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Abstract

Since the first case of COVID‐19 reported in late December of 2019 in Wuhan, China,

the SARS‐CoV‐2 virus has caused approximately 20 million infections and 732 thousand

deaths around the world by 11 August 2020. Although the pathogen generally infects

the respiratory system, whether it is present in the bloodstream and whether it poses a

threat to the blood supply during the period of the outbreak is of serious public concern.

In this study, we used enzyme‐linked immunosorbent assay (ELISA) to screen total

antibodies against SARS‐CoV‐2 in 2199 blood donors, who had donated blood at the

Guangzhou Blood Center during the epidemic. The Ig‐reactive samples were further

characterized for IgA, IgG, and IgM subtypes by ELISA and viral nucleic acid by real‐time

polymerase chain reaction. Among the 2199 plasma samples, seven were reactive under

total antibodies' screening. Further testing revealed that none of them had detectable

viral nucleic acid or IgM antibody, but two samples contained IgA and IgG. The IgG

antibody titers of both positive samples were 1:16 and 1:4, respectively. Our results

indicated a low prevalence of past SARS‐CoV‐2 infection in our blood donors, as none of

the tests were positive for viral nucleic acid and only 2 out of 2199 (0.09%) of samples

were positive for IgG and IgA. There would be a limited necessity for the im-

plementation of such testing in blood screening in a COVID‐19 low‐risk area.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID‐19) is an infectious disease

caused by severe acute respiratory syndrome coronavirus 2 (SARS‐
CoV‐2). The most commonly reported clinical symptoms include

fever, cough, and fatigue. Other symptoms such as nasal congestion,

rhinorrhea, sore throat, muscle pain, and diarrhea are less common.1

Although the majority of cases result in mild symptoms, some

progress to viral pneumonia and multiorgan failure.2

SARS‐CoV‐2 is an enveloped virus in the genus of the beta‐
coronavirus, but it is significantly different from SARS‐CoV and

MERS‐CoV.3,4 Until now, there has been no solid evidence indicating

that such respiratory viruses can be transmitted by blood transfu-

sion.5,6 However, considering the incubation period of SARS‐CoV‐2
infections (median, 5.2 days) and the fact that some can be asymp-

tomatic, blood safety remains a general concern.7‐10 Currently, the

diagnosis of COVID‐19 mainly relies on the laboratory detection of

SARS‐CoV‐2 RNA in throat swab samples and clinical diagnosis is

supported by pulmonary computed tomography.11 The positive rate

of SARS‐CoV‐2 RNA found in blood samples of clinically confirmed

patients is still relatively low (15%‐20%).1,12 A recent study recruited

blood donors (BDs) in Wuhan city of China between 25 January and
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4 March 2020. The results showed 4 out of 2430 BDs (0.16%) to

be positive for SARS‐CoV‐2 RNA.13 This was during the peak of

the SARS‐CoV‐2 outbreak in Wuhan, with approximately 50 000

confirmed cases. Although the blood products have not been trans-

fused to clinical patients, the possibility of transfusion‐associated
SARS‐CoV‐2 transmission in areas with an intense epidemic cannot

be excluded.

The first COVID‐19 case in Guangzhou, a city of South

China, was diagnosed on 22 January 2020. A total of 499 cases

had been confirmed by 17 April. To study the status of SARS‐CoV‐
2 infection among BDs in Guangzhou and evaluate the risk of

transfusion transmission, we conducted tests on the antibodies

against the virus supported by epidemiological evaluation. Pre-

liminary studies indicated that antibody testing was suitable for

serosurvey of blood samples of individuals who had been exposed

to SARS‐CoV‐2.14 In this study, after total antibodies screening,

three different antibody Ig subtypes (IgM, IgA, and IgG) and viral

nucleic acid were assessed to indicate past and active COVID‐19
infection.

2 | MATERIALS AND METHODS

2.1 | Study participants

The study participants consisted of 2199 voluntary BDs, who were

randomly selected from 23 March through 2 April 2020. Among

them, 1489 were male and 710 were female. The median age was 34

years old (ranging from 18 to 59 years old). Before donation, the BDs

were required to meet the defined criteria of whole blood and

platelet apheresis donation. During the COVID‐19 outbreak, BDs

were required to answer an additional questionnaire on whether in

the past 28 days they (a) had close contact with confirmed or sus-

pected cases of COVID‐19; (b) had traveled in areas with active

COVID‐19 epidemic; (c) had such symptoms as fever, cough, fatigue,

sore throat, muscle pain or diarrhea. In addition, the BDs were tested

for body temperature. For BDs who were positive for SARS‐CoV‐2
nucleic acid or antibody testing, an epidemiological survey was con-

ducted, and their family members and close contacts were given the

same tests.

For each participant, 10mL of whole blood sample was drawn for

the tests.

2.2 | Testing of antibodies by enzyme‐linked
immunosorbent assays

Total antibodies against SARS‐CoV‐2 were screened using an

enzyme‐linked immunosorbent assay (ELISA) developed by Wantai

Biological Pharmacy Enterprise (WT; Beijing, China). Total antibody‐
reactive samples were further tested for IgA and IgM by individual

assay (WT), and IgG by two independent reagents by WT and Lizhu

Diagnostics (LZ; Zhuhai, China), respectively.

2.3 | Titration of anti‐SARS‐CoV‐2 IgG antibody

Titration of anti‐SARS‐CoV‐2 IgG antibody was performed using the

ELISA reagent (WT) based on a doubling dilution method.

2.4 | Nucleic acid testing of SARS‐CoV‐2

The nucleic acid of SARS‐CoV‐2 was tested using the assay from

Sansure Biotechnology (Hunan, China). Viral RNA was extracted from

200μL plasma using magnetic beads, followed by reverse transcrip-

tion into complementary DNA (cDNA) at 50°C for 30minutes. The

cDNA was then used for real‐time polymerase chain reaction (PCR)

amplification under the following conditions: 95°C for 1minute,

followed by 45 cycles of 95°C for 15 seconds and then 60°C for

30 seconds. A Ct value lower than 40 was considered to be positive.

The analytical sensitivity of the assay was 200 copies/mL.

3 | RESULTS

3.1 | Frequency of nucleic acid and antibodies
against SARS‐CoV‐2 in BDs

Among the total cohort, seven donors were reactive for total anti-

bodies against SARS‐CoV‐2. Further tests revealed that all seven

individuals were negative for viral nucleic acid and IgM antibody

(Table 1). However, only two samples (BD2 and BD5) developed IgG

together with IgA antibody subtypes (0.09%; 2 out of 2199). Notably,

the presence of the IgG antibody was confirmed by two assays using

the receptor‐binding domain (RBD) of the spike protein (S‐protein)
and the recombinant nucleocapsid protein (N‐protein) as antigens,

respectively. The other five total antibody‐reactive samples that

were negative for IgA and IgG tests were likely to be false positive.

3.2 | Titer of the IgG antibody against SARS‐CoV‐2

As there is currently no quantitative assay available for the SARS‐
CoV‐2 antibodies, the IgG antibody was titrated using the IgG ELISA

assay (WT) through a doubling dilution procedure. The S/CO of the

two IgG‐positive samples (BD2 and BD5) declined in a dose‐
dependent manner along with titration. The titers for BD2 and BD5

were 1:16 and 1:4, respectively (Figure 1).

3.3 | Epidemiological survey

Neither BD2 and BD5 had any history of close contact with COVID‐
19 patients or travel in the epidemic regions. However, BD5 worked

as a nurse, and she reported a history of SARS infection in 2003.

Nevertheless, her four family members tested negative for all the

SARS‐CoV‐2 tests.
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4 | DISCUSSION

Currently, little is known about the prevalence of SARS‐CoV‐2 in

populations other than COVID‐19 patients. The prevalence of anti-

bodies against the virus in healthcare workers, who have been re-

cognized as a high‐risk group, has been reported to be as high as

3.8% in China15 and 1.6% in Germany.16 Low‐risk populations such as

voluntary BDs have been tested for SARS‐CoV‐2 antibodies in

France (3%),17 Italy (5.1%),18 Denmark (1.8%),19 and Jordan (0%).20

In this study, although seven samples were reactive to the initial total

antibodies test, no asymptomatic active COVID‐19 infection was

found because all seven BDs reactive for total antibodies were ne-

gative for the viral nucleic acid and IgM antibody against anti‐SARS‐
CoV‐2. In addition, only two samples (0.09%) were positive for IgA

and IgG antibody tests. We speculated that the presence of anti-

bodies in both donors (BD2 and BD5) were reliable because they

were confirmed by one IgA assay and two IgG assays that coated the

RBD of the S‐protein and N‐protein, respectively.21 The other five

total antibody‐reactive samples were likely to be false positive, even

if the sensitivity and specificity of the ELISA assays were not clearly

elucidated. The sampling time was also an influencing factor re-

sponsible for the low prevalence because the antibody against SARS‐
CoV‐2 was hardly produced in the early stage of the disease and

become detectable later around day 10.

The sampling time may also be responsible for the low antibody

titer (1:4 and 1:16) in our BDs. It has been reported that the antibody

level was relatively low (<1:100) in patients with mild clinical signs

but high (>1:800) in patients with severe SARS.22 Theoretically, the

low antibody titer (1:4 and 1:16) in our BDs may relate to the stage

of infection. In the early stage of the infection, the studied individuals

might have been asymptomatic and generated a low level of IgG.

Naturally, the level of antibody could peak at around 10 days after

infection and then maintain but gradually decrease over time. Pre-

vious studies have established that level of IgG antibody against

SARS‐CoV remain relatively high after infection, and they do not

decline significantly for 4 years.23‐25 Although the exact time of in-

fection for the BDs was unknown, the low level of antibody titers

found here cannot be attributed to the fading over time. However,

long‐term study regarding the retention time of anti‐SARS‐CoV‐2
antibodies is still lacking. Furthermore, the same ELISA tests were

performed with plasma samples from convalescent COVID‐19 pa-

tients recruited in the same institution. The IgG antibody against

SARS‐CoV‐2 was detected in only 10 out of 15 samples (data not

shown). Further study is required to find out whether the low

detection rate was due to the limitation of sensitivity of the assays or

whether the antibodies were actually absent from some of these

patients.

SARS‐CoV‐2 RNA can be detected by real‐time PCR as early as 1

to 3 days before the clinical presentation of the disease. In contrast,

antibody production typically occurs between 7 and 11 days after

exposure, which varies with different infected individuals. Recently,

Zhao et al26 reported the median seroconversion time of IgM and IgG

against SARS‐CoV‐2 to be 12 and 14 days, respectively. The IgM

level declined significantly in 35 days after the onset of disease, and

less than 50% of the infected cases can be detected.15 In this study,

IgG but not IgM or viral RNA was found in two donors, indicating

past infection of SARS‐CoV‐2.

TABLE 1 Epidemiological information and testing results of the donors reactive for total antibodies against SARS‐CoV‐2

ID Sex Age Ethnicity Occupation Total antibodies (S/CO) IgM IgA IgG (WT) IgG (LZ) Nucleic acid

BD1 Male 45 Han Public officer +(8.15) − − − − −

BD2 Male 29 Han Catering worker +(18.0) − + + + −

BD3 Male 31 Han Clerk +(2.52) − − − − −

BD4 Female 26 Han Clerk +(1.92) − − − − −

BD5 Female 40 Han Nurse +(18.0) − + + + −

BD6 Male 43 Han Public officer +(1.21) − − − − −

BD7 Male 45 Han Public officer +(9.06) − − − − −

Note: The donors who were positive for IgA and IgG antibody are indicated in bold.

Abbreviations: Ig, immunoglobulin; LZ, Lizhu Diagnostics; WT, Wantai Biological Pharmacy Enterprise.

F IGURE 1 Titration of IgG antibody against SARS‐CoV‐2. The
plasma samples of the two IgG‐positive donors (BD2 and BD5) were

doubling diluted and then tested with anti‐SARS‐CoV‐2 IgG ELISA assay
(WT). NC and PC served as the negative control and positive control
sera for the assay and were tested without dilution, respectively. The

dotted line indicates a value of 1.0 for the signal to cut‐off (S/CO)
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The prevalence of SARS‐CoV‐2 RNA in our BDs may have been

underestimated for the following reasons. First, donors with COVID‐19‐
like symptoms or a history of travel or contact with COVID‐19 patients

were deferred by a pre‐donation questionnaire. Second, total antibodies

were initially screened, and reactive samples were then used for the

nucleic acid testing (NAT), which may result in missing window period

samples. These samples were positive for viral RNA but negative for

antibody (Ab) because the Ab had not yet been generated due to the

early stage of the infection. Lastly, the analytical sensitivity of NAT

assay used in this study (Sansure) was 200 copies/mL, which was less

than that of cobas SARS‐CoV‐2 (Roche; 46 copies/mL). However, in a

very recent multicenter report, Chang et al27 used a NAT assay with

high sensitivity (minipool: 62.94 and 33.14 copies/mL for N and ORF1ab

regions; individual test: 3.87 and 4.85 copies/mL for two regions using

1600 μL of plasma), but no SARS‐CoV‐2 RNA was found among 98 342

BDs in Hubei, China, where there was an intense epidemic. Taken to-

gether, despite some limitations of the assay and strategy, almost no

SARS‐COVID‐19 RNA was found in BDs in Guangzhou. A much larger

epidemiological study is required to evaluate the risk of transfusion

transmission of COVID‐19.
The epidemiological survey revealed neither of the IgG‐positive

donors had a history of close contact with COVID‐19 patients or

traveling to a highly epidemic region. BD2 was a migrant and lives

alone in Guangzhou, and was healthy and had not contracted SARS in

the past, but may have had contact with wild animals. The other

donor, BD5, was a nurse who had contracted SARS in 2003, but none

of her four family members was positive for all the SARS‐CoV‐2 tests

(data not shown). Accordingly, the antibodies found in BD5 may have

been produced in response to a past SARS infection. As no archived

plasma samples were available for these donors, this possibility could

not be ruled out. Nevertheless, in many of these cases, the antibodies

against SARS were undetectable 5 years after infection.18

In summary, a low prevalence of SARS‐CoV‐2 past infection was

found among BDs in Guangzhou, China, indicating that the risk of

transmission of SARS‐CoV‐2 by blood transfusion is relatively low in

the city and thus there would be a limited necessity for the im-

plementation of such testing in blood screening.
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