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Background. Blood safety levels have been significantly improved since the implementation of nucleic acid amplification
technology (NAT) testing for blood donors. However, there remains a residual risk of transfusion transmission infections. This
study aimed to evaluate the prevalence of HIV and its residual risk transmission among volunteer blood donors of Zhejiang
Province, China, for five years after NAT implementation. Materials and Methods. All specimens and information were collected
from voluntary unpaid donors at all blood services in Zhejiang Province, China, from January 2018 to December 2022. The HIV
antibody or antigen and HIV RNA were detected using enzyme-linked immunosorbent assay and NAT, respectively. The HIV
residual risk transmission was calculated using the incidence or window period model. Results. A total of 3,375,678 voluntary
blood donors were detected, revealing an HIV prevalence of 9.92/100000. The HIV prevalence of blood donors in 12 blood services
in Zhejiang Province was 6.11, 6.98, 7.45, 8.21, 8.36, 8.94, 9.04, 9.66, 9.73, 10.22, 11.80, and 12.47 per 100000 donors, without
statistically significant difference observed among the services (p>0.05). The HIV prevalence of males (15.49/100000) was
significantly higher compared to females (1.95/100000; p < 0.05). There was an insignificant difference in HIV prevalence among
blood donors of all different age groups (p >0.05), but the HIV prevalence in the 26-35 age group and 18-25 age group was
significantly higher compared to the 36-45 age group (p <0.05). The difference in HIV prevalence between first-time blood
donors (13.65/100,000) and repeat blood donors (6.78/100,000) was statistically significant (p < 0.05). From 2018 to 2022, the HIV
residual risk in blood transfusion transmission was 0.266/100000. Conclusion. The prevalence of HIV among blood donors in
Zhejiang Province, China, is associated with age, gender, and times of blood donation. The HIV residual risk in blood transfusion
transmission remains low in the province, and increasing the rate of repeat blood donors is beneficial to improve blood safety.

1. Introduction

Blood transfusion therapy has important clinical significance
and can be used as a treatment method or supporting means
for surgical procedures, patients with hematological diseases,
and obstetric bleeding [1-3]. However, the blood transfusion
process also has some adverse reactions, one of which is the
transfusion-transmitted infections (TTIs) caused by the
pathogens [4]. Prevention of TTIs remains a key element of
blood transfusion safety. Various strategies were adopted in
different countries to reduce the TTI residual risk [5, 6]. The
TTT residual risk primarily depends on factors such as the

type of blood donation, regional pathogen prevalence, de-
tection indicators, detection methods, and detection strategies
[7-9]. In China, since 1998, voluntary blood donation has
been implemented, and mandatory testing for serological
indicators of hepatitis B virus (HBV), hepatitis C virus
(HCV), human immunodeficiency virus (HIV), and Trepo-
nema pallidum (TP) has been required for blood donors [10].
Since 2016, nucleic acid amplification technology (NAT) has
been used for blood screening to detect HBV DNA, HCV
RNA, and HIV RNA in China [10, 11]. Therefore, the TTI
residual risk has gradually decreased, and the overall level of
blood transfusion safety has improved in China [12, 13].
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HIV infection in TTIs remains a major concern, which
largely depends on the HIV prevalence among blood donors
and the characteristics of HIV-positive donors [14, 15].
According to the United Nations Acquired AIDS Pro-
gramme, in 2022, approximately 39 million people were
infected with HIV in the world, with 1.3 million new in-
fections and 630000 deaths from AIDS-related diseases [16].
The Chinese government has comprehensively promoted
and implemented various strategies to control the spread of
HIV [17, 18]. Since 2020, the number of HIV infection cases
in China has been decreasing yearly, based on data from the
Center for Disease Control and Prevention, China (https://
www.chinacdc.cn/). As of December 31, 2023, there were
1289700 reported cases of HIV-infected individuals or AIDS
patients, with 457609 reported deaths in the Chinese
mainland [19]. However, HIV prevalence rates vary sig-
nificantly across different provinces and regions in China
[18, 20]. In Zhejiang Province, located in eastern China, the
HIV prevalence is relatively low. By the end of October 2022,
there were 39452 living HIV-infected individuals in Zhe-
jiang Province, with 4671 deaths (https://www.cdc.zj.cn/).
Furthermore, of the 105 newly reported cases among stu-
dents, 88.6% were linked to men who have sex with men
(MSM) activities (https://www.cdc.zj.cn/). HIV can be
transmitted through sexual, blood, or mother-to-child
vertical transmission [18, 21, 22]. To effectively prevent
HIV transmission through blood transfusion, Chinese
regulations require blood donors to be tested for HIV an-
tibodies and HIV RNA [10]. Only blood that tests negative
can be used for transfusion, which helps reduce the risk of
HIV transmission through blood transfusions in China.

Busch et al. reported that the HIV residual risk trans-
mission through blood transfusion is about 1 in 2 million per
unit in the Units States in 2019 [7]. However, previous
studies suggest that the HIV residual risk is higher in China,
with 5.4 (95% CI, 1.2-12.5) infections per million whole
blood donations [23]. Shi et al. reported on the HIV in-
fection status among blood donors in five different regions of
China in 2020, indicating an HIV prevalence rate of 680.4/1
million among first-time donors based on data sourced from
2013 to 2016 [24]. Given the decreasing proportion of HIV
infection among the general population since 2020 and the
implementation of HIV nucleic acid testing in blood services
since 2016 [10, 11], it is necessary to reassess the HIV
prevalence and residual risk for blood donors in China.
Therefore, we retrospectively analyzed the HIV testing data
of voluntary blood donors in Zhejiang Province from Jan-
uary 2018 to December 2022, during which all blood donors
underwent NAT for HBV DNA, HCV RNA, and HIV RNA.
The distribution of HIV-positive donors among different
groups of blood donors was compared based on age, gender,
and the number of blood donations. Additionally, the
incidence-window period model was used to evaluate the
HIV residual risk transmission among blood donors in
Zhejiang Province, China.

2. Materials and Methods

2.1. Blood Specimens. All study specimens were collected
from voluntary unpaid donors at all blood services in
Zhejiang Province from January 2018 to December 2022.
There are 12 blood services distributed across 11 different
municipalities, including the Zhejiang Province blood center
(Hangzhou), Ningbo blood station (Ningbo), Wenzhou
blood station (Wenzhou), Jiaxing blood station (Jiaxing),
Huzhou blood station (Huzhou), Shaoxing blood station
(Shaoxing), Jinhua blood station (Jinhua), Quzhou blood
station (Quzhou), Taizhou blood station (Taizhou), Lishui
blood station (Lishui), Zhoushan blood station (Zhoushan),
and Yiwu blood station (Yiwu). The Jinhua blood station and
Yiwu blood station are both located within the Jinhua
municipality. Blood donors underwent predonation and
postdonation screening following regulations formulated by
the Chinese government, as previously reported [11, 24]. All
specimens were collected, stored, and handled according to
the manufacturer’s instructions for the assays.

2.2. Information on the Blood Donors. All 12 blood services in
Zhejiang Province use the same blood information man-
agement system, as approved by the Health Administration
Department of Zhejiang Province. Therefore, this system
collects information from all blood donors, including age,
gender, and the number of blood donations. Donors are
uniquely identified by their identification card numbers. If
a donor has two or more blood donations each year, they
remain counted as one blood donor for analysis.

This retrospective study was approved by the Ethical Sci-
entific Committee of Zhejiang Provincial Blood Center, China,
following the Helsinki Declaration (approval No. 2023-016).

3. HIV Antibody or Antigen Testing

HIV antibody or antigen screening tests were performed
using enzyme-linked immunosorbent assay (ELISA) re-
agents from two different manufacturers. One set of reagents
was from BIORAD company (Hercules, California, USA),
while the other set came from various manufacturers, in-
cluding Beijing Wantai Biological Pharmaceutical Company
Limited (Beijing, China), Zhuhai Lizhu Reagent Company
Limited (Zhuhai, China), and InTec (Xiamen, China),
depending on the blood services. If any one of the reagent
test results showed reactivity, the specimen was considered
to have a positive reaction, following strict adherence to the
manufacturer’s instructions, as previously reported [11].

Specimens with positive HIV antibody reactions in the
screening tests by the blood services were sent to the local
Center for Disease Control and Prevention, China [10]. If the
Center for Disease Control and Prevention confirmed that
a person was HIV-positive or tested positive for HIV RNA,
the donor was classified as HIV-positive. Otherwise, the
donor was considered HIV-negative.
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3.1. HIV RNA Testing. The HIV NAT assays were performed
as described in our previous reports [11, 24]. Various
manufacturers are used depending on the situation of each
blood service, including 6 mini pools NAT (Roche Di-
agnostics, Manheim, Germany), 8 mini pools NAT
(Haoyuan, Shanghai, China), and individual NAT (ID-NAT,
Novartis Diagnostics, Emeryville, CA, USA). All operation
procedures followed the manufacturer’s instructions.

3.2. Statistical Analysis. The prevalence of HIV was calcu-
lated by dividing the number of confirmed HIV-positive
donors (those with positive antibody or HIV RNA) in
a given year by the total number of blood donors in that year,
with the result expressed per 100000 donors. The HIV re-
sidual risk in blood transfusion transmission is defined as the
probability of collecting blood from an asymptomatic vir-
aemic donor infected with HIV, where the infection goes
undetected by routine screening assays. It was calculated
using the incidence or window-period model [25]. Here is
a brief introduction. The total HIV residual risk for blood
donors = residual risk in the first-time donors x the donation
number of first-time donors per total number of blood
donations + residual risk in the repeat donors x the donation
number of repeat donors per total number of blood
donations.

The calculation formula of residual risk in repeated
blood donors =incidence rate x viraemic phase of the di-
agnostic window period (vDWP). The calculation unit is as
1/1 million blood donations. The incidence rate of repeated
blood donors = number of repeat donors who tested positive
during one year per total number of repeat donors in this
year x 100000.

In this study, the NAT testing of donors used included
6 mini pools NAT, 8 mini pools NAT, and individual NAT.
The vDWP value for the 6 or 8 mini pools NAT is unavailable
in the recommendations of the World Health Organization
(WHO). Therefore, we used the individual NAT vDWP
value suggested by WHO for the particular virus during the
period from 2018 to 2022 [25]. The window period for
individual NAT of HIV RNA is 8days. The vDWP val-
ue = window period/365.

The positive cases of first-time blood donors can result
from new cases or epidemic chronic cases, and the incidence
rate cannot be obtained directly. Therefore, the worst-case
assumption is a three-fold incidence in first-time donors
compared to the corresponding repeat donors [25].

Statistical parameter analysis was performed with the
SPSS 24.0 version software, and a comparison for the rate of
difference groups was performed with the Chi-square test.
The p level of significance for each analysis was set at 0.05.

4. Results

4.1. Comparison of HIV Prevalence among Blood Donors from
2018 to 2022. From 2018 to 2022, Zhejiang Province had
a total of 3375678 blood donors (Table 1). Among these, 335
donors tested positive for HIV, including 326 donors who
were positive for both HIV antibody and HIV RNA and 9

donors who were HIV antibody negative but HIV RNA
positive (all of whom were male).

The overall HIV prevalence among blood donors was 9.9
per 100000 donors. Table 1 shows the distribution of HIV
prevalence across various blood donors from different blood
services, without statistically significant differences among
them (y?=9.933, p =0.536). However, a pairwise com-
parative analysis revealed a significant difference between
the blood station with the highest prevalence (Ningbo blood
station) and the one with the lowest (Huzhou blood station)
(x?=4.501, p = 0.034). The HIV prevalence among different
blood services has fluctuated over the years.

4.2. HIV Prevalence in Donors by Gender. In all blood ser-
vices, the HIV prevalence among male donors was higher
than that among females. The overall HIV prevalence was
15.49/100000 for males and 1.95/100000 for females (Ta-
ble 2). The HIV prevalence among males was significantly
higher than among females (y* =151.020, p <0.001).

4.3. HIV Prevalence in Donors with Different Ages.
Overall, there was an insignificant difference in HIV
prevalence among blood donors of different ages (x> = 8.334,
p =0.080). However, the HIV prevalence among donors
aged 26-35 and those aged 18-25 was significantly higher
than among donors aged 36-45 (y*=5.923, p=0.015;
x*=5.656, p = 0.017).

4.4. HIV Prevalence in First-Time and Repeat Blood Donors.
Except for the Zhoushan blood station, the HIV prevalence
among first-time blood donors was higher than that of
repeat blood donors. The overall HIV prevalence was 13.65/
100,000 for first-time blood donors and 6.78/100,000 for
repeat donors (Table 2), with a statistically significant dif-
ference between the two groups (y* =39.916, p <0.001).

4.5. HIV Transmission Residual Risk Estimates. From 2018 to
2022, the HIV residual risk in blood transfusion trans-
mission was 0.266/100000 (Table 3).

5. Discussion

Detecting indicators of HIV infection in blood donors is
a crucial step in preventing HIV transmission through blood
transfusion. Currently, HIV antibodies/p24 antigens (HIV
Ag/Abl +2) tests and HIV RNA tests are mandatory for
blood donors in China, ensuring blood safety [10]. While
serology tests and NAT are performed in the same blood
services in China, Zhejiang Province has implemented
centralized NAT since 2016 [11, 26]. The samples of the
blood donors from the original 12 blood services were
centralized for NAT in four blood services (Hangzhou,
Ningbo, Jinhua, and Wenzhou) [11]. Additionally, a unified
blood information management system has been established
for all blood services, facilitating comprehensive analysis of
all blood donors’ information in the Zhejiang Province
[11, 26, 27]. This study retrospectively analyzes the HIV
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TaBLE 3: HIV residual risk in blood transfusion transmission.

Overall
. a . residual
Donor Donors Donations Positive Incidence vDWPP ReS} dual N* risk
type (1/100,000) risk
(95%
CI) (1/1000,000)
First-time 1545660 1545660 211 N/A 0.0219 0.444 6.863 0.266
donors (0.219-0.313)
Repeat donors 1830018 2349472 124 6.77 0.0219 0.148 3.477 : :

Viraemic phase of the diagnostic window period (vDWP); confidence interval (CI); Number of vDWP blood donations. *N/A means no data. The positive
cases of first-time blood donors can come from new cases or epidemic chronic cases, and the incidence rate cannot be obtained directly. ®The window period
for individual NAT of HIV RNA is 8 days. The VDWP value = window period/365 = 8/365 = 0.0219. “Number (N) of vDWP blood donations from repeat
donors = residual risk x total number of donations from repeat donors/1000000; number (N) of vYDWP blood donations from first-time donors = residual

risk X total number of donations from first-time donors/1 000,000.

testing results of all blood donors in the Zhejiang Province
over the past 5 years based on a large size of samples using
the blood information management system, which will help
improve blood donor recruitment strategy and HIV pre-
vention and control strategies.

At the end of 2021, the total number of people infected
with HIV in the Chinese mainland was approximately 1.038
million (https://weekly.chinacdc.cn/). Among them, 77.4%
were men, and 22.6% were women. The proportion of male
donors was significantly higher than that of female donors in
our study, consistent with the general population [20].
However, the HIV infection rate among blood donors in
Zhejiang Province was significantly lower than that among
the Chinese mainland donors in the previous report [23, 24].
According to the 5-year data in our study, the HIV infection
rate of blood donors in Zhejiang Province is demonstrating
a downward trend. This may be attributed to continuous
measures taken by the blood services in Zhejiang Province to
prevent the spread of HIV in recent years. Blood services can
effectively reduce the number of HIV-infected individuals
among blood donors through measures such as improving
public awareness and understanding of blood donation and
blood safety, as well as self-exclusion of blood donors
[28-30]. Other contributing factors include the low HIV
prevalence in Zhejiang Province and a decreasing HIV in-
fection rate among the general population since 2020
(https://www.cdc.zj.cn/). It was reported that new HIV in-
fections decreased by 11.4% from January to October 2022 in
Zhejiang Province compared to the same period in 2021
(https://www.cdc.zj.cn/).

Previous studies have reported that the HIV infection rate
among first-time blood donors is significantly higher than
that among repeat blood donors [24, 31], a viewpoint sup-
ported by our data. Therefore, from a blood safety perspective,
it is necessary to strengthen the retention of blood donors and
encourage them to become regular donors as much as
possible, thereby increasing the rate of repeat donors, which
will benefit blood safety. It has been reported that the age
distribution of HIV-infected individuals in China is con-
tinuously changing [32, 33]. Currently, the incidence of new
HIV diagnoses among individuals aged 60 years and older
has rapidly increased, posing a significant challenge in China

[32]. In our study, HIV prevalence was relatively high among
blood donors aged 18-25 and 26-35 groups. Additionally,
nine male specimens showed HIV antibody negative and HIV
nucleic acid positive. Although we did not track these
specimens, it may primarily be due to MSM transmission
based on previous similar data [34, 35]. Currently, the pro-
portion of HIV infections among MSM is increasing in
China, especially among young students [34, 35]. Research on
reducing this MSM risk through publicity and education is
worthy of consideration for the future.

Although HIV infectious markers are routinely tested for
blood donors, several factors can affect the accuracy of HIV
testing, such as window period and technical limitations [7].
Therefore, there remains an HIV residual risk in blood
transfusion transmission [7-9]. This residual risk value is
commonly used as a monitoring indicator of blood safety in
blood services. Studies have indicated that the HIV residual
risk in blood transfusion transmission varies across different
countries and regions [7-9]. Our study’s data showed that
the HIV residual risk in blood transfusion transmission in
Zhejiang Province is lower than the standard for the pre-
vention of transfusion-related HIV transmission risk set by
the WHO (less than 0.5 cases per 1 million units of blood
transfusion). Furthermore, the HIV residual risk in our
study is significantly lower than that reported previously for
the Chinese population [23], indicating a decrease in the
HIV residual risk in blood transfusion transmission in China
due to effective management measures. Notably, there are
significant differences in HIV prevalence among different
regions, resulting in various HIV residual risks across China.

In conclusion, we conducted an analysis of the HIV
prevalence rate among all blood services in Zhejiang
Province, China, which has implemented HIV nucleic acid
testing in blood services since 2016. We also analyzed the
association of HIV prevalence among blood donors with age,
gender, and frequency of blood donation. Based on the data,
the HIV residual risk in blood transfusion transmission is
relatively low in Zhejiang Province, indicating the effec-
tiveness of the blood testing strategy we employed in en-
suring blood safety. Therefore, it is necessary to maintain
and consolidate the implemented testing strategy to con-
tinuously improve blood safety [36].
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