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Abstract

:

(1) Backgrounds and Objectives: Since its discovery, information about the severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) has spread rapidly. However, many issues remain unresolved. Coronaviruses are primarily transmitted through respiratory secretions. The possibility of transmission via donated blood transfusion deserves studying. This is the first study in Saudi Arabia to look at pre-vaccination donated blood anti-SARS-CoV-2 antibody content as a marker for virus transmission via viral RNA positive blood and/or the potential therapeutic value of convalescent plasma. (2) Methods: A total of 300 blood samples were sequentially collected from unvaccinated donors who donated blood to the blood bank of Prince Mutaib Bin Abdulaziz Hospital in Sakaka, Al-Jouf, Saudi Arabia. Specific ELISA was used to detect anti-SARS-CoV-2 IgG and IgM antibodies. SARS-CoV-2 was detected using specific real-time reverse-transcription PCR (rRT-PCR). (3) Results: The prevalence of anti-SARS-CoV-2 IgG was low (9%), whereas the prevalence of anti-SARS-CoV-2 IgM was high (65%). Relevant demographics, anthropometrics, and lifestyle factors revealed significant associations (p < 0.05) between IgM-positivity only vs. age (age group 21–30 years), postgraduate education, no history of international travel, IgG-negativity, and absence of experience with COVID-19-like symptoms. Furthermore, there are significant associations (p < 0.05) between IgG-positivity only vs. age (age group 21–30 years), postgraduate education, and being a non-healthcare worker. All donors in the anti-SARS-CoV-2 IgG-positive group (n = 27) had previously experienced symptoms similar to COVID-19 (p < 0.001) and most of them (n = 24) showed anti-SARS-CoV-2 IgM-positive test (p = 0.006). However, all the samples tested negative for SARS-CoV-2 RNA using rRT-PCR. (4) Conclusion: Our findings add to the growing body of evidence that donated blood is safe, with the added benefit of convalescent plasma rich in potentially neutralizing IgG and IgM against SARS-CoV-2.
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1. Introduction


On 27 December 2019, the coronavirus disease-19 (COVID-19), caused by the severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) in Wuhan, China, was discovered and spread to the rest of the world [1]. Clinical manifestations of COVID-19 range from severe pneumonia with respiratory distress (mostly in elderly people with underlying comorbidities) to mild clinical manifestations or asymptomatic carriage (mostly in children and young adults) [2].



Asymptomatic cases pose an infection control challenge and may aid in the spread of SARS-CoV-2. COVID-19 infection was reported to have been transmitted from an asymptomatic case in Germany [3]. In Wuhan, an asymptomatic 10-year-old boy who tested positive for SARS-CoV-2 via real-time reverse-transcription PCR (rRT-PCR) and CT-scan was suspected of being the source of infection for all of his family members who tested positive [4].



Although SARS-CoV-2 is primarily a respiratory virus, the possibility of transmission via other body fluids such as semen [5], urine [6], Saliva [7], tears and conjunctival secretions [8] are being investigated. Coronavirus RNA can be detected in blood lymphocytes and plasma, raising the possibility of virus transmission via blood transfusion. Many blood banks in China have a checklist for the following points before blood donation during the current pandemic: (1) taking the donor’s body temperature, (2) determining whether the donor or relatives have respiratory symptoms, have recently traveled to high-risk areas within the last 28 days, or are at high risk, (3) asking all blood donors about their physical condition after donation, and (4) removing un-transfused blood products from asymptomatic infected donors [9].



During the SARS-CoV-2 pandemic, the entire world faced several unknowns, and stricter measures, such as testing donated blood for SARS-CoV-2 RNA and antiviral antibodies, or the use of pathogen reduction/inactivation technologies that aim to eradicate or reduce the potential risk of coronavirus transmission through blood or blood products, were implemented when necessary. Wuhan blood banks have been conducting SARS-CoV-2 RNA blood testing since 10 February 2020 [10]. Blood transfusion biosafety in laboratories and blood banks should be improved during pandemics. Because 40–45% of COVID-19 cases are asymptomatic, blood donation safety should be taken into account [11,12,13]. Furthermore, there is a risk of SARS-CoV-2 reactivation [14,15]. Asymptomatic and reactivated COVID-19 cases may be eligible for blood donation.



Previous outbreaks of many emerging viruses in China hurt blood donation and transfusion [16]. The viral RNA was detected by PCR in the serum or plasma of SARS-CoV [17,18,19,20], MERS-CoV [21], or SARS-CoV-2 patients [22] within varying time frames after the symptoms appeared. Although the WHO reported in 2003 that no SARS-CoV cases had been detected through blood transfusion, there is still a theoretical risk of SARS-CoV transfusion transmission [23].



There is currently insufficient data on the potential role of donated blood in SARS-CoV-2 transmission. To ensure public safety, a better understanding of the prevalence of SARS-CoV-2 transmission via blood and blood products is required. This is the first study in Saudi Arabia to assess the pre-vaccination era donated blood content of specific anti-SARS-CoV-2 antibodies as evidence for convalescent plasma therapeutic use, as well as blood-borne transmission safety as confirmed by rRT-PCR viral RNA testing, and its relationship to relevant demographics, anthropometrics, and lifestyle.




2. Materials and Methods


2.1. Study Design, Data, and Samples Collection


The Local Committee for Ethics of Scientific Research, Jouf University, Sakaka, Saudi Arabia, granted bioethical approval (#26-06/42). After securing the bioethical approval, 300 blood samples were collected during the following three-month period in a cross-sectional study. The recruited donors were sequentially included in the random selection of samples from the donated blood consecutively received in the blood bank of Prince Mutaib Bin Abdulaziz Hospital, Sakaka. Each sample (5 mL) was collected in a sterile EDTA-containing tube and transported in an icebox to the Microbiology and Immunology Laboratory at Jouf University’s College of Medicine for further processing.



The data of the participating blood donors were reviewed for previously experienced symptoms similar to COVID-19, having a previous SARS-CoV-2 RT-PCR-positive or negative diagnosis, coming into contact with a person who was SARS-CoV-2 RT-PCR-positive, coming into contact with a person who was suffering from symptoms similar to COVID-19 but did not have SARS-CoV-2 RT-PCR or had negative-SARS-CoV-2 RT-PCR. The COVID-19 infection liability relevant demographic, anthropometric, and lifestyle characteristics of blood donors were recorded, including age, gender, education level, occupation (medical vs. non-medical), physical activity (daily activity sedentary style vs. regular physical exercising), body mass index (BMI, kg/m2), smoking, traveling abroad, vitamin supplement (no vs. on regular supplementation), and diet/beverage (healthy balanced diet/regular herbal beverages vs. unhealthy dieting/no herbal beverages).




2.2. Immunological Detection of Antibodies


To avoid contamination, the samples were processed aseptically upon arrival at the Microbiology and Immunology Laboratory. After 10–20 min at room temperature, blood samples were centrifuged for 10 min at 3,000 rpm. The plasma supernatant was aliquotted and kept at –80 °C [24]. Anti-SARS-CoV-2 antibodies (IgM and IgG) were detected immunologically using sensitive (>95%) and specific (>95%) ELISA kits (SunLong Biotech Co., LTD., Hangzhou Zhejiang, China).




2.3. SARS-CoV-2 RNA Detection


Because the nucleic acids of RNA viruses are unstable and may lose their stability when subjected to repeated freezing and thawing, a fresh plasma aliquot was used. RT-PCR is the most widely used and effective method for detecting pathogenic viruses in blood. RNA was extracted from plasma samples using commercially available kits (QIAamp® Viral RNA Mini Kit, QIAGEN®, Hilden, Germany) as instructed. TaqMan probe real-time fluorescent RT-PCR amplification of SARS-CoV-2 envelope protein (E) and RNA-dependent RNA polymerase (RdRp) gene fragments using specific kits (The 1copyTM COVID-19 qPCR Multi-Kit, 1 Drop Inc., Gyeonggi-do, Republic of Korea) was used to test the presence of SARS-CoV-2 RNA in the samples. The SARS-CoV-2 primer and probe sets were created following the “World Health Organization interim guidance for laboratory testing for 2019 novel coronavirus (2019-nCoV) in humans”. Following extraction, the purified RNA was reverse-transcribed into cDNA using reverse transcriptase and then amplified using Taq DNA polymerase in the RT-PCR instrument (CFX96TM Real-Time PCR Detection System, Bio-Rad, Inc., California, USA). Control 1 (E gene plasmid) and control 2 (RdRp gene plasmid) were used as positive controls. Texas Red channel detection of internal positive control (human GAPDH gene) was used. Negative control was included in the reaction (DW NTC; no template control). The amplification conditions were as follows: 10 min at 55 °C for reverse transcription, 3 min at 95 °C, then 45 cycles of 15 s at 95 °C and 30 s at 58 °C, as previously mentioned [25]. A cycle threshold value (Ct-value) of ≤40 was considered a valid (+) test, and a Ct-value of >40 was considered an invalid (−) test.




2.4. Data Analysis


Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. (Armonk, NY, USA: IBM Corp). Categorical data were represented as numbers and percentages. The Chi-square test was applied to investigate the association between the categorical variables. Alternatively, Fisher’s Exact or Monte Carlo correction test was applied when more than 20% of the cells have an expected count of less than 5. For continuous data, they were tested for normality by the Kolmogorov- Smirnov and Shapiro-Wilk test. Quantitative data were expressed as a range (minimum and maximum), mean, standard deviation, and median. A student t-test was used to compare two groups for normally distributed quantitative variables. The significance of the obtained results was determined by using a p-value of ≤0.05.





3. Results


The results of the study including the demographic, anthropometric, and lifestyle characteristics of blood donors in relation to anti-SARS-CoV-2 IgM and IgG detected are summarized in Table 1. The data revealed that 19% (n = 57/300) of the participants had previously experienced symptoms similar to COVID-19, but they had no previous SARS-CoV-2 RT-PCR positive or negative diagnosis or had come into contact with someone who was SARS-CoV-2 RT-PCR-positive. All of the blood donors were concerned about coming into contact with someone who had symptoms similar to COVID-19 with/without SARS-CoV-2 RT-PCR testing. It is worth noting that the COVID-19 vaccines had not yet been instituted in Saudi Arabia at the time of the study, so all blood donors received no dose of the COVID-19 vaccines.



In the tested donated blood samples, there was a low prevalence (9%) (n = 27/300) of anti-SARS-CoV-2 IgG and a high prevalence (65%) (n = 195/300) of anti-SARS-CoV-2 IgM.



There are statistically significant (p < 0.05) associations between anti-SARS-CoV-2 IgM-positivity and age (where anti-SARS-CoV-2 IgM-positivity was more prevalent in the age group 21–30 years), education (where anti-SARS-CoV-2 IgM-positivity was more prevalent in people with postgraduate studies), travel history (where anti-SARS-CoV-2 IgM-positivity was more prevalent in people with no travel history), and the previous experience of symptoms similar to those of COVID-19 (where anti-SARS-CoV-2 IgM-positivity was more prevalent in participants who previously did not experience symptoms similar to those of COVID-19).



There are statistically significant (p < 0.05) associations between anti-SARS-CoV-2 IgG-positivity and age (where anti-SARS-CoV-2 IgG-positivity was more prevalent in the age group 21–30 years), education (where anti-SARS-CoV-2 IgG-positivity was more prevalent in people with postgraduate studies) and occupation (where anti-SARS-CoV-2 IgG-positivity was more prevalent in non-healthcare workers). All donors in the anti-SARS-CoV-2 IgG-positive group (n = 27) had previously experienced symptoms similar to COVID-19 (p < 0.001). Furthermore, among the anti-SARS-CoV-2 IgG-positive group, 24 (88.9%) were positive for anti-SARS-CoV-2 IgM, while 3 (11.1%) were negative (statistically significant association, p = 0.006).



The rRT-PCR results showed that all of the donated blood samples tested negative for SARS-CoV-2 RNA.




4. Discussion


Worldwide, as of 27 May 2022, there have been 525,467,084 COVID-19 confirmed cases, including 6,285,171 deaths, reported to the WHO [26]. Although coronaviruses typically infect the respiratory tract, viral shedding in serum or plasma is to be expected. This raises concerns about the safety of donated blood products, because it is primarily dependent on voluntary blood donors [27,28]. Given the increasing number of asymptomatic [11,12,13] and reactivated SARS-CoV-2 cases [14,15], blood safety and coronaviruses should be prioritized, particularly in high-risk areas [10]. Although blood transfusion is an important part of the health care system, the adequate and safe availability of blood products to meet patients’ needs became a major concern during the COVID-19 pandemic [29]. Generally, it is believed that it is a key time to focus on asymptomatic (with no symptoms) and oligosymptomatic (with so mild symptoms that remain unrecognized) COVID-19 patients as they can be silent reservoirs to circulate SARS-CoV-2 infections [30].



Data on the potential role of donated blood in SARS-CoV-2 transmission are limited, and this is the first study in Saudi Arabia to evaluate donated blood as a potential source of SARS-CoV-2 transmission. We used sensitive and specific ELISA and rRT-PCR assays to test 300 blood samples collected from COVID-19-unvaccinated healthy blood donors in Sakaka, Al-Jouf, Saudi Arabia for anti-SARS-CoV-2 immunoglobulins and SARS-CoV-2 RNA. Despite the fact that all of the blood donors did not receive COVID-19 vaccinations, as the time was pre-vaccination, the tested blood samples were positive for anti-SARS-CoV-2 IgM and anti-SARS-CoV-2 IgG at rates of 65% and 9%, respectively. Furthermore, 8% (n = 24/300) of the blood samples tested positive for both anti-SARS-CoV-2 IgM and anti-SARS-CoV-2 IgG. The rRT-PCR is the gold standard for the diagnosis of COVID-19, but it is relatively expensive and requires standardized laboratories and trained operators. During a pandemic, many cases may be asymptomatic or afford their prolonged and/or progressive symptoms before seeking medical care. Thus, serologic testing, being cheaper and easier than the rRT-PCR, can help in picking up many of these patients instead of the standard molecular technique [31]. The current study’s findings confirm the notion that the true extent of the COVID-19 burden may be underestimated, and improved serological detection of specific SARS-CoV-2 immunoglobulins may aid in estimating the true rates of SARS-CoV-2 infections, especially where rRT-PCR is not available, a key point for effective planning and implementation of efficient infection prevention and control strategies.



Furthermore, the predominance of anti-SARS-CoV-2 IgM in the tested samples suggests that the majority of the participants were recently infected with SARS-CoV-2, despite the strict infection prevention and control measures in place at the time. This adds to the evidence that widespread COVID-19 vaccination is necessary to reduce the number of infected people who appear healthy and can donate blood.



Despite being positive for anti-SARS-CoV-2 immunoglobulins, 81% (n = 243/300) of the participants in the study did not previously experience symptoms similar to those of COVID-19. Many studies have reported asymptomatic SARS-CoV-2 exposure with the generation of anti-SARS-CoV-2 immunoglobulins. For example, it was reported that the overall seroprevalence of anti-SARS-CoV-2 immunoglobulins was 10.6% [32] and 24.4% [33] among asymptomatic participants. Long and his colleagues discovered that asymptomatic SARS-CoV-2 infected people have anti-SARS-CoV-2 IgM and IgG antibodies. However, IgG levels in the asymptomatic group were significantly lower than in the symptomatic group. Furthermore, the researchers reported that a significant proportion of the IgG-positive group became seronegative with time. Likewise, symptomatic patients had a decrease in IgG levels two to three months after infection. The weaker immune response in asymptomatic individuals raises concerns about the acquired immunity and serological surveys [34]. This contradicted previous research on SARS-CoV or MERS-CoV, which found that IgG levels remained elevated for at least a year after infection [35,36].



Thirty people (52.6%) were anti-SARS-CoV-2 IgG-negative among the participating blood donors who had previously experienced symptoms similar to those of COVID-19 (n = 57). This can be explained by either the fading of anti-SARS-CoV-2 IgG after 2-3 months of exposure [34], or the misinterpretation of symptoms as being related to COVID-19, especially unconfirmed with a previous SARS-CoV-2-RT-PCR-positive diagnosis, or come into contact with someone who was SARS-CoV-2 RT-PCR-positive. Some researchers studied the dynamics of neutralizing antibody titers in COVID-19 convalescent patients and discovered a drop in immunoglobulin levels 6–7 weeks after infection [37]. Mathematical modeling, on the other hand, inferred a short duration of immunity after SARS-CoV-2 infection [38]. The decrease in IgG levels sheds light on the inability to use COVID-19 ‘immunity passports’ and suggests that public health interventions such as social distancing, isolation of infected persons and their contacts, and widespread use of COVID-19 vaccine booster doses be extended.



Fortunately, the current study’s findings show that donated blood is safe and contains anti-COVID-19 immunoglobulins, which support the use of convalescent plasma as adjuvant therapy during the treatment of severely ill patients. This should be viewed cautiously in light of the virus’s many emerging variants and for our antibodies not being tested for their neutralizing ability.



The rRT-PCR analysis revealed that all of the tested donated blood samples were negative for SARS-CoV-2 RNA in the current study. This is consistent with two recent studies [27,28]. Owusu and his colleagues tested plasma from SARS-CoV-2 infected individuals in Ghana, but they found SARS-CoV-2 viral RNA in only 1.03% of the tested plasma samples, concluding that blood transfusion is negligible risk factor for SARS-CoV-2 transmission [27]. A systematic review and meta-analysis also revealed that SARS-CoV-2 poses no direct threat to blood safety [28]. On the other hand, SARS-CoV-2 RNA has been found in the blood at varying levels in some published studies [39,40]. Wang and his colleagues discovered SARS-CoV-2 RNA in three of 307 blood samples (1%) [39]. Wei and his colleagues investigated 15 patients (three of whom had severe COVID-19 presentation) and found SARS-CoV-2 RNA in the blood of six patients (40%), two of whom had severe COVID-19 presentation. The RNA was detected in both cases in whole blood and serum [40]. Furthermore, Chang and co-investigators suspected that the risk of SARS-CoV-2 transmission through blood transfusion is higher than that of other coronaviruses, necessitating careful evaluation of multiple measures and procedures such as postponement of donation, screening for virus-related antibodies, testing for SARS-CoV-2 RNA, or use of pathogen inactivation/reduction technologies [10].



The American Association of Blood Banks (AABB) [41] and the European Center for Disease Prevention and Control (ECDC) [42] published guidelines for rapid risk assessments of blood safety during the SARS-CoV-2 outbreak in January 2020. The AABB’s Transfusion Transmitted Diseases (TTD) Committee expressed support for a variety of approaches, including but not limited to voluntary implementation of travel deferrals (defer prospective donors for 28 days after their exit from China or other severely affected countries, the 28-day period covers twice the maximum incubation period of SARS-CoV-2), as well as a combination of deferrals related to illness and contact, as well as enhanced education (a more aggressive set of interventions regarding blood collection in severely affected areas, similar to those implemented during the SARS outbreak, including a combination of travel deferrals, deferrals for contact with SARS, and deferrals for a SARS diagnosis, with enhanced donor education) [41]. Furthermore, the ECDC advised any person returning from China, or any confirmed case to postpone blood and cell donation for 21 days after probable exposure, and deferral of recovering confirmed COVID-19 cases for at least 28 days after therapy completion and symptom resolution [42].



Finally, it is important to note that the presence of SARS-CoV-2 RNA in the blood does not imply infectiousness. According to our findings, the safety of blood transfusion and the critical role of immunoglobulins in convalescent plasma outweigh the potential risks. Although our RT-PCR targeted genes that are rarely affected by mutations, our study’s limitations include a large number of emergent virus variants, and not testing the neutralizing potential of the detected antibodies.




5. Conclusions and Recommendations


For the first time in Saudi Arabia, we assessed the safety of donated blood as a possible source of SARS-CoV-2 transmission, a source of anti-virus antibodies, and infection-relevant demographic, anthropometric, and lifestyle risk factors. Our pre-vaccination blood samples revealed a high prevalence of anti-SARS-CoV-2 IgM, which supports the therapeutic benefit of convalescent plasma, though only after testing its neutralizing ability. By the rRT-PCR, all samples were found to be negative for SARS-CoV-2 RNA. A limitation of our findings is the large number of emerging variants that could have escaped detection. These findings back up previous reports about the safety of blood transfusions during the current COVID-19 pandemic. Larger studies with vaccinated blood donors are needed to assess the durability of the anti-SARS-CoV-2 immunoglobulins.







Author Contributions


Conceptualization, A.E.T. and A.A.G., Data curation, A.H.A., A.E.T. and A.A.G., Formal analysis, A.H.A., A.A.A., A.E.T. and A.A.G., Investigation, A.H.A., A.E.T. and A.A.G., Methodology, A.E.T. and A.A.G., Project administration, A.H.A., A.A.A., A.E.T., A.A.G. and M.A., Resources, A.H.A., A.A.A., A.E.T., A.A.G., F.H.A., A.K.M.A., S.B.H.A. and A.R.A., Software, A.E.T., A.A.G., F.H.A., A.K.M.A., S.B.H.A. and A.R.A., Supervision, A.H.A., A.E.T., A.A.G., T.H.E.-M. and M.A., Validation, A.E.T., A.A.G. and A.R.A., Visualization, A.E.T., M.A., F.H.A., A.K.M.A. and S.B.H.A., Writing—original draft, A.H.A., A.A.A., A.E.T. and A.A.G., Writing—review & editing, A.H.A., A.E.T., A.A.G. and T.H.E.-M. All authors have read and agreed to the published version of the manuscript.




Funding


This study has not received any external funding.




Institutional Review Board Statement


Bioethical approval (No: 26-06/42) was obtained from the local committee of bioethics (LCBE) of Jouf University, KSA.




Informed Consent Statement


A written informed consent has been obtained from each volunteering participant before the enrolment and sample donation, and for the reporting of our results.




Data Availability Statement


All data are available in the manuscript.




Conflicts of Interest


The authors declare that there are no conflict of interest.




References


	



Taha, A.E. The Severe Acute Respiratory Syndrome Coronavirus-2 Pandemic: An Overview to Control Human-wildlife and Human-human Interactions. J. Pure Appl. Microbiol. 2020, 14, 1095–1098. [Google Scholar] [CrossRef]

	



El-Masry, E.A.; Mohamed, R.A.; Ali, R.I.; Al Mulhim, M.F.; Taha, A.E. Novel coronavirus disease-related knowledge, attitudes, and practices among the residents of Al-Jouf region in Saudi Arabia. J. Infect. Dev. Ctries. 2021, 15, 22–39. [Google Scholar] [CrossRef] [PubMed]

	



Rothe, C.; Schunk, M.; Sothmann, P.; Bretzel, G.; Froeschl, G.; Wallrauch, C.; Zimmer, T.; Thiel, V.; Janke, C.; Guggemos, W.; et al. Transmission of 2019-nCoV Infection from an Asymptomatic Contact in Germany. N. Engl. J. Med. 2020, 382, 970–971. [Google Scholar] [CrossRef] [PubMed]

	



Chan, J.F.-W.; Yuan, S.; Kok, K.-H.; To, K.K.-W.; Chu, H.; Yang, J.; Xing, F.; Liu, J.; Yip, C.C.-Y.; Poon, R.W.-S.; et al. A familial cluster of pneumonia associated with the 2019 novel coronavirus indicating person-to-person transmission: A study of a family cluster. Lancet 2020, 395, 514–523. [Google Scholar] [CrossRef]

	



Taha, A.E. Can COVID-19 Be Transmitted Sexually by Semen? J. Pure Appl. Microbiol. 2020, 14, 2287–2293. [Google Scholar] [CrossRef]

	



Guan, W.J.; Ni, Z.Y.; Hu, Y.; Liang, W.H.; Qu, C.Q.; He, J.X.; Liu, L.; Shan, H.; Lei, C.L.; Hui, D.S.C.; et al. Clinical Characteristics of Coronavirus Disease 2019 in China. N. Engl. J. Med. 2020, 382, 1708–1720. [Google Scholar] [CrossRef]

	



Chen, L.; Zhao, J.; Peng, J.; Li, X.; Deng, X.; Geng, Z.; Shen, Z.; Guo, F.; Zhang, Q.; Jin, Y.; et al. Detection of SARS-CoV-2 in saliva and characterization of oral symptoms in COVID-19 patients. Cell Prolif. 2020, 53, e12923. [Google Scholar] [CrossRef]

	



Xia, J.; Tong, J.; Liu, M.; Shen, Y.; Guo, D. Evaluation of coronavirus in tears and conjunctival secretions of patients with SARS-CoV-2 infection. J. Med. Virol. 2020, 92, 589–594. [Google Scholar] [CrossRef]

	



Chinese Society of Blood Transfusion. Recommendations on Blood Collection and Supply during the Epidemic of Novel Coronavirus Pneumonia in China (1st ed.). Available online: https://www.csbt.org.cn/plus/view.php?aid=16530 (accessed on 12 December 2021). (In Chinese).

	



Chang, L.; Yan, Y.; Wang, L. Coronavirus Disease 2019: Coronaviruses and Blood Safety. Transfus. Med. Rev. 2020, 34, 75–80. [Google Scholar] [CrossRef]

	



Bai, Y.; Yao, L.; Wei, T.; Tian, F.; Jin, D.Y.; Chen, L.; Wang, M. Presumed Asymptomatic Carrier Transmission of COVID-19. JAMA 2020, 323, 1406–1407. [Google Scholar] [CrossRef]

	



The Novel Coronavirus Pneumonia Emergency Response Epidemiology Team. The epidemiological characteristics of an outbreak of 2019 novel coronavirus disease (COVID-19) e China, 2020. China CDC Wkly. 2020, 2, 113. [Google Scholar] [CrossRef]

	



Chang, D.; Xu, H.; Rebaza, A.; Sharma, L.; Cruz, C.S.D. Protecting health-care workers from subclinical coronavirus infection. Lancet Respir. Med. 2020, 8, e13. [Google Scholar] [CrossRef]

	



Ye, G.; Pan, Z.; Pan, Y.; Deng, Q.; Chen, L.; Li, J.; Li, Y.; Wang, X. Clinical characteristics of severe acute respiratory syndrome coronavirus 2 reactivation. J. Infect. 2020, 80, e14–e17. [Google Scholar] [CrossRef]

	



Zhang, J.F.; Yan, K.; Ye, H.H.; Lin, J.; Zheng, J.J.; Cai, T. SARS-CoV-2 turned positive in a discharged patient with COVID-19 arouses concern regarding the present standard for discharge. Int. J. Infect. Dis. 2020, 97, 212–214. [Google Scholar] [CrossRef] [PubMed]

	



Shan, H.; Zhang, P. Viral attacks on the blood supply: The impact of severe acute respiratory syndrome in Beijing. Transfusion 2004, 44, 467–469. [Google Scholar] [CrossRef] [PubMed]

	



Drosten, C.; Günther, S.; Preiser, W.; Van Der Werf, S.; Brodt, H.-R.; Becker, S.; Rabenau, H.; Panning, M.; Kolesnikova, L.; Fouchier, R.A.M.; et al. Identification of a Novel Coronavirus in Patients with Severe Acute Respiratory Syndrome. N. Engl. J. Med. 2003, 348, 1967–1976. [Google Scholar] [CrossRef]

	



Grant, P.R.; Garson, J.; Tedder, R.S.; Chan, P.; Tam, J.S.; Sung, J.J.Y. Detection of SARS Coronavirus in Plasma by Real-Time RT-PCR. N. Engl. J. Med. 2003, 349, 2468–2469. [Google Scholar] [CrossRef]

	



Ng, E.K.-O.; Hui, D.; Chan, K.A.; Hung, E.C.; Chiu, R.W.; Lee, N.; Wu, A.; Chim, S.S.; Tong, Y.K.; Sung, J.J.Y.; et al. Quantitative Analysis and Prognostic Implication of SARS Coronavirus RNA in the Plasma and Serum of Patients with Severe Acute Respiratory Syndrome. Clin. Chem. 2003, 49, 1976–1980. [Google Scholar] [CrossRef]

	



Ng, E.K.O.; Ng, P.-C.; Hon, K.L.E.; Cheng, W.T.F.; Hung, E.C.W.; Chan, K.C.A.; Chiu, R.W.K.; Li, A.M.; Poon, L.; Hui, D.; et al. Serial Analysis of the Plasma Concentration of SARS Coronavirus RNA in Pediatric Patients with Severe Acute Respiratory Syndrome. Clin. Chem. 2003, 49, 2085–2088. [Google Scholar] [CrossRef]

	



Corman, V.M.; Albarrak, A.M.; Omrani, A.S.; Albarrak, M.M.; Farah, M.E.; Almasri, M.; Muth, D.; Sieberg, A.; Meyer, B.; Assiri, A.M.; et al. Viral Shedding and Antibody Response in 37 Patients With Middle East Respiratory Syndrome Coronavirus Infection. Clin. Infect. Dis. 2016, 62, 477–483. [Google Scholar] [CrossRef]

	



Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [Google Scholar] [CrossRef]

	



World Health Organization. WHO Recommendations on SARS and Blood Safety. Available online: https://www.who.int/csr/sars/guidelines/bloodsafety/en/ (accessed on 5 February 2020).

	



To, K.K.-W.; Tsang, O.T.-Y.; Leung, W.-S.; Tam, A.R.; Wu, T.-C.; Lung, D.C.; Yip, C.C.-Y.; Cai, J.-P.; Chan, J.M.-C.; Chik, T.S.-H.; et al. Temporal profiles of viral load in posterior oropharyngeal saliva samples and serum antibody responses during infection by SARS-CoV-2: An observational cohort study. Lancet Infect. Dis. 2020, 20, 565–574. [Google Scholar] [CrossRef]

	



Corman, V.M.; Landt, O.; Kaiser, M.; Molenkamp, R.; Meijer, A.; Chu, D.K.W.; Bleicker, T.; Brünink, S.; Schneider, J.; Schmidt, M.L.; et al. Detection of 2019 novel coronavirus (2019-nCoV) by real-time RT-PCR. Eurosurveillance 2020, 25, 2000045. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. WHO Coronavirus Disease (COVID-19) Dashboard. Available online: https://covid19.who.int (accessed on 28 May 2022).

	



Owusu, M.; Sylverken, A.A.; El-Duah, P.; Ayisi-Boateng, N.K.; Yeboah, R.; Adu, E.; Asamoah, J.; Frimpong, M.; Senyo, J.; Acheampong, G.; et al. Low risk of SARS-CoV-2 in blood transfusion. PLoS ONE 2021, 16, e0249069. [Google Scholar] [CrossRef]

	



Chiem, C.; Alghamdi, K.; Nguyen, T.; Han, J.H.; Huo, H.; Jackson, D. The Impact of COVID-19 on Blood Transfusion Services: A Systematic Review and Meta-Analysis. Transfus. Med. Hemotherapy 2021, 49, 107–118. [Google Scholar] [CrossRef]

	



Miskeen, E.; Yahia, A.I.O.; Eljack, T.B.; Karar, H.K. The Impact of COVID-19 Pandemic on Blood Transfusion Services: A Perspective from Health Professionals and Donors. J. Multidiscip. Healthc. 2021, 14, 3063–3071. [Google Scholar] [CrossRef]

	



Narasimhan, M.; Mahimainathan, L.; Noh, J.; Muthukumar, A. Silent SARS-CoV-2 Infections, Waning Immunity, Serology Testing, and COVID-19 Vaccination: A Perspective. Front. Immunol. 2021, 12, 730404. [Google Scholar] [CrossRef]

	



Fauziah, N.; Koesoemadinata, R.C.; Andriyoko, B.; Faridah, L.; Riswari, S.F.; Widyatmoko, L.; Prihatni, D.; Ekawardhani, S.; Fibriani, A.; Rachmawati, E.; et al. The performance of point-of-care antibody test for COVID-19 diagnosis in a tertiary hospital in Bandung, Indonesia. J. Infect. Dev. Ctries. 2021, 15, 237–241. [Google Scholar] [CrossRef]

	



Pallett, S.; Rayment, M.; Patel, A.; Fitzgerald-Smith, S.A.M.; Denny, S.J.; Charani, E.; Mai, A.L.; Gilmour, K.C.; Hatcher, J.; Scott, C.; et al. Point-of-care serological assays for delayed SARS-CoV-2 case identification among health-care workers in the UK: A prospective multicentre cohort study. Lancet Respir. Med. 2020, 8, 885–894. [Google Scholar] [CrossRef]

	



Shields, A.; Faustini, S.E.; Perez-Toledo, M.; Jossi, S.; Aldera, E.; Allen, J.D.; Al-Taei, S.; Backhouse, C.; Bosworth, A.; Dunbar, L.A.; et al. SARS-CoV-2 seroprevalence and asymptomatic viral carriage in healthcare workers: A cross-sectional study. Thorax 2020, 75, 1089–1094. [Google Scholar] [CrossRef]

	



Long, Q.-X.; Tang, X.-J.; Shi, Q.-L.; Li, Q.; Deng, H.-J.; Yuan, J.; Hu, J.-L.; Xu, W.; Zhang, Y.; Lv, F.-J.; et al. Clinical and immunological assessment of asymptomatic SARS-CoV-2 infections. Nat. Med. 2020, 26, 1200–1204. [Google Scholar] [CrossRef]

	



Cao, W.-C.; Liu, W.; Zhang, P.-H.; Zhang, F.; Richardus, J.H. Disappearance of Antibodies to SARS-Associated Coronavirus after Recovery. N. Engl. J. Med. 2007, 357, 1162–1163. [Google Scholar] [CrossRef]

	



Payne, D.C.; Iblan, I.; Rha, B.; Alqasrawi, S.; Haddadin, A.; Al Nsour, M.; Alsanouri, T.; Ali, S.S.; Harcourt, J.; Miao, C.; et al. Persistence of Antibodies against Middle East Respiratory Syndrome Coronavirus. Emerg. Infect. Dis. 2016, 22, 1824–1826. [Google Scholar] [CrossRef] [PubMed]

	



Wang, X.; Guo, X.; Xin, Q.; Pan, Y.; Hu, Y.; Li, J.; Chu, Y.; Feng, Y.; Wang, Q. Neutralizing Antibody Responses to Severe Acute Respiratory Syndrome Coronavirus 2 in Coronavirus Disease 2019 Inpatients and Convalescent Patients. Clin. Infect. Dis. 2020, 71, 2688–2694. [Google Scholar] [CrossRef] [PubMed]

	



Kissler, S.M.; Tedijanto, C.; Goldstein, E.; Grad, Y.H.; Lipsitch, M. Projecting the transmission dynamics of SARS-CoV-2 through the postpandemic period. Science 2020, 368, 860–868. [Google Scholar] [CrossRef] [PubMed]

	



Wang, W.; Xu, Y.; Gao, R.; Lu, R.; Han, K.; Wu, G.; Tan, W. Detection of SARS-CoV-2 in Different Types of Clinical Specimens. JAMA 2020, 323, 1843–1844. [Google Scholar] [CrossRef]

	



Zhang, W.; Du, R.-H.; Li, B.; Zheng, X.-S.; Yang, X.-L.; Hu, B.; Wang, Y.-Y.; Xiao, G.-F.; Yan, B.; Shi, Z.-L.; et al. Molecular and serological investigation of 2019-nCoV infected patients: Implication of multiple shedding routes. Emerg. Microbes Infect. 2020, 9, 386–389. [Google Scholar] [CrossRef]

	



American Association of Blood Banks. Update: Impact of 2019 Novel Coronavirus and Blood Safety. Available online: https://www.aabb.org/docs/default-source/default-document-library/regulatory/impact-of-2019-novel-coronavirus-on-blood-donation.pdf-2020 (accessed on 12 December 2021).

	



Control Ecfdpa. Outbreak of Acute Respiratory Syndrome Associated with a Novel Coronavirus. Wuhan, China. First Update. Available online: https://www.ecdc.europa.eu/sites/default/files/documents/Risk-assessment-pneumonia-Wuhan-China-22-Jan-2020.pdf (accessed on 12 December 2021).








[image: Table] 





Table 1. Comparison of the demographics, lifestyle, and anthropometrics of blood donors stratified for the extent of anti-SARS-CoV-2 IgG or anti-SARS-CoV-2 IgM in their plasma (Total n = 300). Data shown are frequencies; n (%), and mean ± SD (median; range).
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Characteristic

	
Distribution (n = 300)

	
Anti-SARS-CoV-2 IgG

	
Test of Significance

	
p

	
Anti-SARS-CoV-2 IgM

	
Test of Significance

	
p




	
−ve (n = 273)

	
+ve (n = 27)

	
−ve (n = 105)

	
−ve (n = 195)






	
Age; Years

	
≤20

	
12 (4.0%)

	
12 (4.4%)

	
0(0.0%)

	
χ2 = 8.273 *

	
MCp = 0.034 *

	
6 (5.7%)

	
6(3.1%)

	
χ2 = 9.275*

	
0.026 *




	
21–30

	
150 (50.0%)

	
132 (48.4%)

	
18(66.7%)

	
63 (60.0%)

	
87(44.6%)




	
31–40

	
90 (30.0%)

	
81 (29.7%)

	
9(33.3%)

	
24 (22.9%)

	
66(33.8%)




	
41–45

	
48 (16.0%)

	
48 (17.6%)

	
0(0.0%)

	
12 (11.4%)

	
36(18.5%)




	
Gender

	
Male

	
255 (85.0%)

	
231 (84.6%)

	
24 (88.9%)

	
χ2 = 0.352

	
FEp = 0.778

	
87 (82.9%)

	
168(86.2%)

	
χ2 = 0.582

	
0.446




	
Female

	
45 (15.0%)

	
42 (15.4%)

	
3 (11.1%)

	
18 (17.1%)

	
27(13.8%)




	
Education

	
Pre-university degree

	
36 (12.0%)

	
36 (13.2%)

	
0 (0.0%)

	
χ2 = 10.161 *

	
MCp = 0.013 *

	
18 (17.1%)

	
18(9.2%)

	
χ2 = 22.461 *

	
<0.001 *




	
University student

	
93 (31.0%)

	
84 (30.8%)

	
9 (33.3%)

	
45 (42.9%)

	
48(24.6%)




	
Bachelor

	
45 (15.0%)

	
36 (13.2%)

	
9 (33.3%)

	
6 (5.7%)

	
39(20.0%)




	
Postgraduates

	
126 (42.0%)

	
117 (42.9%)

	
9 (33.3%)

	
36 (34.3%)

	
90(46.2%)




	
Occupation

	
M/AHS

	
15 (5.0%)

	
12 (4.4%)

	
3 (11.1%)

	
χ2 = 6.482 *

	
MCp = 0.023 *

	
9 (8.6%)

	
6(3.1%)

	
χ2 = 5.492

	
0.064




	
HCW

	
36 (12.0%)

	
36 (13.2%)

	
0 (0.0%)

	
15 (14.3%)

	
21(10.8%)




	
NHCW

	
249 (83.0%)

	
225 (82.4%)

	
24 (88.9%)

	
81 (77.1%)

	
168(86.2%)




	
BMI (kg/m2)

	
Mean ± SD

	
25.33 ± 2.82

	
25.35 ± 2.85

	
25.11 ± 2.47

	
t = 0.422

	
0.673

	
25.11 ± 2.42

	
25.45 ± 3.01

	
t = 0.972

	
0.332




	
Median (Min.–Max.)

	
26 (19–41)

	
26 (19–41)

	
26 (20–28)

	
25 (20–31)

	
26 (19–41)




	
Travel history

	
No

	
264 (88.0%)

	
237 (86.8%)

	
27 (100.0%)

	
χ2 = 4.046

	
FEp = 0.056

	
78 (74.3%)

	
186 (95.4%)

	
χ2 = 28.771 *

	
<0.001 *




	
Yes

	
36 (12.0%)

	
36 (13.2%)

	
0 (0.0%)

	
27 (25.7%)

	
9 (4.6%)




	
IgM

positivity

	
No

	
105 (35.0%)

	
102 (37.4%)

	
3 (11.1%)

	
χ2 = 7.443 *

	
0.006 *

	




	
Yes

	
195 (65.0%)

	
171 (62.6%)

	
24 (88.9%)




	
IgG positivity

	
No

	
273 (91.0%)

	

	
102 (97.1%)

	
171 (87.7%)

	
χ2 = 7.443 *

	
0.006 *




	
Yes

	
27 (9.0%)

	
3 (2.9%)

	
24 (12.3%)




	
Previous experience of COVID-19-like symptoms

	
No

	
243 (81.0%)

	
273 (100.0%)

	
0 (0.0%)

	
–

	
–

	
77 (73.3 %)

	
166 (85.1%)

	
χ2 = 5.42 *

	
0.021 *




	
Yes

	
57 (19.0%)

	
0 (0.0%)

	
27 (100.0%)

	
28 (26.7%)

	
29 (14.9%)




	
Smoking

	
No

	
261 (87.0%)

	
237 (86.8%)

	
24 (88.9%)

	
χ2 = 0.094

	
FEp = 1.000

	
90 (85.7%)

	
171 (87.7%)

	
χ2 = 0.236

	
0.627




	
Yes

	
39 (13.0%)

	
36 (13.2%)

	
3 (11.1%)

	
15 (14.3%)

	
24 (12.3%)




	
Physical activity

	
No

	
267 (89.0%)

	
243 (89.0%)

	
24 (88.9%)

	
χ2 = 0.000

	
FEp = 1.000

	
90 (85.7%)

	
177 (90.8%)

	
χ2 = 1.781

	
0.182




	
Yes

	
33 (11.0%)

	
30 (11.0%)

	
3 (11.1%)

	
15 (14.3%)

	
18 (9.2%)




	
Diet/beverages

	
No

	
261 (87.0%)

	
237 (86.8%)

	
24 (88.9%)

	
χ2 = 0.094

	
FEp = 1.000

	
90 (85.7)

	
171 (87.7)

	
χ2 = 0.236

	
0.627




	
Yes

	
39 (13.0%)

	
36 (13.2%)

	
3 (11.1%)

	
15(14.3%)

	
24 (12.3)




	
Vitamin supplements

	
No

	
270 (90.0%)

	
246 (90.1%)

	
24 (88.9%)

	
χ2 = 0.041

	
FEp = 0.741

	
90 (85.7%)

	
180 (92.3%)

	
χ2 = 3.297

	
0.069




	
Yes

	
30 (10.0%)

	
27 (9.9%)

	
3 (11.1%)

	
15 (14.3%)

	
15 (7.7%)








−ve: Negative; +ve: Positive; BMI: Body mass index; COVID-19: Coronavirus disease-19; IgG: Immunoglobulin G; IgM: Immunoglobulin M; SARS-CoV-2: Severe acute respiratory syndrome-Coronavirus-2; M/AHS: Medical/Allied health student; HCW: Healthcare workers; NHCW: Non-Healthcare workers. χ2: Chi-square test; t: Student t-test; FE: Fisher Exact; MC: Monte Carlo. p: p-value for comparing between negative and positive IgG, or, between negative and positive IgM. *: Statistically significant at p ≤ 0.05; SD: Standard deviation from the mean.
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