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Abstract

:

The role of educational facilities, including schools and universities, in the SARS-CoV-2 pandemic is heavily debated. Specifically, the risk of infection in student dormitories has not been studied. This cohort study monitored students living in dormitories in Bochum, Germany, throughout the winter term of 2020/2021. Over the course of four months, participants were tested repeatedly for SARS-CoV-2 infections using RT-PCR from gargle samples and serological testing. An online questionnaire identified individual risk factors. A total of 810 (46.5% female) students participated. Of these, 590 (72.8%) students participated in the final visit. The cross-sectional antibody prevalence was n = 23 (2.8%) in November 2020 and n = 29 (4.9%) in February 2021. Of 2513 gargle samples analyzed, 19 (0.8%) tested positive for SARS-CoV-2, corresponding to 14 (2.4%) infections detected within the study period. Gargle samples available of cases with confirmed present infection were always positive. The person-time incidence rate was 112.7 (95% CI: 54.11–207.2) per 100,000 person weeks. The standardized incidence ratio was 0.9 (95% CI 0.51–1.46, p = 0.69). In conclusion, students living in student dormitories do not appear to be major drivers of SARS-CoV-2 infections. RT-PCR from gargle samples is a patient-friendly and scalable surveillance tool for detection of SARS-CoV-2 infections.
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1. Introduction


The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and the resulting coronavirus disease 2019 (COVID-19) have become a rapidly increasing major health issue worldwide [1]. With a hospitalization rate of up to 18% and a significant rate of patients requiring intensive care, COVID-19 represents a key concern to public health [2,3]. Importantly, a large percentage of transmissions are caused by mild or pre-symptomatic SARS-CoV-2 cases [4,5,6]. Since pre- or asymptomatic transmissions may be more significant in younger ages, educational facilities, including schools and universities, may be an important factor to sustain epidemic growth in the pandemic [7,8]. Living in dense areas like student dormitories could potentially increase the risk of secondary transmissions. Higher rates of transmission have been described within other congregate settings (e.g., long-term care facilities, workers in meat and poultry processing facilities, and homeless shelters) [9,10,11,12]. Although the characteristics of the population in these settings may considerably differ from student dormitories (e.g., student dormitories are mainly composed of healthy persons while long-term care facilities usually are not) and SARS-CoV-2 is known for a heterogeneous transmission dynamic [13], it is unclear whether a higher transmission rate may also be observed in student dormitories. Nonetheless, educational institutions and accommodation providers have implemented measures to reduce the infection risk. Furthermore, most academic institutions closed their campuses and launched or extended online learning platforms. However, this transition is reported to have significantly affected the mental health and wellbeing of students [14,15].



Infections with SARS-CoV-2 are usually identified by real-time reverse transcriptase polymerase chain reaction (RT-PCR) of viral RNA or rapid SARS-CoV-2 antigen detection devices, both using pharyngeal or nasal swabs [16,17,18]. Recently, non-invasive gargling with 10 mL of saline solution has been established as an almost equi-sensitive and equi-specific sample collection method, compared to pharyngeal swabs [19,20,21,22,23,24].



The aim of the present prospective cohort study was to evaluate the incidence of SARS-CoV-2 infections among students accommodated in student dormitories of a major university city in the urban central Ruhr area in Germany. Furthermore, the present study aimed to evaluate the feasibility of large-scale testing for the identification of SARS-CoV-2 infections using gargle samples.




2. Materials and Methods


2.1. Study Design


Academic institutions in the city of Bochum provide education for approximately 58,000 students, of which 5559 (9.5%) live in student dormitories. The local council of student affairs in Bochum (Akademisches Förderungswerk, AKAFOE) supervises most student dormitories, providing accommodation for 4043 (72.7%) students in Bochum. All students living in dormitories managed by AKAFOE were contacted using their registered e-mail and various social media channels. This included information regarding the purpose of the study and an invitation to actively participate in the study.



During the study period, strict hygiene measures were mandated within the dormitories by AKAFOE. These included compulsory wearing of a face mask when indoors, the closure of study and recreational rooms, and a ban on any social gatherings (e.g., parties). Adherence to hygiene measures was not assessed systematically, but regular check rounds by AKAFOE staff were implemented. According to the AKAFOE, most students complied with these regulations and no events of noncompliance with hygiene rules were reported by students or AKAFOE personnel during the study period.



A total of four study visits were conducted during the winter term from November 2020 to February 2021. Study visits were conducted monthly (every four weeks) and students from all AKAFOE facilities in Bochum were recruited on-site at five different student dormitories, close to the academic institutions of the Ruhr University Bochum. At each of the four monthly visits, students were asked to provide a gargle sample for RT-PCR testing and to fill out an online questionnaire sent by e-mail. Blood samples were collected for anti-SARS-CoV-2 antibody detection at baseline (November 2020) and at the final study visit after a period of four months (February 2021). Participants were informed of their test results via e-mail.



All participants provided written informed consent. The present study was approved by the Ethical Committee of the Medical Faculty, Ruhr University Bochum (registration number: 20-7074).




2.2. Detection of Anti-SARS-CoV-2 Antibodies


At baseline and visit 4, blood samples (5 mL serum) were collected. Samples were transported to the laboratory within five hours and analyzed immediately. Antibody testing was conducted using a commercial immunoassay. The assay uses a recombinant protein representing the nucleocapsid (N) antigen in a double-antigen sandwich assay format and does not detect antibody responses after vaccination against SARS-CoV-2 [25].




2.3. SARS-CoV-2 Detection by RT-PCR


Samples for RT-PCR were self-collected by the study participants. On each visit, participants received a 50-mL test tube containing 10 mL 0.9% saline solution and were informed on how to collect a gargling sample using step-by-step instruction. Additionally, an instructional video (uploaded to YouTube®, available in the online supplement) was provided. Participants were required to gargle for 30–60 s in their own room or outdoors.



Primary processing was performed without cell enrichment according to a modified method based on the Vienna COVID-19 Detection Initiative [14]. Commercial kits and test systems were applied for RNA extraction, RT-PCR, and analysis (online supplement).



In case of an invalid test result, RT-PCR was repeated and, if amplification failed again, regarded as invalid. Participants were then informed on the unsuccessful testing and instructed to seek medical advice in case of COVID-19 symptoms. In all other cases, results were automatically sent to the individual participant by e-mail. Participants with positive results were additionally informed in person and the cases were reported to local health authorities. Positive test results from the final study visit were screened for variants of concern, including the SARS-CoV-2 spike gene N501Y mutation, by melting curve analysis [26]. Virus sequencing was performed for infections identified within a dormitory if they occurred in the same time frame and the infection chain was not retraceable by other means. The used method for sequencing has been previously described [27].




2.4. Data Management and Statistical Analysis


On each visit, an online questionnaire (available in the online supplement) was sent to each participant by e-mail. Data were collected and managed using an electronic data capture system. Commercial software was used for statistical analysis and figure creation (specifications are detailed in the online supplement).



The incidence rate was calculated by dividing the number of detected SARS-CoV-2 cases by the sum of the study groups’ individual time at risk. The individual time at risk was determined from the date of recruitment until final participation or date of positive RT-PCR result, respectively. Participants with a past or present infection at baseline were excluded from this calculation, as they were not considered to be at risk.



For calculation of the standardized incidence ratio (SIR), expected incidences were determined from the publicly available number of cases in Bochum (Robert Koch Institute (RKI) database). The population’s data were weighted for each age group from publicly available data of Bochum from the year 2020 [28,29]. For this analysis, only participants with an antibody measurement on visit 4 were included. The SIR was determined by dividing the observed incidence by the expected incidence. For analysis of possible infection risk factors, hazard ratios were estimated with a 95% confidence interval using uni- and multivariant cox regression models including only infections acquired during the study (infections before recruitment were included).





3. Results


3.1. Study Population


A total of 810 participants were included in the present study. Figure 1 provides detailed information on attendance and data acquired during the visits. The final follow-up visit in February 2021 was attended by 590 (72.8%) students. Key characteristics of the study cohort at baseline are presented in detail in Table 1. Before and during the study period, none of the study participants were vaccinated against SARS-CoV-2.




3.2. Cross-Sectional Prevalence of Infection with SARS-CoV-2 at Baseline


Based on the number of reported cases from RKI in Bochum, the expected incidence was calculated as 1.14% at baseline. Eight (0.99%) students reported being aware of a past SARS-CoV-2 infection. Anti-SARS-CoV-2 antibodies were detected in 23 (2.8%) participants (Table 2). Additionally, one participant reported a history of COVID-19 diagnosed by RT-PCR. However, no antibody response was detectable in this patient. This resulted in a total of 24 (3.0%) students with a history of SARS-CoV-2 infection. This corresponds to a 2.71 higher rate of SARS-CoV-2 infections compared to the expected number of cases. Six cases (0.74%) had a positive RT-PCR result at baseline.




3.3. SARS-CoV-2 Incidence Rates in Bochum, Germany during the Study Period


Until the end of the study (21 February 2021), a total of 10,412 infections were reported in Bochum, with 7616 infections being recorded during the study period. The 7-day incidence rate (according to RKI data) per 100,000 inhabitants during the study visits was 167/100,000 (visit 1, November 2020), 210/100,000 (visit 2, December 2020), 94/100,000 (visit 3, January 2021), and 55/100,000 (visit 4, February 2021), respectively.



Due to the increasing incidence rates, measures for infection control were mandated by local government (partial lockdown from 2 November 2020, full lockdown from 16 December 2020). Following the full lockdown, the campus was completely closed for educational purposes and all teaching was conducted online only.




3.4. Incidence of SARS-CoV-2 Infections within the Study Period


During the study period, 14 (2.4%) of the 590 students that attended the baseline and final visit had either RT-PCR or serological evidence of a new SARS-CoV-2 infection. This corresponds to an incidence of 2.47% (n = 567) over the study period (excluding cases with history of past infection and missing serological follow up). The expected incidence for the study population in the same period was calculated (weights adjusted) from the RKI data for Bochum at 2.74%. The standardized incidence ratio was 0.9 (95% CI 0.51–1.46, p = 0.69). Figure 2 depicts a timeline of the study period with the SARS-CoV-2 incidence of the study cohort and the general population in Bochum.



Infections were mostly identified with RT-PCR testing, which proved to be positive in 13 (92.9%) of the detected cases (including one case diagnosed by local health authorities without having provided a gargle sample at time of diagnosis). Antibody testing was positive in 12 (85.7%) of the detected cases. In two (14.3%) cases, the infection had not yet reached the stage of seroconversion at diagnosis in the final round. Asymptomatic infections were identified in three (21.4%) participants through the follow-up questionnaire. Of the 14 SARS-CoV-2 infections, six (42.9%) were first diagnosed in the context of the present study. All cases were mildly affected without the necessity of hospitalization. Using telephone interviews and contact tracing, no infection clusters were identified by our study group or local health authorities. However, two cases with a positive RT-PCR result within the same dormitory but without a retractable infection chain were detected in the last visit. After sequencing of the viral genome with characterization as lineage B.1.177.62, a very high genetic similarity was detected, hence indicating an infection cluster (Figure 3). No variant of concern was detected after examination of the three positive results (16.7%) from the final study visit.



After exclusion of all cases with past or present infection at baseline, data from 684 (84.4%) students were used for the calculation of person-time incidence rate, resulting in 170 person years under observation. In this group, 10 (14.6%) new infections were observed. The person-time incidence rate of infection with SARS-CoV-2 was 112.7 (95% CI: 54.1–207.2) per 100,000 person weeks over the course of the study period.




3.5. RT-PCR Results and Gargle Sample as a Surveillance Tool


A total of 2513 gargle samples were collected, corresponding to a 96.3% overall return rate. Due to invalid results, 230 (9.2%) samples were excluded. Of the remaining 2283 (90.8%) samples, 2264 (99.2%) tested negative for SARS-CoV-2 RNA (Table 3). Positive results were found in 19 (0.8% positivity rate) samples deriving from 14 (1.9%) participants (duplicates due to persistently positive results with high cycle threshold (ct) values > 33 in three cases). Two cases of positive RT-PCR results at baseline were associated with past infections (>2 weeks disease onset, positive antibody results).



Of 12 cases of documented seroconversion, 10 (83.3%) were detected by analysis of gargle samples. In total, 12 (85.7%) of the documented cases detected within the study period were found using RT-PCR in a gargle sample. In both other cases, no sample was provided at time of infection. Hence, gargle samples available from cases with present infection were always RT-PCR positive (100%).



In three (0.1% of total samples) cases, we suspected a false-positive result (only E gene positive with ct-values > 34, asymptomatic, no risk-contact). In these cases, control with pharyngeal swab (RT-PCR) and serological testing five days after initial testing were negative, hence indicating a false-positive initial result. However, in one of these cases, the participant tested positive in the context of a new exposure in the participant’s family four weeks after the initial false-positive result. In the other cases, no seroconversion was observed in the final visit.




3.6. Impact of the Housing Situation on Infection Risk and Risk Factor Analysis


Participants at baseline feature a larger proportion of students living in shared apartments compared to the total capacity of AKAFOE facilities (61.6% vs. 51.4%, Supplementary Materials Figure S1). Within the six dormitories with the highest number of participants, the participation rate in facilities with mainly shared apartments was higher than in facilities with mainly single apartments (48.5% vs. 19.3%). Of the overall 38 detected cases with evidence of SARS-CoV-2 infection, 20 (52.63%) lived in a shared apartment. No statistically significant difference was found in relation to the housing form with regards to incidence rate. Further analysis to investigate the determinants and predictors of a positive SARS-CoV-2 test result (risk factor analysis) yielded no significant results (Supplementary Materials Figure S5).





4. Discussion


To our knowledge, the present study is the first to report on the incidence of infection with SARS-CoV-2 within student dormitories using sequential antibody and RT-PCR testing of a study cohort. The primary findings of the present study indicate that students living in student dormitories do not appear to contribute to the COVID-19 pandemic in Germany, provided appropriate hygiene measures are used. Furthermore, the large-scale use of gargle sampling proved to be an effective and reliable method to collect patient samples for SARS-CoV-2 RNA detection.



Cases of COVID-19, suggesting higher rates of secondary transmission, have been observed in other congregate settings, including long-term care facilities, acute care hospitals, correctional facilities, homeless shelters, and crowded conditions for workers in meat and poultry processing facilities [11]. Although limitations regarding the comparability of the present cohort with these studies are obvious, the present study investigated an important population within a common and dense living situation. Furthermore, the study cohort represents a relevant proportion of students living in student dormitories in Bochum (14.6%). In general, about 13.9% of students in Germany live in student dormitories [30]. We believe that the present cohort is representative of the living conditions in university dormitories in Germany. Hence, the results of the present study might be applicable to similar living situations in other countries, but detailed studies should be performed to replicate the present results. Further studies need to provide evidence to evaluate if the results can also be applied to students living outside of student dormitories or to cohorts that have been vaccinated.



The study period overlapped with the second wave of SARS-CoV-2 infection in Germany, presenting an optimal time of examination. In Bochum, the overall incidence rate as reported by the RKI was sequentially reduced under the strict lockdown measures mandated by German authorities in December 2020 (167 at baseline to 55 cases per 100,000 inhabitants on visit 4). The incidence of infection within the study cohort was numerically lower in comparison to the general population of the same age, although not significantly different (2.47% vs. 2.74%, SIR 0.9, 95% CI 0.51–1.46, p = 0.69). The officially reported cases of SARS-CoV-2 infections most likely do not include a considerable number of undetected oligo- or asymptomatic infections, as the general population was usually only tested if symptoms are present or in the context of outbreak management [31,32]. Furthermore, the incidence from reports by the Robert-Koch-Institute was calculated without exclusion of cases with past infection. Considering these unaccounted factors, a higher incidence may reasonably be assumed for the general population. For the period before baseline, the incidence of reported cases within the study group and same age control group was also observed at a slightly lower level (0.99% vs. 1.14%). Transmission of SARS-CoV-2 is known to spread in clusters, yet only two cases were identified as a possible infection cluster within the study cohort. This indicates that most transmissions of detected cases did not occur within the study cohort. At the final study visit, 29 (4.9%) cases with positive antibody results were identified. A Germany-wide seroprevalence study from blood donors reported an approximate 6% adjusted seroprevalence of the general population in February 2021 (with a higher percentage for <30 years age) [32]. Based on these findings and calculations, students living in a dormitory do not appear to be major drivers of SARS-CoV-2 infections in the context of the pandemic when appropriate measures are used.



The use of gargle samples for RT-PCR detection of SARS-CoV-2 in this study was accompanied by technical challenges that require consideration. Gargle samples contain PCR inhibitors. Due to inhibition from these substances, the RT-PCR results often returned invalid requiring repetition of the analysis. Ultimately, the rate of invalid test results was reduced to 4.0% in the analysis of samples from the final study visit 4 by dilution of the RNA extract.



The gargling method provided several advantages. Present infections were always detected by RT-PCR from gargle samples. Compared to conventional swabs, the gargling sample can be obtained with minimal infection risk for healthcare staff. Furthermore, the acceptance and compliance of participants was very high (96.3% return rate). Six SARS-CoV-2 infections were first diagnosed in the context of the study. At-home self-testing with antigen-tests has disadvantages, such of lower sensitivity and specificity, due to the assay method. Hence, RT-PCR testing of gargle samples might present an ideal method for conducting large-scale studies in public health or for outbreak management without the downside of lower diagnostic performance.



The strengths of the present study lie in the longitudinal examination of a representative cohort with a unique living situation, which is often overlooked in the context of the pandemic. Furthermore, the use of a rather neglected and user-friendly testing approach was implemented. However, several limitations need to be considered. Due to the study design, a selection bias of those participating in the study cannot be excluded. Gargle samples were not validated head-to-head against the current gold-standard of pharyngeal swabs, although this validation has been performed in the past [19,22]. Federal and regional lock-down measures applied during the study period may have differently affected students’ daily lives as compared to the general population, resulting in a reduced comparability for infection risk assessment. Differences in lock-down measures and implementation of intramural hygiene concepts within dormitories may limit the transferability of the present results to other settings. Further information on the SARS-CoV-2 attack rate among the included dormitories was not available from local health authorities due to statutory rules. Furthermore, as no virus variants of concern were detected, the influence of such variants on infection chains in student dormitories cannot be assessed with the present data.



A strong correlation between socio-economic factors and infection over the course of the pandemic was reported [24,33]. Especially, city districts with lower socio-economic structure have been more afflicted by COVID-19-caused deaths [34]. Respectively, considering the higher educational status of the study cohort, a lower incidence rate compared to the public seems to be plausible.



In conclusion, we have found convincing evidence that students living in student dormitories were not a major contributor to transmission of SARS-CoV-2 infections in an urban population during the winter term of 2020/2021.
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Figure 1. Flowchart of the recruitment into the study Flowchart depicting an overview of the recruitment process and details of study visits, including number of collected samples. AKAFOE: Akademisches Förderungswerk. 
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Figure 2. Incidence of SARS-CoV-2 during the study period Displayed are the 7-day incidence rates per 100,000 inhabitants in Bochum for the general population (total and aged 17 to 34) and the study cohort. Data was retrieved from publicly available databases of the RKI. The mean 7-day incidence rate per 100,000 inhabitants of the study cohort and age-matched control group of the general population was calculated from the number of infections per 28 days during the study period. Periods of sample collection (study visits) are marked in grey rectangles. 
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Figure 3. Lineage of sequenced viral genomes from the suspected infection cluster within the dormitory (B1.177.62) The figure depicts the cladogram of lineage B.1.177.62. Represented are all sequenced genomes acquired during the study period in North Rhine-Westphalia that were deposited at the Global Initiative on Sharing All Influenza Date (GISAID). At study visit 4, two participants from the same dormitory tested positive in the same time frame but without a traceable infection chain. To analyze the possibility of an undetected infection cluster, both viral genomes were sequenced. The dots mark the two genome sequences originating from these participants and exhibit a high phylogenetic similarity. 
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Table 1. Characteristics of all participants and students who attended the final study visit, data collected from online questionnaire at baseline.
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	Total
	All Participants

n = 810
	Attended Final Visit

n = 590





	Personal information
	
	



	 Age [years]
	23.7 (±3.4) [810]
	23.5 (±3.2) [590]



	 Females
	377 (46.5%) [810]
	283 (48.0%) [590]



	 BMI [kg/m2]
	23.3 (±3.8) [771]
	23.2 (±3.68) [574]



	Living conditions
	
	



	 Single apartment
	299 (39.4%) [779]
	198 (34.6%) [572]



	 Shared apartment
	480 (61.6%) [779]
	374 (65.3%) [572]



	  No. of roommates,
	3.2 (±2.2) [478]
	3.0 (±1.9) [372]



	  mean (SD) (n = 478)
	min. 0, max. 14
	min. 0, max. 14



	Health information
	
	



	 Nicotine consumption
	113 (14.7%) [767]
	73 (12.9%) [565]



	 Alcohol consumption
	369 (48.1%) [767]
	297 (52.7%) [564]



	 Chronic disease
	112 (14.3%) [782]
	82 (14.3%) [573]



	  Bronchial asthma
	36
	30



	  Metabolic disease
	23
	16



	  Psychiatric
	17
	12



	 Regular medication
	213 (27.4%) [778]
	165 (28.8%) [574]



	  Contraceptives
	126
	103



	  Thyroid drugs
	31
	24



	  Antidepressants
	20
	13



	  Analgesics
	17
	12



	 Regular sports activities
	500 (64.5%) [775]
	378 (66.3%) [570]



	Country of birth
	
	



	 Germany
	572 (73.1%) [783]
	456 (79.0%) [577]



	 Iran
	37 (4.7%) [783]
	17 (3.0%) [577]



	 Russia
	30 (3.8%) [783]
	21 (3.6%) [577]



	 Italy
	12 (1.5%) [783]
	8 (1.4%) [577]



	 Other
	132 (16.9%) [783]
	75 (13.0%) [577]







Data is presented as means (±SD) or number (% of total). Data was derived from online questionnaires. “Attended final visit” was defined as participants that attended the baseline and last follow-up visit. Total numbers of students attending baseline and final visit are presented in bold. Number of available data is presented in squared brackets.
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Table 2. Number of unreported cases at baseline based on online questionnaire and antibody status.
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Have You Ever Been Tested Positive for SARS-CoV-2 Infection?

	
Anti-SARS-CoV-2 Antibody Status




	
Positive

	
Negative






	
Total number

	
23

	
785




	
 Yes

	
7 (30.4%)

	
2 † (0.25%)




	
 No

	
15 (65.2%)

	
760 (96.7%)




	
 No answer

	
1 (4.3%)

	
23 (30.5%)




	
  Ratio reported to unreported case ‡

	
1:2

	








Data describes the relation between measured antibody response and history of COVID-19 as acquired through online questionnaire. Data is presented as n (% of total). † Including one case diagnosed within the study period at an early stage of infection without seroconversion. ‡ Including one presumably unreported case that did not answer the questionnaire and one reported case without positive antibody response.
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Table 3. Results of RT-PCR and antibody analysis per study visit.
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	No. of Samples
	Positive Results
	Negative Results





	Baseline/visit 1 (November 2020)
	
	
	



	 Participants
	810
	
	



	 Collected gargle samples
	772 (95.3%)
	
	



	 Valid † RT-PCR results
	727 (89.8%)
	6 (0.8%)
	721 (99.2%)



	 Anti-SARS-CoV-2 IgG/IgM
	808 (99.8%)
	23 (2.9%)
	785 (97.2%)



	Visit 2 (December 2020)
	
	
	



	 Participants
	628
	
	



	 Collected gargle samples
	605 (96.3%)
	
	



	 Valid † RT-PCR results
	513 (81.7%)
	7 (1.4%)
	506 (98.6%)



	Visit 3 (January 2021)
	
	
	



	 Participants
	581
	
	



	 Collected gargle samples
	567 (97.6%)
	
	



	 Valid † RT-PCR results
	497 (85.5%)
	3 (0.6%)
	494 (99.4%)



	Visit 4 (February 2021)
	
	
	



	 Participants
	590
	
	



	 Collected gargle samples
	569 (96.4%)
	
	



	 Valid † RT-PCR results
	546 (92.5%)
	3 (0.6%)
	543 (99.5%)



	 Anti-SARS-CoV-2 IgG/IgM
	588 (99.7%)
	29 (4.9%)
	559 (95.1%)







† In total 230 out of 2,513 RT-PCR samples analysis remained invalid after repeating the test (9.2%). Data is presented as n (% of total).
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