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Background: More than 200 countries are experiencing the coronavirus disease (COVID-19) pandemic. COVID-19 vaccination strategies have been implemented worldwide, and repeat COVID-19 outbreaks have been seen. The purpose of this study was to investigate the impact of COVID-19 vaccination on the reduction of perceived anxiety and the association between public anxiety and antibody testing intention during the COVID-19 pandemic.

Methods: Chinese adults aged 18 and over were surveyed using an anonymous online questionnaire in April and May 2021. The questionnaire collected sociodemographic characteristics, vaccination characteristics, perceived anxiety due to COVID-19, and attitudes toward future antibody testing after COVID-19 vaccination. Perceived anxiety was assessed on a visual analog scale (VAS). Multivariate logistic regression analysis was used to determine the factors influencing future antibody detection.

Results: A total of 3,233 people were investigated, 3,209 valid questionnaires were collected, and the response rate was 99.3%. Of the 3,209 respondents, 2,047 were vaccinated, and 1,162 were unvaccinated. There was a significant difference in anxiety levels between vaccinated and unvaccinated respondents (24.9±25.4 vs. 50.0±33.1, respectively). With the local spread of COVID-19 in mainland China, the public anxiety VAS scores increased by 15.4±25.6 (SMD=120%) and 33.8±31.7 (SMD=49%) among vaccinated and unvaccinated respondents, respectively. Of the 2,047 respondents who were vaccinated, 1,626 (79.4%) thought they would accept antibody testing. Those who displayed more anxiety about acquiring COVID-19 disease were more likely to accept COVID-19 antibody testing. If the antibody test results showed protective antibodies, 1,190 (58.1%) were more likely to arrange travel plans in China, while 526 (25.7%) thought they would feel safer traveling abroad.

Conclusion: COVID-19 vaccination strategies help reduce public anxiety. However, public anxiety may be elevated as the local transmission of COVID-19 occurs in mainland China, which is usually caused now by imported cases. Those who display more anxiety choose to have antibody testing. Improving the accessibility of COVID-19 antibody tests can help ease public anxiety and enhance the confidence of some people to participate in social activities.
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INTRODUCTION

To date, the global COVID-19 pandemic caused by SARS-CoV-2 has not been fully controlled. Globally, as of 7:07 pm CEST on 9 August 2021, there have been 202,608,306 confirmed cases of COVID-19, including 4,293,591 deaths, reported to the WHO1. The numbers of confirmed COVID-19 cases and deaths continue to climb. The epidemic has not only seriously threatened human safety, but it has also affected global economic development to a certain extent (1–4). In addition, COVID-19 has caused psychological stress, which can even lead to psychological crises. Therefore, there is a need to not only take precautions to avoid COVID-19 infections but also to take necessary measures in preserving mental health. The COVID-19 vaccine is an important and effective means to prevent and control the continuous outbreak of the epidemic (5–8). The world has achieved great success in vaccine development, and COVID-19 vaccines are relatively safe (9–11). The number of countries vaccinated against SARS-CoV-2 is climbing. According to reports, as of 7 January 2022, Chinese citizens had received a total of 2,887.772 million doses of COVID-19 vaccine, with a vaccine coverage rate of 89.54%. A total of 1,215.878 million people, or 86.25% of the total population, were vaccinated. However, there have been no studies examining the impact of COVID-19 vaccination status on perceived anxiety reduction or public concerns after vaccination. Research is urgently needed to address the above issues given the importance of COVID-19 vaccination in directing future evidence and public health policy.

In line with Rogers' (12) protection motivation theory (PMT), individuals in the presence of a health risk are more involved in healthy behaviors (12). Anxiety about the epidemic and the worry of being infected may be the driving force behind determining if the vaccine is protective. The COVID-19 antibody test provides a numerical value that indicates whether people may have antibodies to COVID-19. It is important to identify the relationship between anxiety and COVID-19 antibody testing intention. Further understanding the causes of their anxiety could help develop targeted persuasion in preserving mental health during the COVID-19 pandemic.

This study is a cross-sectional survey conducted in China using social media to describe perceived anxiety levels in vaccinated and nonvaccinated respondents to determine the impact of COVID-19 vaccination on anxiety reduction. In addition, the study will explore the association between COVID-19 anxiety and antibody testing intention and the impact of antibody testing on reducing public anxiety.



MATERIALS AND METHODS


Study Design

A cross-sectional survey was conducted between April and May 2021. An anonymous online questionnaire was disseminated via WeChat, a Chinese multipurpose messaging, social media and mobile payment app with 1.225 billion users in China and developed by Tencent. Considering that the respondents from WeChat tend to be young and have a higher education level, as a supplement, we used the recruitment service provided by the Tencent questionnaire to recruit subjects aged ≥50 and with a lower education level (middle school and below). The Tencent questionnaire sample population covers over 1 million respondents whose personal information was confirmed, allowing for an authentic, diverse and representative sample.

Chinese respondents aged 18 years and above residing in China were eligible to participate in the survey. In general, 2,588 respondents were recruited via WeChat, 645 respondents were recruited via the Tencent questionnaire, and the final sample consisted of 3,209 respondents after quality control and manual check procedures to exclude incomplete and invalid questionnaires. WeChat and Tencent platforms do not charge any fees for the questionnaire release and respondents. In WeChat or Tencent questionnaire, each account can only be submitted once, which can avoid fraud or multiple times completed by one person. Prior to the interview, all respondents had signed informed consent. The study was approved by the Peking University Third Hospital Medical Science Research Ethics Committee (No. 2021-184-01).



Measures

Based on the main purpose of the study, the researchers designed the self-report questionnaire. The main sections of the questionnaire are as follows: (1) sociodemographic characteristics, such as age, sex, employment status, education, personal income, and residence; (2) vaccination characteristics, such as flu vaccination history, attitudes toward herd immunity, vaccine type and producer; (3) perceived anxiety due to the perceived threat related to COVID-19 in different scenarios (current: China continues enforcing certain COVID-19-related restrictions, and the COVID-19 epidemic in China has been effectively controlled; hypothetical scenarios: As the local transmission of COVID-19 occurs in mainland China, which is usually now caused by imported cases); and perceived anxiety was assessed on a visual analog scale (VAS), with anchor words describing the extremes of anxiety from “not at all” to “extremely”. Respondents are asked to place a mark along the visual line to indicate the intensity of their anxiety. (4) Concerns about COVID-19, including fear of infection for individuals and family members, fear of COVID-19 restrictions being eased or tightened, fear that income may be affected, and fear that SARS-CoV-2 may mutate, the vaccine may be ineffective, and the vaccine may cause side effects; (5) acceptance, attitude, and preferences regarding future antibody testing after COVID-19 vaccination. All questions were closed-ended, with tick boxes provided for responses. Prior to its administration in the present study, the questionnaire was tested in a pilot study among people with or without a medical profession (data not published or included in this paper). Respondents were asked to qualitatively evaluate the intelligibility of the questions. The questionnaire was finalized until there were no new amendment suggestions. The reliability index was assessed for the “perceived anxiety levels” items using Cronbach's alpha (internal consistency coefficient). The alpha values were 0.87 and 0.76 for the nonvaccinated and vaccinated respondents, respectively, showing a satisfactory level of reliability. Factor analysis was used to evaluate the structural validity of “public concerns” items. Three components were extracted: fear of infection for individuals and family members, fear of SARS-CoV-2 mutation and an ineffective vaccine, worry about COVID-19 restrictions and impacts on income. These results showed that the questionnaire had a satisfactory level of validity.



Sample Size

Our preliminary investigation indicated that 60% of the respondents were vaccinated and 80% of the vaccinated respondents would accept antibody testing. Therefore, 48% of the survey population would accept antibody testing. We calculated that a sample of 2,398 respondents would generate a 95% confidence interval estimate (CI), which is a range of likely values for the population proportion with precision (allowable error) of ±2% based on an estimated sample proportion of 48%. Given an anticipated dropout rate of 20%, the minimum sample size required is 2,998.



Statistical Analysis

Descriptive statistics were performed to describe the sociodemographic characteristics, vaccination characteristics, perceived anxiety, and acceptance of future antibody testing. Independent t tests and chi-squared tests were applied to compare continuous and categorical baseline characteristics in the two groups (vaccinated vs. unvaccinated). Independent t tests were used to compare perceived anxiety VAS scores between the vaccinated and unvaccinated groups. The standardized mean difference (SMD), which expressed the effect size, was calculated. Antibody testing acceptance rates were compared among different groups according to sociodemographic and vaccination characteristics. Rate differences and 95% CIs were calculated to measure the magnitude of the effect. Univariate and multivariate logistic regression analyses were performed to identify factors influencing acceptance of future antibody testing. Odds ratios and 95% CIs were calculated. All data were analyzed using R, version 4.0.3. A p < 0.05 was considered statistically significant.




RESULTS


Study Sample Characteristics

In total, 3,209 respondents completed the questionnaires, giving a response rate of 99.3%. A total of 3,176 respondents were located across 31 provinces or administrative regions of mainland China (Supplementary Table S1). Table 1 shows the basic characteristics of respondents by COVID-19 vaccination status (vaccinated: 2,047; unvaccinated: 1,162). The participants were aged 18 to 80 years, with an average age of 38.7 years old (SD: 12.5). COVID-19 vaccination coverage was highest among adults aged 35–44 years (71.9%) and lowest coverage was among adults aged 18–24 years (49.7%) and ≥65 years (56.0%). 63.5% of males and 63.9% of females were vaccinated. The reported proportion of COVID-19 vaccination was highest among health care personnel (72.4%) and lowest among students (46.0%). Respondents who had a master's degree or above showed the highest vaccination rates (74.1%), and vaccination rates increased with a higher income level (51.2, 62.0, 66.5, 70.9%). Respondents who lived in urban areas were more likely to accept the COVID-19 vaccines that respondents who lived in rural areas (65.1 vs. 55.9%, respectively).


Table 1. The basic characteristics of the 3,209 respondents in the survey.
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Table 2 shows the vaccination characteristics of the respondents. The reported proportion of flu vaccination history was found to be significantly lower in the nonvaccinated respondents (19.4%) than in the vaccinated respondents (42.5%). A total of 88.2% of the vaccinated respondents and 80.9% of the nonvaccinated respondents thought that herd immunity would be an effective way to prevent and control COVID-19.


Table 2. The vaccination characteristics of the 3,209 respondents in the survey.
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Impact of COVID-19 Vaccination Status on Perceived Anxiety

In terms of perceived anxiety due to the perceived threat related to COVID-19, the anxiety levels of the vaccinated respondents were found to be significantly lower than those of the nonvaccinated respondents (24.9 ± 25.4 vs. 50.0 ± 33.1, respectively; Figure 1). The results remained robust after adjusting for a wide range of confounders (Supplementary Table S2). The difference in anxiety VAS scores between the vaccinated and nonvaccinated respondents was 25.1 ± 1.1 (SMD=85%). Public anxiety may be elevated as the local transmission of COVID-19 occurs in mainland China, which is usually now caused by imported cases, irrespective of whether the respondents have been vaccinated, because the respondents worry about the risk of being infected (Figure 1). Public anxiety VAS scores increased by 15.4 ± 25.6 (SMD=120%) and 33.8 ± 31.7 (SMD = 49%) in the vaccinated and nonvaccinated respondents, respectively.


[image: Figure 1]
FIGURE 1. Impact of COVID-19 vaccination status on perceived anxiety VAS scores. a, b, p < 0.05 in comparison with “Current”; **p < 0.01; ***p < 0.001.


Figure 2 shows the concerns about the COVID-19 of the respondents. In terms of the causes of perceived anxiety about COVID-19, 51 and 65% of nonvaccinated respondents reported fear due to the perceived risk to personal health and of infection of family members, respectively; 58 and 53% reported fear of SARS-CoV-2 mutations and adverse reactions to vaccines, respectively. Of the vaccinated respondents, 49% reported fear of SARS-CoV-2 mutations.
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FIGURE 2. Impact of COVID-19 vaccination status on public concerns.


In most cases, nonvaccinated respondents reported greater concern about COVID-19 than vaccinated respondents (Supplementary Table S3). There is one exception: concerns about the vaccination's effectiveness did not ease after the vaccination was administered (Supplementary Table S3). Forty-three percent and 41% of the nonvaccinated and vaccinated respondents, respectively, were concerned that obtaining the COVID-19 vaccine is not effective against SARS-CoV-2.



Acceptance, Preferences and Impact Factors of Future Antibody Testing After COVID-19 Vaccination

Of the 2,047 respondents who were vaccinated, 1,626 (79.4%) thought they would accept antibody testing after COVID-19 vaccination. Health care respondents, respondents who thought that herd immunity would be effective against SARS-CoV-2 and those who displayed more anxiety about acquiring COVID-19 disease were more likely to accept COVID-19 antibody testing (Table 3). In addition, if the antibody test results showed protective antibodies, 1,190 (58.1%) were more likely to arrange travel plans in China, while 526 (25.7%) thought they would feel safer traveling abroad.


Table 3. Influencing factors on antibody testing after COVID-19 vaccination.
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In terms of concerns about antibody testing after COVID-19 vaccination, 916 (44.7%) were concerned about the cost of antibody testing. Free COVID-19 antibody testing would cause 778 (84.9%) respondents to accept antibody tests. A total of 1,016 (49.6%) were concerned about the diagnostic accuracy of antibody tests for COVID-19. For 850 (83.7%) respondents, they would accept antibody testing after COVID-19 vaccination if they knew that antibody testing is reliable. In addition, 673 (32.9%) of respondents were concerned about convenient access to antibody tests, but 579 (86.0%) reported that if easy access to antibody testing were guaranteed, they would accept antibody testing.




DISCUSSION

It is not easy to control the rapid development of COVID-19, which has heavily impacted the travel, life and income of populations worldwide (13). From the perspective of epidemiology, it is very important to control the source of infection, cut off the transmission route and protect the susceptible population in the prevention and control of the epidemic (14–17). In addition to COVID-19 vaccination, it is necessary to maintain self-awareness, such as wearing a mask, washing hands frequently, disinfection, and maintaining social distancing (14, 18, 19). At present, many countries have strictly implemented the abovementioned measures, but the situation of epidemic control still fluctuates. The COVID-19 vaccine, which the WHO has recognized as safe and effective, is critical to ending the outbreak (20–22). The results also showed that respondents who had been vaccinated had significantly lower levels of anxiety than those who had not. This is another example of the importance and necessity of COVID-19 vaccination.

At present, despite the constant adjustment of epidemic prevention and control policies in various countries around the world, COVID-19 still has a trend of repeated outbreaks. As COVID-19 cases emerge and restrictions are relaxed, more respondents will experience increased anxiety and opt for vaccination. Before the launch of the vaccine, China's willingness to vaccinate against COVID-19 was as high as 90% (23, 24). In this survey, the COVID-19 vaccine coverage rate of citizens was 63.79%. Demographic and sociological characteristics affected the vaccination rate, and the degree of vaccine recognition also obviously affected the vaccination rate of the respondents. Higher levels of education and income were associated with higher rates of COVID-19 vaccination, with the highest coverage among medical personnel. In China, COVID-19 vaccination is free of charge, and the reason why income influences the COVID-19 vaccination rate is related to education level. People with higher education levels generally have higher incomes and higher awareness of the COVID-19 vaccine. Therefore, it is very important to understand the COVID-19 vaccine correctly. In view of this, governments should make maximum efforts to promote the progress of vaccination by disseminating vaccine knowledge and the advantages and disadvantages of vaccination through multiple channels. Advancing closer to herd immunity and reducing the population's anxiety can promote the steady development of the economy. At the early stage of mass vaccination, 55.3% of people reported wanting to be vaccinated immediately (25). But as of October 25, 2021, 2.249 billion doses of the vaccine have been administered in China, which means that the vaccination rate has reached 75.2% (26). The survey shows that public concern about the risk of infection may increase during repeated outbreaks of COVID-19 and thus increase the vaccination rate. This may explain why actual vaccination rates are higher than early-stage immediate vaccination willingness.

During the COVID-19 pandemic, many people became infected with the virus. Concerns have been raised as to whether infected individuals gained protective immunity against SARS-CoV-2. Multiple studies have confirmed increased COVID-19 antibody to SARS-CoV-2 in infected persons, especially after exposure to COVID-19 patients (27, 28). The antibody is glycosyl-based globulins that are synthesized and secreted by stimulating the differentiation and proliferation of B cells into plasma cells after antigen entering the body. That can combine with antigens on the surface of pathogenic microorganisms to prevent them from adhering to target cell receptors and invading cells. Existing vaccines against hepatitis B, hepatitis A, measles and polio all produce antibodies to protect against the virus (29–32). A recent case study documented that SARS-CoV-2 reinfection was associated with weakened COVID-19 antibody (33). Data from a Norwegian survey of health care workers infected with novel coronavirus infections showed a higher proportion of SARS-CoV-2 seropositivity than RT–PCR positivity (34). This undoubtedly highlights the importance of antibody detection. Testing is critical for diagnosing prior infections and predicting future immunity brought by SARS-CoV-2 antibodies.

The epidemic has not only affected citizens' lives, travel and work, but it has also increased their mental and psychological stress (35–37). The level of public anxiety is far higher than at any other time. In the current study, anxiety levels were significantly lower among vaccinated respondents than among nonvaccinated respondents. Whether protective antibodies can be produced after vaccination against COVID-19 is an important issue of public concern (38, 39). In the study, 1,626 people (79.4%) who had been vaccinated against COVID-19 thought they would be tested for antibodies. A high willingness to test for COVID-19 antibody suggests that vaccine protection at the individual level can help further alleviate public anxiety. The results indicated that when antibody test results showed protective antibodies, 58.1% of people would travel around China, and 25.7% of people would travel abroad. Therefore, improving the accessibility of COVID-19 antibody tests can help ease public anxiety and enhance the confidence of some people to participate in social activities.

There are many factors influencing antibody testing, including the cost, accuracy and convenience of antibody testing. The accuracy of antibody detection, that is, the validity and reliability of antibody detection, is particularly important. After screening samples using the Diazyme SARS-CoV-2 IgG serological assay, positive samples were reanalyzed using the neutralization assay, the Roche total immunoglobin assay, and the Abbott IgG assay A positive correlation was observed between the size of SARS-CoV-2 serological test results and neutralization activity in COVID-19 patients. COVID-19 antibody is considered protective (40). COVID-19 antibody levels against SARS-CoV-2 can be used to assess acquired protective immunity in COVID-19 patients or vaccinators (41). A study used the plaque reduction neutralization test as a reference to evaluate the diagnostic performance of six commercial serological tests used to monitor SARS-CoV-2 antibodies. The results showed support for VIDAS SARS-CoV-2 IgG, Euroimmun anti-SARS-CoV-2 ELISA IgG, and Euroimmun anti-SARS-CoV-2 QuantiVac ELISA IgG, and Microblot-array COVID-19 IgG assay was performed to monitor COVID-19 antibody responses following natural SARS-CoV-2 infection (42). Studies are also underway on antibody testing after vaccination (43–45). Antibody testing can identify those who have been immunized, providing a basis for the follow-up implementation of refined epidemic prevention and control measures, reducing public anxiety, easing travel restrictions, and preparing for a full exit from the struggle to contain the epidemic and prevent future outbreaks.

The biggest concern is that it is difficult to test for COVID-19 antibodies. In addition to the above reasons, the public's understanding of COVID-19 antibody testing is still insufficient. The SARS-CoV-2 antibody test has been recognized as a widely used tool in the surveillance and control of the COVID-19 pandemic to better target populations at risk of exposure to the disease (46, 47). Currently, novel coronavirus IgG and IgM test kits are being used in clinical medicine. Some kits are available to detect total antibodies, including IgA in addition to IgG and IgM (48–50). It has been shown that patients who test positive for COVID-19 antibodies have lower in-hospital mortality than those who test negative (51). Some scholars suggest that in-depth studies should be conducted on people with disabilities and special groups to address the problem of vaccine hesitating (52, 53). The importance of early and proactive COVID-19 vaccination education efforts for the public has also been raised (54, 55). For the promotion of COVID-19 antibody testing, scholars and experts should actively address public concerns about its effectiveness, convenience and cost. The government and relevant institutions can actively promote the feasibility of COVID-19 antibody testing, such as giving away brochures for COVID-19 antibody testing after vaccination, or making novel animations for propaganda and education on various social platforms. The promotion of COVID-19 vaccination and universal public acceptance of COVID-19 antibody testing complement each other and together build an important wall of protection against COVID-19.

This is the first study to examine the impact of COVID-19 antibody testing on vaccination intentions and on reducing public anxiety during the pandemic. At present, the novel coronavirus is mutating, resulting in multiple outbreaks, which also contribute to continuing anxiety. In view of the high number of infections of COVID-19 since its outbreak, we should accelerate the research and development and promotion of antibody testing to confirm the effectiveness of the COVID-19 vaccine, increase people's confidence in vaccination and reduce their anxiety about the epidemic. Regarding the survey method, network surveys have certain limitations. For example, people who do not use the internet cannot be covered, and investigators' suspicions cannot be answered in person. The age of the survey population was standardized according to China's national census standards. There was no significant difference in vaccine coverage before and after standardization (Table 4). In spite of this, subjects responding to the survey were not nationally representative and may not be generalizable to all Chinese adults in China. Due to the limited representativeness of the present study's sample, further investigation is needed in the future. This survey did not evaluate the information accessibility of each subject or the communication campaign, which may confound the effect of antibody detection on perceived anxiety reduction. In addition, there have been no clear reports confirming the relationship between antibody levels and protection provided by vaccination or recent recovery from infection. It is important to mention all these limitations. Therefore, further research and investigation are needed.


Table 4. The process of calculating age-standardized vaccination rate.

[image: Table 4]



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The study was approved by the Peking University Third Hospital Medical Science Research Ethics Committee (No. 2021-184-01).



AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



FUNDING

This work was supported by the National Natural Science Foundation of China (Project No. 81701067) and National Major Science and Technology Projects (Project No. 2018ZX10732401-003).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2022.819062/full#supplementary-material



FOOTNOTES

1https://www.who.int/emergencies/diseases/novel-coronavirus-2019



REFERENCES

 1. Hui DS, Azhar EI, Madani TA, Ntoumi F, Kock R, Dar O, et al. The continuing 2019-nCoV epidemic threat of novel coronaviruses to global health — The latest 2019 novel coronavirus outbreak in Wuhan, China - ScienceDirect. Int J Infect Dis. (2020) 91:264–6. doi: 10.1016/j.ijid.2020.01.009

 2. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel coronavirus from patients with pneumonia in China, 2019. N Engl J Med. (2020) 382:727–33. doi: 10.1056/NEJMoa2001017

 3. Lu L, Zhang H, Zhan M, Jiang J, Yin H, Dauphars DJ, et al. Antibody response and therapy in COVID-19 patients: what can be learned for vaccine development? Sci. China Life Sci. (2020) 63:1833–49. doi: 10.1007/s11427-020-1859-y

 4. Yang Y, Peng F, Wang R, Guan K, Jiang T, Xu G, et al. The deadly coronaviruses: The 2003 SARS pandemic and the 2020 novel coronavirus epidemic in China. J Autoimmun. (2020) 109:102434. doi: 10.1016/j.jaut.2020.102434

 5. Wehling M. Calling for an exponential escalation scheme in vaccine development for COVID-19. Eur J Clin Pharmacol. (2020) 76:1471–2. doi: 10.1007/s00228-020-02933-w

 6. Vilches TN, Zhang K, Exan RV, Langley JM, Moghadas SM. Projecting the impact of a two-dose COVID-19 vaccination campaign in Ontario, Canada. Vaccine. (2021) 39:2360–5. doi: 10.1016/j.vaccine.2021.03.058

 7. Latkin D, Dayton LA Yi G, Konstantopoulos A, Park J, Maulsby C, et al. COVID-19 vaccine intentions in the United States, a social-ecological framework. Vaccine. (2021) 39:2288–94. doi: 10.1016/j.vaccine.2021.02.058

 8. Stephenson KE, Le Gars M, Sadoff J, de Groot AM, Heerwegh D, Truyers C, et al. Immunogenicity of the Ad26COV2S vaccine for COVID-19. J Am Med Associat. (2021) 325:1535–44. doi: 10.1001/jama.2021.3645

 9. Dror AA, Daoud A, Morozov NG, Layous E, Eisenbach N, Mizrachi M, et al. Vaccine hesitancy due to vaccine country of origin, vaccine technology, and certification. Eur J Epidemiol. (2021) 36:709–14. doi: 10.1007/s10654-021-00758-0

 10. Detoc M, Bruel S, Frappe P, Tardy B, Botelho-Nevers E, Gagneux-Brunon A. Intention to participate in a COVID-19 vaccine clinical trial and to get vaccinated against COVID-19 in France during the pandemic. Vaccine. (2020) 38:7002–6. doi: 10.1016/j.vaccine.2020.09.041

 11. Kostoff RN, Briggs MB, Porter AL, Spandidos DA, Tsatsakis A. COVID-19 vaccine safety. Int J Mol Med. (2020) 46:1599–602. doi: 10.3892/ijmm.2020.4733

 12. Rogers RW. A protection motivation theory of fear appeals and attitude change. J Psychol. (1975) 91:93–114. doi: 10.1080/00223980.1975.9915803

 13. Drake TM, Riad AM, Fairfield CJ, Egan C, Knight SR, Pius R, et al. Characterisation of in-hospital complications associated with COVID-19 using the ISARIC WHO clinical characterisation protocol UK: a prospective, multicentre cohort study. Lancet. (2021) 398:223–37. doi: 10.1016/S0140-6736(21)00799-6

 14. Teslya A, Pham TM, Godijk NG, Kretzschmar ME, Bootsma MCJ. Rozhnova, G. Impact of self-imposed prevention measures and short-term government-imposed social distancing on mitigating and delaying a COVID-19 epidemic: a modelling study. PLoS Med. (2020) 17:e1003166. doi: 10.1371/journal.pmed.1003166

 15. Hu Z, Wu Y, Su M, Xie L, Zhang A, Lin X, et al. Population migration, spread of COVID-19, and epidemic prevention and control: empirical evidence from China. BMC Public Health. (2021) 21:529. doi: 10.1186/s12889-021-10605-2

 16. Fuwape IA, Okpalaonwuka CT, Ogunjo ST. Impact of COVID−19 pandemic lockdown on distribution of inorganic pollutants in selected cities of Nigeria. Air Qual Atmos Health. (2021) 14:1–7. doi: 10.1007/s11869-020-00921-8

 17. Oana DA, Tsatsakis AM, Albulescu DM, Cristea O, Zlatian O, Vinceti M, et al. A new threat from an old enemy: reemergence of coronavirus (Review). Int J Mol Med. (2020) 45.

 18. Ljivo A, Kaamakovi M, Sirui I, Mujii E, Kulenovi AD. Knowledge, attitudes, and practices towards COVID-19 among residents of Bosnia and Herzegovina during the first stage of COVID-19 outbreak. Annali di Igiene: Medicina Preventiva e di Comunità. (2021) 33:371−80. doi: 10.7416/ai.2021.2447

 19. Fathizadeh H, Maroufi P, Momen-Heravi M, Dao S, Kose S, Ganbarov K, et al. Protection and disinfection policies against SARS-CoV-2 (COVID-19). Le Infezioni in Medicina. (2020) 28:185–91.

 20. Nemat A, Bahez A, Salih M, Raufi N, Noor NAS, Essar MY, et al. Public willingness and hesitancy to take the COVID-19 vaccine in Afghanistan. Am J Trop Med Hyg. (2021) 105:713–7. doi: 10.4269/ajtmh.21-0231

 21. Williams SR, Driscoll AJ, Lebuhn HM, Chen WH, Neuzil KM, Ortiz JR. National routine adult immunisation programmes among World Health Organization Member States: an assessment of health systems to deploy COVID-19 vaccines. Euro Surveillance. (2021) 26:2001195. doi: 10.2807/1560-7917.ES.2021.26.17.2001195

 22. Patel MK, Bergeri I, Bresee JS, Cowling BJ, Crowcroft NS, Fahmy K, et al. Evaluation of post-introduction COVID-19 vaccine effectiveness: summary of interim guidance of the World Health Organization. Vaccine. (2021) 105:713–7. doi: 10.1016/j.vaccine.2021.05.099

 23. Wang J, Jing R, Lai X, Zhang H, Lyu Y, Knoll MD, et al. Acceptance of COVID-19 Vaccination during the COVID-19 Pandemic in China. Vaccines (Basel). (2020) 8. doi: 10.3390/vaccines8030482

 24. Lazarus JV, Ratzan SC, Palayew A, Gostin LO, Larson HJ, Rabin K, et al. A global survey of potential acceptance of a COVID-19 vaccine. Nat Med. (2021) 27:225–8. doi: 10.1038/s41591-020-1124-9

 25. Zhao YM, Liu L, Sun J, Yan W, Yuan K, Zheng YB, et al. Public willingness and determinants of COVID-19 vaccination at the initial stage of mass vaccination in China. Vaccines. (2021) 9:1172. doi: 10.3390/vaccines9101172

 26. Bureau Bureau of Disease Control Prevention National Health Commission PRC. Novel Coronavirus vaccination status. (2021). Available online at: http://www.nhc.gov.cn/xcs/yqfkdt/202110/476396af826b4fac956209e5082cd552.shtml 

 27. Frauke M, Helen W, Becky B, Maria S, Elizabeth S, Claire R, et al. Longitudinal analysis of serology and neutralizing antibody levels in COVID19 convalescents. J Infect Dis. (2021) 223:389–98. 

 28. Brouwer PJM, Caniels TG, Straten K, Snitselaar JL, Aldon Y, Bangaru S, et al. Potent neutralizing antibodies from COVID-19 patients define multiple targets of vulnerability. Science. (2020) 369:643–50. doi: 10.1126/science.abc5902

 29. Hehle V, Beretta M, Bourgine M, Ait-Goughoulte M, Planchais C, Morisse S, et al. Potent human broadly neutralizing antibodies to hepatitis B virus from natural controllers. J Exp Med. (2020) 217:e20200840. doi: 10.1084/jem.20200840

 30. Sun Z, Yan L, Tang J, Qian Q, Lenberg J, Zhu D, et al. Brief introduction of current technologies in isolation of broadly neutralizing HIV-1 antibodies. Virus Res. (2018) 243:75–82. doi: 10.1016/j.virusres.2017.10.011

 31. Haralambieva IH, Ovsyannikova IG, Kennedy RB, Larrabee BR, Zimmermann MT, Grill DE, et al. Genome-wide associations of CD46 and IFI44L genetic variants with neutralizing antibody response to measles vaccine. Human Genet. (2017) 136:421–35. doi: 10.1007/s00439-017-1768-9

 32. Bandyopadhyay AS, Asturias EJ, O'Ryan M, Oberste MS, Weldon W, Clemens R, et al. Exploring the relationship between polio type 2 serum neutralizing antibodies and intestinal immunity using data from two randomized controlled trials of new bOPV-IPV immunization schedules. Vaccine. (2017) 35:7283–91. doi: 10.1016/j.vaccine.2017.11.006

 33. To KK, Hung IF, Chan KH, Yuan S, To WK, Tsang DN, et al. Serum antibody profile of a patient with COVID-19 reinfection. Clin Infect Dis. (2021) 72:e659–62. doi: 10.1093/cid/ciaa1368

 34. Trieu MC, Bansal A, Madsen A, Zhou F, Sævik M, Vahokoski J, et al. SARS-CoV-2–specific neutralizing antibody responses in norwegian health care workers after the first wave of COVID-19 pandemic: a prospective cohort study. J Infect Dis. (2021) 223:589–99. doi: 10.1093/infdis/jiaa737

 35. Gilic B, Zenic N, Separovic V, Savicevic AJ, Sekulic D. Evidencing the influence of pre-pandemic sports participation and substance misuse on physical activity during the COVID19 lockdown: a prospective analysis among older adolescents. Int J Occup Med Environ Health. (2021). doi: 10.13075/ijomeh.1896.01733

 36. Taylor S, Landry CA, Paluszek MM, Fergus TA, McKay D, Asmundson GJG, et al. COVID stress syndrome: concept, structure, and correlates. Depress Anxiety. (2020) 37. doi: 10.1002/da.23071

 37. Dana A, Marciana P. A qualitative examination of the mental health impact of Covid-19 in marginalized communities in Guatemala: the covid care calls survey. Int J Soc Psychiatry. (2021) 27:00207640211028612.

 38. Zurac S, Nichita L, Mateescu B, Mogodici C, Bastian A, Popp C, et al. COVID19 vaccination and IgG and IgA antibody dynamics in healthcare workers. Mol Med Rep. (2021) 24:578. doi: 10.3892/mmr.2021.12217

 39. Uwamino Y, Wakui M, Aoki W, Kurafuji T, Yanagita E, Morita M, et al. EXPRESS: Evaluation of usability of various rapid antibody tests in diagnostic application for COVID-19. Ann Clin Biochem. (2020) 58:174–80. doi: 10.1177/0004563220984827

 40. Suhandynata RT, Hoffman MA, Huang D, Tran JT, Kelner MJ, Reed SL, et al. Commercial serology assays predict neutralization activity against SARS-CoV-2. Clin Chem. (2021) 67:404–14. doi: 10.1093/clinchem/hvaa262

 41. Wang C, Wu Z, Liu B, Zhang P, Lu J, Li J, et al. Track-etched membrane microplate and smartphone immunosensing for SARS-CoV-2 neutralizing antibody. Biosens Bioelectron. (2021) 192:113550. doi: 10.1016/j.bios.2021.113550

 42. Montesinos I, Dahma H, Wolff F, Dauby N, Delaunoy S, Wuyts M, et al. Neutralizing antibody responses following natural SARS-CoV-2 infection: dynamics and correlation with commercial serologic tests. J Clin Virol. (2021) 144:104988. doi: 10.1016/j.jcv.2021.104988

 43. Li XG, Liang C, Xiao XM. SARS-CoV-2 neutralizing antibody levels post COVID-19 vaccination based on ELISA method-A small real-world sample exploration. Vaccine. (2021) 9:1139. doi: 10.3390/vaccines9101139

 44. Rosadas C, Khan M, Parker E, Marchesin F, Katsanovskaja K, Sureda-Vives M, et al. Detection and quantification of antibody to SARS CoV 2 receptor binding domain provides enhanced sensitivity, specificity and utility. J Virol Methods. (2022) 302:114475. doi: 10.1016/j.jviromet.2022.114475

 45. Wang XX, Liu LY, Pei MY Li XG, Li N, et al. Willingness of the General Public to Receive A COVID-19 Vaccine Booster - China, April-May 2021. China CDC Weekly. (2022) 4:66–70. doi: 10.46234/ccdcw2022.013

 46. Mcmurry J, Fink ME. A Persistent Positive Antibody Test in a Patient with No History of COVID-19 Infection. Lab Med. (2022) 53: e1–e3. doi: 10.1093/labmed/lmab038

 47. Sherwal BL, Bhattar S, Sabharwal S, Jain A, Saxena S, Bargotya M, et al. Evaluation of SARS-CoV-2 antibody responses in healthcare workers at a tertiary care COVID 19 dedicated hospital in Delhi. Indian J Microbiol. (2022) 40:30–4. doi: 10.1016/j.ijmmb.2021.11.006

 48. Kumar D, Burma A, Mandal AK. A seroprevalence study of Covid 19 antibody after 1st wave of the pandemic in South Andaman district, India. Clin Epidemiology Glob Health. (2021) 12:100901. doi: 10.1016/j.cegh.2021.100901

 49. Kaku N, Nishimura F, Shigeishi Y, Tachiki R, Sakai H, Sasaki D, et al. Performance of anti-SARS-CoV-2 antibody testing in asymptomatic or mild COVID-19 patients: A retrospective study in outbreak on a cruise ship. PLoS ONE. (2021) 16:e0257452. doi: 10.1371/journal.pone.0257452

 50. Lin J, Dai W, Li W, Xiao L, Luo T, Guo Y, et al. Potential false-positive and false-negative results for COVID-19 IgG/IgM antibody testing after heat-inactivation. Front Med. (2021) 7:589080. doi: 10.3389/fmed.2020.589080

 51. Kuno T, So M, Miyamoto Y, Iwagami M, Takahashi M, Egorova NN, et al. The association of COVID-19 antibody with in-hospital outcomes in COVID-19 infected patients. J Med Virol. (2021) 93:6841–4. doi: 10.1002/jmv.27260

 52. Myers A, Ipsen C, Lissau A. COVID-19 vaccination hesitancy among Americans with disabilities aged 18-65: An exploratory analysis. Disabil Health J. (2022) 15:101223. doi: 10.1016/j.dhjo.2021.101223

 53. Parente DJ, Ojo A, Gurley T, LeMaster JW, Meyer M, Wild DM, et al. Acceptance of COVID-19 vaccination among health system personnel. J Am Board Fam Med. (2021) 34:498–508. doi: 10.3122/jabfm.2021.03.200541

 54. Ellithorpe ME, Aladé F, Adams RB, Nowak GJ, et al. Looking ahead: Caregivers' COVID-19 vaccination intention for children 5 years old and younger using the health belief model. Vaccine. (2022) 40:1404–12. doi: 10.1016/j.vaccine.2022.01.052

 55. Kost GJ. Public health education should include point-of-care testing: lessons learned from the Covid-19 pandemic. Electronic J IFCC. (2021) 32:311−27.

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Liu, Wang, Li and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-10-819062-t003.jpg
Characteristics Antibody testing acceptance  Rate difference (95% Cl) Crude odds ratio (95% Cl) Adjusted odds ratio (95% CI)

Age group
18-24 151 (76.3) 4.8% (3.9%, 5.7%) 1.285 (0.660,2.501) 1.331(0.647,2.737)
2534 511 (80.9) 9.4% (8.7%, 10.2%) 1,689 (0.915,3.117) 1.690 (0.888,3.216)
35-44 393 (79.6) 8.1% (7.3%, 8.9%) 1.556 (0.838,2.892) 1,545 (0.810,2.950)
45-54 307 (79.6) 8.1% (7.3%, 8.9%) 1.657 (0.838,2.802) 1,634 (0.812,2.899)
55-64 127 (79.9) 8.5% (7.5%, 9.4%) 1.687 (0.790,3.189) 1.562 (0.761,3.206)
265 40(71.4) Reference Reference Reference

Gender
Male 628 (80.8) 2.2% (2.2%, 2.3%) 1.149 (0.919,1.436) 1.153 (0.913,1.456)
Female 998 (78.6) Reference Reference Reference

Occupation
Healthcare 560 (82.8) 5.1% (5.0%, 5.1%) 1.381 (1.090,1.751) 1.538 (1.170,2.022)
Non-healthcare 1,066 (77.8) Reference Reference Reference

Education
Middle school and below 192 (80.0) 1.7% (1.5%, 1.9%) 1.107 (0.767,1.598) 1.340 (0.799,2.247)
High school 232 (78.9) 0.6% (0.4%, 0.7%) 1.036 (0.740,1.450) 1.344 (0.865,2.087)
Associate or bachelor 689 (80.9) 2.0% (1.9%, 2.1%) 1.129 (0.878,1.450) 1.291(0.983,1.696)
Master and above 513(78.9) Reference Reference Reference

Income (CNY per month)

0-2,000 239 (77.9) ~8.1% (~8.3%, ~8.0%) 0.826 (0594,1.148) 0881 (0.557,1.392)
2,000-5,000 405 (77.7) ~3.2% (~3.4%, ~3.1%) 0820 (0.620,1.085) 0823 (0.580,1.166)
5,000-10,000 420 (80.0) —1.0% (~1.1%, —0.9%) 0.940 (0.706, 1.250) 0918 (0.677, 1.245)
>10,000 562 (81.0) Reference Reference Reference

Residence
Rural 210 (82.4) 3.4% (3.2%, 3.5%) 1.243 (0883, 1.749) 1.351 (0,892, 2.044)
Utban 1,408 (79.0) Reference Reference Reference

Flu vaccination history
Yes 708 (81.5) 3.5% (3.5%, 3.6%) 1.245 (1.000,1.551) 1.238 (0.988,1.552)
No/Unsure 918(77.9) Reference

Attitudes toward herd immunity
Effective 1,456 (80.7) 10.4% (10.2%, 10.6%) 1.767 (1.310, 2.383) 1.872(1.372, 2.553)
Noneffective/Unsure 170 (70.2) Reference Reference Reference

Perceived more anxiety from COVID-19
Yes 1,240 (80.6) 4.6% (4.5%, 4.7%) 1.311 (1.032, 1.666) 1.365 (1.067, 1.747)
No 386 (76.0) Reference Reference Reference

Cl, confidence interval: CNY, China Yuan. The bold values are statistically significant (P < 0.05).





OPS/images/fpubh-10-819062-t004.jpg
Age (year) Observed Population according  Expected

acceptance rates (%) to census 2016 number
18-24 49.7% 147625815 73370030
25-34 63.7% 215092522 137587237
35-44 71.9% 191968262 138025180
45-54 67.0% 235389183 157710753
55-64 61.4% 174783724 107317207
265 56.0% 190635280 108755757
Total 63.8% 1156394786 720766163

The age- standardized vaccination rate equals 62.3% (720766163/1156394786).





OPS/images/fpubh-10-819062-t001.jpg
Characteristics

Age
Age group
18-24
25-34
35-44
45-54
55-64
65 and above
Gender
Male
Female
Employment status
Employed (healthcare)
Employed (non-heatthcare)
Students
Retired
Healthcare staff
No
Yes
Education
Middle school and below
High school
Associate or bachelor
Master and above
Income (CNY per month)
0-2,000
2,000-5,000
5,000-10,000
10,000 and above
Residence
Urban
Rural

CNY, China Yuan.

379+ 136

200 (50.3)
360 (36.3)
193 (28.1)
246 (33.0)
100 (38.6)
44 (44.0)

446 (36.5)
716 (36.1)

258 (27.6)
583 (35.4)
184 (54.0)
137 (48.1)

904 (39.7)
258 (27.6)

153 (38.9)
282 (49.0)
498 (36.7)
229 (25.9)

293 (48.8)
319 (38.0)
265 (33.5)
285 (29.1)

954 (34.9)
201 (44.1)

Unvaccinated  Vaccinated
(n=1,162)

(n=2,047)

39.1£11.8

198 (49.7)
632 (63.7)
494 (71.9)
499 (67.0)
159 (61.4)
56 (66.0)

777 63.5)
1,270 63.9)

676 (72.4)
1,066 (64.6)
157 (46.0)
148 (51.9)

1,871 (60.9)
676 (72.4)

240 (61.1)
294 (51.0)
858 (63.9)
655 (74.1)

307 (61.2)
521 (62.0)
525 (66.5)
694 (70.9)

1,783 (65.1)
255 (65.9)

vy?

—2.685
60.22

0.057

94.199

42,062

82.584

66.314

14.402

0.007
<0.001

0812

<0.001

<0.001

<0.001

<0.001

<0.001





OPS/images/fpubh-10-819062-t002.jpg
Characteristics

Flu vaccination history
No/Unsure
Yes

Attitudes toward herd immunity
Noneffective/unsure
Effective

Vaccine type
Unknown
Inactivated virus vaccine
Adenovirus vector vaccine
Recombinant subunit vaccine
mRNA vaccine
Others

Vaccine Producer
Unknown
Sinopharm Group®
Bejjing Sinovac®
CanSino®
Zhifei Longcom®
Others

937 (80.6)
225 (19.4)

222 (19.1)
940 (80.9)

Unvaccinated Vaccinated
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“Inactivated SARS-CoV-2 vaccine (Vero cells) from Bejing Institute of Biological
Products/Sinopharm (abbreviation BBIBP-CorV); PInactivated SARS-CoV-2 veccine (Vero
cells) from Bejing Sinovac Biotech Co Ltd. (ebbreviation Sinovac-CoronaVac); °The
recombinant adenovirus type 5 vector vaccine from CanSino Biological Inc./Bejing
Institute of Biotechnology; ¢ The recombinant protein vaccine (CHO cells) from Anhui Zhifei
Longcom Biopharmaceutical/institute of Microbiology, Chinese Academy of Sciences.
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