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Abstract: This study presents a case of Talaromyces marneffei combined with Enterococcus faecium bloodstream infection with
gastrointestinal symptoms as the sole initial clinical manifestation.The patient is a resident of Shanghai and has no recent travel history
to areas with a high risk of 7. marneffei infection. He was admitted to the emergency room due to severe upper abdominal pain.
Laboratory tests indicated elevated levels of white blood cells, rapid C-reactive protein, and procalcitonin, while the human
immunodeficiency virus (HIV) test returned negative. An abdominal CT examination revealed gas and fluid accumulation in the
abdominal cavity, raising suspicion for gastrointestinal perforation and peritonitis. Initially, he received symptomatic treatment for
gastrointestinal perforation and abdominal infection, but his response to the treatment was poor.Through metagenomic next-generation
sequencing (mNGS) and multiple blood cultures, a mixed infection of T. marneffei and E. faecium was identified in the patient’s blood.
Combination treatment with vancomycin and amphotericin B was initiated to manage the symptoms. However, we discovered
genome-wide exon CARD9 mutations in the patient, complicating the treatment process. Ultimately, the delayed diagnosis of
T marneffei resulted in the patient’s severe deterioration, rendering the anti-infective treatment ineffective, and leading to the patient’s
death.This report underscores the challenges associated with diagnosing 7. marneffei infections in non-AIDS patients and in non-
endemic regions. The diagnosis of disseminated infections poses significant difficulties, particularly when mixed infections are present,
complicating clinical treatment. This highlights the critical importance of standardized blood cultures for the early diagnosis of
T. marneffei. Additionally, we must prioritize timely whole-genome testing to identify potential immune gene mutations.
Keywords: Talaromyces marneffei, drug susceptibility, disseminated infection, HIV, CARD9 gene mutation, antifungal antibacterial
therapy

Introduction

There is a significant body of literature on 7. marneffei infections. T. marneffei infection primarily affects individuals
with compromised immune systems, with most cases occurring in HIV-positive individuals."* The endemic range of
T. marneffei is expanding, which has led to an increased incidence rate of infections.’ Disseminated 7. marneffei infection
has also been reported in HIV-negative patients virus (HIV)-negative patients.*> However, there are few reports of
T. marneffei bloodstream infection with non-respiratory symptoms as the first manifestation. Here, we report a rare case
of disseminated 7. marneffei combined with E. faecium infection in a non-AIDS, non-endemic area, with gastrointestinal
symptoms as the first symptom. Atypical clinical symptoms are difficult to diagnose in patients. Standardizing blood
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cultures and mNGS can facilitate the early detection of pathogens. Additionally, it is crucial to monitor vulnerable
populations with CARD9 mutations across all the exons of the genome. Currently, there are no reports of such cases of
T. marneffei bloodstream infection abroad, with the majority of cases reported in China. This warrants careful study to
alert clinicians regarding this particular disease.

Case

Clinical Information

The patient was a 63-year-old male from Shanghai with a medical history of hypertension for over a decade, chronic
kidney disease for 6 years, stage 4 chronic renal failure, and Henoch-Schonlein purpura for 2 years. The patient presented
with severe and persistent mid-upper abdominal pain of unknown etiology along with cold sweats. He was admitted to
the emergency department, where examination revealed upper abdominal tenderness, radiating back pain, and no
symptoms of nausea, vomiting, chills, or fever.

Routine Laboratory Testing

The patient was negative for human immunodeficiency virus antibody, hepatitis C antibody, and Treponema pallidum-
specific antibody. Routine blood tests revealed 7.74 x 10°/L leukocytes (reference range, 3.5-9.5x10° /L), 94.2%
neutrophils (reference range, 45%-70%). The serum amyloid and C-reactive protein levels were >288.00 mg/L (reference
range, <10mg/L) and 141.65 mg/L (reference range, <10mg/L), respectively. The interleukin 6 and procalcitonin were
293.0pg/mL (reference range, <7pg/mL) and 17.90ng/mL (reference range, <0.05ng/mL), respectively. The interleukin
(IL)-12 level was below 2.50pg/mL (reference range, 0-3.40pg/mL), the anti-interferon-y level was 2.83pg/mL (refer-
ence range, 0—14pg/mL), and the tumor necrosis factor (TNF)-a was below 2.50pg/mL (reference range, 740—1540pg/
mL). The serum 1,3-B-D glucan test yielded a negative result, whereas the galactomannan antigen test yielded a strong
positive result with [ value of 3.786.

Laparoscopy and Imaging Results

Abdominal CT tomography revealed gas and fluid accumulation in the abdominal cavity. Further laparoscopic explora-
tion revealed a large volume of white purulent turbid fluid (approximately 3000 mL) within the abdominal cavity.
Purulent fur was observed adhering to the entire small intestine and forming clumps due to adhesion. Additionally,
dilation of the colon was noted and the stomach and omentum appeared to be wrapped in a pie shape. Notably, lung
computed tomography (CT) showed no abnormalities.

Microbial Culture

Bronchoalveolar lavage fluid was cultured and Stenotrophomonas maltophilia was detected. Sputum culture showed no
fungal growth. Anaerobic and aerobic cultures of the blood culture bottle were positive, revealing gram-positive cocci
identified as E. faecium using matrix-assisted laser desorption-ionization time-of-flight mass spectrometry (MALDI-
TOF) EXS3000 (Zybio, China). Aerobic culture from the blood culture sample was collected, and smears were used for
fluorescence and Gram staining. Microscopic examination revealed a large number of branched and septate hyphae.
(Figure 1A and B). These samples were then transferred to Sabouraud dextrose agar and cultured at 35 and 25°C. After
72 h, colonies cultured at 35°C appeared round, convex, smooth, moist, and milky white with brain-like folds in the
center. Colonies cultured at 25°C displayed light-gray, brown, and slightly reddish villi-like structures, producing water-
soluble red pigments (Figure 1C). The central aerial hyphae were white and fluffy, and were identified as T marneffei
through mass spectrometry. In vitro antifungal drug susceptibility testing was conducted according to the CLSI M27 and
CLSI M57 protocols approved by the National Clinical Laboratory Standards Committee. Tests were performed on both
the yeast and mycelial phases, with consistent experimental results. MICs for itraconazole, posaconazole, voriconazole
and amphotericin B were as follows: 0.015pg/mL, <0.008ug/mL, 0.015 pg/mL, 0.25 pg/mL, respectively. MICs for
echinocandins and fluconazole were comparatively high. The distribution of MIC values in this study was consistent with
the susceptibility results of 100 7. marneffei strains previously tested in our laboratory,” as shown in Table 1.
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Figure | Colony morphology and microscopic morphology of T. marneffei. (A) Smear of positive blood culture sample (BaSO fluorescent staining,magnification % 1000). (B)
Smear of positive blood culture sample (Gram stain,magnification x 1000). (C) Morphology of T. marneffei (Cultivated on Sabouraud dextrose agar at 25°C for 96h).

Molecular Biology Testing

Peripheral blood samples were collected from patients for NGS. Through high-throughput sequencing and bioinformatics
analysis of nucleic acids extracted from the patient’s peripheral blood, information on the types and abundance of
microorganisms in the samples was obtained. Detection includes over 24,000 pathogens, including bacteria, fungi,
viruses, parasites, and other pathogenic microorganisms. Quantitatively determining the ratio of human nucleic acids and
the levels of pathogenic microorganisms in a sample can be achieved by introducing artificially synthesized tag
sequences. The detection results included the presence of bacteria, specifically E. faecium, with a sequence reads of
1013 and a relative abundance of 38.64%. Additionally, a highly pathogenic fungus 7. marneffei, was detected, with 86
sequence reads and a relative abundance of 18.98%. The test results indicated a mixed infection involving E. faecium and
T. marneffei, consistent with the culture findings. The patient’s serum was analyzed using the Talaromyces marneffei
antigen detection kit (colloidal gold method). The patient’s serum test was negative for 7. marneffei antigen, whereas the
antigen test with the 7 marneffei culture yielded positive results.

Genome-Wide Exon Detection for CARD9 Gene Mutation

Samples of deoxyribonucleic acid (DNA) were meticulously extracted from the patient’s peripheral blood for in-depth
analysis. Exome capture sequencing was performed using the Agilent SureSelect Human All-Exon V8 Kit, focusing on
the coding exons of approximately 5000 genes associated with diseases. Medical exome sequencing (MES) was
performed using the NovaSeq X Plus PE150 platform. The sequencing data obtained were aligned with the human
genome sequence hgl9 (GRCh37.p13) to identify potential mutations associated with the disease. To ensure the accuracy

Table | Invitro MIC (ug/MI) of the 100 T. marneffei Strains Against 10 Antifungals as Determined by
YeastOne Method

Antifungal Agent No. of isolates with MICs (ug/mL)

=0.008 | 0.015 | 0.03 | 0.06 | <0.12 | 0.25 | 0.5 | | 2 |48
Itraconazole 98 2
Voriconazole 83 16 |
Posaconazole 79 19 2
Isavuconazole 99 |
Fluconazole 4 I5 3030 |17 4
5-fluorocytosine | I 33 37 10
Caspofungin 5 7 7 6 19 | 24 | 32
Micafungin | I | 6 2 | 2 5 | 70
Anidulafungin 2 2 [ 3 4 129 |48 | Il
Amphotericin B 50 32 18
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of the identified variants, those with minor allele frequencies above 0.1% were filtered out by referencing established
variant databases such as the Exome Aggregation Consortium (ExAC) and the Genome Aggregation Database
(gnomAD). Mutations in CARD9 were detected at four specific locations within the patient’s DNA, with ¢.G35A (p.
S12N) identified as a non-synonymous mutation, indicating a possible impact on protein function.

The Treatment Process

Following admission, the patient was initially treated with imipenem for anti-infection purposes. Upon the identification
of gram-positive bacteria in the microbial culture, intravenous vancomycin (500 mg, q12h) was initiated. Subsequently,
caspofungin was added when the serum galactomannan antigen test result was strongly positive. However, the anti-
infective effects were not apparent. Following the identification of 7. marneffei in the blood sample culture, voriconazole
tablets (400 mg bid) were administered orally, based on the minimum inhibitory concentration determined from the drug
susceptibility test results provided by the laboratory. After 4 days, the treatment was switched to intravenous voricona-
zole (0.2 g every 12 hours). Despite these interventions, the patient’s response was unsatisfactory. The patient was
switched to an amphotericin B cholesterol sulfate complex regimen of 50 mg on the first day, 100 mg on the second day,
and 150 mg intravenously once daily on the third day and thereafter. Owing to the patient’s autoimmune system disease
and T marneffei combined with a mixed bacterial infection, his condition deteriorated. Despite receiving symptomatic
drug treatment, the patient’s condition did not improve and he died.

Discussion

T marneffei is an opportunistic airborne fungal pathogen that primarily affects the respiratory system of patients.'
Infection is believed to occur through the inhalation of conidia, which subsequently transform into yeast and disseminate
from the lungs to other organs via the reticuloendothelial system.? T. marneffei is classified as a facultative intracellular
pathogen, with the phase transition to yeast occurring within the phagosomes of macrophages following the phagocytosis
of conidia.” To survive and proliferate within macrophages, T. marneffei yeasts have developed various adaptation and
attack strategies to enhance their pathogenicity and virulence in the hostile environment of the host.” T marneffei was
previously identified as Penicillium marneffei* This fungus is temperature-dependent and biphasic, and is capable of
causing disseminated infection.* Similar to other major causes of systemic mycoses, the extent of disease and outcomes
are the results of complex interactions between this opportunistic human pathogen and a host’s immune response.**
T. marneffei is a primary pulmonary pathogen that disseminates to other internal organs through lymphatic or hemato-
genous routes.” It can cause disseminated disease in both immunocompetent and immunocompromised individuals,
however, it is most commonly observed in patients with HIV/AIDS and those with functional impairments in cellular
immunity, particularly defects in CD4 T cell activity.” However, this condition is unusual in non-AIDS patients.
Disseminated 7. marneffei infections typically affect the reticuloendothelial system of various organs.” These include
the skin, lungs, bones, bone marrow,® lymph nodes, liver, and the spleen.'®'" Additionally, cases of infection of the
mesentery, central nervous system,'> and trachea have been documented.'> However, there are few reports regarding the
spread of infection to the digestive tract and the development of severe complications such as visceral perforation in HIV-
negative individuals. The patient in our study had abdominal pain and underwent an abdominal CT examination, which
revealed gas and fluid accumulation in the abdominal cavity. Laparoscopic exploration revealed a large amount of white
purulent turbid fluid totaling approximately 3000 mL in the abdominal cavity. Adhesions in the form of clumps were
observed on the surface of the small intestine. The colon was dilated and the stomach and omentum were wrapped in
a pie shape. Initially, the clinical manifestations did not suggest 7. marneffei infection. Symptomatic treatment for the
gastrointestinal perforation was initiated; however, the treatment response was unsatisfactory. Ultimately, blood culture
detected 7. marneffei and confirmed the disseminated infection. Prior studies indicate that 7 marneffei is the main
pulmonary pathogen obtained through inhalation of spores.'* 7. marneffei primarily infects the monocyte-macrophage
system, leading to acute lung disease.' It subsequently spreads through the bloodstream to the skin, reticuloendothelial
system, bone marrow, intestine, and other organ systems.16 However, in our case, recurrent diarrhea and abdominal pain
were the only early symptoms. This is a rare case of 7. marneffei infection. Therefore, we considered that the intestine
may be the site of primary infection via ingestion.
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T. marneffei is commonly found in tropical regions, such as southern China, Hong Kong, Taiwan, and Southeast
Asia.'” Bamboo rats act as natural hosts.'®> However, the specific origin of human infections is still unknown. Studies
have shown that a major contributing factor comes into contact with regions where 7. marneffei is common,'’ with
a potential incubation period lasting up to a decade.'® Having underlying conditions, such as AIDS, along with a travel
history to an endemic area can aid doctors in reaching the correct diagnosis. However, our patient resided in Shanghai
and denied visiting any region where 7. marneffei has been prevalent in the last decade. As a result, the origin of the
infection in this particular case remains unknown. There have been occasional reports of 7. marneffei infection in non-
endemic areas in recent years. The source of infection remains unclear, highlighting the need for additional environ-
mental investigations and future research. In cases where the clinical diagnosis is uncertain and traditional anti-infective
treatments are ineffective, it is important to consider the potential for infection by unique pathogens in non-endemic
regions. Previous studies indicate a potential correlation between 7. marneffei infection in HIV-negative individuals and
immune deficiencies.'>'® These include Th17 deficiency, CD40 ligand deficiency, STATI GOF deficiency, STAT3
deficiency, X-SCID, IFN-y receptor 1 deficiency, CARDY deficiency, ADA deficiency, RelB deficiency and NFKB2
deficiency.?® Mutations in the autosomal dominant phosphorylation signal transducer and transcription activator STAT1
and STAT3 heterozygous missense mutations.”’ The patients in our study exhibited mutations in the immune gene,
CARD?9, which is a crucial molecule for fungal immune surveillance. CARDY is predominantly expressed in macro-
phages and myeloid dendritic cells, where it plays a central role in antifungal defense by receiving signals from various
C-type lectin-like receptors and triggering pro-inflammatory responses.'® After reviewing the current literature, it was
posited that mutations in CARD9 could potentially elevate vulnerability to fungal infections.'®*° Patients who are HIV
antibody-negative and infected with 7. marneffei, particularly those with disseminated infection and no other suscept-
ibility factors, should be vigilant regarding the potential presence of a primary immunodeficiency disease. Nonetheless,
literature concerning genetic predisposition in relation to 7. marneffei infection is notably sparse, thus necessitating
further investigation.

Isolation of the fungus from clinical specimens is considered the gold standard for confirming the diagnosis of
T. marneffei infection diagnosis.'>'® However, the extended incubation period for 7. marneffei poses.'® The difficulty in
cultivating microorganisms makes early clinical diagnosis difficult.?' Research indicates that a combined approach using
a serum 1.3-B-D glucan detection test and galactomannan antigen detection test is a common indicator for detecting
invasive fungal infections.”> These tests can yield positive results 4—7 days earlier than the clinical symptoms and
imaging abnormalities.”® The patient’s serum 1.3-B-D glucan test was negative, whereas the galactomannan antigen test
showed a strong positive result with 7 value of 3.786, which aligns with existing literature. It is important to note that
1.3-B-D glucan detection test is not specific to particular species.”? In contrast, the galactomannan antigen is a specific
antigen found in the Aspergillus cell wall. This antigen detection test is sensitive to Aspergillus and T. marneffei, with
a cross-reactivity rate of > 70%.% Therefore, in this case, when the galactomannan test result was positive, invasive
fungal infection was suspected and the diagnosis of 7. marneffei infection could not be confirmed. The 7. marneffei
antigen detection kit is currently used in clinical settings because of its high specificity for plasma samples, high
sensitivity, low false-positive rate, and short detection time.>* This facilitates rapid diagnosis of T. marneffei. However,
some studies have indicated that this occurs during the early stages of acute 7. marneffei.** Antigens are predominantly
found in the blood, with a gradual decrease to negative levels in later stages of infection.** Consequently, false negatives
may occur in 7. marneffei antigen tests. The negative antigen test results in this case may be attributed to the decline of
antigens in the plasma during the later stages of 7. marneffei infection, a phenomenon that is consistent with the existing
literature.

Traditional diagnostic methods for 7. marneffei infection include fungal culture, pathological examination, or direct
microscopic examination. These methods often involve lengthy culture times or struggle to accurately identify the
pathogen, thereby presenting obstacles for early diagnosis. Metagenomic next-generation sequencing (mNGS) is
a recently developed technology for detecting nucleic acids that can aid in identifying infectious pathogens.”> The
Expert Consensus on the Clinical Application of Chinese Metagenomics Second-Generation Sequencing Technology for
Detection of Infectious Pathogens’ suggests. If blood culture results are negative after 3 days and empiric anti-infective
treatment is ineffective, mNGS testing can be conducted on stored blood samples.”® Studies have confirmed that mNGS
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is effective in detecting a wide range of pathogens.?’ It has shown significant advantages in identifying mixed infections
in patients with 7. marneffei.®® The sensitivity and specificity of mNGS have been reported to be 98.3% and 98.6%
respectively,”® which can provide valuable assistance in clinical decision-making. In our study, the blood samples were
subjected to mNGS. Mixed infections with E. faecium and T. marneffei. These results are consistent with those of the
subsequent blood cultures. This study suggests that a single detection method has limitations in the clinical diagnosis of
T. marneffei infection. We need to use A combination of etiology, serology, PCR detection methods, second-generation
sequencing, and other detection methods is required to quickly and effectively diagnose the pathogen. This provides
assistance for early clinical diagnosis.

Currently, there is a lack of international documents and guidelines for standardized in vitro drug susceptibility testing
for T. marneffei,” including the absence of clinical breakpoints (CBPs) and critical epidemiological values (ECVs).>
Amphotericin B, itraconazole, and voriconazole are effective in treating 7. marneffei infections.®*' The recommended dose
and duration of treatment for infection in HIV-positive adult patients is intravenous amphotericin B deoxycholate at
a dosage of 0.6-1.0 mg/kg/day for a 2-week. Oral itraconazole (400 mg/day for 8-10 weeks.®' Treatment guidelines for
HIV-negative patients have not yet been standardized. In clinical practice, we can only administer empirical medication
according to previous studies. However, clinical outcomes are closely related to patients’ basic status, immune function
status, and organ function. Adverse effects of amphotericin B, such as severe anemia, electrolyte imbalance, nephrotoxicity,
and hepatotoxicity, occur frequently and limit its clinical application.>® The patient was treated with voriconazole and
amphotericin B to relieve symptoms. Unfortunately, despite treatment, the patient experienced multiple organ failure, which
was not successfully treated. The most likely reason for this may be the adverse events associated with amphotericin B use
in patients with severe systemic inflammatory response syndrome and autoimmune diseases. More research is needed on
treatment methods for special cases of rare pathogenic infections to reduce the mortality rate. If pathogenic bacteria can be
diagnosed early, early clinical intervention may improve cure rates. Research indicates a higher fatality rate of 7. marneffei
infection in non-HIV-infected individuals than in those with HIV.*? This may be linked to delayed identification resulting
from a lack of suspicion in the clinical settings.*® It has been observed that many non-AIDS patients with T. marneffei
infection are initially misdiagnosed and treated empirically for other conditions.”** In these cases, the diagnosis of
T. marneffei infection is often delayed by several weeks to months.>> Droplet digital PCR has emerged as a promising
tool for pathogenic fungal early detection with high sensitivity.>* Consistent with previous studies, our patient also had
delayed diagnosis. Initially, only symptoms of gastrointestinal perforation were present, and E. faecium was detected in the
blood culture. Because the patient was not HIV-infected and had no history of travel to areas where specific pathogenic
bacteria were common, 7. marneffei infection was not suspected early. The effectiveness of symptomatic imipenem and
caspofungin as anti-infective treatments was not statistically significant. It was only a month after admission that a mixed
infection of E. faecium and T. marneffei was confirmed through mNGS and multiple blood culture results. Despite timely
correction of the anti-infective treatment plan with vancomycin and amphotericin B, delayed diagnosis, spread of
T. marneffei infection, delayed anti-infective intervention, and mixed infections pose significant challenges to treatment
and ultimately lead to treatment failure. The challenge of diagnosing 7. marneffei infection in HIV-negative patients without
typical symptoms or in those living in non-endemic areas remains significant. Additionally, there are substantial difficulties
in treating mixed infections involving 7. marneffei and other bacteria, highlighting the need for further research.

Conclusion

Here, we report a rare case of disseminated 7. marneffei and E. faecium. The only early symptom was a gastrointestinal
infection. While this case study has limitations in its generalizability to a larger population, it offers valuable in-depth
clinical insights into 7. marneffei infections. Important aspects of this case include awareness of the potential infection in
non-AIDS patients, patients with immune gene mutations, and those who are non-endemic in China. Recognizing fatal
outcomes resulting from delays in diagnosis and treatment is crucial. When anti-infection treatments fail to effectively
treat an infection, it may be difficult to detect the pathogen using traditional methods. Clinicians should consider
opportunistic pathogenic infections. Metagenomic next-generation sequencing can quickly and accurately identify
pathogens, especially mixed infections, thus supporting early clinical decision making. If there is co-infection with
T. marneffei and other bacteria, timely whole-genome screening is important to identify diseases that may harbor immune
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gene mutations. In future clinical research, it is crucial to conduct thorough investigations into the monitoring,
prevention, and treatment of 7. marneffei infection in patients without AIDS. This includes exploring improved
immunotherapy techniques, developing new antifungal drugs, and developing vaccines. These efforts aim to facilitate
early detection and treatment, ultimately enhancing patient outcomes.
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