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Background: New HIV (Human immune deficiency virus) infections are continuously increasing in China and it remains a huge
challenge to blood donation. As access to health services has affected by COVID-19 (Corona virus disease 2019) pandemic, a drop in
new diagnoses (especially HIV) was observed worldwide.

Methods: During 2013-2021, 735,247 specimens from unpaid blood donors collected by Shenzhen Blood Center underwent ELISA
(Enzyme -linked immunosorbent assay) and NAT (Nucleic acid test). Samples with reactivity results were sent to the Shenzhen Center
for Disease Control and Prevention for WB (Western blot). All data were statistically analyzed by the Chi-Square test.

Results: From 2013 to 2021, the prevalence of HIV among male blood donors was higher than in females (P < 0.01). During the
COVID-19 pandemic, the prevalence of HIV among repeat blood donors decreased significantly compared to 2019 (P < 0.05), and the
characteristics of blood donors changed in 2020 compared to 2019 and 2021.

Conclusion: The high proportion of female blood donors would help prevent HIV from getting into the blood supply. The COVID-19
pandemic affected the demographics of blood donors as well as the prevalence of HIV among repeat blood donors. An increased
number of repeat blood donors can help decrease the risk of HIV transfusion transmission during the epidemic.
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Introduction

Blood transfusion medicine is an evolving discipline that is developed using a multidisciplinary approach. It focuses on
the transfusion of blood from donors to patients for treatment and conducts research, development, and application. The
most important of transfusion is to ensure the safety and efficacy of clinical blood transfusions. However, in 1981, after
HIV was first reported in the world, it quickly became one of the most serious health challenges.! HIV can be spread via
unprotected sex with an infected partner, sharing unsterilized injection tools used by an infected person with others, and
transfusion of blood products from the infected person. Due to the characteristics of HIV transmission by blood
transfusion, blood donors who test positive for HIV are more likely to infect recipients and become a threat to blood
security. In addition, Donors who are more likely to cause HIV transmission are those with HIV but are in the window
period (tested negative for HIV).

Before 1978 in China, blood for clinical use was mainly collected from paid individual donations, donating blood
became an effective way to earn money for blood donors, which led to the widespread of HIV on the central plain of
China. In 1998, the establishment and implementation of the Chinese national blood policy significantly reduced the
spread of HIV, as unpaid blood donors reduce the risk for HIV infection through transfusion.**

In 2020, COVID-19 spread around the world and severely impacted health systems.” In many countries, the COVID-19
pandemic had a serious impact on blood donation and led to changes in the prevalence of HIV.® This article aims to study the
prevalence of HIV among blood donors in Shenzhen before the COVID-19 pandemic and the impact of COVID-19 on HIV
prevalence, which provides scientific strategies for preventing HIV from getting into the blood supply chain, even during an

epidemic.
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Methods

Shenzhen Blood Center is a public health institution, which carries out blood collection and supply. To provide blood

consumption, testing services and medical blood service guidance for nearly 50 clinical medical institutions in Shenzhen.

From January 1, 2013, to December 31, 2021, samples from 735,247 blood donors at Shenzhen Blood Center were
collected. Samples of blood donations screened reactive for HIV by ELISA or NAT were sent to Shenzhen Chronic
Disease Prevention Center for confirmatory testing by WB. All blood donors in Shenzhen Blood Center are volunteers,
and all tests were performed in strict accordance with the instructions regarding the reagents and equipment. Specimens
with positive results in all tests were considered HIV-positive, and these blood donors were considered HIV-infected
blood donors. The prevalence of HIV among blood donors was equal to the number of blood donors who tested positive
for HIV divided by the total number of blood donors. All data were statistically analyzed by the Chi-square test.

Blood donors were grouped by different criteria. Blood donors with a higher education background were defined as
those who were in the process of or have completed university studies. Blood donors with a lower education background
were defined as those without a college education. Local blood donors were those whose household registration is in
Shenzhen. Foreign blood donors were those whose household registration was not in Shenzhen, but who traveled,
worked, or studied in Shenzhen during this study period. First-time blood donors were defined as those who made no
blood donations prior to the study period. Repeat donors were defined as donors who had made at least one donation
prior to the study period and one or more during the study period.

Results
As shown in Figure 1, during nine years, the prevalence of HIV among blood donors in Shenzhen showed a fluctuating
trend. The highest prevalence of HIV was 0.073% in 2014 and the lowest prevalence of HIV was 0.027% in 2018.

In Table 1, from 2013 to 2021, the prevalence of HIV among males was higher than that of females (Figure 2), there
were significant differences between males and females (P < 0.01). It indicated that in Shenzhen, the prevalence of HIV
among blood donors was associated with gender. In 2019, the prevalence of HIV among repeat blood donors was higher
than that of first-time blood donors (P<0.05), but in 2021, the prevalence of HIV among repeat blood donors was lower
than that of first-time blood donors (P < 0.001). Only HIV prevalence among repeat blood donors in 2020 was
statistically decreased compared to that in 2019 (P < 0.05) in Table 2. It may indicate that COVID-19 have an effect
on HIV prevalence among blood donors with different history of blood donation.
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Figure | The prevalence of HIV among unpaid blood donors from 2013 to 2021.
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Table | The Prevalence of HIV Among Unpaid Blood Donors from 2013 to 2021

Group HIV-Positive | HIV-Negative Prevalence HIV-Positive | HIV-Negative Prevalence X P value OR(95% CI)
(Per 10,000 Persons) (Per 10,000 Persons)
Gender Male Female
2013 31 40,353 7.7 | 23,677 0.4 15.732 | <0.0001 | 18.189(2.483—133.248)
2014 49 42,314 1.6 | 25,966 0.4 25.527 | <0.0001 | 30.069(4.152-217.764)
2015 40 45,984 8.7 4 26,879 1.5 14.599 | <0.0001 5.845(2.091-16.339)
2016 38 48,266 79 | 29,296 0.3 20.560 | <0.0001 | 23.065(3.167-167.997)
2017 35 54,287 6.4 2 28,647 0.6 13.888 | <0.0001 9.235(2.221-38.397)
2018 22 53,947 4.1 [ 30,823 0.3 10.185 0.001 12.570(1.694-93.257)
2019 26 58,009 4.5 2 34,058 0.6 10.702 0.001 7.633(1.811-32.159)
2020 25 59,067 42 2 33,978 0.6 9.868 0.002 7.191(1.703-30.359)
2021 34 63,422 53 5 35,950 1.4 9.212 0.002 3.854(1.507-9.856)
Age <30 =230
2013 17 9107 18.6 15 54,923 2.7 36.630 | <0.0001 6.835(3.412-13.691)
2014 28 14,180 19.7 22 54,100 4.1 37.658 | <0.0001 4.856(2.777-8.490)
2015 33 19,309 17.1 I 53,598 2.1 53.122 | <0.0001 8.327(4.208-16.480)
2016 27 22,404 12.0 12 55,158 22 30.876 | <0.0001 5.539(2.806—10.936)
2017 19 25,156 7.5 18 57,779 3.1 7.731 0.005 2.424(1.272-4.620)
2018 19 30,655 6.2 4 28,225 |.4 21.484 | <0.0001 4.373(1.488-12.857)
2019 15 36,726 4.1 13 55,341 23 2.185 0.139 1.739(0.827-3.654)
2020 15 36,366 4.1 12 56,648 2.1 3.070 0.080 1.947(0.911-4.160)
2021 22 41,753 53 17 57,636 29 3318 0.069 1.786(0.949-3.364)
Region Local Foreign
2013 6 17,067 35 26 46,834 5.5 1.035 0.309 1.539(0.261-0.633)
2014 5 16,202 3.1 45 51,989 8.6 5.224 0.022 0.357(0.142-0.898)
2015 7 17,410 4.0 37 55,359 6.7 1.553 0.213 0.602(0.268-1.350)
2016 4 17,965 22 35 59,453 5.9 3.668 0.055 1.064(0.134-0.378)
2017 3 20,664 1.5 34 62,159 5.5 5.603 0.018 0.265(0.082-0.864)
2018 2 21,391 0.9 21 63,356 33 3.336 0.068 0.282(0.066—1.203)
2019 5 22,754 22 23 69,239 33 0.711 0.399 0.662(0.251-1.740)
2020 5 26,962 1.9 22 66,088 33 1.434 0.231 0.557(0.211-1.471)
2021 3 26,160 1.1 36 73,212 4.9 6.980 0.008 0.233(0.072-0.757)
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Table 1 (Continued).

Group HIV-Positive | HIV-Negative Prevalence HIV-Positive | HIV-Negative Prevalence Y P value OR(95% CI)
(Per 10,000 Persons) (Per 10,000 Persons)

Education background Lower Higher

2013 21 35,040 6.0 I 28,961 38 1.527 0.217 1.578(0.761-3.273)
2014 35 38,948 9.0 15 29,322 5.1 3.420 0.064 1.757(0.959-3.217)
2015 28 42,103 6.6 16 30,756 52 0.617 0.432 1.278(0.692-2.363)
2016 21 43,649 48 18 33,895 5.3 0.095 0.758 0.906(0.483-1.701)
2017 25 44,767 5.6 12 38,152 3.1 2.745 0.098 1.775(0.892-3.534)
2018 17 45,086 38 6 39,679 1.5 3.966 0.046 2.494(0.983-6.325)
2019 18 47,906 38 10 44,150 23 1.682 0.195 1.659(0.766-3.594)
2020 16 43,431 37 I 45,649 24 1.192 0.275 1.529(0.709-3.295)
2021 17 47,009 36 22 52,363 42 0.216 0.642 0.861(0.457-1.621)
Donor State First-time Repeat

2013 21 55,337 38 I 8693 12.6 11.784 0.001 0.300(0.145-0.622)
2014 41 59,658 6.8 9 8622 10.3 1.307 0.253 0.658 (0.320—1.355)
2015 35 63,823 5.5 9 9040 9.9 2.620 0.106 0.551 (0.265-1.146)
2016 33 66,932 4.9 6 10,630 5.6 0.093 0.760 0.873 (0.366-2.085)
2017 30 71,621 42 7 11,313 6.2 0.874 0.350 0.677 (0.297-1.542)
2018 20 72,751 2.7 3 12,019 25 0.024 0.876 1.101 (0.327-3.707)
2019 19 78,783 2.4 8 13,285 6.0 3.894 0.048 0.400(0.175-0.915)
2020 17 42,995 4.0 10 50,055 2.0 3.049 0.081 1.979(0.906—4.323)
2021 32 49,724 6.4 7 49,687 1.4 16.001 | <0.00I 4.568(2.016—-10.350)
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Figure 2 The prevalence of HIV among male and female blood donors from 2013 to 2021.
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In Table 3, we found that the characteristics of blood donors changed in 2020 compared to 2019 and 2021. The
percentage of males increased significantly from 2019 to 2020 (P < 0.05), although there was no significant difference

between 2020 and 2021. From 2019 to 2021, there were more foreigners than locals, and the lowest percentage of

Table 2 The Impact of COVID-19 on the Prevalence of HIV Among Different Blood Donors

Group 2019 2020 2021
Gender Male Positive 26 25 34
Negative 58,009 59,067 63,422
e 0.042 - 0.369
P value 0.838 - 0.808
OR 1.059 (0.612—1.834) 1.267 (0.756-2.123)
95% Cl
Female Positive 2 2 5
Negative 34,058 33,978 35,950
e <0.001 - 0.464
P value 1.000 - 0.496
OR 0.998 (0.141-7.083) 2.363 (0.458-12.180)
95% Cl
Region Local Positive 5 5 3
Negative 22,754 26,962 26,160
e <0.001 - 0.097
P value 1.000 - 0.756
OR 1.185 (0.343-4.094) 0.618 (0.148-2.588)
95% Cl
Foreign Positive 23 22 36
Negative 69,239 66,088 73,212
P <0.001 - 2.104
P value 0.994 - 0.147
OR 0.998 (0.556—1.790) 1.477 (0.869-2.511)
95% Cl

(Continued)
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Table 2 (Continued).

Group 2019 2020 2021
Education background Lower Positive 18 16 17
Negative 47,906 43,431 47,009
e 0.003 - 0.003
P value 0.954 - 0.958
OR 1.020 (0.520-2.000) 0.982 (0.496—1.943)
95% ClI
Higher Positive 10 I 22
Negative 44,150 45,649 52,363
r 0.020 - 2.325
P value 0.887 - 0.127
OR 0.940 (0.399-2.213) 1.744 (0.845-3.596)
95% ClI
Donor status First-time | Positive 19 17 32
Negative 78,783 42,995 49,724
r 2.237 - 2.685
P value 0.135 - 0.101
OR 0.610 (0.317-1.174) 1.984 (1122-3.507)
95% ClI
Repeat Positive 8 10 7
Negative 13,285 50,055 49,687
r 4.647 - 0.507
P value 0.031 - 0.476
OR 3.014 (1.189-7.639) 0.705 (0.268-1.853)
95% ClI
Age 18-29 Positive 15 15 22
Negative 36,726 36,366 41,753
r 0.001 - 0.537
P value 0.978 - 0.464
OR 0.990 (0.484-2.026) 1.277 (0.663-2.463)
95% ClI
30-65 Positive 13 12 17
Negative 55,341 56,648 57,636
r 0.067 - 0.778
P value 0.796 - 0.378
OR 1.109 (0.506-2.430) 1.392 (0.665-2.916)
95% ClI

foreigners was observed in 2020 (P < 0.001). In 2019 and 2021, there were more first-time blood donors than repeat
blood donors, but in 2020, it was the first time that there were more repeat blood donors than first-time blood donors and
the percentage of repeat blood donors was the highest (P < 0.001). In 2019, there were more blood donors with a lower
education background than those with a higher education background, but in 2020 and 2021, there were more blood
donors with a higher education level than those with a lower education level, especially in 2020, the percentage of blood
donors with a higher education level was the highest (P < 0.05). From 2019 to 2021, there were more blood donors aged
30-65 years old than those aged 18-29 years old, and compared to 2019, the percentage of blood donors aged 18-29
years old decreased significantly in 2020 (P < 0.001), but in 2021, it increased (P < 0.001). Overall, this may indicate that
the character of blood donors, including education, age and so on, has been affected by COVID-19.
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Table 3 The Impact of COVID-19 on the Structure of Blood Donors

Group 2019 2020 2021
Gender Male 58,035 (63.02%) | 59,092 (63.49%) | 63,456 (63.83%)
Female 34,060 (36.98%) | 33,980 (36.51%) | 35955 (36.17%)
e 4478 - 2.421
P value 0.034 - 0.120
OR 0.980 (0.961-0.998) 1.015 (0.996-1.034)
95% Cl
Region Locals 22,759 (24.73%) | 26,967 (28.97%) | 26,163 (26.32%)
Foreigners | 69,262 (75.27%) | 66,110 (71.03%) | 73,248 (73.68%)
e 423.477 - 169.537
P value <0.001 - <0.0.001
OR 0.806 (0.789-0.822) 0.876 (0.858-0.893)
95% Cl
Education background | Lower 47,924 (52.04%) | 43,447 (46.84%) | 47,026 (47.30%)
Higher 44,160 (47.96%) | 49,304 (53.16%) | 52,385 (52.70%)
e 500.075 - 4111
P value <0.001 - 0.043
OR 1.232 (1.209-1.254) 1.019 (1.001-1.037)
95% Cl
Donor status First-time 78,802 (85.57%) | 43,012 (46.21%) | 49,724 (50.02%)
Repeat 13,293 (14.43%) | 50,065 (53.79%) | 49,687 (49.98%)
P 31,852.996 - 279.106
P value <0.001 - <0.001
OR 6.900 (6.747-7.057) 1.165 (1.144—1.186)
95% Cl
Age 18-29 36,741 (39.89%) | 36,381 (39.10%) | 41,775 (42.02%)
30-65 55,354 (60.11%) | 56,660 (60.90%) | 57,636 (57.98%)
r 12.166 - 169.950
P value <0.001 - <0.001
OR 1.034 (1.015-1.053) 1.129 (1.108-1.150)
95% Cl

Discussion

HIV infections remain a global public health concern, especially for the safety of transfusion. According to one report,
the national-level prevalence of HIV in China is 0.09%, and the prevalence of HIV among blood donors is different from
that of general population. From 2010 to 2017, the HIV prevalence among blood donors is about 0.025% in Guangdong
province,” which is lower than the national-level prevalence and the prevalence of blood donors in Shenzhen in our study.
Demographic factors are shown to be associated with HIV prevalence.®” In the past, there were many articles about the
seroprevalence of HIV among blood donors.'®'" But in recent years, many researchers have focused on the prevalence of
HIV based on the positive result for NAT or WB.'*"'* Because the positive result of ELISA is not sufficient to indicate
that the blood donor is HIV-infected, the positive result of WB can prove that the blood donor is infected with HIV. In
this article, the prevalence of HIV among blood donors was determined based on the positive results of WB.

In many countries, the majority of blood donors are men.'>'® In Shenzhen of China, from 2013 to 2021, there were
more male blood donors than females. It may because of the existence of menstrual period, which limits women to
donate blood. As for the prevalence of HIV among blood donors, we found that the prevalence of HIV among females
was significantly lower than among males each year (P < 0.01), which was consistent with the results of many studies
about the HIV prevalence of male and female blood donors,'” and we also found that COVID-19 had no significant effect
on HIV prevalence among male and female blood donors. An appropriate increase in the proportion of female blood
donors in Shenzhen may reduce the HIV positive rate of blood donors, whether or not in times of other epidemics.
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In Shenzhen of China, the year 2019 was considered pre-pandemic while 2020 was during the pandemic and 2021
was post-acute-pandemic. Shenzhen is a city with a large number of migrants, and there are more foreigners than locals
donating blood. Population migration has been reported to be an obstacle to controlling and managing HIV infection.'®
Due to the COVID-19 pandemic, the Chinese government enforced a blockade policy. So there was a decline in the
number of foreign blood donors in 2020 compared to 2019 and 2021. The pandemic led to changes in the percentage of
foreign and local blood donors. The decrease of foreign blood donors may be conducive to controlling HIV infection
among blood donors in Shenzhen. In addition, the proportion of blood donors with different ages was changed. The
lowest percentage of blood donors aged 18-29 years old was observed in 2020. This may be due to the COVID-19
epidemic, the school’s closure strategy banned students from going out. Students are the majority of blood donors
younger than 30 years old. In our results, the HIV prevalence of blood donors aged younger than 30 years old was higher
than those aged over 30 years old from 2013 to 2018 (P < 0.05). The increasing HIV risk among young people is posing

19:2027:28 which may be closely related to the lack of sex education.?'*° Some

potential threats to blood safety in China,
studies show that there is a certain correlation between the level of education and the incidence of HIV.'*?%**?* Some
researchers’ conclusions mean that HIV is related to lower education levels,?*>?*2> but others mean that the prevalence
of HIV among blood donors with >8 years of education was higher than those with < 8 years of education.”**** However,
in our results, we did not find significant differences in the HIV prevalence between higher-educated blood donors and
lower-educated blood donors and the impact of COVID-19 on the HIV prevalence in these two groups. We only found
that the percentage of blood donors with a higher educational background increased in 2020. It may due to that the
highest educated people usually have better economic conditions, which can facilitate their access to services. Besides
this affirmation causes constraints, the lowest educated people could be more affected by COVID-19 pandemic
restrictions, impacting their access to services. So, during the COVID-19 pandemic, blood donors with a higher
education background may be more willing to donate blood to help others than those with a lower education background.

Incidence in first-time and repeat blood donors is an important measure of transfusion-transmitted HIV infection
risk.>*?” First-time blood donors usually have different motivations for blood donation, some of which provoke the
donors to hide risk factors of transfusion-transmissible infections (TTIs).>>*® It has been reported that the HIV
prevalence among first blood donors greatly exceeded that in repeat blood donors.?2° In this study, we observed the
same trend in 2019, but in 2020, the prevalence of HIV among repeat blood donors decreased and the prevalence of HIV
among first-time blood donors was higher than that among repeat blood donors in 2021. We also found that COVID-19
had a significant effect on the proportion of first-time and repeat blood donors, it was the first time in 2020 that there
were more repeat blood donors than first-time blood donors from 2013 to 2021. During the COVID-19 epidemic, the
main group of blood donors changed from first-time blood donors to repeat blood donors. An increased number of repeat
blood donors can not only help ensure blood supply but also reduce the risk of HIV transmission through blood
transfusion. It is well known that blood bank managers have the opportunity to receive more information about
prevention and discuss repeat blood donors vulnerabilities and so, mitigate this group risks.

There are some limitations in this article. Many other factors associated with HIV infections among blood donors,
including sexual behavior and injecting drugs, are not mentioned in our study. Instead of deriving information from all
blood donors, we used some programming techniques to extract information, which also prevented us from further
analyzing various factors related to HIV. In the future, we will consider further in-depth export data and analysis.

Conclusion

Overall, the data from this study showed that a higher prevalence of HIV among male blood donors than females, the
prevalence of HIV decreased among repeat blood donors from 2019 to 2020, and the demographics of blood donors
changed in 2020 compared to 2019 and 2021. We concluded that a higher proportion of female blood donors would help
decrease HIV positive units in the blood supply, the COVID-19 pandemic affected the demographics of blood donors as
well as the prevalence of HIV among repeat blood donors.
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