bilateral ribs, and
pelvic bone, histopathological examination and tumor-related serum markers exclude tumors. mNGS was employed to identify
H. capsulatum var. capsulatum as the etiological agent of the lesions in the bone biopsy. Through phylogenetic tree analysis,
Histoplasma capsulatum var. Capsulatum (Hcc) was the main responsible pathogen, rarely reported in bone lesions. The patient
underwent spinal surgery and was successfully treated with liposomal amphotericin B and itraconazole. Based on the diagnosis and
treatment of this case, we discuss the epidemiologic status, clinical presentations, diagnostic criteria, and treatment guidelines of
histoplasmosis to provide additional information about this disease. mNGS is utilized in this case, and it appears to be a reliable
method for early and accurate diagnosis of this disease.
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Introduction

Histoplasmosis is a systemic infectious disease caused by the fungus Histoplasma capsulatum. Based upon phenotypic
traits including host, morphology, and pathogenicity, the genus Histoplasma has been classified into three separate
varieties: H. capsulatum var. capsulatum (Hcc), H. capsulatum var. duboisii (Hed), and H. capsulatum var. farciminosum
(Hcf). Recently, through the use of molecular techniques, eight clades have been distinguished: North America clade 1
(Nam1), North America clade 2 (NAm 2), Latin America clade A (LAm A), Latin America clade B (LAm B), Australia,
Netherlands, Eurasia, and Africa.' Histoplasmosis is one of the most prevalent endemic fungal diseases and occurs in all
continents in tropical and subtropical areas. Most cases are found in North America and Latin America. Areas around the
Ohio and Mississippi River valleys have the highest exposure to H. capsulatum. The endemic region exhibits significant
variations in the climate, soil conditions, and patient factors such as HIV infection, tumors, diabetes, and liver disease.’
Recent data show that over one-third of individuals in Central and South America have been exposed to Histoplasma.
The highest rates of exposure are found in Central America and northern South America. Tourism and migration have
increased the importance of imported histoplasmosis in nonendemic areas, with cases reported from France, Germany,
Italy, Spain, and other European countries.” In China, there is an increase in the number of cases in recent years with
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improved access to laboratory diagnosis, and the majority of cases have been reported in nine provinces and regions that
are located along the Yangtze River.*

Histoplasma exposure can lead to a nonspecific and wide range of clinical presentations.” Fever, fatigue, weight loss, and
anorexia are common symptoms. Therefore, it is prone to be confused with other diseases. While in most cases, it is
asymptomatic or mild and self-limiting, less commonly, the infection can lead to progressive disseminated disease, with
many organs becoming severely affected. The clinical type known as disseminated histoplasmosis is the most dangerous with
a rapid progression and high mortality.®” Histoplasmosis should be confirmed based on a compatible clinical scenario and
a positive culture or histopathology.® Due to the lack of specificity in clinical manifestations, many cases are missed or
misdiagnosed.” The atypical histopathology and the low detection rate of the culture make an accurate diagnosis a challenge.
Antigen and antibody detection is a fast and highly sensitive method that can also be used to diagnose, '® but antigen tests may
show negative results in chronic infection due to the low fungal burden and the sensitivity and specificity of antibody tests are
lower in immunocompromised patients.'’ Early diagnosis is essential for improving mortality rates from histoplasmosis.
Therefore, it’s essential to improve the accessibility of high-quality in vitro diagnostics to facilitate rapid detection. Compared
with other laboratory diagnostics, metagenomic next-generation sequencing (mNGS), as a next-generation sequencing
technology, can identify all nucleic acids present in a sample that includes the host and microbes by sequencing the total
DNA or RNA to identify pathogens. Compared to other diagnostic technologies, the unbiased sampling and shorter detection
period made this approach widely used to diagnose infectious diseases in recent years.'”

We present a unique case of disseminated histoplasmosis caused by Histoplasma capsulatum var. capsulatum. The
patient exhibited multiple osteolytic lesions as clinical symptoms. Early diagnosis was achieved through the use of mNGS.

Case Presentation

In August 2022, a 40-year-old man came to the emergency department with complaints of low back pain and weight loss
for eight months, as well as a progressive movement disorder of bilateral lower limbs for a month. The patient was
diagnosed with chronic hepatitis B over 20 years ago and did not receive antiviral therapy regularly. In 2017, he was
diagnosed with pulmonary tuberculosis. Furthermore, he denied any recent travel, surgery, or trauma history.

Upon admission, the patient was admitted with an average temperature of 36.3 °C, 20 breaths/min, normal blood
pressure of 104/65 mmHg, raised heart rate of 117 beats/min, and normal oxygen saturation of 97% in room air. The
physical examination showed the presence of multiple ulcers in his oral mucosa, T1-T8, L1-L5 spinous tenderness, and
muscle strength of both lower extremities at grade 1-2. The laboratory tests revealed decreased hemoglobin (93 g/L;
normal range, 120-160 g/L) and albumin (34 g/L; normal range, 40-55 g/L), and increased CRP level (28.20 ng/L;
normal range, <5.00 ng/L). The tests conducted include HBV-DNA, HCV-RNA, HIV-1 antibody, EB-DNA, CMV-DNA,
and anti-tuberculosis antibody returned negative. Peripheral chest and abdominal CT examination showed lytic lesions of
C7, T1-5, T8, L2-3, and L5 vertebral bodies, bilateral ribs and pelvic bone, tissue mass shadow, and bilateral adrenal
mass, considering the possibility of bone metastases (Figure 1A).

On the third day after admission, the patient developed dyspnea with fluctuant percutaneous SPO,. He was intubated
and rapidly admitted to the ICU department, receiving mechanical ventilation. We kept administering anti-infective
therapy using imipenem/cilastatin sodium (500 mg every 8 h), the patient developed a fever after admission, and the
body temperature fluctuated to 38°C. The cause of the bone lesion in this patient was unknown, and the tumor-related
serum markers were all negative. We encountered difficulties in diagnosing and treating the disease. Therefore,
a bronchoscopy was conducted, bronchoalveolar lavage fluid (BALF), and blood samples were subjected to cultures
and mNGS analysis on day 5 of hospitalization. Cultures were performed by experienced laboratory personnels following
standard operating procedures, and mNGS was performed according to the standard protocol of Illumina sequencing on
the NextSeq550 platform. We also performed a CT-directed needle biopsy of the pelvic bone lesion, and the tissue was
also subjected to mNGS testing. A total of 8846 sequences reads of Histoplasma capsulatum was detected in tissue
representing 99.7% of microbial reads and 1.78% of the nucleotide sequence coverage. Additionally, Histoplasma
capsulatum was detected in both the blood (4 sequences) and bronchoalveolar lavage fluid (6 sequences). The biopsy
of the pelvic bone lesion discovered some phagosomes in the cytoplasm that were suspected to be H. capsulatum.
(Figure 2).
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Figure | (A) Coronal plane CT scan shows bilaterally enlarged adrenals, and lytic lesions of the right side of T4, L2, L3, and L5 vertebral bodies and pelvic bone. (B) T2-
weighted MRI shows high marrow signals in C7 and T4 vertebral bodies. There is some compression of the T4 body and extension into the right pedicle.

Figure 2 Histopathology and cytology of histoplasmosis. (A) Periodic acid-Schiff stain with many yeasts in bone lesion biopsy (original magnification x400). (B) Periodic acid-
Schiff stain with numerous yeasts in multinucleated giant cells (original magnification x400). (C) Periodic acid-Schiff stain with a large number of yeasts inside and outside the
cell (original magnification x1000). (D) Gomori-Grocott methenamine silver stain showing intracellular yeast forms in bone biopsy (original magnification % [000).

However, because the patient’s bones were badly damaged, we doubted whether it was a new variety of
H. capsulatum. Due to the patient’s culture being negative. We were unable to perform the phenotypic identification
by traditional methods. A phylogenetic analysis of the pathogen was done. First, we performed quality control on the
original data offline to obtain valid data (Clean Data), and then use SPAdes assembly software to conduct assembly
analysis to obtain scaffolds. The sequence similarity between the assembled scaffolds and the genomes of the existing
target species was calculated, and the analysis results were visualized. Bowtie2 was used to compare clean data to the
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genome with the highest similarity above and determine the sample species. The similarity matrix results obtained from
sequence alignment analysis were converted into a distance matrix. The distance matrix was used as the input file of
FastME. The phylogenetic tree was constructed using NJ (adjacency method), and the online software ITOL was used to
beautify the phylogenetic tree. The genome of Histoplasma capsulatum (9 strains) in the NCBI database and the country
where the corresponding genome submission institution was located was used to construct a phylogenetic tree with the
sample assembly sequence of this project. The results showed that the sample from the patient had the closest genetic
relationship with H. capsulatum GCA _000313325.1 (Strain: Tmu) from Taiwan, China which was consistent with the
genotyping results. The coverage depth map between our sample and the GCA 000313325.1 of the H. capsulatum
genome showed consistency, and the genome corresponds to Histoplasma capsulatum var. capsulatum shown in
Figure 3.

The clinical diagnosis was disseminated H. capsulatum infection. On the seventh day of hospitalization, we switched
from imipenem/cilastatin sodium to an intravenous infusion of amphotericin B colloidal dispersion (200 mg once daily).
After six days of antifungal treatment, the patient’s body temperature slowly got back to normal, and his general
condition improved (Figure 4). During the third week of hospitalization, he was successfully weaned off the ventilator
and transferred to the ward for rehabilitation. Intravenous administration of LAmB was replaced by an itraconazole tablet
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Figure 3 Diagnosis of H. capsulatum infection through metagenomic Next-Generation Sequencing (mNGS). (A) Coverage depth map of the Sample mapped to
H. capsulatum GCA_000313325.1 genome. (B) Phylogenetic tree results of Histoplasma capsulatum var. capsulatum.
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Figure 4 The curve of body temperature, serum (1,3)-B-D-glucan test, and treatment course during hospitalization.

(200mg twice daily) for antifungal treatment. The patient had recurrent back pain and increased mobility impairment of
both lower extremities after being transferred to the rehabilitation ward. A MRI scan shows further bone lesions of the
thoracic spine and compression of the spinal cord (Figure 1B). Cervical and thoracic spinal surgery using the posterior
approach was performed. He was discharged from our hospital one week after surgery in an improved condition. One
month afterward, a follow-up of the patient, which was performed on an outpatient basis, the lesions had not progressed.
The patient was pain-free and asymptomatic.

Discussion
Histoplasmosis is an endemic disease caused by Histoplasma capsulatum. It is typically contracted through the inhalation
of its spores in soil that has been contaminated with bird or bat droppings.'® This disease is present globally, but
primarily endemic in the Americas, Southeast Asia, Africa, and other parts of the world.>'* In China, histoplasmosis has
been reported in areas where the Yangtze River flows.* In a survey of histoplasmin skin test reactivity, 735 Chinese
volunteers with no history of living abroad were tested, and 8.9% of the healthy volunteers from the Hunan provinces
tested positive.'* A review analyzed 300 cases of histoplasmosis that were diagnosed in China, out of all the patients,
27.7% were from Yunnan, while 9.3% came from Jiangsu and Hunan, 8.7% were from Hubei and 7.3% were from
Sichuan.* In this case, no precise epidemiological exposure was found. Eventually, it was revealed that this patient lives
in an area with a high reactivity rate of histoplasmin skin test in Hunan Province. Although histoplasmosis is rarely seen
in immunocompetent individuals, it should always be included among differential diagnoses in patients presenting with
symptoms from endemic regions.'> A careful epidemiological history study would help to clarify the diagnosis earlier.
Histoplasma infection can lead to a nonspecific and wide range of clinical presentations.” Histoplasma capsulatum
var. capsulatum caused infection generally involves the lungs, tongue, palate, and buccal mucosa.'® It can also cause
endogenous endophthalmitis and cutaneous nerves'”'® but hardly shows cutaneous or bone lesions. Case reports of bone
lesions in the literature have focused on the H. capsulatum var. duboisii (Hcd) which is restricted endemic to sub-Saharan
Africa and infections caused by H. capsulatum var. duboisii (Hcd) typically lead to clinical manifestations such as lesions
in the skin, lymph nodes, subcutaneous tissues, and bones.'? Previous literature reported that Hed could cause extensive
bone destruction, significantly affecting the skull, ribs, and vertebrae.?’ However, we have only found one reported case
of Hcce-disseminated infection with multifocal osteolytic lesions.?! Additionally, there have been two anecdotal reports of
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skeletal involvement with H. capsulatum, which include septic arthritis, osteomyelitis, and carpal tunnel syndrome.***

In our case, the patient presents with typical clinical manifestations of Hed infection, which include oral ulcers,
mediastinal and abdominal lymphadenopathy, and extensive lytic lesions of the thoracic and lumbar spine. By phyloge-
netic analysis, the results showed that the sample has the closest genetic relationship with H. capsulatum
GCA _000313325.1 (Strain: Tmu) from Taiwan, China. And the genome corresponds to H. capsulatum var. capsulatum.
According to Oladele et al, the symptoms of the disease vary depending on different factors. These factors include the
immune status of patients, the amount of fungal particles inhaled (especially for Hec), and the strength of the infective
strain.?* In this case, the cause of osteolytic lesions in our patient remains unclear.

According to the consensus of the European Organization for Research and Treatment of Cancer/ Mycosis Study
Group (EORTC/MSG) in 2008, Histoplasmosis is a disease that is diagnosed when Histoplasma capsulatum is detected
in a culture or confirmed through histopathology of bone marrow, blood, or other infected sites. Disseminated
histoplasmosis can be diagnosed when Histoplasma capsulatum is confirmed from blood and bone marrow, or the
fungus is confirmed from multiple non-contiguous organs in the organism.”> However, Histoplasmosis mold form
requires 4—6 weeks to grow in culture, in the literature review of histoplasmosis from 2001 to 2019 in the Chinese
mainland, only 8.6% of cases were diagnosed by culture.” In our case, the patient’s three times cultures were negative. It
may delay patient treatment.?” Serology tests can also be used to diagnose.'® After the initial infection, antibodies can be
detected within 4 to 8 weeks, therefore, it’s used primarily to diagnose subacute and chronic forms of the disease.''’
Moreover, antibody titers can remain elevated for months or even years after successful therapy, it may be difficult to
distinguish between sub-acute or inactive infections, chronic active forms, and relapses.'’ The Histoplasma galactoman-
nan detection is also widely used in diagnosis. The urine and serum samples are commonly used in this test. Compared to
traditional methods such as culture, galactomannan testing can provide faster results, which can help with early diagnosis
and treatment. However, the test may cross-react with other fungal infections, such as Aspergillus, resulting in false-
positive results, and due to the higher cost, this technology is not widely used in resource-limited countries.”® Compared
with other laboratory diagnostics, The use of molecular methods provides the benefit of high analytical specificity with
a shorter turnaround period. mNGS, as a next-generation sequencing technology, by sequencing the total DNA or RNA,
the presence of pathogens can be identified in a specimen that contains both the host and microbes. This method
surpasses the constraints of conventional pathogen detection, offering wider coverage and greater sensitivity while being
less influenced by past use of antimicrobial medication and the duration of treatment.”’ In comparison to culture or
clinical diagnosis of histoplasmosis, the sensitivity of molecular assays in published studies has varied from 67% to
100%.%%*! Some studies also showed that the sensitivity of molecular assays is 33 and 87%.%** Histoplasmosis can be
diagnosed through a combination of clear clinical presentation, positive culture results, or a typical histopathological
examination. Due to a lack of specificity in clinical manifestations, patients are prone to be missed or misdiagnosed
during their initial visit. In our case, the patient’s typical clinical features are multiple bone lesions in the spine and
pelvis. Histoplasma capsulatum-caused spinal infection mimicked Pott’s disease,”* and the bone lesion may be mis-
diagnosed as a metastatic spinal tumor.>> Misdiagnosed and overlooked cases can result in insufficient treatment and
ultimately lead to patient fatalities. Clinicians in non-endemic regions may lack adequate knowledge of histoplasmosis,
leading to underdiagnosis or misdiagnosis. In such circumstances, mNGS can serve as a supplementary diagnostic tool,
enhancing the accuracy of the diagnosis. Despite its benefits, mNGS has certain limitations. For instance, samples can be
contaminated by environmental organisms, which may cause inaccurate outcomes. And the detection ability of fungi with
cell walls and intracellular bacteria is relatively low. In addition, the approach used does not provide clear proof of the
connection between pathogens and the advancement of disease, and it’s unable to identify clinical infection and
colonization status.>®*” Moreover, the absence of standards for experimental protocols and data interpretation is
a considerable challenge and requires collaboration among clinicians, clinical microbiologists, and medical
administration.*® Currently, mNGS testing should be a supplement but not a replacement for traditional microbiological
testing methods in diagnosing infectious diseases.

The most characteristic features of disseminated histoplasmosis are rapid progression and aggressiveness, emphasiz-
ing the need for prompt and efficient medical care. Based on guidelines from the Infectious Diseases Society of America,
for moderately severe to severe infection, it is recommended to use liposomal amphotericin B at a dosage of 3.0 mg/kg
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per day for 1-2 weeks. This should be followed by oral itraconazole 200 mg twice daily for a minimum of 12 months.**
In this case, our patient received a daily dose of 200mg of amphotericin B colloidal dispersion as a treatment after the
disease was diagnosed, and his body temperature slowly got back to normal after one week. We monitored the serum
(1,3)-p-D-glucan (BDG) level during antifungal therapy and noted changes over time (Figure 4). The indices of serum
BDG significantly increased after switching to itraconazole given orally, we suspect that the blood level of itraconazole
did not reach the target in a short time, resulting in aggravated infection. As the itraconazole administration continued,
the BDG level gradually decreased, the patient’s general condition improved, and the treatment was considered effective.
Based on the guidelines, it is recommended to acquire the blood levels of itraconazole to ensure sufficient drug
exposure,”® monitoring the BDG level simultaneously may assist in customizing medication for the unique requirements
of severe patients, but it still needs further study.

Conclusion

In conclusion, this case report describes an atypical presentation of H. capsulatum var. capsulatum infection with
multiple osteolytic lesions in a male by utilizing mNGS for early diagnosis. Our understanding of the distribution of
H. capsulatum var. capsulatum in China is still incomplete. The mechanism by which H. capsulatum causes disease has
not yet been fully elucidated. mNGS appears to be a reliable method for early and precise diagnosis made through
clinical symptoms. Increased disease awareness and availability of diagnostic tests in non-endemic areas will help us
redraw the map of this infection.
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