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Etiology and clinical features of 229 cases of bloodstream infection
among Chinese HIV/AIDS patients: a retrospective
cross-sectional study
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Abstract Bloodstream infections (BSIs) are prevalent among
people living with HIV/AIDS. The etiology varies in different
regions and different periods. We aimed to survey the etiological
and clinical features of BSIs in HIV patients in mainland China.
We assessed all HIV patients with a positive blood culture in a
Chinese teaching hospital from September 2009 through
December 2014. We excluded those with specimens likely to
have been contaminated. We used Pearson’s chi-squared test to
measure the differences in characteristics among subgroups of
different pathogens. Among 2442 Chinese HIV-seropositive in-
patients, 229 (9.38 %) experienced BSIs. The most common
pathogens detected included Cryptococcus neoformans
(22.7 %), Penicillium marneffei (18.8 %), Mycobacterium
tuberculosis (15.3 %), and non-tuberculous mycobacterium
(14.8 %). 30/229 (13.1 %) HIV patients with BSIs had a poor
prognosis. BSIs are prevalent in hospitalized patients with HIV/
AIDS in China. Fungi and mycobacteria are the predominant
pathogens.

Background

A number of studies from different regions of the world sug-
gested that bloodstream infections (BSIs) are frequent among
people living with HIV/AIDS [1–4]. Studies that made com-
parisons with HIV-seronegative populations indicated that
HIV infection is associated with a higher prevalence of
BSIs, including mycobacteremia, other bacteremia, and

fungemia [5, 6]. The literature also indicated that antiretroviral
therapy (ART) significantly reduced the prevalence and
changed the etiological composition of BSIs in this popula-
tion. Before the era of ART, non-typhi Salmonella spp. (NTS)
andMycobacterium tuberculosis (MTB)were the most impor-
tant associated pathogens. However, in the era of ART, non-
opportunistic infectious agents such as Staphylococcus aureus
and Streptococcus pneumoniae are increasingly important.

The etiological spectrum of BSIs also varies in different
periods and different regions. For example, BSIs of
Penicillium marneffei is mostly reported in southeastern
Asia [7]. Mycobacteremia is mostly caused by non-
tuberculous mycobacterium (NTM) in the USA, while MTB
is predominant in regions with a high tuberculosis (TB) bur-
den [8, 9].

By the end of 2013, 437,000 persons were reported to be
living with HIV/AIDS in mainland China; some 40 %met the
criteria of AIDS and around 30 % were on antiretroviral treat-
ment [10]. However, there is a lack of knowledge about the
prevalence, etiology, and outcome of BSIs in this population.

Methods

Enrollment

From September 2009 through December 2015, HIV-infected
inpatients admitted to the Division of Infectious Disease,
Shanghai Public Health Clinical Center with fever or other
symptoms indicative of BSI were examined by blood culture.
Patients with at least one positive blood culture were screened.
Single culture of pathogens that are often present as contam-
inants (coagulase-negative staphylococci and S. aureus) were
excluded from this analysis unless the patient had a typical
clinical manifestation that is responsive to targeted antibiotic
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therapy. Post-surgery BSIs that had previously been reported
by the surgical department are also excluded [11].

Settings and population

The research was done at the Division of Infectious Disease,
Shanghai Public Health Clinical Center (SPHCC). SPHCC is
a special hospital for infectious disease. It is the only desig-
nated hospital in the Shanghai municipality to care for HIV/
AIDS patients. It is also a referral hospital for HIV/AIDS
clinical care in eastern China and provides integrated care
for patients from other provinces. Around half of the inpa-
tients are referred from other provinces of China. The
Division of Infectious Disease takes care of all HIV patients
in the hospital who do not undergo surgery.

Definition

BSIs refer to the presence of mycobacteria, other bacteria, or
fungi in the bloodstream. Severe sepsis is defined as sepsis
accompanied by sepsis-induced organ dysfunction or tissue
hypoperfusion. Survival is defined as BSI cured or controlled
when the patient was discharged. A poor prognosis was
assigned retrospectively if the patient died in hospital or was
discharged with deteriorated disease and unstable vital signs.

Laboratory methods

Specimens included blood (two sites, 2 × 10 mL for aerobic
bacteria, 2 × 10 mL for mycobacteria) and bone marrow when
available (5–10 mL for aerobic bacteria, 5–10 mL for
mycobacteria). Specimens for bacterial and fungal culture
were collected in BacT/ALERT®FA bottles and then incubat-
ed for 7 days in a BacT/ALERT® 3D system (bioMérieux,
France). The system automatically reported the existence and
species of the organisms. Specimens for mycobacterium de-
tection were collected in BD BACTEC™ Myco/F Lytic bot-
tles and incubated for 42 days in the BD BACTEC 9120
automated blood culture system (BD, New Jersey). Positive
cultures were subcultured onto Roche culture media slant and
Showalter slant, and then tested by an MPB64-based
immunochromatographic assay (Innovative Biological
Prosecution Technology Co., Ltd., Hangzhou China). Strains
expressing the protein MPB64 were defined asMTB and non-
expressors were regarded as NTM [12].

Data analysis

We calculated proportions and medians to describe patient
characteristics. We measured the difference in variables
between subgroups of different pathogens by Pearson’s
chi-squared test (χ2). Factors with a p-value less than
0.05 were regarded as significant. All data analyses were

conducted in SPSS 17.0 software (SPSS Co. Ltd.,
Chicago, IL, USA).

Results

Etiology (Table 1)

Among 2442 Chinese HIV-seropositive inpatients, 229
(9.38 %) experienced BSIs . Among these infections, 69
(30.1 %) were mycobacterial infection, including 35
(15.3 %) MTB infections and 34 (14.8 %) NTM infections.
Ninety-seven (42.4 %) were fungal infections, including 43
(18.8 %) cases of P. marneffei infection, 52 (22.7 %)
Cryptococcus neoformans, 1 (0.4 %) Candida albicans, and
1 (0.4 %) histoplasmosis. Sixty-three (27.5 %) cases of BSIs
were caused by other bacteria, including coagulase-negative
staphylococci (n = 11), non-typhi Salmonella (n = 10),
Escherichia coli (n = 7), Salmonella typhi (n = 6),
Staphylococcus aureus (n = 5), Acinetobacter baumanii
(n = 3), Enterobacter cloacae (n = 3), corynebacterium

Table 1 Etiology of BSIs among HIV-infected patients admitted to
SPHCC, September 2009–December 2014

Pathogen Number (%), N = 229

Mycobacteria 69 (30.1)

Mycobacterium tuberculosis 35 (15.3)

Non-tuberculous mycobacterium 34 (14.8)

Fungi 97 (42.4)

Penicillium marneffei 43 (18.8)

Cryptococcus neoformans 52 (22.7)

Candida albicans 1 (0.4)

Histoplasmosis 1 (0.4)

Other bacteria 63 (27.5)

Coagulase-negative staphylococci 11 (4.8)

Burkholderia cepacia 6 (2.6)

Staphylococcus aureus 5 (2.2)

Streptococcus mitis 2 (0.9)

Streptococcus lentus 2 (0.9)

Streptococcus viridans 1 (0.4)

Non-typhi Salmonella 10 (4.4)

Acinetobacter baumanii 3 (1.3)

Salmonella typhi 7 (3.1)

Escherichia coli 7 (3.1)

Enterobacter cloacae 3 (1.3)

Klebsiella pneumonia 1 (0.4)

Corynebacterium 2 (0.9)

Enterococcus faecalis 2 (0.9)

Citrobacter freundii 1 (0.4)

1768 Eur J Clin Microbiol Infect Dis (2016) 35:1767–1770



(n = 2), Enterococcus faecalis (n = 2), Streptococcus mitis
(n = 2), Streptococcus lentus (n = 2), Streptococcus viridans
(n = 1), Citrobacter freundii (n = 1), and Klebsiella
pneumoniae (n = 1). 175 (76.4 %) episodes of BSIs could be
categorized into opportunistic infections, including those
yielding mycobacteria, P. marneffei, Cryptococcus
neoformans, and non-typhi Salmonella.

Clinical and laboratory characteristics (Table 2)

Patients had a median age of 37 years (range 18–81).
Twelve were female (5.24 %). The median CD4 count was
20/μL (1–628). 84.3 % of the patients were ART-naïve and
85.2 % had a CD4 count of <50 cells/mm3. Fungal BSIs
tended to occur among patients with lower CD4 count and
patients naïve of antiretroviral therapy. Twenty-eight
(12.23 %) patients met the criteria of severe sepsis when BSI
was diagnosed. Patients with BSIs of mycobacteria were less
likely to develop severe sepsis. But the mortality rates were
comparable among different groups. Eighteen patients were
considered as hospital-infected BSIs, 17 were bacteremia, and
the other was fungemia.

Discussion

We found that the prevalence of BSIs was 9.38% amongHIV/
AIDS patients admitted to a Chinese referral hospital. A high
proportion (13.3 %) of the BSIs led to a poor prognosis.
Therefore, BSIs were an important comorbidity in these
Chinese HIV/AIDS patients.

Opportunistic pathogens were the predominant etiology.
This may be explained by the low CD4 count and ART

coverage among these patients. These data may be represen-
tative in China, where most of the HIV patients were found to
be naïve to ART and met the criteria of AIDS [10].

In our study, there was a significant proportion of fun-
gal infection, including infection with P. marneffei.
Patients with BSI of fungi had lower median CD4 counts
than those with BSI of mycobacteria or other bacteria.
The proportion of BSI patients with P. marneffei infection
(18.8 %) was much higher than that reported in southeast-
ern Asia (2.7 %) [1]. Hu et al. declared in their review
that P. marneffei is an emerging pathogenic fungus in
mainland China, especially the southern provinces [13].
We showed that BSIs of P. marneffei are prominent
among our study population. Accordingly, this fungus
should be considered when treating similar patients with
BSIs in China, especially in the southern provinces.

NTM and MTB were about equally frequent in patients
with mycobacteremia. The proportion of MTB was higher
than in data from the USA and lower than in South Africa
[8, 14]. The differences in ratio are likely related to the
different levels of TB epidemics among countries and re-
gions. It is always important to distinguish NTM from
MTB, so as to provide appropriate treatment in time.

Worldwide, NTS, S. pneumoniae, E. coli, and S. aureus
were reported as the main pathogens for bacterial BSIs in
HIV patients [15, 16]. We did not find any S. pneumoniae
bacteria in this study. This is consistent with studies in southeast
Asia showing a low incidence of S. pneumoniae [12, 17].

A shortcoming of the study is that the data was retrospec-
tively collected from a single hospital. However, the hospital
treats all HIV patients in the Shanghai Municipality plus a
similar number of patients transferred from other parts of
China. Given that there are no national data yet, this may be
the most reliable data to date. In the future, multicenter

Table 2 Characteristics of HIV-infected patients with BSI admitted to SPHCC, September 2009–December 2014

Characteristic Any pathogen, N = 229 Mycobacteria, N = 69 Other bacteria, N = 63 Fungi, N = 97 p-Value

Asian race 229 (100 %) 69 (100 %) 63 (100 %) 97 (100 %) NS

Age (years), median (range) 37 (18–81) 40 (18–64) 42 (20–81) 35 (21–67) NS

Male 217 (94.8 %) 66 (95.7 %) 58 (92.1 %) 93 (95.9 %) NS

CD4 count (/μL), median (range) 20 (1–628) 21 (1–225) 28 (2–628) 14 (1–222) <0.05*

On ART 36 (15.7 %) 19 (27.6 %) 16 (25.4 %) 1 (1.03 %) <0.001†

Severe sepsis 28 (12.2 %) 2 (2.9 %) 12 (19.0 %) 14 (14.4 %) <0.001‡

Hospital-acquired 18 (7.9 %) 0 17 (40.0 %) 1 (2.9 %) <0.001§

Poor outcome 30 (13.1 %) 6 (8.7 %) 10 (15.9 %) 14 (14.4 %) NS

*The CD4 count of HIV-seropositive septic patients was significantly lower among those with fungal infection, compared with mycobacterial infection
and other bacterial infection
† Fungal BSIs occurred predominantly in HIV patients who were naïve of antiretroviral therapy
‡The prevalence of severe sepsis was significantly lower among patients with BSIs of mycobacteria
§ The prevalence of hospital infection was significantly higher among patients with BSIs of other bacteria, compared with those of mycobacteria or fungi
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prognostic studies, especially those focusing on certain path-
ogens such as P. marneffei, may provide more detailed
information.
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