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Purpose: This study aimed to investigate the epidemiology and etiological spectrums of BSI in Fujian over the past 6 years in the post 
antiretroviral treatment (ART) era.
Methods: A retrospective, observational study was conducted to include positive BSI inpatients with HIV between September 2015 
and August 2021 in Mengchao Hepatobiliary Hospital of Fujian Medical University, the largest designated HIV/AIDS care hospital in 
Fujian, China. Demographic data and laboratory data including gender, age, blood cell counts, biochemistry results, CD4 and CD8 cell 
counts, HIV-RNA loads, pathogen isolates, procalcitonin (PCT) levels and c-reactive protein (CRP) levels were collected. Continuous 
variables were expressed as median (range) and Kruskal–Wallis or Mann–Whitney test was used to analyze the differences between 
groups. Categorical data were expressed as numbers (percentage) and the differences between groups were analyzed by Pearson’s chi- 
squared test.
Results: In total, 3681 HIV inpatients with blood culture data were included and 683 strains identified from 646 inpatients were 
further analyzed. The median age of patients was 38 years and male accounted for 86.84%. The pooled prevalence of BSI was 
18.55% (12.01%–22.36% during the six-year period). The overall isolated rate of Talaromyces marneffei (TM) in blood culture was 
12.42% (8.3%–15.00% during the study period). TM was the persistent dominant BSI pathogen from 2015 to 2021 (accounting for 
63.04% to 71.43%), followed by Cryptococcus neoformans (responsible for 10.00% to 20.83%). Compared to patients with other 
organisms BSI, those with TM BSI were younger and had lower CD4 counts, WBC counts, HB and CRP level, but higher HIVRNA 
loads.
Conclusion: BSI is still a major problem in the post ART era in hospitalized patients with HIV/AIDS in Fujian, China. TM is the 
predominant pathogen. This underlines the importance of an early diagnosis of opportunistic pathogen to avoid BSI in HIV-infected 
populations with a low immune status.
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Introduction
The occurrence rate and patterns of BSI in HIV patients heavily depend on geographical areas and ART.1 The positive 
rate of BSI is usually higher in Africa where Mycobacterium tuberculosis, Cryptococcus neoformans and Salmonella spp. 
are important pathogens in HIV patients.2,3 The incidence rate of BSI is moderate in Southeast Asia such as Thailand, 
Vietnam and South China where TM and Mycobacteria have been becoming more common.4–6 Bacteremia is the leading 
BSI, while fungemia and mycobacteremia are less frequent in developed regions, where Staphylococci spp. and 
Streptococcus spp. are the prevalent isolates.7–9

In addition, many HIV patients have become older in the post ART era, and comorbidities such as diabetes, 
hypertension, cardiovascular disease, chronic kidney disease, and non-AIDS defining tumors are increasing in these 
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patients.10,11 The etiological spectrums of BSI will also be anticipated to change over time. Some studies show important 
changes in the etiology and prognosis of BSI in recent years.1,5

What is more important, BSI still remains severe disease with a heavy burden in terms of morbidity and mortality in 
HIV-infected individuals.9,11–13 And reports available on BSI are usually restricted to small sample size and short-period 
of time.

There is no study on the incidence and patterns of BSI over time using large sample size of patients with HIV in 
Fujian, China. To describe the epidemiology and etiology of BSI in local region is crucial to manage and treat patients 
successfully. This study aimed to investigate whether there are any specific patterns in the incidence and etiology of BSI 
among HIV hospitalized patients in Fujian.

Methods
Ethical Consideration
The study was approved by the ethics committee of Mengchao Hepatobiliary Hospital of Fujian Medical University (The 
Ethics approval reference number: 2022_015_01). This study was performed retrospectively and data were anonymously 
used through electronic medical records. All information about the patients was kept confidential. All procedures were 
carried out in compliance with the Helsinki Declaration. Thus, patient informed consent was waived.

Study Design and Population
HIV inpatients with blood culture data were retrospectively included in Mengchao Hepatobiliary Hospital of Fujian 
Medical University, in China, from September 2015 to August 2021. The patients with positive blood isolates were 
further analyzed.

Data Collection
Data including age, gender, HIVRNA loads, CD4 counts, CD8 counts, complete blood counts, blood chemistry results, 
PCT levels, CRP levels and organism isolates were carefully collected from medical records for each individual. All data 
were carefully checked after abstraction.

Laboratory Methods
Clinical signs such as temperature >38°or <36 ◦C, white cell count >12,000 cells/mm3 or <4000 cells/mm3, tachycardia, 
tachypnea were evidence of suspected BSI. Venous blood samples were collected from each patient (2 sites, 2x10mL for 
aerobic bacteria, 10mL for fungus and 10mL for mycobacteria). Specimens for bacterial culture were incubated in the 
BACT/ALERT® 3D system (bioMérieux, USA) for 7 days, fungal culture in the BACTECTM FX system (BD, USA) for 
14 days and mycobacterium culture in the BACTEC MGIT 960 system (BD, USA) for 42 days, or until the instrument 
automatically reported organisms growth. Positive bacterial cultures were Gram stained and subcultured onto plates with 
blood, then identified by the VITEK MS system (bioMerieux, USA). TM was inoculated onto Sabouraud′s dextrose agar 
plates and identified by its dimorphic character (cell shape from mycelium at 25°C to yeast-like form at 37°C). Candida 
was inoculated onto chromogenic agars and identified by different colors and biochemical tests. Cryptococcus neofor-
mans and Aspergillus were also subcultured onto Sabouraud′s dextrose agar plates, further identified by biochemical tests 
and automatic identification systems. Mycobacterium were subcultured onto Roche culture media and then detected by 
an MPB64-based immunochromatographic assay. Isolates expressing the protein MPB64 were defined as MTB, other-
wise regarded as NTM.

Definition
BSI diagnosis criteria were as follows: blood cultures positive for bacteria, mycobacteria, or fungi with clinically 
apparent signs and symptoms of sepsis. Unless isolated from more than one separate blood culture with the same 
antibiogram and obviously clinical symptoms, Corynebacterium spp., Bacillus spp., Micrococcus spp., coagulase 
negative Staphylococcus (CoNS), Sphingomonas paucimobilis, Propionibacterium spp. and Kocuria spp. were 
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considered as contaminants, or if doctors did not initiate treatment, believing that they were not true pathogenic strains. 
Repeated positive blood cultures for the same pathogen were regarded as one in this study. Polymicrobial BSI was 
defined as isolation of more than one species from the same blood culture sets.

Data Analysis
We used SPSS16.0 software (SPSS Inc., Chicago, USA) to analyze data. Continuous variables expressed as median 
(ranges) were compared using Kruskal–Wallis or Mann–Whitney test. Categorical data were expressed as numbers 
(percentages) and the differences between groups were analyzed by Pearson’s chi-squared or Fisher’s exact test. 
A P-value less than 0.05 was considered to be of statistical significance (two sides).

Results
A total of 4282 HIV/AIDS patients were admitted to Mengchao Hepatobiliary Hospital of Fujian Medical University 
between September 2015 and August 2021. Among them, 3681 hospitalized patients were conducted with blood culture. 
Finally, 683 true strains in 646 inpatients were analyzed (Figure 1).

4282 HIV/AIDS inpatients between

September 2015 and August 2021

601 patients without blood

culture were excluded

762 organism strains were identified

2919 patients with negative

blood culture were excluded

16 strains with incomplete

messages were excluded

683 strains in 646 patients were included

63 contaminated strains

were excluded

34 patients with polymicrobial BSI (31

patients with 2 strains, others with 3 strains)

3681 patients with blood culture

746 stains with complete data

Figure 1 Flow chart of bloodstream infections screening.
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Basic characteristics in 646 patients with positive blood culture are shown in Table 1. The median age was 38 years in 
these patients, 86.84% of whom was male. Ninety-five percent of patients had CD4 counts less than 200 cells/µL and 
65.33% of them had a load of HIVRNA >1×105IU/mL (Table 1).

Six hundred and forty-six (17.55%) HIV hospitalized patients were found with positive blood culture. Thirty-four 
(0.92%) patients were polymicrobial. The overall contamination rate was 1.71% (Table 2). The total isolated rate of 
microorganisms in blood culture was 18.55%, in which the lowest rate was 12.01% in 2018 and the highest rate was 
22.36% in 2016 (Table 3). The incidence of TM BSI ranged from 8.3% to 15.00% in this period (Table 3). The most 
prevalent strain was TM which was responsible for 66.91% of the pathogens (Table 4).

Patients with TM BSI had lower HB level, WBC counts and CRP level than those with other pathogens BSI (P < 
0.001, P = 0.004, P = 0.012, respectively). The proportion of patients with age <50 years was also lower in TM group 
(P < 0.001). The proportion of individuals with CD4<200cells/µL or HIVRNA >1× 104IU/mL was higher in TM group 
(both P < 0.001) (Table 5).

Discussion
We performed a 6-year retrospective study (2015–2021) to investigate the prevalence and etiology of BSI in patients with 
HIV in Mengchao Hepatobiliary Hospital of Fujian Medical University. To our best knowledge, this was the largest 
sample size of study on BSI over a long period of time among HIV patients in Fujian, China.

There are several important findings in this study. Firstly, the results showed that the incidence of BSI in HIV patients 
still remains high in the post ART era in Fujian, China. Secondly, the study demonstrated that TM accounts for the vast 
majority isolates of BSI in HIV patients in Fujian. Finally, the results revealed that patients with TM BSI are more likely 
to have lower CD4 level, WBC counts and HB level, but higher HIVRNA loads than those with other pathogens BSI.

The BSI rate in our study was similar to the results showed by Artico et al, which was 13.5%.14 However, our result 
was higher than the findings reported in Shanghai, Italy and Portugal, which were 9.38%, 5.8% and 6.8%, 
respectively.6,13,15 On the contrary, the positive rate in blood culture in our study was much lower than the results 
demonstrated in Africa, which were 28% and 34.5%, respectively.16,17 Obviously, there is a significant variation in BSI 
rate among different countries and even among different regions within the same country. It is primarily attributed to 
differences in the geographical distribution of pathogens, ART accessibility and economic development.

We found that fungemia was the overwhelming BSI and TM continued to be the dominant isolated pathogen among 
HIV-infected patients in Fujian in recent years. Similarly, a study reported that Cryptococcus neoformans was the most 
common stain followed by TM.6 TM has been increasing concurrently with HIV prevalence in Thailand and Vietnam.5 In 
Spain, Common causative fungi were Candida and Cryptococcus neoformans in HIV patients.12,18 In contrast, 
Staphylococci spp., Streptococcus pneumoniae and Enterobacterium were found to be the leading organisms in 
Taiwan, Belgium, Italy and Portugal.7,9,11,13 However, studies showed a higher rate of Salmonella, Mycobacteria, and 
Cryptococci species conducted in the developing settings, particularly in Africa and Southeast Asia.3–5

Our results can be explained as follows: on one hand, Fujian located in Southeast China, is the TM endemic 
region.19,20 The burden of TM infection in South China is heavy.21 On the other hand, HIV was diagnosed at a late stage 
in most of these patients, who had low CD4 counts and were easy to suffer TM. Compared to patients with other 
pathogens, those with TM BSI had lower WBC counts, HB level and CD4 counts, but higher HIV RNA loads. Thus, it 
still needs to further conduct HIV counseling and testing services to promote individuals with HIV to test and treat 
early.

Mycobacteria BSI may have been underestimated due to various results: insufficient blood samples, contaminated 
specimens, culture skills of being further improved and patients might have been treated with fluoroquinolone antibiotics 
in other medical institutions before sampling. So, the positive rate of Mycobacteria was very low in this study. It increased 
slightly in recent years due to the improvement of culture technique. Yet, we still regard these organisms as an important 
public health problem in Fujian, China. Efforts are needed to enhance our awareness and culture technique.

With the economic development and the improvement of people’s life, safe food and water have been well supplied in 
China in past decades. This contributes to the low rate of BSI due to Enterobacterium such as E. coli and Salmonella spp. 
in this study.
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Table 1 Baseline Characteristics in HIV Hospitalized Patients with Bloodstream Infection (N = 646)

Variables 2015 (n = 21) 2016 (n = 66) 2017 (n = 93) 2018 (n = 154) 2019 (n = 133) 2020 (n = 116) 2021 (n = 63) All (n = 646) P

Age (y), median (range) 37 (21–69) 36 (19–72) 35 (18–88) 37 (18–75) 41 (20–89) 39 (18–74) 39 (21–77) 38 (18–89) 0.038

Male (n, %) 20 (95.24) 55 (83.33) 80 (86.02) 129 (83.77) 120 (90.23) 101 (87.07) 56 (88.89) 561 (86.84) 0.595

CD4 (cells/µL), median (range) 12 (1–240) 14 (1–269) 12 (1–1003) 14 (0–660) 16 (1–579) 18 (1–709) 12 (1–173) 14 (0–1003) 0.246

>200 (n, %) 1 (4.76) 3 (4.55) 5 (5.38) 7 (4.55) 7 (5.26) 7 (6.03) 0 (0) 30 (4.64)

<200 (n, %) 20 (95.24) 63 (95.45) 88 (94.62) 147 (95.45) 126 (94.74) 109 (93.97) 63 (100) 616 (95.36)

CD8 (cells/µL), median (range) 227 (141–1397) 353 (119–1674) 284 (45–1895) 269 (28–1627) 285 (22–2548) 247 (14–1169) 153 (23–1421) 268 (14–2548) <0.0001

HIVRNA (IU/mL) 0.001

<1×105 (n, %) 5 (23.81) 19 (28.79) 52 (55.91) 52 (33.77) 37 (27.82) 40 (34.48) 19 (30.16) 224 (34.67)

>1×105 (n, %) 16 (76.19) 47 (71.21) 41 (44.09) 102 (66.23) 96 (72.18) 76 (65.51) 44 (69.84) 422 (65.33)

PCT (ng/mL), median (range) 0.64 (0.03–100) 0.23 (0.04–7.88) 0.07 (0.02–154.07) 0.11 (0.02–82.93) 0.14 (0.02–100) 0.13 (0.02–54.93) 0.11 (0.04–100) 0.12 (0.02–154.07) <0.0001

CRP (mg/L), median (range) 3.12 (0.91–237.02) 8.12 (0.45–150.74) 7.46 (0.43–279.59) 8.01 (0.35–259.34) 9.34 (0.2–225.29) 7.68 (0.2–284.04) 8.59 (0.27–250.61) 8.57 (0.2–284.04) 0.451

Notes: Quantitative variables are presented as the median (range). Categorical variables are presented as numbers (percentage). n: sample numbers.
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Some reports demonstrated that Staphylococcus spp. were the common organisms due to high proportion of drug 
users or nosocomial in origin.10,22 While the drug users were very few and patients with contaminated Cons were 
excluded in our study. Therefore, the Staphylococcus spp. BSI was less common in this study. As to Candida, we also 
found that candidemia was rare. It could be attributed to the fact that patients acquired BSI almost from community in 
this study. While Candida infection usually occurs in hospitals, and especially in intensive care units.10,12,13

Table 2 Characteristics of Bloodstream Infection Among Inpatients with HIV

Admission 
Patients (n)

Blood-Cultured 
Patients (n)

Culture-Positive 
Patients (n)

Culture Positive 
Rate (%)

Contamination 
Rate (%)

Polymicrobial 
Rate (%)

2015 204 136 21 15.44 0.74 1.47

2016 631 566 66 11.66 1.06 0.35

2017 700 587 93 15.84 3.41 0.85
2018 849 720 154 21.39 1.11 0.97

2019 798 684 133 19.44 2.05 0.58

2020 664 569 116 20.21 0.88 1.23
2021 436 419 63 15.04 2.15 1.67

Total 4282 3681 646 17.55 1.71 0.92

Table 3 The Isolation Rate of Microorganisms in Bloodstream Infection Patients

Year Microorganisms (n,%)

Total TM Cryp Myco Stap Stre Ente Asps Cand Others

2015 23 (16.91) 16 (11.76) 5 (3.68) – – – 1 (0.74) – – 1 (0.74)

2016 68 (12.01) 47 (8.3) 8 (1.41) – 3 (0.53) – 7 (1.24) – – 3 (0.53)
2017 100 (17.04) 64 (10.90) 19 (3.24) – 6 (1.02) 2 (0.34) 5 (0.85) – 1 (0.17) 3 (0.51)

2018 161 (22.36) 108 (15.00) 24 (3.33) 5 (0.69) 7 (0.97) 2 (0.28) 10 (1.39) – 1 (0.14) 4 (0.56)

2019 138 (20.18) 87 (12.72) 20 (2.92) 8 (1.17) 5 (0.73) – 15 (2.19) – 2 (0.29) 1 (0.15)
2020 123 (21.62) 85 (14.94) 14 (2.46) 5 (0.88) 5 (0.88) – 10 (1.76) 1 (0.18) 2 (0.35) 1 (0.18)

2021 70 (16.71) 50 (11.93) 7 (1.67) 10 (2.39) – – 2 (0.48) – 1 (0.24) –

All 683 (18.55) 457 (12.42) 97 (2.64) 28 (0.76) 26 (0.71) 4 (0.11) 50 (1.36) 1 (0.03) 7 (0.19) 13 (0.35)

Abbreviations: TM, Talaromyces marneffei; Cryp, Cryptococcus neoformans; Myco, Mycobacterium spp. (including Nontuberculous mycobacteria and Mycobacterium tuberculosis); 
Stap, Staphylococcus spp. (including Coagulase negative staphylococcus and Staphylococcus aureus); Stre, Streptococcus spp.; Ente, Enterobacterium spp.; Aspe, Aspergillus; Cand, 
Candida; Others, microorganisms except above.

Table 4 The Composition of Microorganisms Isolated from Blood Culture (N = 683)

Year Microorganisms (n, %)

TM Cryp Myco Stap Stre Ente Aspe Cand Others

2015 16 (69.57) 5 (21.74) – – – 1 (4.34) – – 1 (4.34)

2016 47 (69.12) 8 (11.76) – 3 (4.41) – 7 (10.29) – – 3 (4.41)
2017 64 (64.00) 19 (19.00) – 6 (6.00) 2 (2.00) 5 (5.00) – 1 (1.00) 3(3.00)

2018 108 (67.08) 24 (14.90) 5 (3.10) 7 (4.35) 2 (1.24) 10(6.21) – 1 (0.62) 4(2.48)
2019 87 (63.04) 20 (14.49) 8 (5.79) 5 (3.62) – 15 (10.87) – 2 (1.45) 1(0.72)

2020 85 (69.11) 14 (11.38) 5 (4.07) 5 (4.07) – 10 (8.13) 1 (0.81) 2 (1.63) 1(0.81)

2021 50 (71.43) 7 (10.00) 10 (14.29) – – 2 (2.86) – 1 (1.43) –
All 457 (66.91) 97 (14.20) 28 (4.10) 26 (3.81) 4 (0.59) 50 (7.32) 1 (0.15) 7 (1.02) 13(1.90)

Abbreviations: TM, Talaromyces marneffei; Cryp, Cryptococcus neoformans; Myco, Mycobacterium spp. (including Nontuberculous mycobacteria and Mycobacterium tuberculosis); 
Stap, Staphylococcus spp. (including Coagulase negative staphylococcus and Staphylococcus aureus); Stre, Streptococcus spp.; Ente, Enterobacterium spp.; Aspe, Aspergillus; Cand, 
Candida; Others, microorganism except above.
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Streptococcus spp. is found to be one of the most prevalent causes of BSI worldwide.23 Nevertheless, Streptococcus 
spp. only accounted for 0.11% in our study. It is consistent with the result reported in Shanghai, China, which showed 
2.2%.6 One possible explanation is that HIV is diagnosed at a late stage in large proportion of HIV patients in China and 
the patients therefore have low CD4 counts and late-stage AIDS.24,25 Opportunistic pathogens were the overwhelming 
etiology among HIV patients in China.

This study has some limitations: firstly, it is a retrospective study; thus, potential confounders cannot be ruled out. In 
addition, it is a single center study and the results are more appropriate to guide local physicians.

Conclusion
BSI remains a major concern in the post ART era in these patients. Fungus, especially TM is the predominant pathogen in 
Fujian, China. It seems to be related to a poor viro-immunological status in these patients. This emphasizes the 
importance of an early HIV diagnosis and early onset ART. Physicians should improve the awareness of opportunistic 
pathogens to avoid BSI in these patients.
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