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Abstract
Background: The diagnosis of T. marneffei infection remains challenging due to its non-specific clinical
presentations and the inadequate performance of conventional diagnostic methods. Meanwhile, there is
no good indicator to monitor when induction treatment should switch to consolidation treatment.
Case summary: A 53-year-old male patient presented with a one-week history of high fever on March 21,
2019, 10 years after a liver transplant. A chest CT showed multiple pulmonary nodules. Blood culture
revealed T. marneffei. After two weeks of intravenous treatment of voriconazole and caspofungin, the
patient was discharged without fever and was given oral voriconazole on April 8. Two days later, the
patient had a fever again. The patient was fever-free soon after intravenous voriconazole. However, a
high fever occurred three days later. Cultures of blood and sputum were negative. Metagenomics nextgeneration sequencing (mNGS) detected T. marneffei sequences in blood and Enterococcus faecium
sequences in sputum. Despite the use of caspofungin and linezolid, the patient maintained a daily fever
of 38.5°C. Chest CT revealed that pulmonary nodules were growing in size and number. After
administering Amphotericin B, the temperature quickly returned to normal. Liposomal amphotericin B was
used due to increased creatinine. When the sequence of T. marneffei turned negative in the blood, the
patient was discharged on May 24 and received 14-week oral voriconazole without relapse.
Conclusion: mNGS can directly detect the sequence of T. marneffei in the blood. Consequently, mNGS is a
powerful technique in precise diagnosis and a good monitoring technique for treating disseminated T.

marneffei.

Introduction
Talaromycosis is a disseminated and progressive infection caused by Talaromyces marneffei (T.

marneffei, previously known as Penicillium marneffei), a facultative intracellular pathogen and the only
thermally dimorphic fungus in the genus Talaromyces. It is endemic in Southeast Asia (in northern
Thailand, Vietnam, and Myanmar), East Asia (in southern China, Hong Kong, and Taiwan), and South
Asia (in northeastern India) [1–5]. T. marneffei infection is known to predominantly occur in HIV patients
[1, 6], whereas it also occurs in non-HIV patients, including solid organ transplant recipients and those
receiving immunosuppressive treatment, such as kidney transplantation and liver transplantation, and
lung transplantation [7]. T. marneffei infection occurred in liver transplant recipients is rare; only four
articles about eight patients were retrieved by PubMed using the keywords 'Talaromyces', 'Penicillium',
'marneffei', 'penicilliosis', 'liver transplant', 'liver transplant recipients' on March 30, 2021[8–11].
T. marneffei can invade multiple organs/systems, such as bone marrow, blood, central nervous system,
lungs, and skin, presenting as disseminated infections. Common clinical features of disseminated T.
marneffei infection include fever, malaise, weight loss, skin, and soft tissue lesions, hepatosplenomegaly,
lymphadenopathy, cough, dyspnea, and gastrointestinal abnormalities [1, 6, 12]. These signs and
symptoms of disseminated T. marneffei infection are non-specific and are indistinguishable from other
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infectious diseases, such as disseminated tuberculosis, other systemic fungal diseases, or infections due
to intracellular pathogens such as Salmonella species [1].
The current diagnostic methods for talaromycosis are still based on conventional microscopy, histology,
and culture, with low sensitivity. The high sensitivity samples for culture are bone marrow (100%), skin
biopsy (90%), and blood (76%), respectively [13]. Cultures are time-consuming, taking 3 to 14 days,
resulting in diagnostic delay and raised mortality, particularly in patients without skin lesions [14].
Antigen detection (Mp1p) and PCR-based methods (5.8S rRNA and 18S rRNA genes) are promising rapid
diagnostics [1, 12, 15, 16]. However, these methods require physicians to suspect the pathogen before the
examination, have limited sensitivity (60%-75%) [1, 12, 15], and are not available in clinical settings of
most hospitals in China, which might limit the clinical application.
Metagenomic next-generation sequencing (mNGS) is a non-target, powerful tool for detecting pathogens
that can be performed directly on clinical specimens, and the results can be obtained within 24 hours. A
few cases have been reported T. marneffei was detected in skin lesions, bone marrow, blood,
cerebrospinal fluid, aqueous humor, bronchoalveolar lavage fluid (BALF), and mNGS [17–23].
The guideline for adults and adolescents with HIV to treat T. marneffei [1] recommends two weeks of
induction with intravenous amphotericin B, preferably liposomal amphotericin B or deoxyamphotericin B,
or with intravenous voriconazole or with oral voriconazole (for patients unable to tolerate any form of
amphotericin). However, there are no good indicators to monitor the exact time point when induction
treatment should switch to consolidation.
Here we report the case of a 53-year-old male patient admitted ten years post-liver transplantation with
recurrent fever caused by disseminated T. marneffei, who was initially given intravenous voriconazole
and caspofungin for induction therapy for two weeks. However, after switching to oral administration
only for two days, he developed a fever again. Finally, the patient was cured with the treatment of
amphotericin B or liposomal amphotericin B and voriconazole, assisted by mNGS in the precise diagnosis
and treatment monitoring.

Case Report
A 53-year-old male patient with a one-week history of fever with a maximum body temperature of 39.4℃,
shivering with cold, followed by occasional sputum cough and no skin lesions, was admitted to our
hospital on March 21, 2019.
The patient had a history of hepatitis B for over twenty years and type 2 diabetes treated with insulin. On
October 9, 2008, the patient underwent orthotopic liver transplantation due to hepatitis B cirrhosis. The
patient had a regular outpatient visit. Tacrolimus was given for anti-rejection therapy to maintain plasma
concentrations at normal levels (reference range: 5-15ng/ml). The patient was on anti-HBV therapy with
entecavir (0.5g/day.). In October 2018, the patient underwent a biopsy of the transplanted liver for
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elevated alanine aminotransferase (118 U/L). Pathology showed chronic inflammatory liver injury (G23S3), which was considered as acute rejection. The patient was on oral methylprednisolone (8 mg/day)
for over three months.
A computed tomography (CT) scan of the chest on admission showed bilateral infiltrations and scattered
multiple nodules (the largest one being 14 mm in diameter) in both lungs (Fig. 1A). The blood tests
performed on March 22 showed a white blood cell (WBC) count of 7.37×109/L, an absolute lymphocyte
(LYMP) value of 1.14×109/L, a hemoglobin (Hb) level of 146 g/L, platelet count of 44×9/L, aspartate
aminotransferase (AST) of 78 IU/L, ALT of 81 IU/L, total bilirubin (TBILI) of 38.1 µmol/L, direct bilirubin
(DBILI) of 17.7 µmol/L and serum creatinine of 90 µmol/L. Serum 1,3-beta-D-glucan (BDG) level was
below 3.836 pg/ml. Aspergillus galactomannan (GM) was 1.593 µg/L. C-reactive protein (CRP) was 59.6
mg/L, and procalcitonin (PCT) was 0.85 ng/ml. Prothrombin time (PT) was 18.1 sec. Intravenous
cefoperazone sulbactam (3.0 g every 12h) and moxifloxacin (0.4 g/day) were started for antimicrobial
therapy. Intravenous voriconazole at a loading dose of 400 mg every 12h on day one and 200 mg every
12h after that was started for antifungal therapy after admission. However, the patient still had a fever of
up to 39.9°C with chills. Antibacterial therapy was switched to meropenem (1 g every 8h) on March 23.
Moreover, antifungal therapy with caspofungin was introduced on March 24, with a loading dose of 70
mg on day one and a maintenance dose of 50 mg daily after that. The dose of tacrolimus was gradually
reduced from 1 mg bid to 1 mg q3d. After these treatments, the patient's body temperature gradually
returned to normal, and the patient has been fever-free since March 25. Human immunoglobulin for
intravenous administration (IVIg) was given at a dose of 5 g daily for 14 days starting March 26. On
March 28, blood cultures showed T. marneffei, which was performed on admission. Sputum culture was
negative. On April 5, blood tests showed a WBC count of 3.04×109/L, LYMP of 0.38×109/L, Hb level of
103 g/L, platelet count of 52×10E9/L, AST of 24 IU/L, ALT of 18 IU/L, and serum creatinine of 70 µmol/L,
TBILI of 20.8 µmol/L, DBILI of 8.8 µmol/L. The plasma tacrolimus concentration was 8.8 ng/ml. On April
6, a chest CT showed that the bilateral lung infiltrations were significantly absorbed, and most of the
nodules in both lungs became smaller. A blood culture performed on April 5 was negative. On April 8,
intravenous voriconazole, which had been used for two weeks, was switched to oral administration at a
dose of 200 mg twice daily, and the patient was discharged from the hospital.
Two days later (on April 10), the patient suddenly developed a high fever of 39.4℃ and was admitted to
our hospital again. Blood tests showed a WBC count of 3.6×109/L, LYMP of 0.68×1009/L, Hb level of 108
g/L, and a platelet count of 66×1009/L. The high sensitivity C-reactive protein (hsCRP) was 49.34 mg/L.
PCT was 0.179ng/ml. Intravenous imipenem cilastatin (1.0g every 8 hours) and voriconazole (200 mg
every 12 hours), and oral oseltamivir (75 mg twice daily) were initiated. Tacrolimus was discontinued.
Furthermore, intravenous methylprednisolone (MP) was started at 20 mg/day for four days and then
reduced to 10 mg/day for one day. The patient was fever-free from April 12 to April 14. However, on April
15, the patent became febrile again, and oseltamivir was discontinued. On April 16, the chest CT showed
infiltrations of both lungs were absorbed, and some nodules in both lungs became smaller. Peripheral
blood and sputum samples were collected and sent for mNGS testing by Vision Medicals CO. Ltd
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(Guangzhou, China) using Illumina NextSeq 550 (USA). IVIg was given at 20 g per day for five days.
mNGS detected 11 high-confidence sequence reads for T. marneffei in blood and 20,628 high-confidence
sequence reads for Enterococcus faecium in sputum on April 17. The T. marneffei sequence reads
mapped to the T. marneffei reference genome (NW_002196661.1), the Enterococcus faecium sequence
reads mapped to the Enterococcus faecium reference genome (NC_017960.1) (Fig. 2). The patient had a
fever of 39.9°C and was given linezolid (600 mg every 12 h) against Enterococcus faecium;
imipenem/cilastatin was switched to cefoperazone/sulbactam (3.0 g every 12 h). Considering the side
effects of amphotericin B, caspofungin (50 mg/day) was used synergistically as an antifungal. Although
the fever peak was decreased, the patient still had a daily fever with a peak of 38.5°C. The antinuclear
antibody (ANA), anti-double-stranded DNA antibody (dsDNA), anti-neutrophil cytoplasmic antibody
(ANCA) series, and extractable nuclear antigen (ENA) series were all negative. GM was 5.81µg/L. The
BDG was 129.983 pg/ml. The DNA copies of CMV and EBV were less than 500 copies/ml. Hepatitis B
and C viruses, and HIV were all tested negative by serology. Syphilis was tested positive by TPPA (119.58)
but negative by TRUST. The plasma concentration of tacrolimus was 7.7 ng/ml. Sputum was negative for
smear analysis of acid-fast bacilli. The A and B antigens of Mycobacterium tuberculosis were negative
according to the T-SPOT blood assay. The flow cytometry of peripheral blood cells showed CD3 + CD4 + T
cells/ T lymphocytes was 25.1% (34%-70%), CD3 + CD8 + T cells/T lymphocytes was 53.5% (25%-54%),
and CD3 + CD4 + T cells/CD3 + CD8 + T cells was 0.47 (0.68–2.47). The blood cultures performed on April
11 and April 16 were both negative. Sputum culture was also negative. A chest CT on April 24 showed
increased and larger nodules (Fig. 1B). Caspofungin was discontinued, and cefoperazone-sulbactam was
switched to piperacillin-tazobactam (4.5 g every 8h). Amphotericin B was started via the central venous
catheter on April 25. The dose of amphotericin B was started at 1 mg, then 3 mg, then 5 mg, and
increased by 5 mg daily until the daily dose reached 35 mg. From May 3, the dose of amphotericin B was
35 mg daily. The MP was given to reduce the side effects of amphotericin B at a dose of 20 mg daily for
three days, then 10mg daily. Linezolid was discontinued on April 26. Since April 27, the patient has been
fever-free. On May 8, BDG was below 3.836 pg/ml, and voriconazole was discontinued, which was
reduced to 200 mg per day on May 2. On May 8, IVIg was given at a dose of 15 mg per day for four days.
On May 9, a chest CT showed a decrease in nodules and a smaller size. The creatinine rose to 203
µmol/L on May 13, and amphotericin B was switched to liposomal amphotericin B at a dose of 100 mg
for three days on May 14, then 150 mg for seven days, then 100 mg for one day, and discontinued at
discharge on May 24. Meanwhile, dexamethasone 2 mg was used daily to reduce its adverse effects. On
May 17, piperacillin-tazobactam was switched to cefoperazone-sulbactam (3.0 g every 12h) and
discontinued at discharge. The sequence in blood detected by mNGS turned negative on May 17. On May
24, blood tests showed a WBC count of 7.88×109/L, the absolute value of lymphocyte (LYMP) of
0.8×109/L, a hemoglobin (Hb) level of 88 g/L, a platelet count of 53×109/L, an AST of 18 IU/L, an ALT of
39 IU/L, serum creatinine of 120 µmol/L, TBILI of 14.6µmol/L, DBILI of 6.9µmol/L. The patient was
discharged without fever or cough and given oral voriconazole at a dose of 200 mg every 12 h. On August
6, the sequence in the blood was detected by mNGS was negative. On August 30, a chest CT showed that
the nodules had been absorbed (Fig. 1C), and oral voriconazole was discontinued after 14 weeks. The
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patient continues to be followed up regularly at the outpatient department of the liver transplant clinic
and has not relapsed.

Discussion
Talaromycosis is endemic in southern China. During 2012–2015, T. marneffei co-infection was reported
in 16.1% (1093/6791) of HIV/AIDS patients in South China [24]. T. marneffei infections are rare in solid
organ transplant patients on immunosuppressive therapy [7, 8–11, 25–27]. Only eight cases in four
publications of T. marneffei infection in liver transplant recipients. Zhou et al., from our hospital in China,
reported two T. marneffei infections [10]. In our case, the patient had T. marneffei disseminated ten years
after liver transplantation. This is the most extended T. marneffei infection-free period among the
reported cases. Anti-acute rejection treatment in 2018 may cause T. marneffei infection. Regular
prophylaxis for T. marneffei and other opportunistic pathogens (e.g., Pneumocystis jirovecii,
cytomegalovirus) should be given during the anti-acute rejection period. In HIV-infected people living or
traveling in endemic areas, primary prophylactic treatment with itraconazole 200 mg once daily is
recommended, whether an effective antiretroviral regimen is unavailable for various reasons or treatment
failure when CD4 cell counts are below 100 cells/mm3 and is discontinued in patients who are ART
adherent and have a sustained CD4 count ≥ 100 cells/mm3 for over six months and in patients who
achieve sustained virologic suppression over six months [1]. However, the indications and duration of
prophylaxis of T. marneffei among HIV-uninfected patients are unclear.
Skin lesions in talaromycosis have typical central-necrotic and are absent in up to 60% of patients [1]. In
our case, the patient had no skin lesions. Blood culture has low sensitivity. Only the first blood culture was
positive. Moreover, cultures of sputum were all negative. TB-SPOT was negative. Laboratory tests for
rheumatic connective tissue disease were also negative.
Nevertheless, the patient still had recurrent fevers. What pathogens caused these fevers? Fortunately, T.
marneffei sequences were directly detected in blood using mNGS (a non-targeted and powerful
technique). Thus, mNGS can help in accurate diagnosis [17–23].
Amphotericin B is the first-line drug recommended to treat T. marneffei [1]. Meanwhile, voriconazole is
effective against T. marneffei [29–33]. Huang et al. [30] reported similar response rates with voriconazole
and amphotericin B as induction therapy for Talaromycosis in patients with HIV/AIDS, but voriconazole
had a shorter induction time (11–13 days vs. two weeks). Induction therapy with intravenous or oral
voriconazole is recommended for T. marneffei in patients who can not tolerate amphotericin [1, 2]. In our
case, intravenous voriconazole and caspofungin were administered. Due to nephrotoxicity and
hepatotoxicity of amphotericin B [28], intravenous voriconazole and caspofungin were continued after
blood cultures confirmed T. marneffei. The patient showed significant improvement in clinical symptoms
with no side effects, confirming the efficacy and safety of voriconazole and caspofungin to treat T.
marneffei.
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After two weeks of intravenous and two days of oral voriconazole, the patient developed a fever. For
disseminated T. marneffei with HIV, two weeks of intravenous voriconazole was advised [1]. Treatment
for T. marneffei took longer in HIV-uninfected patients than in HIV-infected patients [12]. Symptoms and
disease progression must be closely monitored [34, 22]. A good monitoring indicator is urgently required
to personalize the induction time. mNGS is a powerful non-targeted technique that allows rapid detection
of pathogen sequences in samples, even if the blood culture was negative for T. marneffei. A blood
mNGS test returned to negative performed before stopping intravenous amphotericin for induction
therapy.
Moreover, the blood mNGS remained negative after consolidation therapy. The antifungal medication
was then discontinued. Until now, the patient has not relapsed. It suggests that when mNGS in the blood
return to negative, it is a good time point for patients with fungemia to switch from induction therapy to
consolidation therapy for disseminated T. marneffei. mNGS is a good indicator for monitoring and
guiding therapy in patients with disseminated T. marneffei infection.
Even after continuous intravenous voriconazole and caspofungin treatment, the patient's fever persisted,
and a chest CT revealed enlarging nodules. After receiving amphotericin B plus voriconazole, the patient
had no fever with normal liver function. This indicates that amphotericin B plus voriconazole is a safe
treatment regimen for liver transplant recipients until the therapeutic dose of amphotericin B is reached.
Amphotericin B was switched to liposomal amphotericin B because it caused elevated creatinine,
followed by a gradual decrease in creatinine. Then, for 14 weeks, oral voriconazole (200 mg every 12
hours) was given to consolidating the treatment.
Based on our case, anti-rejection drugs should be discontinued during the induction period until the blood
mNGS test returns to negative in fungemia patients with disseminated T. marneffei. Meanwhile, we
should be aware of voriconazole plasma concentrations and resistance. The plasma concentrations
might not reach effective therapeutic concentrations when intravenous voriconazole was switched to oral
voriconazole.
However, our hospital lacked voriconazole plasma concentrations and drug sensitivity tests for T.
marneffei. Also, blood mNGS tests were not performed at the time of admission or discharge to monitor
the sequence numbers of T. marneffei; due to the invasive nature of bronchoalveolar lavage fluid, it was
not collected for culture or mNGS testing. These are the major limitations of this study.

Conclusion
Disseminated T. marneffei infection is rare in liver transplant recipients. Voriconazole in combination with
caspofungin is effective against T. marneffei. Until a therapeutic dose of amphotericin B is reached,
amphotericin B in conjunction with voriconazole is an effect treatment option. In cases of impaired renal
function, liposomal amphotericin B is a good alternative to amphotericin B. Even if the blood culture is
negative, mNGS can directly detect the sequence in the blood. The return to negative for blood sequences
of T. marneffei detected by mNGS is a good time point for patients with fungemia to switch from
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induction therapy to consolidation therapy for disseminated T. marneffei. mNGS is a powerful technique
for accurate diagnosis and a good monitoring technique for treating disseminated T. marneffei.
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Figures

Figure 1
A: Chest CT on March 21 showing the largest nodule (black arrow) and two small nodules (yellow arrow).
B: Chest CT on April 24 showing the largest nodule getting larger (black arrow), two small nodules
increasing to three nodules and getting larger (yellow arrow), and new sporadic small nodules (red arrow).
C: Chest CT on August 30 showing that the nodules have all been absorbed.

Figure 2
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A: T. marneffei sequence reads mapped to the T. marneffei reference genome (NW_002196661.1), which
was detected in the blood. B: Enterococcus faecalis sequence reads mapped to the Enterococcus faecalis
reference genome (NC_017960.1), which was detected in sputum.
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