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1  |  INTRODUC TION

Talaromycosis, an infection caused by a thermally dimorphic fungus 
Talaromyces marneffei, is an emerging and endemic disease in areas of 
South East Asia,1 particularly Thailand,2 India, Vietnam and southern 

China.3,4 At present, it is believed that bamboo rats and their living 
environment are significant sources of T. marneffei.5 Since the first 
case of T. marneffei infection was reported in 1973,6 the disease had 
been recognised by humans. From then on, a noticeable increase in 
the number of infection due to T. marneffei has been observed. Most 
infections occurred in individuals with HIV, and the primarily reason 
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Abstract
Background: Talaromyces marneffei, formerly known as Penicillium marneffei, is a 
significant emerging pathogenic fungus in Southeast Asia which can generate life-
threatening systemic infections. Human immunodeficiency virus (HIV) infection is 
considered as the most underlying disease among systemic infections. However, in-
fections due to T. marneffei without HIV are increasing in recent years.
Objectives: Research the characteristics of T. marneffei infection in non-HIV individu-
als in mainland China.
Methods: In this study, we searched Pubmed, China National Knowledge Infrastructure 
(CNKI) and WanFang from inception to 31 December 2019 for studies reporting 
T.  marneffei infection. Our research concentrates on non–HIV-infected cases and 
their epidemiology, clinical manifestations, laboratory findings, treatment methods 
and prognosis.
Results: T. marneffei infections in non-HIV individuals are increasing. Due to frequent 
present with atypical symptoms, these non–HIV-infected cases were usually mis-
diagnosed as other diseases, containing tuberculosis (80.7%), bacterial pneumonia 
(20.5%), lung cancer (5.1%) or other diseases (5.1%).
Conclusions: T. marneffei infection in non-HIV individuals should be taken seriously. 
Their symptoms and signs are not typical. Accurate diagnosis and timely antifungal 
agent treatment is the key to the treatment for the disease.
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accounting for the increase in the number of cases is HIV pandemic.7 
Infections caused by T. marneffei have become one of the common 
AIDS-defining illnesses in endemic areas.

Previously, our group reviewed totally 668 cases of infection due 
to T. marneffei in mainland China from January 1984 to December 
2009.8 It could be found that approximately 99.4% of the cases were 
reported in the southern part of China. HIV infection was there-
fore regarded as the most underlying disease (87.72%). Common 
clinical manifestations of infection caused by T. marneffei included 
fever, weight loss, anaemia, lymphadenopathy, hepatosplenomeg-
aly, respiratory signs and skin lesions. Additionally, amphotericin B, 
itraconazole and voriconazole, which are used alone or in combina-
tion with other agents, were the most frequently administered first-
line therapies.

However, in recent years, the number of T. marneffei infections 
has increased dramatically in HIV-negative patients,9,10 immuno-
compromised or non-immunocompromised population. Their clinical 
symptoms and laboratory examination remained obscure, leading to 
misdiagnosis and delayed diagnosis. The emerging patients of non–
HIV-infected who are infected by T. marneffei should not be ignored. 
As a result, we reviewed the characteristics and clinical features 
of T.  marneffei infection in non–HIV-infected patients in mainland 
China, from 2001 to 2019.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

To investigate the characteristics of infection due to T.  marnef-
fei in non–HIV-infected patients in mainland China, we performed 
an evidence-based review of published literature. China National 
Knowledge Infrastructure (CNKI) (http://cnki.net/), Wanfang 
(http://www.wanfa​ngdata.com.cn/) and PubMed data from incep-
tion to December 2019 were searched.

2.2  |  Procedures

We systematically searched Pubmed, CNKI and WanFang from 
inception to 31 December 2019, for research articles published in 
both the English and Chinese languages. Search terms contained 
‘Talaromyces marneffei’, ‘Penicillium marneffei’, ‘marneffei’, ‘penicillio-
sis’ or ‘talaromycosis’ cross-referenced with ‘China’. Proven infection 
was considered based on the international consensus by Defining 
Opportunistic Invasive Fungal Infections in Immunocompromised 
Patients with Cancer and Hematopoietic Stem Cell Transplants11: 
clinical signs and symptoms, as well as positive for T. marneffei by 
direct smear, culture or histopathology. An article was included in 
our research if it could satisfy the following criteria: (1) T. marnef-
fei was identified by direct smear, culture or histopathology; (2) the 
clinical syndrome was in consistent with infection; (3) the patient 
was HIV-negative and (4) available data with clinical manifestations, 

laboratory findings, treatment and outcomes. We excluded articles 
if (1) they were reviews or duplicate studies and (2) research objects 
were animals. We extracted the following information from each 
eligible case including age, sex, underlying disease, personal history, 
misdiagnosed diseases, clinical signs, laboratory findings, antifungal 
treatment, outcome, reported year and distribution.

2.3  |  Statistical analysis

We employed the χ² test or Fisher's exact test for categorical vari-
ables to compare covariates between groups. p values of < .05 were 
considered statistically significant. All statistical calculations were 
performed based on Statistical Product and Service Solutions (SPSS, 
version 20).

3  |  RESULTS

With the subject term, from inception to December 2019, by remov-
ing the undesirable literatures, 96 articles with a total of 162 cases 
were analysed (Figures  1 and 2). The infection showed a sex bias 

F I G U R E  1  Flow diagram of literature search and article 
selection in this study
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with a ratio of 2.84:1, when comparing male with female (114–48) 
and child with adult (38–124), with the mean age of 37.0 years (rang-
ing from 3 months to 80 years). There were 51 cases (31.48%) with 
underlying disease and 111 cases (68.52%) without any documented 
underlying disease (Table 1).

3.1  |  Epidemiological features

The infection has been reported from 16 provinces of Mainland 
China with higher prevalence in Guangxi Province (47 cases, 29.0%) 
and Guangdong Province (41 cases, 25.3%) (Figure 3).

3.2  |  Clinical manifestations and 
laboratory findings

After analysing the cases without HIV infection, from 2001 to 2019, 
we concluded that common manifestations of non–HIV-infected 
patients included respiratory signs (85.19%), fever (82.71%), lym-
phadenopathy (66.04%), skin lesions (53.08%), anaemia (44.44%), 
hepatosplenomegaly (37.65%), weight loss (29.01%) and osteolysis 
(24.69%) (Table 2). Laboratory examination of the T. marneffei infec-
tions without HIV-infected could be found in Table 3. Surprisingly, 
among the recorded 78 misdiagnosed cases of without HIV infec-
tion, 63 cases (80.77%) were misdiagnosed as tuberculosis, 16 cases 
(20.51%) were misdiagnosed as bacterial pneumonia, 4 cases (5.13%) 
were misdiagnosed as lung cancer, and 4 cases (5.13%) were misdi-
agnosed as other diseases.

3.3  |  Treatment and prognosis

Once diagnosed with T.  marneffei infection, amphotericin B, itra-
conazole, fluconazole and voriconazole were regarded as most 
frequently administered first-line therapies. There was existed 
no significant difference in the rates of favourable outcome be-
tween patients treated with these four medicines. Among all the 

non–HIV-infected individuals, 106 (65.43%) were cured or re-
covered, 53 (32.72%) of them died and 3 (1.85%) patients had no 
follow-up. The most popular treatment method referred to ampho-
tericin B combined with itraconazole. Table 4 presented different 
combinations of antifungal agents and their curative effect of non–
HIV-infected cases.

4  |  DISCUSSION

T. marneffei is thermally dimorphic fungus and an intracellular path-
ogen that causes disseminated, progressive and life-threatening 
systemic mycosis, which is becoming an emerging infection in main-
land China. Our research demonstrated that T.  marneffei infection 
without HIV is prevalent in southern China, and most cases were 
reported from Guangxi, Guangdong, Jiangxi, Zhejiang and Fujian 
Province. Bamboo rats and their living environment are known to 
be significant sources of T. marneffei.12 There are 5 patients in our 
research with personal history of contacting or eating bamboo mice. 
However, there are other patients who had not touched the bam-
boo rats or had not travelled to the endemic area. It can be assumed 
that that there might be other routes of transmission of T. marneffei 
infection.13

F I G U R E  2  Cases of Talaromyces marneffei infection in non-HIV 
patients reported from inception to 31 December 2019 in mainland 
China

TA B L E  1  Underlying diseases in cases of Talaromyces marneffei 
infection without HIV-infected

Underlying diseases
Number of patients 
(%) (n = 51)

Diabetes 8 (15.69%)

Tumour 7 (13.73%)

Kidney transplantation 7 (13.73%)

Tuberculosis 7 (13.73%)

SLE 4 (7.84%)

HBV infection 2 (3.92%)

Schistosomiasis 2 (3.92%)

HCV infection 2 (3.92%)

COPD 2 (3.92%)

Scleroderma 1 (1.96%)

Asthma 1 (1.96%)

Neuromyelitis 1 (1.96%)

Dermatomyositis 1 (1.96%)

Cerebral haemorrhage 1 (1.96%)

Cushing's syndrome 1 (1.96%)

Interstitial pneumonia 1 (1.96%)

Thyroiditis 1 (1.96%)

Hyperimmunoglobulin E syndrome 1 (1.96%)

Hyperimmunoglobulin M syndrome 1 (1.96%)

Cirrhosis 1 (1.96%)

Abbreviations: COPD, chronic obstructive pulmonary disease; SLE, 
systemic lupus erythematosus.
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The first case of infection due to T. marneffei in China was re-
ported in 1984.14 Before 2001, few people knew talaromycosis 
and reported cases usually did not undergo HIV antibody test. As 
an increasing number of cases were reported, researchers found its 
close connection with AIDS. In the meanwhile, as shown in Figure 2, 
infections due to T. marneffei without HIV are also increasing in re-
cent years. Our research object involved reported cases, and there 
were numerous unpublished cases with missing data. Moreover, we 
believe that certainly a large quantity of cases might be diagnosed. 
One of the reasons might be that T. marneffei infection had not been 
highly recognised by physician and other health officials. A large 
number of physicians consider that only AIDS patients could be in-
fected with T. marneffei, which might lead to the ignorance of some 
non–HIV-infected cases. Another reason is the symptoms and signs 
of non–HIV-infected patients were not typical, which were confused 
with other diseases.

There were totally 51 non–HIV-infected cases in our study which 
were recorded with other underlying disease. Clinicians found that 
immunodeficiency is closely associated with T.  marneffei infec-
tion.15,16 Their immunodeficiency may due to other autoimmune 
diseases,17 organ or hematopoietic stem cell transplantations,18 im-
munosuppressive drugs and novel anti-cancer targeted therapies.19 
Qiu et al. suggested that HIV-negative individuals with underlying 
disease had a worse prognosis and higher mortality rate than those 
without underlying disease.20 In the current study, there were 32 
patients presenting immunocompromised conditions. Without 

F I G U R E  3  Cases distribution of 
Talaromyces marneffei infection without 
HIV-infected in mainland China (2001–
2019)

TA B L E  2  Clinical manifestations of the Talaromyces marneffei 
infections without HIV-infected

Clinical manifestations Positive
Abnormality (%) 
(n = 162)

Respiratory signs 138 85.19

Fever 134 82.72

Lymphadenopathy 107 66.05

Skin lesions 86 53.09

Anaemia 72 44.44

Hepatosplenomegaly 61 37.65

Weight loss 47 29.01

Osteolysis 40 24.69

TA B L E  3  Laboratory examination of the Talaromyces marneffei 
infections without HIV-infected

Laboratory examination Positive Total
Abnormality 
(%)

Haemoglobin decreased 59 162 36.42

Thrombocytopenia 21 162 12.96

Leukocytosis 83 162 51.23

Leukopenia 12 162 7.41

AST increased 54 156 34.62

ALT increased 51 156 32.69

Albumin decreased 75 156 48.08

CD4+ T decreased 21 28 75.00

Culture

Blood 28 94 29.79

Marrow 18 67 26.87

Purulence or tissue 54 63 85.71

Bronchoalveolar lavage 
fluid

48 62 77.42
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relevant genetic testing data, we cannot distinguish whether these 
are primary or secondary immune deficiencies. Moreover, 111 non–
HIV-infected cases in our study were recorded without other under-
lying disease, lacking information on their immunological status. At 
the same time, we could not ensure that their immune function was 
normal. Pamela et al. explored the clinical features and immunolog-
ical evaluations of 5 HIV-negative children with T. marneffei infec-
tion.21 All of them had abnormal immune functions at the time of 
infection. After performing in-depth research, they found that one 
patient was diagnosed with Hyperimmunoglobin E syndrome, while 
another had functional defect in interleukin-12/interferon-γ axis, 
and three patients underwent lymphopenia with low natural killer 
cell counts. Consequently, immunological investigations should be 
performed in those HIV-negative patients with T.  marneffei infec-
tion. Recent studies demonstrated that autoantibody against gamma 
interferon was linked to infections caused by intracellular organisms, 
including T. marneffei.3,22 Although little is known concerning the un-
derlying mechanisms of this syndrome, it is currently believed that 
this antibody inhibits the activity of the downstream signalling path-
way of interferon gamma.23 In our study, three cases were recorded 
with autoantibody against gamma interferon status.24–26

The symptoms and signs of talaromycosis without HIV infection 
were not typical. The three most frequent symptoms included re-
spiratory signs, fever and lymphadenopathy. In comparison with the 
HIV-infected cases,8 we found that non–HIV-infected individuals 
with less incidence of fever, weight loss, anaemia and hepatospleno-
megaly and higher incidence of lymphadenopathy and osteolysis 
(p < .05), which is similar to the characteristics of non–HIV-infected 
cases in Thailand.27 During the period of disease, there were 86 
patients in our research with skin lesions. The skin lesions contain 
subcutaneous abscess (39.53%), nodule (25.58%), papule (17.44%), 
ulcerate (15.12%) and erythema (13.95%). The skin lesions of talaro-
mycosis with HIV infection were always described as papule and 

ulcerate,4,5,7 while non–HIV-infected patients have higher incidence 
of subcutaneous abscess and nodule. Researchers indicated that 
skin lesions of talaromycosis could be broadly classified into reactive 
and infective skin lesions.25 Sweet's syndrome, a kind of reactive 
skin lesion, was supposed to be in associated with T. marneffei infec-
tion among patients with autoantibody against interferon gamma.26

Based on the data of laboratory examination, we indicated that 
routine laboratory test results were not specific, which is considered 
as a significant reason for the difficulty in diagnosis. Through record-
ing 80 misdiagnosed cases of without HIV infection, we calculated 
that the average time of delay diagnosis was 5.39 months (ranging 
from 2 weeks to 24 months). Moreover, accurate and timely inspec-
tion methods should also be exploited. General laboratory diagnosis 
is time consuming, despite the exploitation of several tests for early 
diagnosis.28,29 There is a definite need for more accurate, rapid and 
convenient diagnostic methods in order to help physicians to make 
correct and fast diagnosis.

Amphotericin B, itraconazole, voriconazole and fluconazole 
were the most frequently used medicine which can be used to 
treat T.  marneffei infection. However, fluconazole has not been 
recommended as antifungal agent in T. marneffei infection therapy 
in recent decade. Researchers discovered that voriconazole and 
itraconazole were active against T.  marneffei isolates in vitro, and 
fluconazole might have unrealised usefulness in the treatment of 
infections caused by this yeast form.30,31 In the present study, the 
survival rate of fluconazole alone group was significantly lower than 
that of other antifungal treatment groups (p < .01). The survival rate 
of the patients treated with antifungal agent was significantly higher 
than the individuals who were not treated with antifungal agent 
(p < .01), indicating that timely and accurate diagnosis plays a critical 
role in the treatment of the disease.

Additionally, there were 38 non-HIV children in our research. 
Compared with the non-HIV adults infected T. marneffei, it could be 

Antifungal agent

Outcome

Rates of good 
outcome (%)

Cured or 
recovered Dead

Lost to 
follow-up

AMB 10 11 0 47.62

ITC 14 2 0 87.50

FLU 1 3 0 25.00

VOR 24 5 1 80.00

AMB + ITC 33 4 0 89.19

AMB + FLU 1 0 0 100

AMB + VOR 4 0 1 80.00

AMB + ITC + FLU 6 4 0 60.00

ITC + FLU 6 0 0 100

ITC + VOR 2 0 1 66.67

Others 5 7 0 41.67

No 0 17 0 0

Total 106 53 3 65.43

Abbreviations: AMB, amphotericin B; FLU, fluconazole; ITC, itraconazole; VOR, voriconazole.

TA B L E  4  Treatment and outcome 
of the Talaromyces marneffei infections 
without HIV-infected
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found that non–HIV-infected children have less incidence of lymph-
adenopathy (p < .05), skin lesions (p < .01) and weight loss (p < .05), 
with higher incidence of hepatosplenomegaly (p < .01). The mortality 
rate of non–HIV-infected children infected T. marneffei was higher 
than that of non-HIV adults (p  <  .01). Moreover, in the present 
study, mortality rate of non–HIV-infected patients is 32.7%. In our 
previous study in 2013, the mortality rate of HIV-infected patients 
is 24.5%. Herein, we believed that the mortality rate of non–HIV-
infected patients was higher than that of HIV-infected patients in 
China (p < .05), which is similar to another research.32 (Table 5).

5  |  CONCLUSION

To conclude, T. marneffei is an intracellular pathogen, which can thus 
threaten human health. HIV infection is the most frequent underly-
ing disease while the cases without HIV infection should be taken 
seriously. Their symptoms and signs are not typical. Accurate diag-
nosis and timely antifungal agent treatment is the key to the treat-
ment for the disease. When patients develop unexplained fever, 
fatigue, subcutaneous abscesses or other symptoms, and anti-TB 
treatment is ineffective, we should consider patients with or without 
T. marneffei infection.
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