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Abstract

:

Due to the lack of data on asymptomatic SARS-CoV-2-positive persons in healthcare institutions, they represent an inestimable risk. Therefore, the aim of the current study was to evaluate the first 1,000,000 reported screening tests of asymptomatic staff, patients, residents, and visitors in hospitals and long-term care (LTC) facilities in the State of Bavaria over a period of seven months. Data were used from the online database BayCoRei (Bavarian Corona Screening Tests), established in July 2020. Descriptive analyses were performed, describing the temporal pattern of persons that tested positive for SARS-CoV-2 by real-time polymerase chain reaction (RT-PCR) or antigen tests, stratified by facility. Until 15 March 2021, this database had collected 1,038,146 test results of asymptomatic subjects in healthcare facilities (382,240 by RT-PCR, and 655,906 by antigen tests). Of the RT-PCR tests, 2.2% (n = 8380) were positive: 3.0% in LTC facilities, 2.2% in hospitals, and 1.2% in rehabilitation institutions. Of the antigen tests, 0.4% (n = 2327) were positive: 0.5% in LTC facilities, and 0.3% in both hospitals and rehabilitation institutions, respectively. In LTC facilities and hospitals, infection surveillance using RT-PCR tests, or the less expensive but less sensitive, faster antigen tests, could facilitate the long-term management of the healthcare workforce, patients, and residents.
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1. Introduction


The World Health Organization (WHO) declared the global spread of the coronavirus disease (COVID-19) caused by a novel beta coronavirus (SARS-CoV-2) a public health emergency of international concern in January 2020 [1]. Being one of the 10 deadliest pandemics in history, the ongoing pandemic has significantly impacted morbidity and mortality worldwide [2]. To date, 178,837,204 confirmed cases of SARS-CoV-2, including 3,880,450 deaths, have been reported worldwide, with 3,723,798 confirmed cases in Germany (as of 22 June 2021) [3]. The pandemic is placing unprecedented and continuous strain on medical facilities [4]. Apart from healthcare professionals [5,6], residents of long-term care facilities are at particular risk [7,8,9,10]. A higher proportion of age-related pre-existing illnesses, living in close proximity to one another, and close physical contact to healthcare workers and caregivers are contributing factors.



In Europe, several SARS-CoV-2 test approaches have been established in the first year of the pandemic, such as testing being limited only to symptomatic individuals [11], but also mass population-screening concepts [12,13], all with the primary aim to identify infection events timely and to prevent uncontrolled viral transmission. Intriguingly, results of testing within long-term care facilities revealed a high rate of asymptomatic infections among healthcare professionals and residents, questioning the usefulness of symptom-based testing alone [14,15].



In Germany, the state of Bavaria, located in the southeast of the country, was hit first and hardest of all federal states during the first wave of the pandemic [16,17]. As a result, the State of Bavaria established a comprehensive corona testing strategy for their 13 million inhabitants, including unconditional free voluntary screening tests for all asymptomatic residents at a local doctor’s office in June 2020 [18,19]. The costs for these asymptomatic tests are reimbursed by the federal state and the state of Bavaria, whereas testing of symptomatic persons is covered by the individual’s health insurance company. In addition, and next to compulsory testing in case of outbreak situations, the concept also involves voluntary screening tests for asymptomatic employees of all public and private hospitals and rehabilitation institutions as well as LTC facilities in the context of work based on particular criteria, such as high job exposure or increased local incidences [19]. To this, the occasion-related and preventive tests carried out by the mobile teams of the Task Force Care Homes since April 2020 has to be added [20].



The current pandemic situation is unrelentingly critical, specifically for healthcare professionals as well as patients and residents within medical institutions and LTC facilities. Therefore, we aimed to evaluate the Bavarian online database “Meldeportal für Bayerische Corona-Reihenuntersuchungen (BayCoRei)”, which was launched in July and August 2020. Its main purpose is to monitor the implementation of the Bavarian testing directive. The primary scope of the present analysis was to examine the total number and the proportion of positive results regarding both reverse transcriptase polymerase chain reaction (RT-PCR) and antigen tests (since November 2020, calendar week 45) of asymptomatic staff, patients, residents, and visitors in hospitals and LTC facilities. Our secondary aims included describing the regional differences, comparing the seven Bavarian districts, regarding their utilization of the free screening tests, and ultimately, evaluating the temporal trends in the number of tests and positive rates, stratified by type of healthcare institution and person group. Furthermore, we compared the official 7-day SARS-CoV-2 incidence per 100,000 inhabitants in Bavaria with the weekly number and percentage of positive tests.




2. Materials and Methods


2.1. The Bavarian Corona Testing Strategy


The Bavarian test strategy includes (i) preventive testing for visitors, patients, and residents, in institutions such as hospitals, rehabilitation institutions, and LCT facilities; (ii) preventive testing of healthcare staff working in high-risk areas of hospitals (emergency departments, intensive care units, etc.) or if the local community incidence is >50 per 100,000 inhabitants over the last 7 days; and (iii) preventive testing for employees working at critical institutions (e.g., rescue and first-aid organisations) [19].



Apart from the voluntary test offers in Bavaria, testing asymptomatic people by RT-PCR has been obligatory for the (re-)admission of (new) residents into LTC facilities [21,22], and by antigen tests for staff of LTC facilities (at least twice per week), since 8 December 2020 [23]. In general, and since October 2020, antigen tests were recommended for staff, inhabitants, patients, and visitors of LTC facilities as well as hospitals according to the national test strategy. RT-PCR tests were mandatory only in case of an outbreak, or in order to confirm a positive antigen test result [24].




2.2. The Bavarian Online Database BayCoRei


The online database is a systematic and anonymized test surveillance instrument, with the aim of monitoring regional and temporal patterns of the screening results (Figure 1). Any medical institution and facility that was interested in the free screening tests offered by the State of Bavaria for asymptomatic staff, patients, residents, and visitors had to sign a specific contract with their local public health office before qualifying for the reimbursement of costs for the test kits and procedures.



The healthcare institutions are required to enter the number and results of the tests on a weekly basis in the online database (general practice (GP) offices monthly). Information on RT-PCR and antigen testing for SARS-CoV-2 is collected for several types of medical and public facilities, including GP offices and local test centres. Apart from prevailing outbreak situations, test results are indicated as regular medical screenings for mainly preventive purposes among asymptomatic persons with respect to hospitals and rehabilitation institutions. Tested groups of persons comprise staff, patients (outpatient surgeries in hospitals and before patient admissions in rehabilitation institutions), residents, visitors, and other (e.g., self-employed physiotherapists). Information is updated weekly for the previous calendar week per facility and made available to the Bavarian state ministry of health, all seven district governments, and all 76 local public health offices (Figure 1). It is important to note that the facilities report back individual anonymized data; however, the online database administers data in an aggregated form. Further, multiple testing is possible for the same person.




2.3. Study Design of the Current Investigation


The current study aims to give a descriptive overview of the data entered into the Bavarian online database BayCoRei over a period of seven months and thereby encompassing the 2nd wave of the pandemic in 2020 and 2021. Here, we focus on reporting the screening results of testing asymptomatic persons in hospitals, rehabilitation institutions, and LTC facilities. Both the RT-PCR and antigen test results will be depicted together. Given the explorative character, no causal statements or inferences could be derived.




2.4. Statistical Methods


Results are either presented summarized per calendar week (for RT-PCR testing from calendar week 36 in 2020 to calendar week 10 in 2021, and for antigen testing from calendar week 45 in 2020 to calendar week 10 in 2021), or accumulated over the total observational period. In general, positive rates of RT-PCR and antigen testing were calculated as positive tests divided by total tests and presented in percentage (%) with the corresponding 95% confidence intervals (95%CI).



All statistical analyses were performed using the statistical software R, version 4.0.2 [25]. The following information was shown, based on frequency analyses: (1) an overview of the accumulated SARS-CoV-2 screening tests and positive rates among asymptomatic persons in healthcare institutions in Bavaria (Germany); (2) a description of the regional differences comparing the seven Bavarian districts; (3) an evaluation of the temporal trends in the number of tests and positive rates, stratified by the type of healthcare institution and person group; and (4) a comparison of the reported test results with the actual pandemic situation in terms of the 7-day incidence per 100,000 in the State of Bavaria [26].





3. Results


3.1. Reported Test Data in Comparison with Current Statistics


According to current statistics, the State of Bavaria has 347 hospitals, 250 rehabilitation institutions [27], and 2747 LTC facilities [28,29]. As of 15 March 2021, the online database for the screening tests included data from 157 hospitals, 115 rehabilitation institutions, and 856 LTC facilities, which were instructed with testing according to the Coronavirus-Testverordnung (TestV) [30,31] (data not shown). Regarding serial screening, 67% of the hospitals, 69% of the rehabilitation institutions, and 48% of the LTC facilities have reported back in response to the provided link from the respective local public health department (data not shown).




3.2. Overview of Accumulated Screening Tests and Positive Rates


Since the implementation of the online database in July 2020, a total of 1,038,146 RT-PCR and rapid antigen test results have been entered (until 15 March 2021). RT-PCR tests were mostly used in hospitals, whereas antigen tests were predominantly used in LTC facilities (Table 1). Over the 7-month observation period, 8380 RT-PCR tests (2.2% of 382,240) and 2327 antigen tests (0.4% of 655,906) of asymptomatic staff, patients/residents, and visitors were identified as being positive for SARS-CoV-2.



In general, RT-PCR and antigen testing were more prevalent in hospitals than in the other institutions and among asymptomatic staff as opposed to asymptomatic patients/residents. Further, the cumulative RT-PCR positive rate was found to be consistently higher than the positive rate of antigen tests in all person groups in the three types of facilities. The amount of RT-PCR testing in asymptomatic visitors was very low for all types of facilities (not exceeding 0.7%). Antigen testing of asymptomatic visitors was most frequent in LTC facilities (11%) as compared to hospitals (4%) and rehabilitation institutions (3%) (Table 1). Therefore, considering the temporal patterns by weekly results, we are presenting only the antigen test positivity rate for asymptomatic visitors of LTC facilities.




3.3. Comparison of Regional Differences in the State of Bavaria


The five Bavarian districts with foreign borders to Czech Republic, Austria, and Switzerland (in total 1200 km) reported more tests per 100,000 inhabitants than those with inner German borders only (Middle and Lower Franconia). As evident in Figure 2A, Middle Franconia reported by far the fewest number of tests for asymptomatic persons in healthcare institutions relative to the size of the population as compared to the remaining districts. In contrast, and probably due to the lower number of tests, the antigen and RT-PCR positivity rates were observed to be the highest in Middle Franconia (Figure 2B).




3.4. Temporal Variation of Screening Test Results and Positive Rates


According to Figure 3 with respect to hospitals and rehabilitation institutions, a considerable increase in the reported antigen testing was observed for asymptomatic staff of hospitals (Figure 3A). There was further an elevated reporting of RT-PCR testing among asymptomatic staff observed for hospitals (Figure 3A) but not for rehabilitation institutions (Figure 3C). Since November 2020, the RT-PCR positivity rates have been consistently higher than the antigen positivity rates in asymptomatic staff (Figure 3A,C), except for asymptomatic patients in hospitals (Figure 3B and Figure 4), as compared to patients in rehabilitation institutions (Figure 3D and Figure 4).



The highest amount of reported antigen testing among all three types of institutions was observed for asymptomatic staff in LTC facilities (Figure 3E). Further, the RT-PCR positivity rate among asymptomatic residents of LTC facilities (Figure 3F and Figure 4) was considerable higher as compared to staff of LTC facilities (Figure 3E and Figure 4), also in comparison to patients in hospitals and rehabilitation institutions (Figure 3B,D). In contrast, no major variation was found in the antigen positivity rates across all types of healthcare institutions (Figure 3 and Figure 4).



When aligning the test results with the official 7-day incidence per 100,000 inhabitants of the state of Bavaria, a shift to increasing RT-PCR and antigen testing was noticed after the incidence peak was reached in calendar week 52 around Christmas. This was most evident for hospitals and LTC facilities, most probably as a consequence of the enacted infections prevention measures (Figure 5).





4. Discussion


4.1. Summary of the Main Findings


Our evaluation of the online database included the first million screening test results of asymptomatic persons in healthcare institutions, covering all seven districts and 89% of all counties/cities in the state of Bavaria. In general, SARS-CoV-2 RT-PCR and antigen testing was most prevalent for the asymptomatic healthcare workforce as compared to patients, residents, or visitors in hospitals and LTC facilities. We observed the highest RT-PCR positivity rate among asymptomatic persons in LTC facilities, most pronounced for asymptomatic residents. Overall, the RT-PCR positivity were often higher than the antigen positivity rates in asymptomatic staff and patients/residents of all types of institutions. A major increase in the reported antigen testing was most evident for asymptomatic staff and residents in LTC facilities, reflecting the enacted policy measures.




4.2. Findings in Comparison to Previous Studies


In the present investigation, we evaluated SARS-CoV-2 testing of asymptomatic persons who are considered under increased risk for a SARS-CoV-2 infection and/or possibly a higher morbidity and mortality due to a more severe disease course of COVID-19 [7,9]. Between 40% and 45% of SARS-CoV-2 infections can be attributed to persons who were asymptomatic at the time of testing [32], emphasizing the risk of undetected silent transmission [8]. In fact, in our study, we observed a considerably high RT-PCR positivity rate at about 10%–20% during December 2020 and early January 2021 among asymptomatic residents in LTC facilities. This is in line with other findings regarding SARS-CoV-2 RT-PCR testing of asymptomatic residents in LTC facilities [10]. For instance, COVID-19 outbreak monitoring in a French nursing home during the first wave of the pandemic showed that one quarter of the residents who tested positive for SARS-CoV-2 were asymptomatic or had only mild symptoms [33]. Similarly, a study in the central German city of Frankfurt (Main) revealed that 41% of the positive nursing home residents and 12% of the positive staff were asymptomatic [34]. A study including 303 asymptomatic residents and healthcare workers from four LTC facilities in San Francisco (USA) showed that 40% of the asymptomatic residents tested positive for SARS-CoV-2 [13]. In the same study, 16% of the asymptomatic healthcare workers tested positive, emphasizing also their increased risk of infection as well as a possible source of transmission. In our study, the cumulative RT-PCR positivity rate for asymptomatic staff was 2.2% in hospitals and 1.0% in rehabilitation institutions. This corresponds to investigations from the UK looking at suspected asymptomatic carriage of SARS-CoV-2 among healthcare workers, with the asymptomatic RT-PCR positivity rates ranging between 0.3% and 3% [6,35].




4.3. Asymptomatic Testing as a Surveillance Instrument


Our findings underpin the assumption that asymptomatic infections might add notably to the overall SARS-CoV-2 transmissions, in particular among vulnerable population groups in LTC facilities where social distancing is aggravated. Asymptomatic transmission also has been indicated as the “Achilles heel” [36] of the current strategies. This is supported by a current systematic review suggesting that at least one third of confirmed SARS-CoV-2 infections are asymptomatic [37]. Therefore, universal mass-testing strategies as targeted infection prevention concepts might represent an effective measure preventing onward transmission of SARS-CoV-2 to residents, patients, and the healthcare workforce [32,38].



The increasing incidence in the federal state of Bavaria in autumn 2020 led the State Ministry of Health and Care issue several infection-protection measures to control the rising infection rates and to prevent further spread of COVID-19 in the community. In November 2020, the district administrative authorities were able to implement voluntary mass screenings for a range of facilities when the 7-day incidence exceeds 200 per 100,000 inhabitants [39]. This particularly concerned LTC facilities and hospitals. Since the 8th of December 2020 [40,41], it became obligatory for employers running LTC facilities and ambulatory/mobile nursing services to perform regular testing at least twice a week among their healthcare staff. In addition, visitors to LTC facilities had to present a negative RT-PCR or antigen SARS-CoV-2 test result, fulfilling the test requirements of the national public health (Robert Koch) institute, in addition to the commonly enacted hygiene measures, including wearing FFP2 (Filtering Face Piece 2) masks. The implication of the enacted measures is reflected in our data, with the coincident increase in reported RT-PCR and antigen testing, in particular for hospitals and LTC facilities. Since a peak at the end of 2020, we noted a decline in residents being tested positive for SARS-CoV-2. We can only speculate whether the lagged decline was associated with the enforced surveillance testing among asymptomatic healthcare workforce as the suggested main source of infection transmission or whether this was related to the simultaneous establishment of strict quarantine measures and the start of extensive COVID-19 vaccinations in LTC facilities, which were highly prioritized [42]. Unfortunately, the contribution of each measure in relation to the declining positive rates cannot be estimated and, therefore, has to be interpreted with caution.




4.4. Comparison of RT-PCR and Antigen Positivity Rates among Asymptomatic Populations


The RT-PCR screening tests detected infections with SARS-CoV-2 in 1.0–2.2% of asymptomatic healthcare professionals and patients of hospitals and rehabilitation institutions, and in 7.1% of asymptomatic residents of LTC facilities. Reasons for the differences in the magnitude of the RT-PCR positive rates might be that some of the tested asymptomatic residents were actually pre-symptomatic and/or limited in communicating possible symptoms due to the severity of their health condition, or that the workforce was less aware of symptoms due to increased workload [15,36,43]. It is also suspected that a considerable number of persons who tested positive by the antigen test were re-tested positive by RT-PCR but that their results were entered into a database not necessarily of the same facility. Second, it has been observed that extensive testing is positively related to a decline in infections and therefore a good measure to reduce the proportion of positives before an outbreak situation escalates [44,45]. Indeed, the amount of testing of staff (both by RT-PCR and antigen tests) was higher than that for residents; the percentage of positives, however, was lower in staff than in the residents. Identifying positive but asymptomatic staff therefore helped preventing outbreaks among the healthcare workforce and consequently in residents.



In light of the enacted national test strategy in October 2020 [24] and the infection control measures in the State of Bavaria [41], the application of antigen tests is now being recommended for mass testing and widely applied among asymptomatic healthcare workers and visitors in LTC facilities. In Germany, only antigen tests with a diagnostic sensitivity (i.e., true positive rate) of over 80% are officially licensed and eligible for reimbursement through the Coronavirus-Testverordnung (TestV) [46]. Although favourable in implementation and time to result, there remain issues with respect to specificity and particularly sensitivity in comparison to RT-PCR tests, the diagnostic gold standard [47,48].



The RT-PCR positivity rates in staff and residents were more variable than the antigen positivity rates, which apart from being generally lower by one order of magnitude also showed a lower variance. This reflects the higher sensitivity of the RT-PCR assay, able to pick up low viral RNA levels in the pre-infectious and post-infectious phases of asymptomatic infections, whereas antigen tests have been shown to score positive in the infectious phase with high viral RNA levels only [49,50]. Proper adherence to hygiene measures is therefore imperative to compensate for the lower diagnostic sensitivity of antigen tests, in particular among asymptomatic populations.



In this context, population-wide antigen mass-screening, as performed in Slovakia, or among specific asymptomatic population groups, might have the potential to identify a considerable number of potential infectious individuals with no or mild symptoms at a larger scale, in turn preventing further short-term transmission [51,52,53,54]. However, it remains unclear how often mass-screening efforts of a whole population has to be repeated to achieve sustainable effects in the containment of the spread of SARS-CoV-2. As mentioned above, evidence regarding the clinical performance of rapid antigen tests in asymptomatic individuals is still scarce and, therefore, available results should be interpreted with caution [48]. Nevertheless, 2327 positive antigen tests of asymptomatic individuals were entered in our online database. Considering that more asymptomatic persons tested positive, but which were not reported to us, we speculate that a number of infection outbreaks in Bavarian healthcare institutions may have been prevented based on the relatively inexpensive and fast antigen tests.




4.5. Strengths and Limitations


The key strengths of our study are the size of the online database, including a considerable amount of RT-PCR and antigen test results of asymptomatic persons from healthcare institutions, the long assessment period of more than seven months, and the regional spread across the large state of Bavaria. To our knowledge, there is no comparable database established aiming at monitoring infection patterns comprehensively in pre- or asymptomatic person groups by voluntary and free tests in healthcare institutions. The Bavarian online database further monitors a range of different types of facilities critical in relation to the pandemic, encompassing vulnerable individuals.



One of the main limitations of our study is that the database does not allow head-to-head comparisons of antigen and RT-PCR test results, thus evaluating the diagnostic accuracy of the antigen tests in comparison to the gold standard RT-PCR. To ensure high compliance by the healthcare institutions and avoid potential data protection regulation issues, we decided to collect only anonymous data of generally healthy persons and without further socio-demographic information, e.g., sex and age. Nevertheless, according to our data, some potentially asymptomatic viral transmission must have been prevented to a certain extent by the use of antigen tests in asymptomatic individuals, thus justifying this testing strategy. A further limitation of the online database is that not all healthcare institutions in Bavaria have (regularly) reported their RT-PCR and antigen test results from screening their asymptomatic staff, patients, residents, and visitors.



In this context, the online database might therefore represent a more general monitoring tool rather than yield insights at the facility level. The purpose of the online database was primarily to monitor the efficiency of the implementation of the testing directive. Daily instead of weekly reporting, however, would be more helpful to monitor the implementation. Although data entry is compulsory for the institutions, non-compliance has not been sanctioned and a number of facilities have not been reporting or did so only with some delay. Moreover, the initial focus of the online database was to acquire the testing data of the healthcare workforce. Test results from patients, residents, and visitors within the selected facilities were only recorded under certain conditions, such as patient admission, and are therefore not representative of the total patient population. However, recent reminders by the State Ministry of Health and Care distributed via the local public health offices to all healthcare institutions have led to further increases in the number of institutions now reporting their screening results. Thus, future evaluations of the screening test data will be based on an even higher coverage of institutions across the state and will allow more representative results of subgroups, such as visitors, who may also contribute to viral spread in healthcare institutions.





5. Conclusions


Our results indicated that in LTC facilities and hospitals with extremely vulnerable patients and residents, infection surveillance of asymptomatic persons based on RT-PCR tests and antigen testing may facilitate the long-term management of COVID-19. In fact, during the second wave of the current pandemic, we found the highest RT-PCR positivity rates among asymptomatic residents as compared to asymptomatic staff or visitors. Reflecting the enacted policy measures, the increase in reported antigen testing was strongest for asymptomatic staff and residents of LTC facilities as compared to other healthcare institutions. It will be a continuous challenge for a screening database like ours to collect sufficient data from various public and private healthcare institutions by keeping the motivation of the users on a high level. This is especially relevant where institutions get reimbursed only for the testing material but not for entering the testing data, and also in times where incidences and the general interest in efforts to fight the pandemic are low. Regular feedback to not only the authorities but also to individual institutions may be one approach to ensure wide coverage, thus providing representative data of the mass testing during a pandemic for both scientific use and policy decision.







Author Contributions


Conceptualization, T.K., C.S., C.T., and C.-W.H.; methodology, P.J., K.W., T.K., C.S., C.T., and C.-W.H.; software, C.W. and C.S., in close collaboration with the Bavarian Agency for Digitization, High-Speed Internet and Surveying (LDBV); validation, C.H. and K.W.; formal analysis, C.T. and C.-W.H.; investigation, A.K., J.F., K.W., P.J., and C.S.; resources, not applicable; data curation, C.H., K.W., J.F., A.K., and C.-W.H.; writing—original draft preparation, C.T.; writing—review and editing, all co-authors; visualization, C.T. and C.-W.H.; linguistic revision, M.W. (Manfred Weidmann); supervision, C.W., B.L., M.W. (Manfred Wildner), C.S., and T.K.; project administration, C.W., B.L., M.W. (Manfred Wildner), C.S., and T.K.; funding acquisition, own funding. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding and has been fully funded by the Bavarian Health and Food Safety Authority.




Institutional Review Board Statement


Ethical review and approval were waived for this study as only anonymous routine data were retrospectively analysed.




Informed Consent Statement


Not applicable due to the retrospective analysis of completely anonymous routine data. The Bavarian State Ministry of Health and Care (Germany) had no role in the design of the study, analyses or interpretation of data, in writing of the manuscript, or in the decision to publish the results.




Data Availability Statement


The data presented in this study are only available on request from the corresponding author. In general, the data are not publicly available due to confidentiality concerns and cannot be provided without agreement of the Bavarian State Ministry of Health and Care (Germany).




Acknowledgments


We thank Martina Enke from the Bavarian State Ministry of Health and Care and Ralf Heinrich, Christian Markl, Felix Meier, Alexander Nuss (Bavarian Agency for Digitization, High-Speed Internet and Surveying), Marktredwitz, Upper Franconia, Germany, for their collaboration during the planning process and continuous support of the database for Bavarian SARS-CoV-2 screening tests.




Conflicts of Interest


Manfred Weidmann (M.W.) is a visiting scientist at Brandenburg Fontane Medical School (Germany) and an employee of midge medical GmbH (Berlin, Germany), a company developing a diagnostic SARSCoV2 home test. All other authors declare that they have no conflict of interest regarding this manuscript.




References


	



Mahase, E. Covid-19: WHO declares pandemic because of “alarming levels” of spread, severity, and inaction. BMJ 2020, 368, m1036. [Google Scholar] [CrossRef] [PubMed]

	



Wiersinga, W.J.; Rhodes, A.; Cheng, A.C.; Peacock, S.J.; Prescott, H.C. Pathophysiology, Transmission, Diagnosis, and Treatment of Coronavirus Disease 2019 (COVID-19): A Review. JAMA 2020, 324, 782–793. [Google Scholar] [CrossRef]

	



World Health Organization. World Health Organization COVID-19 Dashboard. 2021. Available online: https://covid19.who.int/ (accessed on 29 June 2021).

	



Black, J.R.M.; Bailey, C.; Przewrocka, A.; Dijkstra, K.K.; Swanton, C. COVID-19: The case for health-care worker screening to prevent hospital transmission. Lancet 2020, 395, 1418–1420. [Google Scholar] [CrossRef]

	



Park, S.; Oh, H.; Hong, D. Mass screening of healthcare personnel for SARS-CoV-2 in the Northern Emirates. J. Hosp. Infect. 2021, 108, 52–54. [Google Scholar] [CrossRef]

	



Rivett, L.; Sridhar, S.; Sparkes, D.; Routledge, M.; Jones, N.K.; Forrest, S.; Young, J.; Pereira-Dias, J.; Hamilton, W.L.; Ferris, M.; et al. Screening of healthcare workers for SARS-CoV-2 highlights the role of asymptomatic carriage in COVID-19 transmission. eLife 2020, 9, e58728. [Google Scholar] [CrossRef] [PubMed]

	



Panagiotou, O.A.; Kosar, C.M.; White, E.M.; Bantis, L.E.; Yang, X.; Santostefano, C.M.; Feifer, R.A.; Blackman, C.; Rudolph, J.L.; Gravenstein, S.; et al. Risk Factors Associated with All-Cause 30-Day Mortality in Nursing Home Residents with COVID-19. JAMA Intern. Med. 2021, 181, 439. [Google Scholar] [CrossRef]

	



Smith, D.R.M.; Duval, A.; Pouwels, K.B.; Guillemot, D.; Fernandes, J.; Huynh, B.-T.; Temime, L.; Opatowski, L. Optimizing COVID-19 surveillance in long-term care facilities: A modelling study. BMC Med. 2020, 18, 386. [Google Scholar] [CrossRef]

	



World Health Organization. Preventing and Managing COVID-19 across Long-Term Care Services: Policy Brief. 2020. Available online: https://www.who.int/publications/i/item/WHO-2019-nCoV-Policy_Brief-Long-term_Care-2020.1 (accessed on 23 February 2021).

	



Salcher-Konrad, M.; Jhass, A.; Naci, H.; Tan, M.; El-Tawil, Y.; Comas-Herrera, A. COVID-19 related mortality and spread of disease in long-term care: A living systematic review of emerging evidence. MedRxiv 2020. [CrossRef]

	



Padula, W.V. Why Only Test Symptomatic Patients? Consider Random Screening for COVID-19. Appl. Health Econ. Health Policy 2020, 18, 333–334. [Google Scholar] [CrossRef]

	



Burki, T. Mass testing for COVID-19. Lancet Microbe 2020, 1, e317. [Google Scholar] [CrossRef]

	



Iacobucci, G. Covid-19: Mass population testing is rolled out in Liverpool. BMJ 2020, 371, m4268. [Google Scholar] [CrossRef] [PubMed]

	



Louie, J.K.; Scott, H.M.; DuBois, A.; Sturtz, N.; Lu, W.; Stoltey, J.; Masinde, G.; Cohen, S.; Sachdev, D.; Philip, S.; et al. Lessons From Mass-Testing for Coronavirus Disease 2019 in Long-Term Care Facilities for the Elderly in San Francisco. Clin. Infect. Dis. 2021, 72, 2018–2020. [Google Scholar] [CrossRef]

	



Kimball, A.; Hatfield, K.M.; Arons, M.; James, A.; Taylor, J.; Spicer, K.; Bardossy, A.C.; Oakley, L.P.; Tanwar, S.; Chisty, Z.; et al. Asymptomatic and Presymptomatic SARS-CoV-2 Infections in Residents of a Long-Term Care Skilled Nursing Facility—King County, Washington, March 2020. MMWR. Morb. Mortal. Wkly. Rep. 2020, 69, 377–381. [Google Scholar] [CrossRef] [PubMed]

	



Böhmer, M.M.; Buchholz, U.; Corman, V.M.; Hoch, M.; Katz, K.; Marosevic, D.V.; Böhm, S.; Woudenberg, T.; Ackermann, N.; Konrad, R.; et al. Investigation of a COVID-19 outbreak in Germany resulting from a single travel-associated primary case: A case series. Lancet Infect. Dis. 2020, 20, 920–928. [Google Scholar] [CrossRef]

	



Wjst, M. Die frühe Phase der COVID-19-Pandemie in Bayern. DMW Dtsch. Med. Wochenschr. 2021, 146, e1–e9. [Google Scholar] [CrossRef]

	



StMGP. Bayerische Teststrategie. 2020. Available online: https://www.stmgp.bayern.de/coronavirus/bayerische-teststrategie/ (accessed on 26 January 2021).

	



Bayerische Staatskanzlei. Bericht aus der Kabinettssitzung Nr.114: 1. Bayerische Teststrategie zur Bewältigung der Corona-Pandemie/Testungen zum Schutz bei akutem Infektionsgeschehen/Testungen zur Sicherheit der Bewohner Bayerns/Testungen zur Prävention in infektionsgefährdeten Bereichen. 30 June 2020. Available online: https://www.bayern.de/wp-content/uploads/2020/08/200630-ministerrat.pdf (accessed on 26 January 2021).

	



Mühle, U.; Kuhn, J.; Nennstiel, U. Protecting vulnerable populations from COVID-19: Why health governance and operations matter to implement interventions fast. Bavarian perspective. HealthManagement.org 2020, 20, 628–635. [Google Scholar]

	



Bayerisches Staatsministerium für Gesundheit und Pflege. Vollzug des Infektionsschutzgesetzes (IfSG): Allgemeinverfügung Notfallplan Corona-Pandemie Regelungen für Pflegeeinrichtungen: Vom 24 February 2021, Az. G43f-G8300-2020/1628-16. 2021. Available online: https://www.verkuendung-bayern.de/baymbl/2021-148/ (accessed on 12 March 2021).

	



Bayerisches Staatsministerium für Gesundheit und Pflege. Vollzug des Infektionsschutzgesetzes (IfSG): Allgemeinverfügung Notfallplan Corona-Pandemie Regelungen für stationäre Einrichtungen für Menschen mit Behinderung: Vom 24 February 2021, Az. G43f-G8300-2020/1628-17. 2021. Available online: https://www.verkuendung-bayern.de/files/baymbl/2021/147/baymbl-2021-147.pdf (accessed on 12 March 2021).

	



Bayerische Staatskanzlei. Bericht aus der Kabinettssitzung Nr. 197. 06 December 2020. Available online: https://www.bayern.de/wp-content/uploads/2021/01/201206-ministerrat-1-1.pdf (accessed on 12 March 2021).

	



Robert Koch Institute (RKI). Situation Report—14 October 2020: Nationale Teststrategie—Wer Wird in Deutschland auf das Vorliegen Einer SARS-CoV-2 Infektion Getestet? 2020. Available online: https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Situationsberichte/Okt_2020/2020-10-14-en.html (accessed on 13 April 2021).

	



R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2020. [Google Scholar]

	



Bayerisches Landesamt für Gesundheit und Lebensmittelsicherheit. Übersicht der Fallzahlen von Coronavirusinfektionen in Bayern. Available online: https://www.lgl.bayern.de/gesundheit/infektionsschutz/infektionskrankheiten_a_z/coronavirus/karte_coronavirus/ (accessed on 16 March 2021).

	



Bayerisches Landesamt für Statistik. Statistische Berichte: Krankenhausstatistik 2019: Grunddaten, Diagnosen und Kostennachweis. 2021. Available online: https://www.statistik.bayern.de/mam/produkte/veroffentlichungen/statistische_berichte/a4200c_201900.pdf (accessed on 23 April 2021).

	



Bayerisches Landesamt für Statistik. Statistische Berichte: Einrichtungen und betreute Wohnformen für volljährige Menschen mit Behinderung in Bayern 2018. 2019. Available online: https://www.statistik.bayern.de/mam/produkte/veroffentlichungen/statistische_berichte/k8200c_201851.pdf (accessed on 23 April 2021).

	



Bayerisches Landesamt für Statistik. Statistische Berichte: Pflegeeinrichtungen, Ambulante Sowie Stationäre und Pflegegeldempfänger in Bayern. 2020. Available online: https://www.statistik.bayern.de/mam/produkte/veroffentlichungen/statistische_berichte/k8300c_201951.pdf (accessed on 23 April 2021).

	



Bundesministerium für Gesundheit. Die nationale Teststrategie—Coronatests in Deutschland. 2020. Available online: https://www.bundesgesundheitsministerium.de/coronatest.html#c19143 (accessed on 1 March 2021).

	



Bundesministerium für Gesundheit. Verordnung zum Anspruch auf Testung in Bezug auf einen Direkten Erregernachweis des Coronavirus SARS-CoV-2 (Coronavirus-Testverordnung—TestV). 2020. Available online: https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/3_Downloads/C/Coronavirus/Verordnungen/Corona-Test-VO_BAnz_AT_141020.pdf (accessed on 20 May 2021).

	



Oran, D.P.; Topol, E. Prevalence of Asymptomatic SARS-CoV-2 Infection. Ann. Intern. Med. 2020, 173, 362–367. [Google Scholar] [CrossRef]

	



Bernadou, A.; Bouges, S.; Catroux, M.; Rigaux, J.C.; Laland, C.; Levêque, N.; Noury, U.; Larrieu, S.; Acef, S.; Habold, D.; et al. High impact of COVID-19 outbreak in a nursing home in the Nouvelle-Aquitaine region, France, March to April 2020. BMC Infect. Dis. 2021, 21, 198. [Google Scholar] [CrossRef]

	



Heudorf, U.; Müller, M.; Schmehl, C.; Gasteyer, S.; Steul, K. COVID-19 in long-term care facilities in Frankfurt am Main, Germany: Incidence, case reports, and lessons learned. GMS Hyg. Infect. Control 2020, 15, Doc26. [Google Scholar] [CrossRef]

	



Brown, C.S.; Clare, K.; Chand, M.; Andrews, J.; Auckland, C.; Beshir, S.; Choudhry, S.; Davies, K.; Freeman, J.; Gallini, A.; et al. Snapshot PCR surveillance for SARS-CoV-2 in hospital staff in England. J. Infect. 2020, 81, 427–434. [Google Scholar] [CrossRef]

	



Gandhi, M.; Yokoe, D.S.; Havlir, D.V. Asymptomatic Transmission, the Achilles’ Heel of Current Strategies to Control Covid-19. N. Engl. J. Med. 2020, 382, 2158–2160. [Google Scholar] [CrossRef] [PubMed]

	



Oran, A.D.P.; Topol, E.J. The Proportion of SARS-CoV-2 Infections That Are Asymptomatic. Ann. Intern. Med. 2021, 174, 655–662. [Google Scholar] [CrossRef] [PubMed]

	



Schuetz, A.N.; Hemarajata, P.; Mehta, N.; Campbell, S.; Mitchell, S.; Palavecino, E.; Butler-Wu, S.; Miller, M.B. When Should Asymptomatic Persons Be Tested for COVID-19? J. Clin. Microbiol. 2020, 59. [Google Scholar] [CrossRef] [PubMed]

	



StMGP. Neunte Bayerische Infektionsschutzmaßnahmenverordnung (9. BayIfSMV); 30 November 2020. Available online: https://www.verkuendung-bayern.de/files/baymbl/2020/683/baymbl-2020-683.pdf (accessed on 8 July 2021).

	



StMGP. Zehnte Bayerische Infektionsschutzmaßnahmenverordnung (10. BayIfSMV); 8 December 2020. Available online: https://www.verkuendung-bayern.de/files/baymbl/2020/711/baymbl-2020-711.pdf (accessed on 8 July 2021).

	



StMGP. Elfte Bayerische Infektionsschutzmaßnahmenverordnung (11. BayIfSMV); 15 December 2020. Available online: https://www.verkuendung-bayern.de/files/baymbl/2020/737/baymbl-2020-737.pdf (accessed on 8 July 2021).

	



Mor, V.; Gutman, R.; Yang, X.; White, E.M.; McConeghy, K.W.; Feifer, R.A.; Blackman, C.R.; Kosar, C.M.; Bardenheier, B.H.; Gravenstein, S.A. Short-term impact of nursing home SARS-CoV -2 vaccinations on new infections, hospitalizations, and deaths. J. Am. Geriatr. Soc. 2021. [CrossRef]

	



Arons, M.M.; Hatfield, K.M.; Reddy, S.C.; Kimball, A.; James, A.; Jacobs, J.R.; Taylor, J.; Spicer, K.; Bardossy, A.C.; Oakley, L.P.; et al. Presymptomatic SARS-CoV-2 Infections and Transmission in a Skilled Nursing Facility. N. Engl. J. Med. 2020, 382, 2081–2090. [Google Scholar] [CrossRef] [PubMed]

	



Wu, D.; Mac Aonghusa, P.; O’Shea, D.F. Correlation of national and healthcare workers COVID-19 infection data; implications for large-scale viral testing programs. PLoS ONE 2021, 16, e0250699. [Google Scholar] [CrossRef]

	



Larremore, D.B.; Wilder, B.; Lester, E.; Shehata, S.; Burke, J.M.; Hay, J.A.; Tambe, M.; Mina, M.J.; Parker, R. Test sensitivity is secondary to frequency and turnaround time for COVID-19 screening. Sci. Adv. 2021, 7, eabd5393. [Google Scholar] [CrossRef]

	



Paul-Ehrlich-Institut. Bundesinstitut für Impfstoffe und biomedizinische Arzneimittel. Mindestkriterien für SARS-CoV-2 Antigentests im Sinne von § 1 Abs. 1 Satz 1 TestVO: Antigenschnelltests. 2021. Available online: https://www.pei.de/SharedDocs/Downloads/DE/newsroom/dossiers/mindestkriterien-sars-cov-2-antigentests-01-12-2020.pdf?__blob=publicationFile&v=6 (accessed on 24 April 2021).

	



Dinnes, J.; Deeks, J.J.; Adriano, A.; Berhane, S.; Davenport, C.; Dittrich, S.; Emperador, D.; Takwoingi, Y.; Cunningham, J.; Beese, S.; et al. Rapid, point-of-care antigen and molecular-based tests for diagnosis of SARS-CoV-2 infection. Cochrane Database Syst. Rev. 2020, 2020, CD013705. [Google Scholar] [CrossRef]

	



World Health Organization. Antigen-Detection in the Diagnosis of SARS-CoV-2 Infection Using Rapid Immunoassays: Interim Guidance. 2020. Available online: https://apps.who.int/iris/handle/10665/334253 (accessed on 1 March 2021).

	



Hayer, J.; Kasapic, D.; Zemmrich, C. Real-world clinical performance of commercial SARS-CoV-2 rapid antigen tests in suspected COVID-19: A systematic meta-analysis of available data as per 20 November 2020. Int. J. Infect. Dis. 2020. [CrossRef]

	



Corman, V.M.; Haage, V.C.; Bleicker, T.; Schmidt, M.L.; Mühlemann, B.; Zuchowski, M.; Jo, W.K.; Tscheak, P.; Möncke-Buchner, E.; A Müller, M.; et al. Comparison of seven commercial SARS-CoV-2 rapid point-of-care antigen tests: A single-centre laboratory evaluation study. Lancet Microbe 2021, 2, e311–e319. [Google Scholar] [CrossRef]

	



Frnda, J.; Durica, M. On Pilot Massive COVID-19 Testing by Antigen Tests in Europe. Case Study: Slovakia. Infect. Dis. Rep. 2021, 13, 45–57. [Google Scholar] [CrossRef] [PubMed]

	



Malloy, G.S.P.; Puglisi, L.; Brandeau, M.L.; Harvey, T.D.; A Wang, E. Effectiveness of interventions to reduce COVID-19 transmission in a large urban jail: A model-based analysis. BMJ Open 2021, 11, e042898. [Google Scholar] [CrossRef] [PubMed]

	



Viswanathan, M.; Kahwati, L.; Jahn, B.; Giger, K.; Dobrescu, A.I.; Hill, C.; Klerings, I.; Meixner, J.; Persad, E.; Teufer, B.; et al. Universal screening for SARS-CoV-2 infection: A rapid review. Cochrane Database Syst. Rev. 2020, 2020, CD013718. [Google Scholar] [CrossRef]

	



Mahase, E. Covid-19: Mass testing in Slovakia may have helped cut infections. BMJ 2020, 371, m4761. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 18 07371 g001 550] 





Figure 1. Overview of the interplay between the different actors and the data collection, processing, and sampling procedure. 
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Figure 2. A. Accumulated number of serial screening tests (RT-PCR and antigen tests combined) of asymptomatic staff, patients/residents, and visitors in healthcare facilities in relation to 100,000 inhabitants for all seven administrative districts in the German state of Bavaria. B. Accumulated positive quotes with 95% confidence intervals (RT-PCR and antigen tests) of asymptomatic staff, patients/residents, and visitors in healthcare facilities in relation to 100,000 inhabitants for all seven administrative districts in the German state of Bavaria. 
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Figure 3. (A–F) Temporal patterns of the weekly number of real-time polymerase chain reaction (RT-PCR; light grey bars) and antigen tests (dark grey bars) and the proportion of positive RT-PCR (dark blue line) and antigen tests (light blue line) among asymptomatic staff (left diagrams) and patients/residents (right diagrams) in hospitals (A,B), rehabilitation institutions (C,D) and long-term care facilities (E,F). 
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Figure 4. From September 2020 to March 2021, the weekly percentage of positive SARS-CoV-2 RT-PCR tests (solid lines) and positive SARS-CoV-2 antigen tests (broken lines) taken in asymptomatic staff, patients/residents, and visitors are presented, stratified by three types of healthcare institutions in the state of Bavaria, Germany. For visitors, only the antigen positivity tests in care facilities are shown due to an insufficient number of tests available for visitors of rehabilitation institutions and hospitals. 
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Figure 5. From September 2020 to March 2021, the combined weekly number of reported PCR and antigen tests for asymptomatic staff, patients/residents, and visitors of healthcare institutions are presented (bars). These tests were conducted as part of the voluntary SARS-CoV-2 screening program for hospitals, rehabilitation institutions, and care facilities for seniors and handicapped persons of the state of Bavaria, Germany. For the same period, the 7-day incidence per 100,000 inhabitants in Bavaria is presented (red line). 
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Table 1. Overview of accumulated SARS-CoV-2 screening tests and positive rates (grey columns) among asymptomatic persons in healthcare institutions in Bavaria, Germany.
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	RT-PCR-Tests # N (%)
	Positive

n
	Positive (%)

(95%CI)
	Antigen Tests **

N (%)
	Positive

n
	Positive (%)

(95%CI)





	OVERALL (100%) *
	382,240 (37%)
	8380
	2.2% (2.1–2.2)
	655,906 (63%)
	2327
	0.4% (0.3–0.4)



	Hospitals
	213,170 (100%)
	4673
	2.2% (2.1–2.3)
	196,723 (100%)
	1013
	0.5% (0.5–0.5)



	Staff
	201,826 (95%)
	4,511
	2.2% (2.2–2.3)
	180,350 (92%)
	942
	0.5% (0.5–0.6)



	Patients
	10,940 (5%)
	147
	1.3% (1.1–1.6)
	8,288 (4%)
	52
	0.6% (0.5–0.8)



	Visitors
	404 (0.2%)
	15
	3.7% (2.3–6.1)
	8,085 (4%)
	19
	0.2% (0.2–0.4)



	Rehabilitation institutions
	76,244 (100%)
	923
	1.2% (1.1–1.3)
	77,166 (100%)
	256
	0.3% (0.3–0.4)



	Staff
	46,779 (61%)
	508
	1.1% (1.0–1.2)
	53,981 (70%)
	184
	0.3% (0.3–0.4)



	Patients
	29,029 (38%)
	412
	1.4% (1.3–1.6)
	20,724 (27%)
	66
	0.3% (0.3–0.4)



	Visitors
	436 (0.6%)
	3
	0.7% (0.2–2.1)
	2,461 (3%)
	6
	0.2% (0.1–0.5)



	Long-term care facilities
	92,826 (100%)
	2784
	3.0% (2.9–3.1)
	382,017 (100%)
	1058
	0.3% (0.3–0.3)



	Staff
	61,450 (66%)
	602
	1.0% (0.9–1.1)
	259,534 (68%)
	377
	0.1% (0.1–0.2)



	Residents
	30,758 (33%)
	2181
	7.1% (6.8–7.4)
	80,808 (21%)
	636
	0.8% (0.7–0.9)



	Visitors
	618 (0.7%)
	1
	0.2% (0.02–1.1)
	41,675 (11%)
	45
	0.1% (0.08–0.1)







# Since the last week of July 2020; * due to rounding, the percentages do not always sum up to 100%, ** since the first week of November 2020 (calendar week 45); 95%CI = 95% confidence interval.
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