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Abstract

Background: Blastocystis is a widespread zoonotic protozoan of mammalian species, especially in HIV/AIDS
individuals. The aim of this study was to analyze the prevalence and risk factors related with Blastocystis infection
among HIV/AIDS patients in Southwest China.

Methods: The cross-sectional study was performed in 311 HIV/AIDS cases in Tengchong City, Yunnan Province
from July 2016 to March 2017. For each subject, stool specimen was collected to detect the Blastocystis, and the
blood sample was used to detect HIV virus load and CD4+ T cell count, in addition, structured questionnaire was
used to collect the basic information and risk factors.

Findings: The result showed that the detection rate of Blastocystis was 3.86% (95% CI: 2.22–6.62) among HIV/AIDS
patients. Both raising animal (OR = 12.93, 95% CI: 1.54–108.36) and drinking un-boiled water (OR = 8.17, 95% CI: 1.76–
37.90) were risk factors for Blastocystis infection in HIV/AIDS individuals. In addition, the interaction of CD4+ T cell
count and HIV virus load was also contribution to Blastocystis infection (P = 0.007).

Conclusions: A high prevalence of Blastocystis infection was found in HIV/AIDS patients in Tengchong. Poor
hygienic habits, the interaction of HIV virus load and CD4+ T cell count were identified as main risk factors for
infection. These results will help us to develop efficient control strategies to intervene with and prevent the
occurrence of Blastocystis among HIV-infected individuals.
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Multilingual abstracts
Please see Additional file 1 for translations of the
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Background
Despite the expansion of antiretroviral treatment
programme several years ago, 940 000 people died from
AIDS related illnesses and 1.8 million people became
newly infected with HIV/AIDS, it remains a global

public health problem [1–4]. Currently, dramatic expan-
sion of the pandemic has brought about a significant
change in the prevalent of pathogens all over the world,
especially in developing countries [5–7]. HIV/AIDS and
many intestinal pathogen, including Cryptosporidium
parvum, Blastocystis [8–10], previously were considered
to be sporadic or zoonotic infection, becoming oppor-
tunistic infection for individual.
Blastocystis is a single-cell, anaerobic eukaryotic

organism [11, 12]. It is one of the most frequently intes-
tinal parasite that found in human beings and other ani-
mals in the worldwide [13]. And about 1 billion people
in the worldwide were infected by Blastocystis with ubi-
quitous asymptomatic infection [11, 12]. The detection
rate of Blastocystis was 0.5–57.0% in developed countries
[14, 15], and 30.0–60.0% in developing countries, espe-
cially in tropical, subtropical and poorly sanitized
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countries or regions [12]. Most importantly, the pres-
ence of the Blastocystis has been well documented
among HIV/AIDS patients [5, 6, 16]. Some studies have
reported that the prevalence was 0.8–2.2% in HIV-
infected individuals [6, 17], whereas the detection of
Blastocystis was 16.2% in HIV-infected patients con-
ducted in China [5]. Taken together, these findings sug-
gested that the prevalence of the Blastocystis among
HIV/AIDS patients was variation in different regions of
the world, is essential to further our knowledge of the
epidemiology and clinical relevance of this organism in
HIV-positive patients.
However, no available reports about the risk factors of

Blastocystis infection among HIV-infected patients in
Southwest China. This cross-sectional study was con-
ducted to explore the risk factors affecting Blastocystis
infection among HIV/AIDS, providing strategies for
Blastocystis prevention and treatment.

Methods
Study design and subjects
From 1st July 2016 to 31st March 2017, this cross-
sectional study was conducted in the Tengchong City,
Yunan Province, China. A total number of 2279 HIV-
infected patients were registered in Tengchong Center
for Disease Control and Prevention, these patients were
received standardized treatment, such as the highly
active antiretroviral therapy (HAART), in the People’s
Hospital of Tengchong City and the Tengchong Center
for Disease Control and Prevention.
The participants in this study were randomly selected.

The inclusion criteria for selection of participants
involved who over 5 years old and is able to give written
informed consent or to obtain assent by legal guardians,
and is absence of obvious severe defects of development
or malignant diseases affecting investigation procedures,
while inadequate fecal sample, incomplete questionnaire,
and refusal to participate were ruled out.

Sample size calculation
The sample size was determined using the formula for
sample size calculation [7].

n ¼ z2αpð1−pÞ
δ2

, α = 0.05, Z0.05 = 1.96, δ = precision of the

event of interest = 0.05, where n = sample size, p = preva-
lence of Blastocystis among HIV/AIDS patients = 16.23%
[5]. A minimum size was 209 cases, considering the 10%
loss follow up, the final minimum size was 209 (1 +
0.1) = 230 participants. Finally, 311 HIV/AIDS patients
were enrolled into this study.

Questionnaire survey
One standardized structural questionnaire was designed
to obtain socioeconomic and demographic description

about each HIV/AIDS patient, including the age, gender,
height, weight, education, residence, marital status, occu-
pation and presence of symptoms, total family members
and minor members in family, HIV infection time, route
and medical treatments. In addition, environmental con-
ditions, such as water supply, drinking water, toilet type
and presence of domestic animals, were also included.
This work were performed by trained doctors or nurses.

Stool collection
Each fecal specimen was collected with sterile container
and delivered to the laboratory of the People’s Hospital
of Tengchong City, and stored at − 70 °C.

Blood collection
Two milliliter venous blood of the aseptic processing
procedures from each subject were collected with hepa-
rinized biomedical polymer anticoagulative tube, and
transported to the laboratory of the People’s Hospital of
Tengchong City immediately.

Laboratory testing
Stool DNA extraction
Total genomic DNA was extracted with the QIAmp
DNA Stool Mini Kit (Qiagen, Hilden, Germany) from
stool specimen according to the manufacturer’s recom-
mended procedures. Finally, genomic DNA was obtained
and stored at − 70 °C until use.

Molecular detection of Blastocystis
Polymerase chain reaction (PCR) amplification was
conducted to detect Blastocystis using the primers,
targeted at the 18 ribosomal small subunitribosomal
ribonucleic acid (SSU rRNA) coding region gene [18].
The forward primer was 5′-GGAGGTAGTGACAA
TAAATC-3′, and the reverse primer was 5′-
ACTAGGAATTCCTCGTTCATG-3′, and the length
of the PCR amplification product was 1100 bp [18],
all primers were synthesized by Sangon Biotech Com-
pany (Shanghai, China). The PCR reaction mixture
(25 μl total volume) consisted of 12.5 μl 2 × TaKaRa
Taq™ mixture (TaKaRa Bio Inc., Shiga, Japan), 2 μl
genomic DNA template, 1 μl each of 10 μmol/L
forward primer and reverse primer, and 8.5 μl water.
The PCR conditions consisted of one denaturing cycle
at 94 °C for 5 min, 40 cycles involving denaturation at
94 °C for 30 s, annealing at 53 °C for 1 min, and
extending at 72 °C for 1 min, followed by 72 °C for 10
min. The PCR product was subjected to 1% agarose
gels at 120 V for 40 min and observed under UV light.
The PCR product of suspected positive case was sent
to purify and sequence using the dideoxy-terminal
method by the Applied Biosystems 3130 Genetic
Analyzer (Applied Biosystems, Foster City, California,
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USA). The result was compared with known
sequences listed in the GenBank database maintained
by the US National Library of Medicine (http://www.
ncbi.nlm.nih.gov/BLAST/), using the basic local align-
ment search tool (Blast).

Analysis of CD4+ T cell counts
Blood sample was centrifuged at 1000×g for 10 min,
and the supernatant (serum) was carefully collected,
aliquoted in RNase-free EP tubes. The peripheral
blood mononuclear cells were obtained from the pre-
cipitation of the whole blood and suspended in phos-
phate buffer solution (PBS) followed by adding
antibodies of anti-human CD11a labeled FITC and PE
conjugated anti-human CD4 (BD Biosciences, Franklin
Lakes, New Jersey, USA). After incubation at 4 °C for
10 min, cells were suspended and centrifuged at
1000×g for 10 min again to remove the supernatant.
The cells were suspended in 0.5 ml PBS and analyzed
by BD FACS Count System (BD Biosciences, Franklin
Lakes, New Jersey, USA). Negative control was set to
determine the cut-off value.

Detection of HIV virus load
Then HIV virus load in the serum was determined with
NucliSens HIV-1 QT Amplification Kit (BioMerieux,
Marcyl’Etoile, France) using a virus load detector Nucli-
SENS ECL (BioMerieux, Marcyl’Etoile, France) follow-
ing the manufacturer’s instruction. The copy number of
viral nucleic acid were measured to represent viral
genome titers.

Data analysis
The database was generated with EpiData 3.1 software
(The EpiData Association, Odense, Denmark), and all
data were recorded with double individuals and tested
for consistency. Statistical analysis was performed with
the IBM SPSS Statistics 25.0 software package
(International Business Machines Corporation, Armonk,
New York, United States). Odds ratio (OR) and 95% con-
fidence interval (CI) of categorical variables were calcu-
lated using two tailed, Chi-square or Fisher’s exact test.
Quantitative variable was described as mean, median,
standard deviation or inter-quartile range (IQR), quanti-
tative variable was compared by rank-sum test, analysis
of variance or t test, significant difference was consid-
ered as the level of P < 0.05 with two-tailed test. The
variables with P < 0.20 in the univariate analysis were
introduced in the multivariate logistic regression
analysis. The stepwise regression method was used. The
proposed standard was P > 0.20, the final test level was
P < 0.05 with two-tailed.

Results
Basic information and clinical symptoms of subjects
A total number of 311 HIV patients, including 149 male
and 162 female, were recruited in our study from 1st
July 2016 to 31st March 2017. The average age, weight,
and height were 40 years (95% CI: 39–41), 57 kilo-
gramme (95% CI: 56–58) and 162 cm (95% CI: 161–
162), respectively. While the average number of family
individual and juvenile were 4 (95% CI: 4–5) and 1 (95%
CI: 1–1), respectively.
Among 311 HIV/AIDS patients, in the grade of educa-

tion, the person with junior middle school-level educa-
tion was most, followed by primary school-level
education, high school-level education and university or
college-level education. Based on mode of transmission,
sexual transmission was predominant transmission
route, followed by syringe transmission and mother to
child transmission. What’s more, the average CD4+ T
cell count and HIV virus load were 520 cells/μl (95% CI:
495–544) and 2587 copies/ml (95% CI: 315–4859),
respectively. The average treatment time was 68months
(95% CI: 64–72) for all patients.
In addition, the most common clinical symptoms were

loss of appetence (19.3, 95% CI: 15.3–24.0), followed by
skin itching (17.0, 95% CI: 13.3–21.6), abdominal disten-
sion (16.1, 95% CI: 12.4–20.6), pruritus (13.5, 95% CI:
10.1–17.8), abdominal pain (12.9, 95% CI: 9.6–17.0),
anemia (2.9, 95% CI: 1.5–5.4) and chronic diarrhea (1.0,
95% CI: 0.3–2.8).

Blastocystis prevalence and the relationship between
Blastocystis infection and clinical symptom
Twelve cases of 311 HIV/AIDS subjects were infected
with Blastocystis, and the detection rate was 3.86% (95%
CI: 2.22–6.82) (Fig. 1, Additional file 2). No significant
association was observed between Blastocystis infection
and clinical symptoms, such as diarrhea (P = 0.999),
abdominal distension (P = 0.999), loss of appetence (P =
0.060), itchy skin (P = 0.437), perianal pruritus (P =
0.063) and anemia (P = 0.320).

Risk factors for the Blastocystis infection with univariate
analysis
Univariate analysis has revealed that drinking water, rais-
ing livestock, HIV infection route, CD4+ T cell count
and HIV virus load were closely association with Blasto-
cystis infection (Table 1). In addition, the potential risks
(P < 0.20) for the Blastocystis infection were gender and
washing hand after defecation (Table 1). Whereas,
several factors have no influence on Blastocystis infec-
tion among HIV-infected patients (Table 1), such as age,
nationality, residence, education level, marriage, family
member, body mass index (BMI), water source, toilet
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type, keeping pet, household member chronic diarrhea
and HIV clinical stage.

Risk factors for the Blastocystis infection with multivariate
analysis
Based on these variables (drinking water, raising live-
stock, HIV infection route, CD4+ T cell count, HIV virus
load, gender and washing hand after defecation) were
involved in the multivariate model, further analysis
showed that only four factors were association with
Blastocystis infection as follows: raising animal, drinking
water, CD4+ T cell count and HIV virus load (Table 2).

Interaction effect among CD4+ T cell count and HIV virus
load for Blastocystis infection
Upon the threshold of CD4+ T cell count and HIV
virus load was set into 500 cells/μl and 50 copies/ml,
respectively. The detection rate of Blastocystis was
different in these four groups (Table 3). At the same
time, the interaction variable between the HIV virus
load and CD4+ T cell count, named CD4+ T*HIV,
which was introduced in Table 3. As for the new
variable CD4+ T*HIV (Table 3), the group 4 was
defined as reference group (dummy variable), and
analysis was performed again, including the factor
that drinking water, raising animal, HIV infection
route, CD4+ T cell count, HIV virus load, gender and
washing hand after defecation. The furher results

showed that raising animal and drinking un-boiled
water were the risk factors for Blastocystis infection
among HIV/AIDS cases, and the new variable CD4+

T*HIV was also contribution the Blastocystis preva-
lence (Table 2). In addition, the detection rate of
Blastocystis in subjects with HIV virus load < 50
copies/ml and CD4+ T < 500 cells/μl was less than
that in individuals with HIV virus load ≥50 copies/ml
and CD4+ T < 500 cells/μl (OR = 0.02, 95% CI: 0.00–
0.19), and the prevalence of Blastocystis in subjects
with HIV virus load ≥50 copies/ml and CD4+ T ≥ 500
cells/μl was lower than that in individuals with HIV
virus load ≥50 copies/ml and CD4+ T < 500 cells/μl
(OR = 0.15, 95% CI: 0.03–0.73) (Table 3).

Discussion
Blastocystis is one of the most common enteric protozoa
in HIV-infected patient due to weaken immunity [19]. In
this study, the detection rate of Blastocystis was 3.70% in
HIV-infected patients, it was significant lower than that
reported by others conducted in HIV/AIDS patients in
China [5], and some developing countries, such as
Ethiopia (10.6%) [20] and Iran (19.0%) [21]. Conversely,
the detection rate of Blastocystis was higher than that in
non-diarrhea subjects in China (32.6%) [22]. However,
the prevalence of Blastocystis in this study was closely to
other studies conducted among non-diarrhea and non-
HIV population (4.0%) in urban area in China [23, 24], it

Fig. 1 Generation of evolutionary tree of Blastocystis with neighbor-joining analysis. The reference sequence was obtained from GeneBank. 12
cases were diagnosed as Blastocystis infection, Blastocystis subtype 1, subtype 3, subtype 4 and subtype 7 were three, identically
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Table 1 Single factor analysis of influencing factors for Blastocystis infection among HIV patients

Variable Blastocystis
(+)
n = 12
N (%)

Blastocystis
(−)
n = 299
N (%)

Univariate analysis

χ2 P value OR (95% CI)

Age < 40 year (n = 179) 8 (4.5) 171 (95.5) 0.424 0.515 0.67 (0.20–2.27)

≥ 40 year (n = 132) 4 (3.0) 128 (97.0)

Gender Male (n = 149) 3 (2.0) 146 (5.6) 2.656 0.105 2.86 (0.76–10.78)

Female (n = 162) 9 (98.0) 153 (94.6)

Nationality Minority nationality (n = 11) 1 (9.1) 11 (90.9) – 0.356 0.38 (0.04–3.24)

Han nationality (n = 300) 10 (3.7) 289 (96.3)

Residence Urban (n = 260) 10 (3.8) 250 (96.2) 0.001 0.980 1.02 (0.22–4.80)

Rural area (n = 51) 2 (3.9) 49 (96.1)

Education level Primary school (n = 132) 6 (4.5) 126 (95.5) 1.583 0.633 –

Junior middle school (n = 161) 6 (3.7) 155 (96.3)

High school (n = 15) 0 (0.0) 15 (100.0)

University or collage (n = 3) 0 (0.0) 3 (100.0)

Marriage Unmarried (n = 25) 0 (0.0) 25 (100.0) 4.487 0.213 –

Married (n = 259) 12 (4.6) 247 (95.4)

Married and living alone or widowed (n = 22) 0 (0.0) 22 (100.0)

Other (n = 5) 0 (0.0) 5 (100.0)

Family member < 5 individuals (n = 48) 1 (2.1) 47 (97.9) – 0.701 2.05 (0.26–16.27)

≥ 5 individuals (n = 263) 11 (42) 252 (95.8)

Body mass index Underweight (n = 29) 2 (6.9) 27 (93.1) 2.862 0.210 –

Normal (n = 271) 9 (3.3) 262 (96.7)

Overweight (n = 11) 1 (9.1) 10 (90.7)

Drinking water Boiled water (n = 291) 7 (2.4) 284 (97.6) – < 0.001 13.50 (3.80–47.70)

Un-boiled water (n = 20) 5 (25.0) 15 (75.0)

Water source No-tap water (n = 11) 0 (0.0) 11 (100.0) – 0.999 –

Tap water (n = 300) 12 (4.0) 288 (96.0)

Toilet type Water wash toilet (n = 135) 3 (2.2) 132 (97.8) 1.722 0.789 2.37 (0.63–8.93)

Un-water wash toilet (n = 176) 9 (5.1) 167 (94.9)

Washing hand after defecation No (n = 12) 2 (16.7) 10 (3.3) – 0.071 0.17 (0.03–0.90)

Yes (n = 299) 10 (3.3) 289 (96.7)

Keeping pet No (n = 230) 8 (3.5) 222 (96.5) – 0.518 1.44 (0.44–4.92)

Yes (n = 81) 4 (4.9) 77 (95.1)

Raising animal No (n = 146) 1 (0.7) 145 (99.3) – 0.006 10.36 (1.32–81.23)

Yes (n = 165) 11 (6.7) 154 (93.3)

HIV infection route Syringe (n = 18) 3 (16.7) 15 (83.3) 6.239 0.044 –

Mother to children (n = 6) 0 (0.0) 6 (100.00)

Sex (n = 287) 9 (3.1) 278 (96.9)

Take antiviral drug No (n = 2) 0 (0.0) 2 (100.0) – 0.999 1.04 (1.02–10.06)

Yes (n = 309) 12 (3.9) 297 (96.1)

Household member chronic diarrhea No (n = 294) 10 (3.4) 2 (11.8) – 0.134 3.79 (0.76–18.84)

Yes (n = 17) 2 (11.8) 15 (88.2)

CD4+ T cell count < 500 (n = 139) 1 (0.6) 171 (99.4) 11.141 0.001 0.07 (0.01–0.53)

≥ 500 (n = 172) 10 (3.6) 268 (96.4)
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may be attributed to the subject enrolled in this study,
once HIV/AIDS patient was found in China, the large
dose antiviral drug was used to treat, resulting in the
low HIV virus load in serum, at the same time, the high
immune status of patients can prevent intestinal proto-
zoa infection to some extent, in addition, some broad-
spectrum antibiotics were used to prevent opportunistic
infection in the processes of the standardized treatment
for HIV/AIDS patient.
In line with other study [22], the result also showed

that drinking un-boiled water was risk factor for
Blastocystis infection among HIV/AIDS patients, it may
increase the infection chance for intestinal protozoa,
especially in HIV/AIDS patients. What’s more, raising
animal was another risk factor, it was consist with the
report by Wang et al. showed that the HIV/AIDS
patients could be infected by frequently contacting with
livestock infected with Blastocystis [25]. Hence, the eco-
nomic condition, raising livestock, and lifestyle remain

to be improved, it is important event in blocking the
infection of the Blastocystis and reducing the Blastocystis
prevalence.
In this study, the average number of CD4+ T cell

count was 453 cells/μl in HIV cases infected with
Blastocystis, it was lower than that of in healthy
people (> 500 cells/μl). A study by Fekadu et al.
showed that CD4+ T cell count will be degradation
among HIV/AIDS patient [26]. Implying weaken im-
munity caused by low CD4+ T cell count may con-
tribute Blastocystis infection in HIV/AIDS patients,
and it was reasonable that the HIV/AIDS cases
should be receive standardized treatment and long-
term monitoring [21]. However, other study have
showed that low CD4+ T cell count was not major
risk factor for Blastocystis infection [27], for instance,
no significant differences of Blastocystis infection was
observed in HIV/AIDS individuals with or without
CD4+ T cell count more than 200 cells/μl [7], and

Table 1 Single factor analysis of influencing factors for Blastocystis infection among HIV patients (Continued)

Variable Blastocystis
(+)
n = 12
N (%)

Blastocystis
(−)
n = 299
N (%)

Univariate analysis

χ2 P value OR (95% CI)

HIV virus load < 50 (n = 282) 7 (2.5) 275 (97.5) – 0.002 8.18 (2.41–27.75)

≥ 50 (n = 29) 5 (17.2) 24 (82.8)

HIV clinical stage I stage (n = 138) 7 (5.1) 131 (94.9) 2.439 0.486 –

II stage (n = 73) 3 (4.1) 70 (95.9)

III stage (n = 82) 2 (2.4) 80 (97.6)

IV stage (n = 18) 0 (0.0) 18 (100.0)

The “–” symbol indicates the data was not be calculated
OR Odd ratio, CI Confidence interval

Table 2 Multivariate logistic regression analysis of influencing factors for Blastocystis infection among HIV patients

Variable B SE Wald df P value OR (95% CI)

Raising livestock 2.548 1.082 5.54 1 0.019 12.78 (1.53–106.63)

Drinking water 2.109 0.781 7.286 1 0.007 8.24 (1.78–38.12)

CD4+ T count 2.377 1.088 4.773 1 0.029 10.75 (1.28–90.90)

HIV virus load 1.769 0.764 5.365 1 0.021 5.86 (1.31–26.19)

Constant −9.208 2.886 10.184 1 < 0.001 –

Dummy variable was defined and entered in multivariate logistic regression model

Raising animal 2.559 1.085 5.568 1 0.018 12.93 (1.54–108.36)

Drinking water 2.100 0.783 7.195 1 0.007 8.17 (1.76–37.90)

CD4+ T*HIV 12.199 3 0.007 –

CD4+ T*HIV(1) −4.034 1.203 11.248 1 0.001 0.02 (0.00–0.19)

CD4+ T*HIV(2) −19.829 14 457.616 < 0.001 1 0.999 –

CD4+ T*HIV(3) −1.869 0.793 5.554 1 0.018 0.15 (0.03–0.73)

Constant −7.990 2.267 12.422 1 < 0.001 –

The “–” symbol indicates the data was not be calculated
B Beta, SE Standard error, OR Odd ratio, CI Confidence interval
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another study showed that compared to HIV/AIDS
patients with CD4+ T cell count less than 50 cells/μl,
patients with CD4+ T cell count more than 50 cells/
μl were not more likely to be infected by Blastocystis
[28]. In addition, another study have also suggested
that high HIV virus load was risk factor for intestinal
protozoa infection [29], while another study found
that the HIV concentration has no effect on the en-
teric parasites infection [6]. Interestingly, our study
revealed that the prevalence of Blastocystis in HIV/
AIDS cases with high HIV virus load and low CD4+

T cell count was much higher than that in other
groups, implying that Blastocystis infection among
HIV/AIDS subjects was not only association with HIV
virus load and CD4+ T cell count, but also depended
on the interaction effect between these two variables.
These findings suggested that CD4+ T cell count have
inversely correlated with HIV virus load, both of
them are the risk factors of Blastocystis infection
among HIV/AIDS subjects.
There were several shortcomings in this study needed

to be addressed. It was a cross-sectional study and can-
not be obtained causal conclusion. At the same time,
data sparsity issue led to be fail to estimate for risk fac-
tors of Blastocystis infection among HIV/AIDS cases.
Hence, the sample size should be expanded to explore
the interaction effect between HIV virus load and CD4+

T cell count during Blastocystis infection in future.

Conclusions
Both raising animal and drinking un-boiled water were
risk factors for Blastocystis infection, and the interaction
of CD4+ T cell count and HIV virus load was also con-
tribution to Blastocystis infection. Thus, improvement of
health education, good hygiene and living habit are im-
portant to prevent and control Blastocystis infection. In
addition, HIV-infected individuals must be treated by
with HAART, it could be effect to reduce the HIV virus
load and prevent Blastocystis infection.
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