Received: 29 April 2020

Revised: 26 June 2020

Accepted: 26 June 2020

DOL: 10.1111/trf.15971

BLOOD DONORS AND BLOOD COLLECTION

TRANSFUSION

Blood donor recruitment in Guangzhou, China, during the
2019 novel coronavirus (COVID-19) epidemic

Jian Ou-Yang'? |
Jin-yan Chen? ©® |

1Guangzhou Blood Center, Guangzhou,
Guangdong, China

*The Key Medical Disciplines and
Specialties Program of Guangzhou,
Guangzhou, Guangdong, China

3School of Laboratory Medicine and
Biotechnology, Southern Medical
University, Guangzhou, Guangdong,
China

Correspondence

Yong-shui Fu and Hua-qgin Liang, 7th F.,
31st Luyuan Rd., Yuexiu Dist.,
Guangzhou, Guangdong, China.

Email: fuyongshui@sina.com (Y.-s. F.)
and lianghuaqin11@163.com (H.-q. L.)

Funding information

Medical Science and Technology Research
Foundation of Guangdong Province 2020,
Grant/Award Number: B2020141; Natural
Science Foundation of Guangdong
Province 2019, Grant/Award Number:
2019A1515011505; The Key Medical
Disciplines and Specialties Program of
Guangzhou

Shi-Jie Li"?
Hua-qin Liang'? | Yong-shui Fu

| Chun-hua Bei'? | Bo He'? |

1,2,3

Abstract

Background: The coronavirus disease 2019 (COVID-19) epidemic affected
blood collection in Guangzhou, China.

Study Design and Methods: This paper includes three studies. The observa-
tional study reported the trends of blood collection during the epidemic in
Guangzhou, China. The cross-sectional survey investigated factors influencing
blood donation during the COVID-19 epidemic, and a self-administered ques-
tionnaire was given to 1584 street whole blood donors (SWBDs) who donated
during the epidemic. The randomized controlled trial involved 19 491 SWBDs
who donated in 2019 but did not donate during the epidemic. Trial partici-
pants were randomly assigned to two intervention groups: Group 1 completed
Questionnaire 1, which contained precautionary measures in response to
COVID-19 and other messages about blood donation during the epidemic;
Group 2 completed Questionnaire 2, which did not include this information. A
control group did not receive any questionnaire.

Results: As measures were implemented, the number of blood donors
increased accordingly. Both first-time and repeat SWBDs perceived the same
level of blood need and donated blood because it would save lives. SWBDs
who completed Questionnaire 1 expressed a greater intention to donate during
the epidemic. Enabling blood donors to perceive a higher level of blood need
and a lower level of COVID-19 infection risk related to blood donation mobi-
lized experienced SWBDs to donate within 3 weeks. Intention-to-treat analyses
and average-treatment-effect-on-the-treated estimations confirmed that Ques-
tionnaire 1 could motivate SWBDs to actually donate blood.

Conclusion: Various measures could ease blood shortage during the COVID-
19 epidemic. Administration of Questionnaire 1 could increase blood dona-
tions during the epidemic.

Abbreviations: ANCOVA, analysis of covariance; ANOVA, analysis of variance; ATT, average treatment effect on the treated; CFA, confirmatory
factor analysis; CI, confidence interval; COVID-19, coronavirus disease 2019; EFA, exploratory factor analysis; GWBDs, group whole blood donors;
ITT, intention-to-treat; SWBDs, street whole blood donors.
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1 | INTRODUCTION

In December 2019, an unknown pneumonia rapidly
spread in Wuhan, China, and subsequently, a new coro-
navirus, coronavirus disease 2019 (COVID-19), aroused
the attention of the entire world. Given the unprece-
dented nature of this event, the epidemic is threating the
collection and supply of blood in China. To contain the
spread of the disease, local governments closed many
public places, including social and entertainment venues.
Many organizations delayed the return to work until
1 March 2020. Schools and universities were shut down.
Every street was virtually deserted for weeks. The num-
ber of voluntary nonremunerated blood donors decreased
dramatically. Because of the blood shortage, patient
blood management and cessation of elective surgery has
contributed to decreasing demand, but sepsis may
increase requirements, and salient reductions will not be
possible in areas such as trauma, cancer, hereditary
hemolytic anemias, and childbirth. Therefore, recruiting
a sufficient number of blood donors during this epidemic
is vital for public health in China and globally.
Guangdong Province is located in southernmost
mainland China and has 21 prefecture-level cities and
30 blood collection and supply institutions. Guangdong
Province also had the largest population (115.21 million)
and the largest gross domestic product (US$1.59 trillion)
among Chinese regions." Its provincial capital, Guang-
zhou, is one of China’s well-developed cities and is one
of the first-tier cities along with Beijing, Shanghai, and
Shenzhen. Guangzhou has 11 districts and a resident
population of 15.30 million. There is one blood center
(Guangzhou Blood Center) and four blood stations
(Guangzhou Panyu District Central Blood Station,
Guangzhou Blood Center Conghua District Blood Sta-
tion, Guangzhou Blood Center Zengcheng District Blood
Station, and Guangzhou Blood Center Huadu District
Blood Station) in Guangzhou. The four blood stations are
operationally affiliated with the blood center but are
administratively independent. The Guangzhou Blood
Center has the authority to collect blood in all 21 prefec-
ture-level cities in Guangdong, whereas other blood col-
lection and supply institutions, including the four blood
stations in Guangzhou, cannot collect blood outside their
administrative regions. The blood collection and supply
amount of the Guangzhou Blood Center was the second
highest in China, ranked behind Beijing and ahead of
Shanghai. In 2019, the total number of blood donations
(one blood donor might donate more than once) collected
by the Guangzhou Blood Center was 326 400, in which
277 574 were from whole blood donation and 48 826
were from apheresis platelet donation. In 2019, 5093
medical and health organizations were located in

Guangzhou, of which 269 were hospitals. The Guang-
zhou Blood Center supplied 451 010 units of red blood
cells and 87 303 units of apheresis platelets to >160 medi-
cal institutions in 2019.

Since the first patient with confirmed COVID-19 was
reported on 20 January 2020, in Guangzhou, the numbers
of both whole blood and platelet donors began to drop.
This decrease was primarily caused by an unavailability
of blood donors as a result of the avoidance of public
places and the closing of workplaces and universities,
which typically are locations for blood drives during nor-
mal times. Some potential donors also feared that giving
blood might weaken their immune defense, thereby ren-
dering them more susceptible to the COVID-19 infection.
Other reasons, such as quarantine, caring for relatives,
and fear of exposure to COVID-19, also must be consid-
ered.” To solve the blood shortage crisis, the Guangzhou
Blood Center activated emergency blood donor recruit-
ment measures, including the use of media and commu-
nication tools to spread the message of blood shortage to
citizens, sending cell phone messages and making tele-
phone calls to those who previously had donated blood
but had not yet donated again (ie, experienced donors),
and training the staff with special guidelines to follow
during the epidemic.3 Moreover, national, provincial, and
municipal governments released official blood donation
proposals, appealing to citizens to donate blood and orga-
nizations to host blood donation activities. After a series
of such measures, the number of blood donors had
increased.

Blood donors in China typically can be categorized as
one of two forms: those who spontaneously donate at
blood collection sites (so-called street blood donors) and
those who donate through a group donation (so-called
group blood donors). Street blood donors are different
from community volunteer blood donors because street
blood donors are not just from the community. Fixed
blood donation sites, including blood drives and blood
donation stations, are open every day and are located in
popular and busy pedestrian zones or shopping malls to
ensure that donors from across China, including tourists,
can donate whole blood and platelets whenever they
encounter the sites. In addition, blood drives occasionally
will be sent to some communities to serve whole blood
donors in those communities. Street blood donors donate
blood solely because of their willingness. State-owned
and state-run enterprises, such as hospitals, government
agencies, high schools, universities, and liberation
armies, organize blood donation activities to mobilize
their staff, students, or militaries to donate whole blood
or platelets, which follows government instructions.
Some private enterprises and nongovernmental organiza-
tions also organize blood donation activities mainly
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because of social responsibility. Enterprises, institutions,
and organizations that organize blood donation activities
are called “groups” in China. Donors from the same
group donate whole blood or platelets at the same loca-
tion (either a workplace or blood donation site) simulta-
neously. These groups organize blood donation activities
at regularly scheduled times. Blood drives organized by
the Guangzhou Blood Center are seldom or never sent to
collect blood from street blood donors outside Guang-
zhou, whereas blood drives may be sent out to collect
blood from group blood donors outside Guangzhou if
those groups organize blood donation activities. In 2019,
the numbers of donations of street blood donors and
group blood donors collected by the Guangzhou Blood
Center were 224 658 (68.8%) and 101 742 (31.2%), respec-
tively. The National Health Commission of the People’s
Republic of China dispatched a document on
22 September 2017, which stipulated that mutual (fam-
ily/replacement) blood donation must cease before the
end of March 2018. Therefore, there are now only volun-
teer nonremunerated blood donors in China no matter
how they are categorized. Individuals who are affiliated
with the groups mentioned earlier, however, have been
encouraged to voluntarily donate blood and often are
awarded subsidies (small amounts of money for nutri-
tional supplement) or are given a few days off (with or
without paid vacations). In light of these subsidies, the
objectives for blood donation of group donors, other than
pure altruism, might include a combination of motives,
such as modestly self-serving incentives, persuasion by
colleagues or schoolmates, and group pressure. There-
fore, compared with group blood donors, street blood
donors in China might be more likely to donate sponta-
neously and altruistically, while also combining some
self-serving motives, which is typical of most blood
donors around the world.*®

This paper reports an observational study, a cross-
sectional survey, and a randomized controlled trial. The
observational study explored the trend of blood donation
in Guangzhou, China, during the COVID-19 epidemic.
The cross-sectional survey of street whole blood donors
(SWBDs) who donated whole blood at donation sites dur-
ing the epidemic was conducted to understand the factors
influencing their donation. Characteristics of both first-
time and repeat whole blood donors were compared
simultaneously. The single-center, single-blind, parallel
randomized controlled trial involved two intervention
groups and a control group. In this trial, two different
questionnaires were provided to experienced SWBDs
who donated in 2019 but had not donated during the epi-
demic. At the same time, an equal number of SWBDs
were coded as the control group. The objectives of this
trial were to examine (a) factors of their deferral and
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(b) how the questionnaire’s information about blood
donation precautionary measures in response to COVID-
19 and other messages about blood donation during the
epidemic affected participants’ willingness to donate
blood. Actual behavior (ie, blood donation within
3 weeks) of these three groups in this trial were com-
pared. Finally, common factors in the survey and the trial
were compared. All procedures of the study, the survey,
and the trial were reviewed and approved by the Institu-
tional Review Board of the Guangzhou Blood Center.
The registration IDs for the trial on ClinicalTrial.gov is
NCTO04306055. This trial was reported according to the
Consolidated Standards of Reporting Trials statements.

2 | MATERIALS AND METHODS

2.1 | The observational study

Trends of blood collection in Guangzhou, China, from
1 January to 31 March, 2020, compared with the same
time period in year 2019 were reported. Trends in blood
collection along with the number of confirmed cases of
COVID-19 from January 20 (the first confirmed case was
reported in Guangzhou) to 31 March 2020, in Guangzhou
were also presented. Donors cannot donate whole blood
again for 180 days and cannot donate platelets for 90 days
if they have donated whole blood. Donors cannot donate
platelets again for 15days and cannot donate whole
blood for 90 days if they have donated platelets. There-
fore, the comparison of trends of blood collection
included the number of whole blood and platelet dona-
tions that donors could have made from January to
March (>90 days), and they could have donated platelets
more than once. Total whole blood donation and platelet
donation referred to the total number of whole blood and
platelet donations made by donors from street and group
donors. Street whole blood donation referred to the num-
ber of whole blood donations made by donors who
donated whole blood solely because of their willingness
rather than group organization. Group whole blood
donation referred to the number of whole blood dona-
tions made by donors who donated whole blood during
the donation activities held by their groups (group whole
blood donors, GWBDs); “nonhospital groups” referred to
all groups except for hospitals. Trends of blood donors in
2019 and 2020 were compared by sex, age, donation fre-
quency, donation type (whole blood or platelet donation),
and donation form (street or group donation). The attri-
butes of a blood donor were based on his or her last
donation; for instance, if a donor donated platelets on
1 January 2020, which was his or her fourth donation,
and he or she donated whole blood on February 1, then
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he or she was defined as a whole blood donor with a
donation frequency of five. Numbers of serologic markers
for transfusion-transmitted infections during the same
period were also compared. All of the data were provided
by the Guangzhou Blood Center through the Blood
Donation and Supply System.’

The Guangzhou Blood Center kept sending reminders
to experienced blood donors every day by an automated
message system after they reached the appropriate donation
interval. In response to the blood shortage, on 30 January
2020, the Guangzhou Blood Center sent recruitment cell
phone text messages to experienced blood donors whose
last donations were between 20 July 2016 and 20 July 2019
(n = 432 396). The content of the message was as following:

The first batch of blood products has been sent to
Wuhan before the Spring Festival. Due to the COVID-19
epidemic, the number of blood donors decreased sharply
during the Spring Festival, and blood for clinical use in
Guangzhou is urgently need. Please participate in blood
donation while ensuring your personal protection.

During the epidemic, recruiters from the Guangzhou
Blood Center were prevented from going back to work,
but they still made telephone calls from home to recruit
experienced donors, as they did at the blood center in
2019. On 2 February and 20 February, various media
channels broadcasted blood shortage messages and
appeals from the Guangzhou Blood Center to the public,
stating that there were not enough blood products for
clinical use and that people donating blood were urgently
needed. The national, Guangdong, and Guangzhou gov-
ernments released official blood donation announce-
ments to advocate for state-owned and state-run
enterprises to organize group blood donation activities.
On March 13, the academician Zhong Nan-Shan, who is
a specialist in respiratory diseases and a leading figure in
China’s fight against COVID-19, appealed to citizens to
donate blood through a television news interview. No
blood shortage message was broadcasted by media, no
blood donation announcement was released by any gov-
ernment, and no celebrity made an appeal for blood
donation in Guangzhou in 2019.

2.2 | The cross-sectional survey

2.2.1 | Study design and participants

This survey focused only on SWBDs because recruitment
of platelet donors in Guangzhou is different from recruit-
ment of whole blood donors. For instance, there was a
blood credit system for apheresis platelet donation in

Guangzhou, and donors would receive extra incentives if
they donated platelets a specific number of times. Blood
donors could get different values of prepaid shopping
cards according to their credits earned in 1 year. Because
this credit system was canceled on 1 April 2020, the
objectives of blood donation among the platelet donors in
this study who had donated before 1 April would be diffi-
cult to determine.!® At 10:00 on 10 March 2020, cell
phone text messages containing the questionnaire link
were sent to SWBDs who had donated blood in Guang-
zhou between 23 January 2020 and 8 March 2020. During
this period, 9244 SWBDs donated blood, and messages
were sent to 9117 SWBDs with a valid cell phone num-
ber. The link was set to be closed at 23:59 on 10 March
2020. First-time SWBDs were those who had never
donated blood in Guangzhou before the epidemic and
who made their first blood donation at the blood dona-
tion site in Guangzhou; repeat SWBDs were those who
had donated blood before the epidemic and who made
another donation at the whole blood donation site.

2.2.2 | Questionnaire

Little research has examined blood donor recruitment
during an epidemic. Therefore, the principal investigators
designed the questionnaire and four experts in the blood
donor recruitment field improved it (Appendix 1). The
survey required SWBDs to answer the question on a
5-point Likert scale, other than the questions about pur-
poses of the latest donation, which were rated on the fol-
lowing 3-point scale: 1 = not at all, 2 = not entirely, and
3 = entirely.

2.2.3 | Analysis

Computer software (SPSS Statistics version 22 for Win-
dows, SPSS Inc.) was used for all of the quantitative analy-
sis in the survey and the trial. Exploratory factor analysis
(EFA) was applied to examine the construct validity of the
questionnaire, and the questionnaire was modified for fur-
ther use in the trial. Factors influencing blood donation
during the epidemic by first-time and repeat SWBDs were
compared using independent-sample ¢ tests.

2.3 | The randomized controlled trial

2.3.1 | Study design and participants

This was a single-center (only data from the Guangzhou
Blood Center were collected), single-blind, parallel
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randomized trial. Two different questionnaires were
entered into the Web site: Questionnaire 1 contained pre-
cautionary measures in response to COVID-19 and other
messages about blood donation during the epidemic, and
Questionnaire 2 did not. As mentioned, it was difficult to
identify which recruitment methods were able to success-
fully urge the platelet donors to return. Therefore, to
avoid contaminations, only SWBDs were recruited.
SWBDs were excluded if they had a cause for temporary
or permanent deferral status, had an obviously invalid
cell phone number, and were >60 years old (the upper
age limit for blood donation in China is 55 years old; for
repeat blood donors who meet the requirements of a
health examination and have not had an adverse reaction
to previous blood donation, the age limit of blood dona-
tion can be raised to 60 years old). In total, 19 491 eligible
SWBDs whose last donations were between 1 February

2019 and 31 March 2019, were identified. These donors
were randomly assigned to the following questionnaire
groups based on a computer-generated list of random
numbers: Group 1, questionnaire contained the informa-
tion (Questionnaire 1); Group 2, the questionnaire did
not contain the information (Questionnaire 2); and
Group 3, a no-questionnaire control group. Figure 1
shows the flowchart of this trial.

At 9:00 am on 13 March 2020, cell phone text mes-
sages containing the corresponding link for the question-
naire were sent to SWBDs in Groups 1 and 2. They were
told in the messages that they were being asked to com-
plete the questionnaire to promote blood donation during
the epidemic. After the SWBDs had completed the ques-
tionnaire, they were redirected to a page requiring them
to provide their name and cell phone number for follow-
up, and they were given the chance to win a small

20 040 street whole blood donors (SWBDs)
(whose last donations were between

1 February and 31 March 2019) were
identified on 13 March 2019

180: Permanently removed

because of positive serological results
211: Temporary deferral due to

suspicious serological results

4>| 142: Obviously invalid cell phone number |

A>| 16: Aged > 60 years (not including 60) |

19,491 SWBDs were eligible |

A 4

Randomization |

Group 1: Questionnaire 1 was
sent to 6497 SWBDs

Group 2: Questionnaire 2 was
sent to 6497 SWBDs

Group 3: 6497 SWBDs
were marked

I

!

518 SWBDs completed the
questionnaire;
5979 SWBDs did not response.

540 SWBDs completed the
questionnaire;
5957 SWBDs did not response.

FIGURE 1 Flowchart of the
randomized controlled trial

Follow-up to 3 April 2020
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souvenir (a cutlery set) by a lucky draw. The personal
information and the results of the questionnaire were
separated to protect their privacy.

2.3.2 | Interventions and endpoint

The questionnaire in this trial was designed based on the
EFA results in the observational study. Questions in
Questionnaires 1 and 2 were the same, but Questionnaire
1 also included the information about the epidemic of
COVID-19, such as the reasons why blood was needed
during the epidemic and measures the blood center
adopted to protect blood donors; corresponding vignettes
were also presented in this questionnaire. Appendix 2
provides the details of the questionnaires. In consider-
ation of time, personnel, and other resources, the Web
sites of the questionnaire were set to be closed at 11:59 pm
on 13 March 2020.

The factors related to blood donation during the epi-
demic, including the willingness to donate within
3 weeks, were analyzed and compared. The donation
behavior of each participant in the three groups was
followed for 3 weeks. The blood redonation rate of each
group, which was defined as the occurrence of the next
blood donation attempt among all of the participants
within the 3-week follow-up, were compared.

2.3.3 | Analysis

A confirmatory factor analysis (CFA) applying SPSS
Amos version 22 was conducted. A linear regression
model was applied to predict donation intention within
3 weeks, included interventions, demographic variables,
and variables of interest. Analysis of variance (ANOVA)
and analysis of covariance (ANCOVA) were used. The R
Project for Statistical Computing (R version 3.6.1) was
also used. For intention-to-treat (ITT) analysis, the actual
donation rate was calculated by dividing the number of
all participants who donated again during the follow-up
period by the corresponding number of initially random-
ized SWBDs. Estimation of the effects of the interven-
tions on SWBDs while accounting for compliance with
assigned intervention was also conducted.

Previous studies defined four compliance types on the
basis of individuals’ treatment assignment status and
potential treatment receipt status.'*™* In this study, strict
adherence to the intervention assignment meant that
those in the control group did not receive any message
containing questionnaire link; meanwhile, participants in
Group 1 did not receive a message containing the Ques-
tionnaire 2 link and vice versa. Thus, this was a one-sided

noncompliance situation, with only compliers (who com-
pleted the questionnaire successfully in the intervention
groups, and who were in the control group) and never-
takers (who did not complete the questionnaire in the
intervention groups)."' Therefore, the average treatment
effect on the treated (ATT) was also estimated.'! R Pack-
age “ATE” was used to estimate the ATT among compliers
(those who completed the questionnaires and those who
were in the control group) under the intervention and con-
trol conditions (random assignment was used as an instru-
mental variable where Group 1 or Group 2 was coded as
1, the control group was coded as 0, the complier in Group
1 or Group 2 was coded as 1, and the never-taker and
those in the control group were coded as 0).

2.3.4 | Ethical considerations

All of the procedures were reviewed and approved by the
ethics committee (Institutional Review Board of the
Guangzhou Blood Center; approval number: 20200306).
Digital informed consent was obtained from all of the
participants before they completed the questionnaires.
These were low-risk studies comparing operational
recruitment techniques that would have been applied to
the donors in any case other than randomization; in addi-
tion, all of the data were processed anonymously. All of
the participants were not informed of the study goals and
were not given explanations about the nature of the inter-
ventions; otherwise, they might have altered their return
behavior and compromised the results of the trial. The
ethics committee approved the digital consent procedure
for participants and this single-blind method. Before
donation, staff from the blood center would ask all blood
donors to provide their cell phone number in the registra-
tion form and explain to donors that blood test results
and recruitment message would be delivered to them, but
they had the authority to refuse to provide their cell
phone number. If they received the text message from
the blood center and no longer wanted to receive these
messages, they could opt out by replying to the text mes-
sage with the letter T.

3 | RESULTS

3.1 | The observational study

As of 31 March 2020, 1501 cases of COVID-19 were con-
firmed positive by nucleic acid testing in Guangdong
Province, with 440 confirmed in Guangzhou. There were
56 and 57 blood donors who had donated whole blood
1 month after they donated platelets during 1 January to
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31 March, in 2019 and 2020, respectively. No blood
donors donated platelets after they had donated whole
blood when they reached the donation interval, whereas
platelet donors repeated platelet donation during the
same time period in both 2019 and 2020. Therefore, the
number of whole blood donations equaled the number of
whole blood donors. Figure 2 shows that compared with
2019, the total number of whole blood donors in 2020
decreased dramatically from Week 3, and the number of
SWBDs in 2020 was smaller than that in 2019 except for
the first week. The Spring Festival vacation was held
from 4 February 2019 to 10 February 2019, and from
24 January 2020 to 2 February 2020 (the Spring Festival
vacation was usually 7 days, but the national government
lengthened the vacation this year in consideration of the
epidemic). During that time, the number of blood donors
decreased 3 weeks before the vacation, and no group
donation occurred during the vacation. In response to
calls for blood, however, hospitals were the first agencies
to organize group donations at Week 6. The number of
GWBDs from hospitals in 2020 was higher than in 2019.
Starting in Week 9, the number of GWBDs (nonhospital
groups) in 2020 was also higher than in 2019. There was
no group platelet donation during this period in 2020.
The number of platelet donations in 2020 decreased and,
beginning in Week 4, never caught up with the number

9000
8000
7000
6000
5000
4000
3000
2000

1000
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of donations in 2019. Appendices S1 and S2 present the
comparisons of detailed information for blood donations
made during the same period in 2019 and 2020. Note that
both proportions of female whole blood donors from hos-
pitals in 2019 and 2020 were larger than that from street
and nonhospital groups.

Figure 3 shows changes in blood collection in relation
to some important events. After sending recruitment cell
phone text messages on 30 January to experienced blood
donors, the number of SWBDs increased. When the blood
shortage message was broadcasted to the public, hospitals
organized blood donation activities and mobilized medi-
cal staff to donate blood. On 20 February, Guangzhou
Blood Center broadcasted an appeal encouraging people
to donate blood through various media channels, and the
number of both whole blood and platelet donors
increased. Beginning on 5 March, the Guangdong gov-
ernment released an official announcement advocating
governmental institutions to organize blood donation,
and the number of GWBDs has increased ever since.

3.2 | The cross-sectional survey

Appendix S3 presents the comparisons of the 9117 first-
time and repeat SWBDs who received the questionnaire

200 Week 1~ Week 2 Week 3

400
600
800

1000
FIGURE 2 Blood collection trends 1200
in Guangzhou, China, from 1 January
2020 to 31 March 2020, compared with
the same time period in 2019

= = Total whole blood donation in 2019

= Group whole blood donation (hospital) in 2020
= = Group whole blood donation (hospital) in 2019

= Total whole blood donation in 2020

Date

1.1-1.7  1.8-1.14  1.15-121 1.22-128 1.29-24 2.5-2.11 2.12-2.18 2.19-2.25 2.26-3.3 3.4-3.10 3.11-3.17 3.18-3.24 3.25-3.31
Week 4 WeekS Week6 Week7 Week8 Week9 Week 10 Week 11 Week 12 Week 13

= Group whole blood donation (non-hospital) in 2020

= Street whole blood donation in 2020

= = Street whole blood donation in 2019 = = Group whole blood donation (non-hospital) in 2019

—— Platelet donation in 2020

= = Platelet donation in 2019


http://wileyonlinelibrary.com

OU-YANG ET AL.

= | TRANSFUSION

by sex and age in the cross-sectional survey. There were
1685 (18.5%) SWBDs who completed the questionnaire,
and 1584 (94.0%) of the questionnaires were valid. Valid-
ity was determined by those who provided the right
answer to the test question: This is a test question—
please select the number that corresponds to the current
month. Questionnaire respondents included 291 (18.4%)
first-time SWBDs and 1293 (81.6%) repeat SWBDs. No
data were missing because of the nature of the digital
questionnaire. In Appendix S4, demographic information
and relational closeness'*'> (“Have any of your family
members or close friends ever received a blood transfu-
sion or been waiting for blood during this epidemic?”)
among participants is provided. The mean and the stan-
dard error of donation frequency among all participants
was 6.5 + 6.7 (mean + SD).

3.21 | Exploratory factor analysis

The reliability of the questionnaire was acceptable
(Cronbach’s alpha was 0.73 for all 5-point scale items).
An EFA with a Varimax (orthogonal) rotation (Kaiser-
Meyer-Olkin = 0.83, Bartlett’s test P < .001) of these

1800

items resulted in four factors with a total variance of
55.1% (Appendix S5). Five items were removed from the
questionnaire because their common factor variances
were <0.3 (Appendix S6). The results of the EFA for the
final 13 items of the questionnaire (Appendices S7 and
S8) produced four factors (Appendix 3): concern about
COVID-19 epidemic (concern, Cronbach’s alpha of 0.73),
perceived knowledge about blood donation (perceived
knowledge, 0.92), perception of blood need during the
COVID-19 epidemic (perception of blood need, 0.86), and
COVID-19 infection risk related to making a blood dona-
tion (donation risk, 0.83). The four factors explained
67.8% of the variance. The corresponding items were
averaged for analyses.

3.2.2 | Comparison of factors between
first-time and repeat SWBDs

Table 1 shows the independent-sample ¢ test results of
the four factors between first-time and repeat SWBDs.
First-time SWBDs were more concerned about the epi-
demic and perceived a higher risk of infection related to
blood donation during the epidemic compared with
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— Confirmed COVID-19 cases in Guangzhou

Group whole blood donation (non-hospital)

to donate blood

—— Total whole blood donation

—— Group whole blood donation (hospital)

Street whole blood donation

— Platelet donation

1.23 Activating first-level public health emergency response in Guangdong province

1.30 Sending recruitment cell phone text messages to experienced blood donors from Guangzhou Blood Center
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FIGURE 3 Blood collection trends in relation to the number of confirmed cases of COVID-19 from 20 January 2020 to 31 March 2020

in Guangzhou, China
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TABLE 1
test results of the four factors between

Independent-sample ¢ Factors

first-time and repeat SWBDs in the Concern

survey Perceived knowledge

Perception of blood need

Donation risk

First-time SWBDs Repeat SWBDs t1532 P

3.02 + 0.94 2.80 + 0.94 3.61 <.001
3.51 £1.01 4.19 + 0.74 —13.08 <.001
4.01 + 0.69 4.02 +0.53 -0.32 .746
2.24 + 0.81 2.12 +0.75 2.32 .020

SWBDs, street whole blood donors.

repeat SWBDs, and repeat SWBDs thought they knew
more about blood donation than first-time SWBDs. Both
of them shared the same opinions about the level of
blood need in Guangzhou during the epidemic.

Appendix S9 shows the relationships between factors
and SWBD’s characteristics. Concern was positively asso-
ciated with being male and negatively associated with edu-
cation level and donation frequency. Perceived knowledge
was positively associated with age, donation frequency,
and relational closeness. Perception of blood need was pos-
itively associated with education level and relational close-
ness. Donation risk was negatively associated with age.

3.2.3 | Comparison of the latest blood
donation purposes between first-time and
repeat SWBDs

Appendix S10 compared the purpose of the latest blood
donation between first-time and repeat SWBDs. Both of
them gave the highest score to the purpose of saving lives.

3.3 | The randomized controlled trial

A total of 1060 (1060/12994, 8.2%, group 1 = 518, group
2 = 540) questionnaires were collected on 13 March 2020.
Those who gave the wrong answer to the test question
were excluded (Group 1 = 24, Group 2 = 49), and 986
were analyzed (Group 1 = 495, Group 2 = 491). A ¥ test
showed that there were significantly more valid question-
naires in Group 1 than in Group 2 (95.6% vs 90.9%; P =
0 .004). Appendix S11 shows the details of the demo-
graphic information, donation frequency, and relational
closeness among participants. Participants in Group
1 expressed a greater willingness to donate within
3 weeks (M = 3.46, SD = 1.20) than those in group 2
(M = 3.14, SD = 1.12; togs = 4.35, P < .001).

3.3.1 | Confirmatory factor analysis

A CFA model (x’us) = 180.55, P <.001, normed fit
index = 0.97, comparative fit index = 0.98, root mean

square error of approximation = 0.05) showed that factor
loadings were all >0.50, which were considered to be
meaningful given that no item was excluded (Appendix
S12).'° The minimum square root of average value
explained (0.76) was larger than the maximum inter-
construct correlation coefficient (0.31), which indicated
there was discriminant validity (Appendix S13). The over-
all reliability of the questionnaire was 0.72. Four factors
also formed acceptable reliable scales (concern, o = 0.84;
perceived knowledge, o = 0.86; perception of blood need,
o = 0.87; donation risk, a = 0.84), and the items were
averaged for analyses.

3.3.2 | Comparison of factors between
SWBDs in Groups 1 and 2

Independent-sample ¢ test results of the four factors
between SWBDs in Groups 1 and Group2 are shown in
Table 2. SWBDs in Group 1 perceived a higher level of
blood need and a lower risk of COVID-19 infection
related to making a blood donation during this epidemic.
The difference in levels of concern about the epidemic
and perception of blood donation knowledge were not
significant between Group 1 and Group 2.

3.3.3 | Considering blood donation
within 3 weeks

Table 3 presents the linear regression model (forced-entry
method) predicting SWBDs’ intention to donate within
3 weeks, and Appendix S14 shows that there is no obvi-
ous multicollinearity. Donation intention was positively
associated with completing Questionnaire 1, being
female, perception of having more knowledge about
blood donation, perceiving a higher level of blood need,
and perceiving a lower risk of COVID-19 infection related
to making a blood donation. Appendix S15 reports the
correlations for the variables.

Groups and relational closeness
An independent-sample ¢ test showed that relational
closeness was not significantly associated with donation
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Factors Group 1 Group 2
Concern 3.05 + 0.93 3.03 + 0.90
Perceived knowledge 3.91 + 0.88 3.89 + 0.39
Perception of blood need 3.95 + 0.61 3.77 + 0.64
Donation risk 2.50 + 0.79 2.71 + 0.85
SWBDs, street whole blood donors.
Predictor 1] SE t P
Constant 1.99 0.37 5.44 <.001
Group
1 0.22 0.07 3.04 .002
2 Reference
Sex
Male -0.18 0.07 —2.38 .018
Female Reference
Age 0.01 0.00 1.92 .055
Education level —-0.02 0.05 —-0.33 741
Donation frequency 0.00 0.01 0.45 .653
Relational closeness
Yes 0.04 0.07 0.50 .615
No Reference
Concern 0.02 0.04 0.52 .605
Perceived knowledge 0.22 0.04 4.99 <.001
Perception of blood need 0.21 0.05 4.16 <.001
Donation risk -0.23 0.05 —4.72 <.001

P P TABLE 2 Independent-sample ¢
984
test results of the four factors between
0.41 681 experienced SWBDs in Groups 1 and 2
0.41 .682
4.71 <.001
—4.09 <.001
Tolerance  VIF TABLE 3 Linear regression model
for predicting experienced SWBDs’
donation intention within 3 weeks
0.96 1.05
0.94 1.07
0.72 1.40
0.92 1.08
0.77 1.29
0.99 1.01
0.85 1.17
0.88 1.13
0.86 1.16
0.76 1.31

Total R* = 0.13

SWBDs, street whole blood donors.

intention (P = .343). A 2 x 2 (group X relational close-
ness) ANOVA was performed. There was a main effect of
groups (Foss) = 18.08, P < .001, n° = 0.02), but not of
relational closeness (P < .364), but there was a significant
interaction between group and relational closeness
(Fo8s) = 4.82, P = .028, n° = 0.01). The pairwise compar-
ison demonstrated that SWBDs in Group 1 who had any
family members or close friends who had ever received a
blood transfusion or had been waiting for blood during
this epidemic (3.6 + 0.07) were more likely to donate
within 3 weeks than those who did not (3.3 + 0.08,
P < .001), but there was no significant difference among
the SWBDs in Group 2.

Groups and concern

A linear regression model showed that concern about the
COVID-19 epidemic was not significantly associated with
donation intention (P = .576). An ANCOVA was conducted,
with donation intention as the dependent factor, groups

serving as the between-subjects factor, and concern as the
covariate (continuous, mean-centered). The main effect for
groups was significant (F;0s5) = 19.01, P < .001, > = 0.01)
but not for concern about the epidemic (P = .541), and there
was no significant interaction (P = .798).

Groups and perceived knowledge

The linear regression model showed that perceived knowl-
edge of blood donation was positively correlated with
donation intention that donors perceiving they had more
knowledge would be more likely to donate
(Faossy = 59.65, p =.33, P<.001, R* = 0.06). An
ANCOVA was conducted, with donation intention as the
dependent factor, groups serving as the between-subjects
factor, and perceived knowledge as the covariate (continu-
ous, mean-centered). The main effects of both groups
(Faossy = 18.97, P < .001, n* = 0.02) and perceived knowl-
edge (F19s5) = 60.01, P < .001, n® = 0.06) were significant,
and there was no significant interaction (P = .666).
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Groups and perception of blood need

Following the procedures identified by Baron and
Kenny,'” the regression of perception of blood need on
groups was significant. Regressing donation intention onto
groups also reached significance. Finally, regressing dona-
tion intention onto both groups and perception of blood
need still reached significance that message framing was
reduced in size (Appendix S16). In addition, a 95% confi-
dence interval (CI) computed around the indirect pathway
(bootstrap) did not include zero (95% CI, 0.02-0.03), which
indicated a significant mediating role for the perception of
blood need. In total, perception of blood need in Guang-
zhou during the epidemic partially mediated the relation-
ship between group and donation intention. Thus,
completion of Questionnaire 1 created a higher level of
blood need that contributed to greater intention to donate.

Groups and donation risk

The same method was applied to detect mediational
effect of donation risk (Appendix S17). In addition, a 95%
CI computed around the indirect pathway (bootstrap) did
not include zero (95% CI, 0.02-0.05). Therefore, donation
risk was also a partial mediator in the relationship
between group and donation intention. Completion of
Questionnaire 1 made SWBDs perceive a lower risk of
COVID-19 infection related to making a blood donation
and these SWBDs were more likely to donate within
3 weeks.

TRANSFUSION-2~

3.3.4 | Actual donation behavior among
three groups

Among those who completed the questionnaires in
Groups 1 and Group2, 38 (38/518, 7.34%) and 31 (31/540,
5.74%) SWBDs donated blood within 3 weeks, respec-
tively. In the ITT analyses, significant differences were
observed only between Group 1 and Group 3 (Table 4).
The ATT estimation results, however, showed that
among those who completed the questionnaires, complet-
ing Questionnaire 1, which contained the information,
was estimated to significantly increase redonation by 4.7
percentage points compared with completing Question-
naire 2 within 3 weeks, and to increase redonation by 5.5
compared with no intervention; completing Question-
naire 2 was estimated to significantly increase redonation
by 4.0 percentage points compared with no intervention
(Table 5). Logistic regression analyses indicated that
redonation during the epidemic was positively associated
with age, donation history, and successfully completing
the questionnaires (Appendix S18).

3.3.5 | Comparison of common factors
between SWBDs in the survey and the trial

Appendix S19 shows that SWBDs who did not donate
during the epidemic expressed more concern about the

TABLE 4 Comparisons of actual donation behavior among all participants during 3-week follow-up by ITT analyses in the trial

Group Actual donation rate (%, n)

Within 1 week 1.14 (74/6497)
0.91 (59/6497)
0.66 (43/6497)
1.69 (110/6497)
1.62 (105/6497)
1.22 (79/6497)
2.25 (146/6497)
2.09 (136/6497)
1.68 (109/6497)

Within 2 weeks

Within 3 weeks

W N H W N E W N =

ITT, intention-to-treat.

TABLE 5 Comparisons of actual
donation behavior among three groups
by ATT estimations in the trial Group 1 vs Group 2

Group 1 vs Group 3
Group 2 vs Group 3

0.047
0.055
0.040

Comparison ¥* Raw P Bonferroni corrected P
1vs2 191 222
2vs3 111 136
1vs3 .004 .005
1vs2 731 .783
2vs3 .053 .063
1vs3 .023 .028
1vs2 .547 .587
2vs3 .082 .094
1vs3 .019 .028

Point estimate  Standard error 95% CI VA P
0.008 0.032-0.062 6.16 <.001
0.012 0.033-0.078 4.77 <.001
0.010 0.020-0.060 3.92 <.001

ATT, average treatment effect on the treated; CI, confidence interval.
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epidemic and felt a higher risk of COVID-19 infection
related to making a blood donation. SWBDs who donated
during the epidemic perceived more blood need in
Guangzhou and believed they knew more about blood
donation.

4 | DISCUSSION

A blood shortage crisis triggered by infectious disease
occurred in Beijing, China, during the SARS epdemic.'®
After measures were implemented in Beijing, significant
numbers of blood products from other Chinese regions
were imported to ensure blood availability for clinical use
between April and early July during that epidemic.'® Dur-
ing the COVID-19 outbreak, this same situation occurred
across China. Although the situation was more severe
than in 2003, blood shortage was mitigated in a short
period. The observational study showed that along with
measures implemented, the number of both whole blood
donors and platelet donors increased accordingly. The
cross-sectional survey indicated that both first-time and
repeat SWBDs perceived the same level of blood need and
donated blood to save lives. The randomized controlled
trial revealed that making blood donors perceive a higher
level of blood need and a lower level of COVID-19 infec-
tion risk related to making a blood donation could mobi-
lize experienced SWBDs to donate within 3 weeks. SWBDs
who completed Questionnaire 1 expressed a greater inten-
tion to donate during the epidemic. ITT analyses and ATT
estimations confirmed that Questionnaire 1 could activate
SWBDs to make an actual donation.

Group and street blood donations ensure sufficient
blood supply in Guangzhou. Although group blood
donation accounted for 31% of the total donations, group
blood donation is more reliable than street blood dona-
tion. In ordinary times, universities guarantee the blood
supply from March to June and September to December
(two semesters). Universities would hold blood donation
activities during semesters to organize their students to
donate. Nonhospital groups and hospitals would orga-
nize blood donation activities from January to March
and June to September. Guangzhou is one of cities that
has the biggest immigrant population (9.53 million;
62.3%), with people from all over China. The Spring Fes-
tival is a traditional festival and the most important festi-
val in China; people from outside Guangzhou return to
their hometowns 1 to 3 weeks before the festival vaca-
tion. Coupled with the cold weather, therefore, the num-
ber of both street and group blood donations would
begin to decrease 3 weeks before the Spring Festival. At
this time, because mutual (family/replacement) blood
donation was canceled, blood supply was strictly

controlled to ensure emergency use; patients needing
elective surgery or suffering from nonlethal anemia must
wait for blood. Both public and private hospitals would
organize blood donation activities when blood products
were insufficient. Medical staff might be more likely to
be aware of the important and precious nature of
blood.'® Also, medical staff affiliated with hospitals must
remain at their posts at all times, even during the Spring
Festival vacation. Therefore, medical staff members are
the primary blood resource when facing an emergency
situation. During this epidemic, groups followed govern-
ment instructions to organize blood donation activities,
and hospitals were the first responders, which effectively
replenished the stockpile of blood. To some extent, medi-
cal staff taking the lead to donate blood served as a good
example for street and group blood donors who were
lacked a medical background. Hospitals will continue to
play a vital role in blood donation even after the
epidemic.

First-time and repeat SWBDs sensed an urgent need
for blood and decided to donate to save lives during the
epidemic. The result of the cross-sectional survey was in
line with previous studies that found when blood donors
feel a sense of urgency to donate blood, they probably take
the action.”*** SWBDs who donated during the epidemic
felt less concern about the epidemic and perceived a lower
risk of COVID-19 infection related to making a blood
donation. They also perceived more blood need in Guang-
zhou and felt they had more knowledge about blood dona-
tion than those SWBDs who did not donate. These results
further confirmed the findings noted previously.

Using the questionnaire to recruit lapsed blood donors
proved to be effective.”® Additionally, the randomized trial
confirmed that completing a questionnaire regardless of
whether it contained or did not contain information about
blood donation precautionary measures in response to
COVID-19 and other messages about blood donation dur-
ing the epidemic could motivate experienced SWBDs to
make a subsequent donation. Questionnaire 1 was actually
promotional material aimed at eliminating SWBDs’ con-
cerns about transmission of COVID-19 infection during a
blood donation. Completion of the questionnaire signifi-
cantly increased both donation intention and actual dona-
tion behavior. This questionnaire could be applied to
recruit blood donors during the COVID-19 epidemic and
could be used to recruit blood donors as a reference during
a future epidemic.

The strength of this study was that it was the first
research to apply a questionnaire to understand factors
affecting blood donors who donated during an epidemic
and to recruit experienced blood donors to redonate dur-
ing such a period. Another strength of the study was that
the actual behavior of donors was assessed to determine
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the effectiveness of the intervention rather than a self-
reported behavior.

Some limitations need to be addressed. First, the
COVID-19 epidemic in Guangzhou was severe but not as
severe as it was in Wuhan, Hubei Province. Thus, the
results might not suitably be extended to the worst-hit
areas during an epidemic. Second, the questionnaire in
the cross-sectional survey was not based on previous vali-
dated questionnaires, and because of the time limitation,
it was not pretested to assess the clarity of the question-
naire or the suitability and consistency for participants.
Third, in the randomized controlled trial, all of the ques-
tionnaires were anonymous for the sake of privacy pro-
tection, and the actual donation behavior could not be
matched precisely to blood donation intention. Fourth,
the survey and the trial focused only on whole blood
donors and platelet donors might have different opinions
on blood donation during the epidemic. Finally, the ques-
tionnaire links were closed in a short period and addi-
tional participants might have intended to complete the
questionnaire. Therefore, future research that increases
the questionnaire collection time is needed to explore the
effectiveness of using a questionnaire to recruit blood
donors during an epidemic. Moreover, the sex ratio was
100:99.58 for female citizens vs male citizens in 2018 in
Guangzhou,** but the ratio of female blood donors vs
male blood donors was 54.21:100. There were more
female blood donors from the hospitals both in 2019 and
2020; it may be worth studying whether this difference
was simply because more female medical staff (nurses
are mostly women) worked in hospitals or whether the
blood donation intentions between female medical staff
and ordinary citizens were different. Also, research
focused on street blood donors and group blood donors
responding to public health events simultaneously could
be addressed.

In conclusion, the blood shortage during COVID-19
epidemic in Guangzhou was solved by recruiting experi-
enced blood donors through the blood center, mass
media campaigns, and advocating groups to organize
blood donation activities by government at all levels.
Both first-time and repeat SWBDs perceived the same
level of blood need and donated blood to save lives dur-
ing the epidemic. The questionnaire with information
about blood donation precautionary measures in
response to COVID-19 and other messages about blood
donation during the epidemic successfully increased the
blood donation intention of experienced SWBDs, and
even increased actual blood donation during the COVID-
19 epidemic. The results are specific to data that come
from Guangzhou, but we believe many of the insights are
true for China in general and are informative with regard
to the international public health response.
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