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Abstract 

Background  This study’s objective was to investigate the predictors for severe anemia, severe leukopenia, and severe 
thrombocytopenia when amphotericin B deoxycholate-based induction therapy is used in HIV-infected patients 
with talaromycosis.

Methods  A total of 170 HIV-infected patients with talaromycosis were enrolled from January 1st, 2019, to September 
30th, 2020.

Results  Approximately 42.9%, 20.6%, and 10.6% of the enrolled patients developed severe anemia, severe leu-
kopenia, and severe thrombocytopenia, respectively. Baseline hemoglobin level < 100 g/L (OR = 5.846, 95% CI: 
2.765 ~ 12.363), serum creatinine level > 73.4 µmol/L (OR = 2.573, 95% CI: 1.157 ~ 5.723), AST/ALT ratio > 1.6 (OR = 2.479, 
95% CI: 1.167 ~ 5.266), sodium level ≤ 136 mmol/liter (OR = 4.342, 95% CI: 1.747 ~ 10.789), and a dose of ampho-
tericin B deoxycholate > 0.58 mg/kg/d (OR = 2.504, 95% CI:1.066 ~ 5.882) were observed to be independent risk 
factors associated with the development of severe anemia. Co-infection with tuberculosis (OR = 3.307, 95% CI: 
1.050 ~ 10.420), and platelet level (per 10 × 109 /L) (OR = 0.952, 95% CI: 0.911 ~ 0.996) were shown to be independent 
risk factors associated with the development of severe leukopenia. Platelet level < 100 × 109 /L (OR = 2.935, 95% CI: 
1.075 ~ 8.016) was identified as the independent risk factor associated with the development of severe thrombocy-
topenia. There was no difference in progression to severe anemia, severe leukopenia, and severe thrombocytopenia 
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between the patients with or without fungal clearance at 2 weeks. 10 mg on the first day of amphotericin B deoxy-
cholate was calculated to be independent risk factors associated with the development of severe anemia (OR = 2.621, 
95% CI: 1.107 ~ 6.206). The group receiving a starting amphotericin B dose (10 mg, 20 mg, daily) exhibited the highest 
fungal clearance rate at 96.3%, which was significantly better than the group receiving a starting amphotericin B dose 
(5 mg, 10 mg, 20 mg, daily) (60.9%) and the group receiving a starting amphotericin B dose (5 mg, 15 mg, and 25 mg, 
daily) (62.9%).

Conclusion  The preceding findings reveal risk factors for severe anemia, severe leukopenia, and severe thrombo-
cytopenia. After treatment with Amphotericin B, these severe adverse events are likely unrelated to fungal clearance 
at 2 weeks. Starting amphotericin B deoxycholate at a dose of 10 mg on the first day may increase the risk of severe 
anemia but can lead to earlier fungal clearance.

Trial registration  ChiCTR1900021195. Registered 1 February 2019.
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Background
Talaromyces marneffei, a prevalent dimorphic fungus 
among people living with HIV/AIDS in China (preva-
lence ranging from 3.3 to 15%) [1, 2], has a mortality rate 
of up to 30% [3], particularly in older patients [4], despite 
appropriate anti-fungal treatment. Anemia is commonly 
present in HIV-infected patients with talaromycosis, and 
its prevalence is between 80 and 95.6% [5, 6]. This could 
lead to negative outcomes, such as prolonged hospitali-
zation, a requirement for close monitoring, and eventu-
ally the requirement for blood or platelet transfusion [7]. 
Thrombocytopenia and anemia are both independent 
risk factors for poor prognosis in HIV-infected patients 
with comorbid talaromycosis [8–10]. Moreover, platelets 
have been shown to possess antimicrobial activity against 
bacteria, viruses, and fungi [11, 12]. Leukopenia occurs 
in approximately 40% of HIV-infected patients with tal-
aromycosis [5], and can weaken the host immune system, 
increasing the susceptibility of patients to opportunistic 
infections [8]. This susceptibility may ultimately impact 
the progression of HIV-associated talaromycosis. Cur-
rently, it is unclear which risk factors predict the devel-
opment of severe anemia, severe leukopenia, and severe 
thrombocytopenia in HIV-infected patients with talaro-
mycosis, particularly in those undergoing treatment with 
amphotericin B deoxycholate.

Current guidelines recommend amphotericin B deoxy-
cholate as the preferred induction therapy for talaromy-
cosis. An open-label, non-inferiority trial conducted in 
Vietnam found that amphotericin B deoxycholate was 
superior to itraconazole as initial treatment [3]; however, 
the toxic effects of amphotericin B deoxycholate, such as 
anemia, leukopenia, and thrombocytopenia, cannot be 
ignored [13, 14]. Up to 40% of HIV-infected patients with 
talaromycosis, whether with anemia or not at baseline, 
develop severe anemia after they have initiated ampho-
tericin B deoxycholate [3]. The incidence of patients who 
started amphotericin B deoxycholate and subsequently 

developed severe leukopenia and severe thrombocy-
topenia is approximately 10% and 20%, respectively [3]. 
We recently completed a prospective multicenter cohort 
study evaluate efficacy and safety of voriconazole versus 
amphotericin B deoxycholate induction treatment for 
HIV-Associated talaromycosis [15]. Up to 45% of HIV-
infected patients with talaromycosis in the amphotericin 
B deoxycholate group had a hemoglobin level below 
74 g/L, which is higher than the voriconazole group. We 
are uncertain whether the decrease in hemoglobin, leuko-
penia, and thrombocytopenia observed in HIV-infected 
patients with talaromycosis treated with amphotericin 
B deoxycholate is caused by the fungi or amphotericin 
B deoxycholate. The risk factors which predict severe 
anemia, severe leukopenia, and severe thrombocytope-
nia in HIV-infected patients comorbid with talaromyco-
sis being treated with amphotericin B deoxycholate are 
unknown. We, therefore, use data from a multi-center 
prospective observational study to assess risk factors for 
the occurrence of severe anemia, leukopenia, and throm-
bocytopenia in HIV-infected patients being treated with 
amphotericin B deoxycholate for talaromycosis.

Methods
Study design and setting
This was a prospective, multi-center, observational 
study of HIV-infected patients with talaromycosis who 
were admitted to hospitals between January 1st, 2019, 
and September 30th, 2020. The study enrolled patients 
from 11 hospitals located in 9 cities, namely: Chongqing 
Public Health Medical Center, Guangzhou Eighth Peo-
ple’s Hospital, Guangxi Longtan Hospital of Guangxi 
Zhuang Autonomous Region, Liuzhou General Hospital, 
the Third People’s Hospital of Guilin, the First Hospital 
of Changsha, the Fourth People’s Hospital of Nanning, 
Kunming Third People’s Hospital, Guiyang Public Health 
Clinical Center, Beijing Youan Hospital of Capital Medi-
cal University, and Yunnan Provincial Infectious Disease 
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Hospital. Eligible patients were adults aged 18 years or 
older with confirmed HIV infection and confirmed tal-
aromycosis by either microscopy or culture. Exclusion 
criteria included patients with hematologic diseases caus-
ing anemia (including aplastic anemia, hemolytic anemia, 
bleeding, and so on), severe active infections caused by 
bacteria or other microbes, tumors, hemoglobin levels 
less than 80  g/L, leukocyte counts less than 1.0 × 109/L, 
neutrophil counts less than 0.5 × 109/L, platelet counts 
less than 30 × 109/L, blood amylase levels greater than 2 
times the upper limit of the reference level, serum cre-
atinine levels greater than 1.5 times the upper limit of 
the reference level, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), or alkaline phosphatase 
levels greater than 5 times the upper limit of the refer-
ence level, total bilirubin levels greater than 2 times the 
upper limit of the reference level, and serum creatine 
phosphokinase (CK) levels greater than 2 times the upper 
limit of the reference level. Patients received treatment 
with amphotericin B deoxycholate for 14 days at a dose of 
0.5 to 0.7 mg per kilogram per day, starting with smaller 
doses of amphotericin B deoxycholate (5 to 10 mg once 
a day) and gradually increasing the dose by 5 to 10 mg/
day to the final daily dose. Written informed consent 
was obtained from all patients or their representatives. 
The independent ethics committees of each participating 
hospital approved the trial protocol.

Assessments
We explored demographic factors, symptoms and signs, 
diagnosis of opportunistic infections, laboratory test 
results at admission, and types of combination antiret-
roviral therapy before diagnosis of talaromycosis. Each 
individual was invited to participate in 2-weeks of follow-
up. At the follow-up visits at weeks 1, 2, hemoglobin, 
platelets, and leukocytes were evaluated.

Outcomes and definitions
Patients were evaluated for hematological toxicity, 
including anemia, leukopenia, and thrombocytopenia at 
weeks 1 and 2 after the initiation of amphotericin B deox-
ycholate. The primary outcome was the occurrence of 
severe hematological toxicity due to any cause, defined as 
the appearance of at least one of three laboratory abnor-
malities during amphotericin B deoxycholate treatment 
[14]. Severe anemia was defined as hemoglobin level drop 
to 80  g/L. Severe leukopenia was defined as leukocyte 
count drop to 2 × 109 /L or, if baseline count was under 
2 × 109 /L, a decrease of 25% in leukocyte count. Severe 
thrombocytopenia was defined as platelet count decrease 
to 50 × 109 /L, or, if the baseline count was under 50 × 109 
/L, a decrease of 25% in platelet count.

Weight loss was defined as loss of more than 10% of 
body weight within 6 months. All patients were tested for 
tuberculosis, cytomegalovirus infection, syphilis, hepa-
titis B, and hepatitis C. These diagnoses were confirmed 
according to laboratory testing results. A large fraction of 
the diagnoses for pneumocystis pneumonia, oral candidi-
asis, and toxoplasma encephalopathy were presumptive, 
due to easier establishment of a clinical diagnosis and 
the limited availability of definitive pathogenic testing for 
these specific diseases.

Statistical analysis
Statistical Package for the Social Sciences software, Ver-
sion 25.0 (IBM-SPSS Statistics, Armonk, New York, 
USA) was used to analyze all study data. Standard 
descriptive statistics analyzed the clinical characteristics, 
diagnosis, and laboratory variables of patients. Continu-
ous variables and categorical variables were compared 
using the Mann-Whitney U test and Chi-squared tests, 
respectively. Continuous variables with a p-value of ≤ 0.1, 
such as BMI, serum creatinine, AST/ALT, sodium, and 
potassium in the analysis of severe anemia and platelet 
level in the analysis of severe leukopenia were converted 
to categorical variables by grouping values using cut-off 
points based on a receiver-operating characteristic curve 
(ROC). Continuous variables with a p-value of ≤ 0.1, such 
as hemoglobin levels, platelet counts, and potassium 
levels in the analysis of severe anemia were converted 
into categorical variables by clinically relevant values. In 
identifying independent factors associated with severe 
anemia, severe leukopenia, or severe thrombocytopenia, 
variables were initially analyzed using a bivariate model, 
and subsequently independent risk factors were identi-
fied by means of a logistic regression model using a for-
ward, stepwise approach, which began with inclusion of 
all variables associated with severe anemia, severe leuko-
penia, or severe thrombocytopenia on bivariate analysis 
(p ≤ 0.1), and subsequently included only those variables 
with p ≤ 0.05 in the final model. We used the variance 
inflation factor (VIF) and tolerance value of each univari-
ate predictor to make the Multicollinearity diagnosis. If 
the VIF was higher than 10.0 and the tolerance is lower 
than 0.1, the variable would not have been included in 
the multivariate analysis.

Results
During the study, 414 patients were evaluated for eligi-
bility, and 170 of them were included (Fig. 1). 73 of 170 
patients (42.9%) developed severe anemia, 35 of 170 
patients (20.6%) developed severe leukopenia, and 18 of 
170 patients (10.6%) developed severe thrombocytopenia 
after starting amphotericin B deoxycholate.
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Table  1 shows baseline characteristics for patients. 
Compared with patients without severe anemia, more 
patients developed severe anemia had a lower BMI, 
weight loss, a lower hemoglobin level, a lower plate-
let level, a higher serum creatinine level, a higher 
AST/ALT ratio, a lower sodium level, and an induc-
tion therapeutic dose of amphotericin B deoxycholate 
of > 0.58  mg/kg/d (Tables  1 and 2). Compared with 
patients who did not develop severe thrombocytopenia, 
more patients developed severe thrombocytopenia had 
lower baseline platelet levels (Table 3).

Multivariate logistic regression analysis revealed 
that hemoglobin levels < 100  g/L (OR = 5.846, 95% CI: 
2.765 ~ 12.363), serum creatinine levels > 73.4 µmol/L 
(OR = 2.573, 95% CI: 1.157 ~ 5.723), AST/ALT ratio > 1.6 
(OR = 2.479, 95% CI: 1.167 ~ 5.266), sodium level ≤ 136 
mmol/liter (OR = 4.342, 95% CI: 1.747 ~ 10.789), and 
a dose of amphotericin B deoxycholate > 0.58  mg/kg/d 
(OR = 2.504, 95% CI:1.066 ~ 5.882) were independent 
risk factors associated with the development of severe 
anemia (Table 4).

Patients co-infected with tuberculosis and those who 
had lower platelet levels were shown to be at higher 

risk of progression to severe leukopenia (p ≤ 0.1). 
Co-infection with tuberculosis (OR = 3.307, 95% CI: 
1.050 ~ 10.420), and platelet level (per 10 × 109 /L) 
(OR = 0.952, 95% CI: 0.911 ~ 0.996) were calculated to 
be independent risk factors associated with the devel-
opment of severe leukopenia (Table 4).

Male gender and platelet levels lower than 100 × 109 /L 
were identified as risk factors associated with progres-
sion to severe thrombocytopenia (p ≤ 0.1). Platelet lev-
els < 100 × 109 /L (OR = 2.935, 95% CI: 1.075 ~ 8.016) was 
identified as the independent risk factor associated with 
the development of severe thrombocytopenia (Table 4).

There was no difference in progression to severe ane-
mia, severe leukopenia, and severe thrombocytopenia 
between the survivors and non-survivors. There was also 
no difference between the patients without fungal clear-
ance and with fungal clearance at 2 weeks (Table 5).

Eighty-seven patients used that the started dosing for 
Amphotericin B is 5  mg on the first day, 10  mg on the 
second day, 20 mg on the third day, and the therapeutic 
dose is reached on the fourth day. Thirty-five patients 
used the started dosing for Amphotericin B is 5  mg on 
the first day, 15 mg on the second day, 25 mg on the third 

Fig. 1  Study flowchart
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Table 1  Clinical characteristics of the patients developing severe anemia or not at baseline

BMI Body Mass Index, BUN Blood urea nitrogen, AST Aspartate aminotransferase, ALT Alanine aminotransferase, HAART Highly active antiretroviral therapy, 
3TC Lamivudine, TDF Tenofovir, EFV Efavirenz, NVP Nevirapine, AZT Zidovudine, ABC Abacavir, Lpv/r Lopinavir and ritonavir, DTG Dolutegravir, FTC Emtricitabine

Progression to severe anemia
(N = 73)

No progression to severe anemia
(N = 97)

p-value

Socio-demographic

  Female sex, n (%) 14 (19.2%) 10 (10.3%) 0.100

  Age, median (IQR), years 43 (35–53) 42 (32–50) 0.173

  Drink, n (%) 12 (16.4%) 17 (17.5%) 0.852

  Smoke, n (%) 21 (28.8%) 27 (27.8%) 0.894

  BMI, median (IQR), kg/m2 31 (29–35) 33 (30–36) 0.022

Symptoms and signs

  Fever, n (%) 59 (80.8%) 86 (88.7%) 0.153

  Cough, n (%) 44 (60.3%) 52 (53.6%) 0.386

  Sputum, n (%) 37 (50.7%) 38 (39.2%) 0.135

  Hemoptysis, n (%) 2 (2.7%) 0 (0.0%) 0.183

  Abdominal pain, n (%) 15 (20.5%) 15 (15.5%) 0.389

  Diarrhea, n (%) 2 (2.7%) 8 (8.2%) 0.237

  Headache, n (%) 3 (4.1%) 5 (5.2%) 1.000

  Skin lesions, n (%) 21 (28.8%) 27 (27.8%) 0.894

  Weight loss, n (%) 34 (46.6%) 24 (24.7%) 0.003

Complications

  Oral candidiasis, n (%) 29 (39.7%) 43 (44.3%) 0.548

  Cytomegalovirus infection, n (%) 8 (11.0%) 9 (9.3%) 0.718

  Tuberculosis, n (%) 8 (11.0%) 7 (7.2%) 0.394

  Hepatitis B, n (%) 7 (9.6%) 4 (4.1%) 0.263

  Pneumocystis pneumonia, n (%) 5 (6.8%) 8 (8.2%) 0.734

  Syphilis, n (%) 3 (4.1%) 1 (1.0%) 0.424

  Hepatitis C, n (%) 0 1 (1.0%) 1.000

  Toxoplasma encephalopathy, n (%) 1 (1.3%) 0 0.429

Laboratory results

  Leukocyte, median (IQR), ×109 /L 4.04 (2.78–5.02) 3.94 (2.67–5.63) 0.611

  Hemoglobin, median (IQR), g/L 89 (84–102) 107 (97–116) < 0.001

  Platelet, median (IQR), ×109 /L 111 (61–211) 151 (85–218) 0.041

  CD4 + T-cell counts, median (IQR), cells/µL 15 (7–39) 12 (6–35) 0.510

  Serum creatinine, median (IQR), µmol/L 68.90 (55.85–84.15) 61.00 (52.45-73.00) 0.018

  Total bilirubin level, median (IQR), 10.5 mg/dl 10.57 (6.94–20.69) 8.9 (6.9–12.4) 0.144

  AST/ALT ratio, median (IQR) 2.03 (1.47–4.03) 1.53 (1.16–2.34) < 0.001

  Sodium, median (IQR), mmol/liter 133.1 0(128.50–135.00) 133.7 (131.45–138.40) 0.015

  Potassium, median (IQR), mmol/liter 3.56 (3.27–3.88) 3.66 (3.39–4.08) 0.095

HAART before diagnosis

  Antiretroviral therapy, n (%) 5 (6.8%) 14 (14.4%) 0.120

  3TC 5 (6.8%) 13 (13.4%) 0.169

  TDF 4 (5.5%) 10 (10.3%) 0.257

  EFV 5 (6.8%) 9 (9.3%) 0.568

  NVP 0 2 (2.1%) 0.507

  AZT 1 (1.4%) 1 (1.0%) 1.000

  ABC 0 (0.0%) 1 (1.0%) 1.000

  Lpv/r 0 (0.0%) 1 (1.0%) 1.000

  DTG 0 1 (1.0%) 1.000

  Elvitegravir 0 1 (1.0%) 1.000

Amphotericin B

  Induction therapy > 0.58 mg/kg/d 24 (32.9%) 19 (19.6%) 0.048
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Table 2  Clinical characteristics of the patients developing severe leukopenia or not at baseline

BMI Body Mass Index, BUN Blood urea nitrogen, AST Aspartate aminotransferase, ALT Alanine aminotransferase, HAART Highly active antiretroviral therapy, 
3TC Lamivudine, TDF Tenofovir, EFV Efavirenz, NVP Nevirapine, AZT Zidovudine, ABC Abacavir, Lpv/r Lopinavir and ritonavir, DTG Dolutegravir, FTC Emtricitabine

Progression to severe leukopenia 
(N = 35)

No progression to severe 
leukopenia (N = 135)

p-value

Socio-demographic

  Female sex, n (%) 6 (17.1%) 18 (13.3%) 0.761

  Age level, median (IQR), year 44 (35–55) 32 (30–36) 0.402

  Drink, n (%) 8 (22.9%) 21 (15.6%) 0.306

  Smoke, n (%) 11 (31.4%) 37 (27.4%) 0.638

  BMI level, median (IQR), kg/m2 32 (30–34) 32 (30–36) 0.509

Symptoms and signs

  Fever, n (%) 30 (85.7%) 115 (85.2%) 0.937

  Cough, n (%) 19 (54.3%) 77 (57.0%) 0.770

  Sputum, n (%) 15 (42.9%) 60 (44.4%) 0.866

  Hemoptysis, n (%) 1 (2.9%) 1 (0.7%) 0.370

  Abdominal pain, n (%) 5 (14.3%) 25 (18.5%) 0.558

  Diarrhea, n (%) 2 (5.7%) 8 (5.9%) 1.000

  Headache, n (%) 2 (5.7%) 6 (4.4%) 1.000

  Skin lesions, n (%) 8 (22.9%) 40 (29.6%) 0.428

  Weight loss, n (%) 12 (34.3%) 46 (34.1%) 0.981

Complications

  Oral candidiasis, n (%) 15 (42.9%) 57 (42.2%) 1.000

  Cytomegalovirus infection, n (%) 3 (8.6%) 14 (10.4%) 1.000

  Tuberculosis, n (%) 6 (17.1%) 9 (6.7%) 0.107

  Hepatitis B, n (%) 4 (11.4%) 7 (5.2%) 0.341

  Pneumocystis pneumonia, n (%) 3 (8.6%) 10 (7.4%) 1.000

  Syphilis, n (%) 1 (2.9%) 3 (2.2%) 1.000

  Hepatitis C, n (%) 0 1 (0.7%) 1.000

  Toxoplasma encephalopathy, n (%) 0 1 (0.7%) 1.000

Laboratory results

  Leukocyte level, median (IQR),×109 /L 4.0 (2.77–4.67) 3.94 (2.60–5.60) 0.828

  Hemoglobin level, median (IQR), g/L 96 (86–111) 101 (88–112) 0.275

  Platelet level, median (IQR),×109 /L 110 (64–172) 143 (74–229) 0.068

  CD4 + T-cell counts, median (IQR),cells/µL 9 (6–34) 15 (7–38) 0.233

  Serum creatinine level, median (IQR), µmol/L 67.7 (52.8–77.6) 64 (53.9–77.0) 0.603

  Total bilirubin level, median (IQR),mg/dl 8.9 (7.30–13.60) 9.38 (6.90-15.92) 0.673

  AST/ALT ratio, median (IQR) 1.84 (1.29–2.88) 1.81 (1.27–2.65) 0.768

  Sodium level, median (IQR), mmol/liter 133.7 (130.0-136.4) 133.4 (130.0-137.0) 0.804

  Potassium level, median (IQR), mmol/liter 3.64 (3.3-4.0) 3.56 (3.27–3.86) 0.277

HAART before diagnosis

  Antiretroviral therapy, n (%) 3 (8.6%) 16 (11.9%) 0.804

  3TC 2 (5.7%) 12 (8.9%) 0.737

  TDF 1 (2.9%) 13 (9.6%) 0.340

  EFV 2 (5.7%) 12 (8.9%) 0.792

  NVP 0 2 (1.5%) 1.000

  AZT 0 2 (1.5%) 1.000

  ABC 1(2.9%) 0 0.206

  Lpv/r 1 (2.9%) 0 0.206

  DTG 0 1 (0.7%) 1.000

  Elvitegravir 0 1 (0.7%) 1.000

Amphotericin B

  Induction therapy > 0.58 mg/kg/d, n (%) 11 (31.4%) 32 (23.7%) 0.349
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Table 3  Clinical characteristics of the patients developing severe thrombocytopenia or not at baseline

BMI Body Mass Index, BUN Blood urea nitrogen, AST Aspartate aminotransferase, ALT Alanine aminotransferase, HAART Highly active antiretroviral therapy, 
3TC Lamivudine, TDF Tenofovir, EFV efavirenz, NVP Nevirapine, AZT Zidovudine, ABC Abacavir, Lpv/r Lopinavir and ritonavir, DTG Dolutegravir, FTC Emtricitabine

Progression to severe 
thrombocytopenia
(N = 18)

No progression to severe 
thrombocytopenia
(N = 152)

p-value

Socio-demographic

  Female sex, n (%) 5 (27.8%) 19 (12.5%) 0.161

  Age level, median (IQR), year 49 (34–52) 43 (34–52) 0.512

  Drink, n (%) 2 (11.1%) 27 (17.8%) 0.705

  Smoke, n (%) 4 (22.2%) 44 (28.9%) 0.549

  BMI level, median (IQR), kg/m2 32 (29–37) 32 (30–35) 0.789

Symptoms and signs

  Fever, n (%) 17 (94.4%) 128 (84.2%) 0.419

  Cough, n (%) 7 (38.9%) 89 (58.6%) 0.112

  Sputum, n (%) 6 (33.3%) 69 (45.4%) 0.330

  Hemoptysis, n (%) 0 2 (1.3%) 1.000

  Abdominal pain, n (%) 4 (22.2%) 26 (17.1%) 0.832

  Diarrhea, n (%) 0 10 (6.6%) 0.554

  Headache, n (%) 0 8 (5.3%) 1.000

  Skin lesions, n (%) 4 (22.2%) 44 (28.9%) 0.549

  Weight loss, n (%) 7 (38.9%) 51 (33.6%) 0.652

Complications

  Oral candidiasis, n (%) 5 (27.8%) 67 (44.1%) 0.186

  Cytomegalovirus infection, n (%) 1 (5.6%) 16 (10.5%) 0.803

  Tuberculosis, n (%) 1 (5.6%) 14 (9.2%) 0.938

  Hepatitis B, n (%) 1 (5.6%) 10 (6.6%) 1.000

  Pneumocystis pneumonia, n (%) 1 (5.6%) 12 (7.9%) 1.000

  Syphilis, n (%) 0 4 (2.6%) 1.000

  Hepatitis C, n (%) 1 (5.6%) 0 0.106

  Toxoplasma encephalopathy, n (%) 1 (5.6%) 0 0.106

Laboratory results

  Leukocyte level, median (IQR), ×109 /L 3.96 (2.67–4.96) 3.96 (2.71–5.53) 0.518

  Hemoglobin level, median (IQR), g/L 92 (85–106) 101 (89–112) 0.199

  Platelet level, median (IQR), ×109 /L 75 (52–139) 144 (78–217) 0.007

  CD4 + T-cell counts, median (IQR), cells/µL 13 (4–23) 15 (7–39) 0.205

  Serum creatinine level, median (IQR), µmol/L 65.95 (48.80-78.85) 64.00 (53.93-77.00) 0.871

  Total bilirubin level, median (IQR), mg/dl 9.60 (8.38–12.25) 9.28 (6.82–15.98) 0.514

  AST/ALT ratio, median (IQR) 1.9 (1.3–4.8) 1.8 (1.3–2.6) 0.254

  Sodium level, median (IQR), mmol/liter 134.25 (129.75-136.48) 133.4 (130-137.15) 0.895

  Potassium level, median (IQR), mmol/liter 3.58 (3.12–3.88) 3.63 (3.30-4.00) 0.393

HAART before diagnosis

  Antiretroviral therapy, n (%) 3 (16.7%) 16 (10.5%) 0.699

  3TC 3 (16.7%) 15 (9.9%) 0.630

  TDF 3 (16.7%) 11 (7.2%) 0.356

  EFV 1 (5.6%) 13 (8.6%) 1.000

  NVP 1 (5.6%) 1 (0.7%) 0.201

  AZT 0 2 (1.3%) 1.000

  ABC 0 1 (0.7%) 1.000

  Lpv/r 0 1 (0.7%) 1.000

  DTG 1 (5.6%) 0 0.106

Amphotericin B

  Induction therapy > 0.58 mg/kg/d, n (%) 7 (38.9%) 36 (23.7%) 0.264



Page 8 of 12Zhou et al. BMC Infectious Diseases          (2023) 23:707 

day, and the therapeutic dose is reached on the fourth 
day. Twenty-seven patients used the started dosing for 
Amphotericin B is 10 mg on the first day, 20 mg on the 
second day, and the therapeutic dose is reached on the 
third day. Comparing with 5  mg on the first day group, 
10 mg on the first day group (10 mg, 20 mg, daily) were 
calculated to be independent risk factors associated with 
the development of severe anemia (OR = 2.621, 95% CI: 
1.107 ~ 6.206) (Table 6).

The group receiving a starting amphotericin B dose 
(10 mg, 20 mg, daily) exhibited the highest fungal clear-
ance rate at 96.3% (26/27), which was significantly better 

than the group receiving a starting amphotericin B dose 
(5 mg, 10 mg, 20 mg, daily) (60.9%) and the group receiv-
ing a starting amphotericin B dose (5 mg, 15 mg, 25 mg, 
daily) (62.9%). No significant differences were observed 
among the three groups in terms of progression to severe 
anemia, severe leukopenia, or severe thrombocytope-
nia at 2 weeks, as well as survival at both 2 weeks and 48 
weeks (Table 7).

Figure 2 shows the changes in hemoglobin levels over 
time were compared between the group without severe 
anemia and the group with progression to severe ane-
mia. At baseline, week 1, and week 2, the group that 

Table 4  Univariate and multivariate analysis of factors associated with severe anemia, severe leukopenia and severe 
thrombocytopenia for the outcome of HIV-infected patients complicated with talaromyces marneffei infection

BMI Body Mass Index, AST Aspartate aminotransferase, ALT Alanine aminotransferase

Variables Univariate analysis Multivariate analysis

Tolerance VIF β OR 95% CI p β OR 95% CI p

Progression to severe anemia
  BMI ≤ 31 kg/m2 0.877 1.141 0.776 2.173 1.158 ~ 4.077 0.016

  Weight loss 0.880 1.137 0.975 2.652 1.383 ~ 5.086 0.003

  Hemoglobin level < 100 g/L 0.862 1.161 1.800 6.051 3.081 ~ 11.883 < 0.001 1.766 5.846 2.765 ~ 12.363 < 0.001

  Platelet level < 100 × 109 /L 0.815 1.227 0.563 1.756 0.937 ~ 3.292 0.079

  Serum creatinine level > 73.4 µmol/L 0.944 1.059 0.926 2.525 1.290 ~ 4.941 0.007 0.945 2.573 1.157 ~ 5.723 0.021

  AST/ALT ratio > 1.6 0.818 1.222 0.985 2.679 1.413 ~ 5.079 0.003 0.908 2.479 1.167 ~ 5.266 0.018

  Sodium level ≤ 136 mmol/liter 0.931 1.074 0.663 1.940 1.009 ~ 3.729 0.047 1.468 4.342 1.747 ~ 10.789 0.002

  Potassium level ≤ 3.56 mmol/liter, n (%) 0.891 1.123 0.690 1.993 1.070 ~ 3.713 0.030

  Amphotericin B > 0.58 mg/kg/d 0.954 1.048 0.699 2.011 0.999 ~ 4.049 0.050 0.918 2.504 1.066 ~ 5.882 0.035

Progression to severe leukopenia
  Tuberculosiss 0.999 1.001 1.064 2.897 0.955 ~ 8.781 0.060 1.196 3.307 1.050 ~ 10.420 0.041

  Platelet level (per 10 × 109 /L) 0.999 1.001 -0.049 0.952 0.911 ~ 0.996 0.031 -0.053 0.948 0.905 ~ 0.993 0.024

Progression to severe thrombocytopenia
  Male 0.999 1.001 -0.990 0.371 0.119 ~ 1.159 0.088

  Platelet level < 100 × 109 /L 0.999 1.001 1.077 2.935 1.075 ~ 8.016 0.036 1.077 2.935 1.075 ~ 8.016 0.036

Table 5  Outcomes of the patients developing severe anemia, leukopenia, or thrombocytopenia or not at 2 weeks

Events p-value Events p-value

Survival Death Without fungal 
clearance

Fungal clearance

Progression to severe anemia

  No, n (%) 96 (57.1) 1 (50.0) 1.000 32 (59.3) 65 (56.0) 0.693

  Yes, n (%) 72 (42.9) 1 (50.0) 22 (40.7) 51 (44.0)

Progression to severe leukopenia

  No, n (%) 133 (79.2) 2 (100.0) 1.000 43 (79.6) 92 (79.3) 0.962

  Yes, n (%) 35 (20.8) 0 (0.0) 11 (20.4) 24 (20.7)

Progression to severe thrombocytopenia

  No, n (%) 150 (89.3) 2 (1000.0) 1.000 45 (83.3) 107 (92.2) 0.079

  Yes, n (%) 18 (10.7) 0 (0.0) 9 (16.7) 9 (7.8)
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progressed to severe anemia had lower hemoglobin levels 
compared to the group without severe anemia (median 
hemoglobin level 91.46  g/L [95% CI, 95.05–87.87  g/L] 
vs. 106.39  g/L [95% CI, 103.25-109.53  g/L], p < 0.001; 
70.74  g/L [95% CI, 68.43–73.05  g/L] vs. 98.54  g/L [95% 

CI, 96.05-101.02  g/L], p < 0.001; 71.28  g/L [95% CI, 
68.28–74.28 g/L] vs. 92.58 g/L [95% CI, 89.63–95.53 g/L], 
p < 0.001). Eleven patients had hemoglobin levels below 
60 g/L within 14 days. Six people changed amphotericin 
B deoxycholate to other antifungal medications within 14 

Table 6  Univariate analysis of factors associated with severe anemia, severe leukopenia, and severe thrombocytopenia in 149 patients

5 mg on the first day group: The standard dosing for Amphotericin B is 5 mg on the first day, 10-15 mg on the second day, 20-25 mg on the third day, and the 
therapeutic dose is reached on the fourth day

10 mg on the first day group: The standard dosing for Amphotericin B is 10 mg on the first day, 20 mg on the second day, and the therapeutic dose is reached on the 
third day

Variables Univariate analysis

β OR 95% CI p

Progression to severe anemia (n = 149)

  5 mg on the first day group 1

  10 mg on the first day group 0.963 2.621 1.107 ~ 6.202 0.028

Progression to severe leukopenia (n = 149)

  5 mg on the first day group 1

  10 mg on the first day group 0.357 1.429 0.542 ~ 3.769 0.470

Progression to severe thrombocytopenia (n = 149)

  5 mg on the first day group

  10 mg on the first day group 0.136 1.146 0.300 ~ 4.376 0.842

Table 7  Outcomes of three amphotericin B starting regimens at 2 weeks and 48 weeks in 149 patients

a Daily amphotericin B dose was the therapeutic dose

Amphotericin B starting 
regimen

N Severe 
anaemia at 2 
weeks

Severe 
leukopenia at 
2 weeks

Severe 
thrombocytopenia 
at 2 weeks

Fungal 
clearance at 2 
weeks

Survival at 2 weeks Survival at 48 weeks

5 mg, 10 mg, 20 mg, 
dailya

87 36/87 (41.4%) 16/87 (18.4%) 9/87 (10.3%) 53/87 (60.9%) 85/87 (97.7%) 81/87 (93.1%)

5 mg, 15 mg, 25 mg, 
dailya

25 12/35 (34.3%) 8/35 (22.9%) 3/35 (8.6%) 22/35 (62.9%) 35/35 (100.0%) 33/35 (94.3%)

10 mg, 20 mg, dailya 27 17/27 (63.0%) 7/27 (25.9%) 3/27 (11.1%) 26/27 (96.3%) 27/27 (100.0%) 27/27 (100.0%)

p - 0.063 0.661 1.000 0.002 1.000 0.521

Fig. 2  The changes in hemoglobin levels over time were compared between the group without severe anemia and the group with progression 
to severe anemia. * < 0.05, ** < 0.01, *** < 0.001
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days, and the median day was day 10 (95% CI: 7.42–12.57 
days), but the reason for changing medication was not 
severe anemia, severe leukopenia, and severe thrombo-
cytopenia. At week 4, the median hemoglobin level of 
the group that progressed to severe anemia was 87.12 g/L 
(95% CI, 81.70-92.55 g/L).

Discussion
Our results observed that the incidence of patients who 
developed severe anemia, severe leukopenia, and severe 
thrombocytopenia were 42.9%, 20.6%, and 10.6%, 
respectively, which approximates the observations of 
one previous prospective study [3].

A higher AST/ALT level, lower hemoglobin level, 
higher serum creatinine level, lower sodium level, and 
a higher administered dose of amphotericin B were 
found to be independent risk factors for development 
of severe anemia. AST and ALT are mainly produced 
in liver cells and are also the main circulating hepatic 
enzymes in serum. Blood AST and ALT levels could 
increase as a consequence of hepatocellular damage 
or hepatic cellular death [3]. Patients with talaromy-
cosis can present with systemic infection, including 
that of the liver. Thus, hepatic transaminases are often 
elevated in patients with talaromycosis [16]. One study 
even observed that a higher AST/ALT ratio increased 
the risk of death in HIV-infected patients with talaro-
mycosis [1]. However, to our knowledge, no study has 
investigated the connection between anemia and AST/
ALT ratio in HIV-infected patients with talaromycosis. 
This phenomenon of higher values of AST/ALT asso-
ciated with a higher prospective risk of severe anemia 
might be associated with abnormalities in the composi-
tion of red blood cell membranes or the limitation of 
effective bone marrow erythropoiesis, which are known 
causes of anemia associated with liver disease. Higher 
serum creatinine levels and lower sodium level are 
known to be associated with impaired renal function 
[17]. The preceding study observed that HIV infection 
and impaired renal function can result in a higher risk 
of anemia, which concurs with results of our study, as 
both HIV infection and impaired renal function have a 
synergistic impact on lowering hemoglobin levels [18]. 
The adverse effects of Amphotericin B occurs in a dose-
dependent manner [13]. This means that higher doses 
of amphotericin B are associated with a higher risk of 
adverse effects, which is precisely what we observed in 
our study. It is, thus, important to establish a balance 
between maximizing antifungal efficacy and minimiz-
ing drug-related toxicity [19].

Patients co-infected with tuberculosis are associated 
with severe leukopenia. The possible reason for this 
is that anti-tuberculosis drugs may promote antibody 

generation and form antigen-antibody complexes which 
may be absorbed on to leukocytes, and cause leukocyte 
lysis and damage [20, 21]. Many previous studies have 
shown that baseline thrombocytopenia is associated with 
poor prognosis [5, 22]. However, the reason why lower 
platelet levels at baseline are also associated with severe 
leukopenia is still unclear.

Lower platelets levels at baseline were found to be asso-
ciated with the development of severe thrombocytope-
nia. Talaromycosis itself, together with the toxic effects 
of amphotericin B deoxycholate, may both promote the 
development of severe thrombocytopenia. The progres-
sion of severe thrombocytopenia is associated with an 
increased risk of hemorrhage. Discontinuation of the caus-
ative drug should sometimes be considered, if necessary.

There was also no difference between the patients with-
out fungal clearance and with fungal clearance at 2 weeks. 
This means that although decreased baseline hemoglobin, 
platelets, and white blood cells each are associated with 
poor prognosis, this does not imply that these severe 
events are not effectively treated with amphotericin B 
deoxycholate. The adverse effects of Amphotericin B occur 
in a dose-dependent manner. Our findings indicate that the 
group receiving 10 mg on the first day had a higher likeli-
hood of developing severe anemia compared to the group 
receiving 5 mg on the first day. This suggests that the ane-
mia is likely related to the drug. The majority of patients 
had completed the 2-week induction therapy based on 
amphotericin B deoxycholate and stopped amphotericin 
B deoxycholate at week 2. The group that progressed to 
severe anemia had a median hemoglobin level of 71.28 g/L 
[95% CI, 68.28–74.28  g/L] at week 2, which increased to 
87.12  g/L (95% CI, 81.70-92.55  g/L) by week 4. This also 
suggests that the occurrence of anemia may be related to 
amphotericin B deoxycholate. The erythropoietin suppres-
sion by amphotericin B has been proposed to contribute to 
the development of anemia [23]. we regretted that markers 
of erythropoietin were not tested.

Starting amphotericin B deoxycholate at a dose of 
10 mg on the first day seems to increase the risk of severe 
anemia but can lead to earlier fungal clearance. If patients 
are not at risk of developing severe anemia, starting 
amphotericin B dose (10 mg, 20 mg, daily) is more likely 
to be beneficial.

This is a subgroup analysis of a prospective multicenter 
cohort study. Study limitations include missing markers 
of disseminated intravascular coagulation, hemopoietin, 
reticulocyte and serum drug concentration determi-
nations, data of some people on the dose escalation of 
amphotericin B deoxycholate, an exclusively Chinese 
study cohort, and some seriously ill patients having to be 
excluded from the study, which limits our study’s overall 
generalizability.
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Conclusions
The preceding findings reveal risk factors for severe 
anemia, severe leukopenia, and severe thrombocytope-
nia. After treatment with Amphotericin B, these severe 
adverse events are likely unrelated to fungal clearance at 
2 weeks. 5 mg on the first day of amphotericin B deox-
ycholate seems to be able to lower the risk of severe 
anemia. These findings may contribute to the develop-
ment of effective prevention and management strategies 
for patients who are at risk of developing these severe 
adverse events.
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