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Introduction: Until today, the role of children in the transmission dynamics of SARS-CoV-2 and the development of the COVID-19 pandemic seems to be dynamic and is not finally resolved. The primary aim of this study is to investigate the transmission dynamics of SARS-CoV-2 in child day care centers and connected households as well as transmission-related indicators and clinical symptoms among children and adults.

Methods and Analysis: COALA (“Corona outbreak-related examinations in day care centers”) is a day care center- and household-based study with a case-ascertained study design. Based on day care centers with at least one reported case of SARS-CoV-2, we include one- to six-year-old children and staff of the affected group in the day care center as well as their respective households. We visit each child's and adult's household. During the home visit we take from each household member a combined mouth and nose swab as well as a saliva sample for analysis of SARS-CoV-2-RNA by real-time reverse transcription polymerase chain reaction (real-time RT-PCR) and a capillary blood sample for a retrospective assessment of an earlier SARS-CoV-2 infection. Furthermore, information on health status, socio-demographics and COVID-19 protective measures are collected via a short telephone interview in the subsequent days. In the following 12 days, household members (or parents for their children) self-collect the same respiratory samples as described above every 3 days and a stool sample for children once. COVID-19 symptoms are documented daily in a symptom diary. Approximately 35 days after testing the index case, every participant who tested positive for SARS-CoV-2 during the study is re-visited at home for another capillary blood sample and a standardized interview. The analysis includes secondary attack rates, by age of primary case, both in the day care center and in households, as well as viral shedding dynamics, including the beginning of shedding relative to symptom onset and viral clearance.

Discussion: The results contribute to a better understanding of the epidemiological and virological transmission-related indicators of SARS-CoV-2 among young children, as compared to adults and the interplay between day care and households.
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INTRODUCTION


Background

At the beginning of the COVID-19 pandemic in spring 2020, children under 6 years accounted for only a small proportion of laboratory-confirmed COVID-19 cases (1–4). In many countries, day care centers were closed early on, so it was unclear whether the low incidence among children could be explained by the lack of contacts among young children outside the household. As children are also prone to show milder symptoms in comparison to adults, infections might have remained unrecognized (5). Yet it is well established that children infected with SARS-CoV-2 can transmit the virus (6). Published data about the role of children and exposure settings on the transmission dynamics of SARS-CoV-2 implies that adults may exert a stronger influence on the transmission dynamics than children (6–10).

In Germany, 35% of the children under the age of 3 years and 92.8% of 3–6-year-old children attended center-based care in the year 2020 (about 3.4 million children) (11, 12). Day care centers are usually set in an indoor environment with sustained close contacts among children and staff, potentially creating a high-risk setting for infections with SARS-CoV-2. A better understanding of the factors fostering SARS-CoV-2 transmission in and from day care centers is key to developing tailored measures to control the pandemic and to avoid closures of day care centers or day care groups.

Closures of day care centers can have adverse consequences on small children's educational and pedagogical needs as well as on their social and mental well-being (13, 14). In order to be able to respond to infections in a flexible manner and to, at that time, assumably reduce the number of secondary infections within day care centers, the structuring of day care into separated groups became mandated to reduce the risk of transmission and the rapid spread of the virus. Through the restructuring of day care into small and isolated groups, the number of exposed people to a possible primary case could be reduced and infection chains became more manageable. In that consequence, quarantine measures could be applied more specifically and therefore affect a smaller number of people.

The transmission dynamics among children and infections occurring from children to adults are still poorly understood and emerging variants of SARS-CoV-2 do indicate a potential for enhanced infectivity in younger age groups (15, 16). This research gap concerns the situation in day care centers regarding children and the adult day care center staff. A better understanding of the factors fostering SARS-CoV-2 transmission in and from day care centers is necessary for the development of more pronounced and tailored measures against the virus.



Aims and Objectives

In order to gain a better understanding about the susceptibility (receptivity) and infectiousness of children and adults in day care settings, biological, behavioral, and contextual factors of the source case and close contacts as well as the varying factors of different exposure conditions are investigated. The study addresses the following questions:

1. How infectious are children of 1 to 6 years tested positive for SARS-CoV-2 with regard to close contacts in day care and household (children and adults)? How susceptible are children of 1 to 6 years to SARS-CoV-2 infections among close contacts in the day care center?

a. In cases of SARS-CoV-2 events in day care settings, what is the rate of secondary transmissions among exposed children and adults in the respective day care center group and households?

b. What is the duration of viral shedding (as measured by real-time RT-PCR) among infected children 1 to 6 years of age, as compared to infected adults from the same settings?

c. What are sero-conversion rates among children 1 to 6 years old with PCR-confirmed SARS-CoV-2 infections, as compared to infected adults (e.g., day care center staff or adult members of affected households)?

2. What are the symptoms of infected 1 to 6 year old children, as compared to adults? What is the proportion of symptomatic and asymptomatic COVID-19 infections among children and adults?

3. How important is the baseline health status (e.g., presence of chronic diseases) for the degree of severity of SARS-CoV-2 infections among children and adults?

4. Do the included day care centers vary in care concepts and hygiene measures?




METHODS AND ANALYSIS

The “Corona outbreak-related examinations in day care centers—COALA” is a project within the interdisciplinary “Corona Day Care Study,” which is conducted by a collaborative research consortium of the German Youth Institute (DJI) and the Robert Koch Institute (RKI).


Study Design and Case Definition

COALA uses a case-ascertained study design in day care center groups and households, i.e., a primary case has been diagnosed (“ascertained”) and is observed together with exposed persons in the household and in the day care center group over a period of time—in our case, 12 days. In this period, mouth and nose swabs are taken, and symptoms documented, which is done initially by members of the study team, and in the course of the following 12 days by the participants and/or their legal guardians themselves. Case-ascertained studies are well-suited for assessing how the virus spreads as comparatively small sample sizes are sufficient for the observation of secondary transmissions (17, 18). COALA addresses two populations within the case-related study design: Day care centers (so-called day care center cohort) and associated households (so-called household cohort, see Figure 1).
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FIGURE 1. Study design of COALA. e, exposed.


In the COALA study, the primary case is defined as the first SARS-CoV-2 positive case in the day care center group. It can be either a child between 1 to 6 years or an adult (staff member) from the day care center. The index case is defined as the first case within the day care group that is diagnosed with SARS-CoV-2 and reported to the local health authority. Primary and index case can be identical; however, it is possible that the primary case remains undetected (e.g., because of lack of symptoms), and only a secondary case with symptoms gets tested and is diagnosed first. On the basis of the information provided by the local health authority, the director or pedagogic staff of the day care center management and the study participants, the respective primary case is identified for each day care center. In addition, each infected person in the day care center group (primary or secondary case, child or staff member) may potentially spread the infection to his or her respective household members. On the level of the household, this SARS-CoV-2 case is the primary case for the respective household members.



Level of Day Care Centers (Day Care Center Cohort)

In case of a verified and officially reported SARS-CoV-2 case within a day care center, close contacts to the primary case and the primary case themselves are included into the study (so-called day care center cohort). Normally, all children and staff members who belong to a group within the day care center can be defined as “close contacts”, as they spend many hours in a room together every day, playing with each other and the implementation of preventive measures within the group is limited. To identify (further) subsequent cases (at an early stage), close contacts of the primary case of the day care center and their family members are observed over a period of 12 days, including monitoring of viral load by regular swabs, and the development of symptoms relevant to COVID-19, which are documented in daily symptom diary.



Level of Households (Household Cohort)

Children and staff of the day care center who test positive for SARS-CoV-2 are included in the household cohort, as are all members of their household, who are regarded as a close contact to this primary household case infected within the day care center. These positive cases from the day care center are defined as the primary case in their respective household, unless the laboratory findings, a positive result at initial testing, a history of exposition and/or sequence of clinical symptoms may point to another positive case in the household who has been infected earlier. As in the day care center cohort, the persons infected with SARS-CoV-2 as well as their household contacts regularly take swabs and document their symptoms over 12 days. This procedure helps to track the viral load and to record the longitudinal development of symptoms over time of those infected, and can identify secondary cases early.

Children or staff members with contact to a positive case but initially tested negative for SARS-CoV-2 are included in the study, but not the members of their households. In case one of participants diagnosed with a SARS-CoV-2 infection during the study period (as a secondary case), their household members are also included in the study as part of the household cohort, being close contacts to this household case.



Inclusion/Exclusion Criteria

Inclusion criteria for a day care center into the COALA study are

1. A case of SARS-CoV-2 within a day care center (=index case) is reported to the responsible local health authority.

2. The research team is informed about the case no longer than 3 days after the diagnosis, so that local testing of close contacts can start no later than 4 days after identification of this index case and the maximum of 5 days after the PCR test is not exceeded.

Inclusion criteria for individuals are

- minimum age of 1 year

- being either the index case in the day care center, or being a child or a staff member of the day care center group of the index case (= close contact, due to the nature of interactions within a day care center group)

- being a household member of a SARS-CoV-2 positive person (both primary and secondary cases), i.e., partners, siblings and other persons who stay a minimum of 4 nights per week in this household

Exclusion criteria are

- age younger than 1 year

- insufficient knowledge of the German language

- substantial health problems that do not allow any collection of specimens (e.g., severe disease, injury)



Recruitment

The study team is informed about the positive cases directly by cooperating local health authorities, or by the day care centers themselves. In the latter case, the study team contacts the local health authority in charge to verify the case and receive more details related to the case or outbreak. If parents and staff members consented to being contacted by the study team, they are invited to participate in COALA, receive oral information (by phone) and written material explaining the study (via e-mail). Different information documents are available, tailored to the literacy levels and preferences of different age groups (1–5, 6–11, 12–17 years, adult). The information material for ages 6 to 17 years may be used for older siblings in the households. If the contacted parents or staff members agree to participate, a home visit of members of the study team is scheduled. The parents or staff members are either in quarantine respectively in isolation themselves (as cases or close contacts of a case), or their small child is in quarantine, and needs to be cared for at home. Therefore, a home visit is an appropriate way to make sure to meet, and test, all relevant household members.

COALA includes day care centers from all over Germany.



Procedure of Collecting Data and Biological Samples

Data and biological specimens are collected from the study participants in different steps:

1. an initial home visit by the study team

2. a telephone-based interview

3. a period of self-sampling and symptom logging by the study participants

4. a second home visit by the study team (only for participants tested positive for SARS-CoV-2).

For the initial examination, all participants are visited at home by a trained study team. The first home visit takes place on day 4, 5 or 6 (=t1) after testing date of the index case (t0). These home visits include (1) study information, informed consent, (2) collection of a combined mouth and nose swab, a saliva sample and capillary blood sample which can be used for a retrospective assessment of an earlier SARS-CoV-2 infection (19). This blood sample is taken from the fingertip and dried on specific paper for transport (dried blood spot). Furthermore, the members of the study team (3) distribute handouts and explanations on how to complete the symptom diary for the following 12 days after the home visit, (4) instruct household members in self-sampling and sampling children (mouth and nose swab, saliva sample). The self-sampling is performed four times, every third day (t2, t3, t4, t5), and the biological samples and the symptom diary are returned to the study team by mail. 0–3 days after the home visit (t1), telephone interviews are conducted to collect data about all study participants on socio-demographics, health status and protective behavior during the pandemic (see section Standardized Interviews). At t2, a stool sample of children is taken to allow for the potential identification of prolonged viral shedding in cases of infection when respiratory samples may already be negative after few days, which may happen in children (20, 21).

Participants are either individuals tested positive for SARS-CoV-2 within the day care setting (children, adults/staff), or close contacts of those cases, both from the day care group (day care center cohort) and from the households of positive cases (household cohort, see Figure 2). The sampling scheme is identical for positive cases and close contacts. The only difference is an additional stool sample in children tested negative for SARS-CoV-2 at t2 to detect missed SARS-CoV-2 infections among children.
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FIGURE 2. Sampling scheme of COALA. Day 0, testing date of the index case (=Baseline). e, exposed person. 1For exposed children and day care personnel newly positive for SARS-CoV-2 until day 13 to 15, the procedure is the same as for initially positive day care personnel and households from day 7 to 9.


Approximately 35 days after the test of the index case, every study participant with a positive PCR test result for SARS-CoV-2 during the course of the COALA study or previously confirmed through local health authorities is re-visited at home. A capillary blood sample from the fingertip is taken for a final test on sero-conversion of SARS-CoV-2 antibodies. A standardized interview is conducted for a retrospective assessment of the clinical course of the disease (e.g., on COVID-19-related hospital stays).



Detection of New SARS-CoV-2 Infections in the Study

The participants are repeatedly tested for SARS-CoV-2, which may lead to the detection of new cases among close contacts. Due to the constantly changing pandemic situation, local health authorities cannot always guarantee SARS-CoV-2 testing of all exposed persons, but need to limit their contact tracing to informing close contacts and sending them into quarantine. In this case, many study participants may have an unknown infection status when recruited. The PCR tests during the home visit (t1) may then identify additional SARS-CoV-2 cases among the participants. New cases may also be detected later on in the course of the study, e.g., a secondary transmission in the household cohort. In any of these cases, the infected person as well as the local health authority will immediately be notified by phone, and the authority will need to put the person in isolation or quarantine, respectively. If the newly diagnosed infection represents a primary case in the household cohort (e.g., a child of the day care center group which has been tested negative before), then all household members are considered close contacts of this case and are asked to undergo the self-test regime as described above. During the initial home visit, household members are prepared for this possible scenario and provided with the necessary test equipment. Primary cases in day care centers and households are identified on the basis of laboratory testing results and information provided through the different questionnaires. For symptomatic cases the likely date of infection is estimated by the onset of symptoms and the mean incubation period. For asymptomatic cases, we assume that the infection event has occurred up to 10 days before the first laboratory-confirmed SARS-CoV-2 test result.



Biological Samples

In order to detect SARS-CoV-2 infections among participants, combined mouth and nose swabs, saliva samples and stool samples are tested for viral RNA by real-time RT-PCR. In order to assess sero-conversion, blood samples are tested for IgG antibodies against the S1 domain of the SARS-CoV-2 spike protein with a semiquantitative ELISA (see Table 1).


Table 1. Biological samples and laboratory examinations.

[image: Table 1]

Mouth and nose swabs and saliva samples are used because (a) both procedures are less invasive than nasopharyngeal or oropharyngeal swabs and are therefore more suitable for very young children (mouth swaps are dipped into medical glucose solution), and (b) they are an easier and more reliable method for self-testing. The combination of mouth and nose swabs and saliva samples has been shown to be of similar quality to a deep nasopharyngeal swab (22–26). The initial swabs are taken by trained staff during the first home visit. Subsequent samples are taken by the participants themselves using the collection and transport equipment handed out during the first home visit.

Children who are tested negative at baseline and are classified as close contacts to the primary case of the day care center are asked to provide an additional stool sample at the first self-testing date, about 3 days after the first home visit. The sample is taken either from the stool catcher or from the diaper or potty in the case of very young children (Fa. Süsse Labortechnik: stool catcher for sampling; Fa. Sarstedt: stool tube 76 x 20 mm, sterile).

The blood sample is taken by trained study personnel in a quiet, non-intimidating environment, with children up to 6 years of age preferably sitting on the parent's lap. The blood sample is taken using a safety lancet (Unistik 3 Neonatal, safety lancet 18 G, 1.8 mm for infants and Unistik 3 EXTRA 21 G, 2.0 mm for children from 6 to 8 years of age and adults) onto the blood collection set for dried capillary blood samples manufactured by Euroimmun (27, 28).

All self-testing samples are sent to the RKI laboratories by mail in a lockable plastic bag inside a rigid cardboard box. The packaging and shipping material are provided to all households during the first home visit. The participants do not have to pay any postage costs.



Documentation of COVID-19 Symptoms

After the initial measurements during the home visits, household members record clinical symptoms for a period of 12 days, documenting symptoms such as fever ≥ 38°C, chills, cough, shortness of breath, muscle aches, nausea, diarrhea, olfactory dysfunction, gustatory dysfunction as well as other complaints that may not have been listed.



Infection Protection During Home Visits

During the home visits the participants are asked to wear non-medical, fabric masks or medical masks, which are provided to them if needed. Participants are also asked to maintain a physical distance and to provide ventilation during the visit. The study team members work in personal protective equipment (PPE). Extensive Standard Operating Procedures (SOP) and training documents are available for the occupational safety and infection protection measures.



Risks and Benefits for Participants

Examinations have minimal risk for participants. The direct benefit is a regular feedback on SARS-CoV-2 infection status. All participants receive a voucher for the first home visit (50 Euros) and in case of a second home visit another voucher (25 Euros). In addition, all households with children receive a small non-monetary gift (e.g., toy). If there is a positive PCR test result of samples collected during the home visit or later on in the course of the study, the infected person as well as the local health authority will immediately be notified by phone within 24 h. Six weeks after first home visit all participants receive a result report with PCR test results for SARS-CoV-2 virus material and for SARS-CoV-2 IgG antibodies.

Participants and the public will benefit from the data collected by improving the understanding of SARS-CoV-2 transmission dynamics among children in day care centers and their corresponding households, as well as the clinical course of SARS-CoV-2 infection in children of day care age.



Standardized Interviews

Information on the exact occurrence of the outbreak within the day care center as well as additional information on the participant's health status and the course of symptoms associated with SARS-CoV-2 are assessed with different instruments during the study. Local health authorities, the director or pedagogic staff of the day care center management and household members are contacted via telephone for a computer-assisted telephone interview (CATI). For children under the age of 14 years, parents or legal guardians, respectively, should answer the questionnaire on behalf of their children. The final interview—only for SARS-CoV-2 positive participants—is conducted through a paper or computer-assisted personal interview (PAPI/CAPI) during the second home visit. An overview of all questionnaires is given in Table 2.


Table 2. Overview of questionnaires in COALA.
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Quality Management

Standard Operating Procedures (SOP) are prepared for all steps of the data collection process. A regular supervision of the data collection is assured by continuous supervision and training of the study teams. If required, additional individual trainings are conducted. All procedures regarding laboratory examinations from blood collection to the arrival of the participants biological samples are documented.



Data Analysis

For answering questions about infectiousness of children and adults in day care centers and households, secondary attack rates (SAR) are calculated (which can also be named as secondary infection rates). The SAR is understood as the proportion of PCR-positive cases among all persons exposed to the primary case (29). SARs are stratified and evaluated according to age group (children, adults) and exposure setting (day care center, household). Furthermore, the SAR of asymptomatic primary cases is compared with the SAR of symptomatic primary cases. Serial intervals, defined as the time interval between the start of clinical symptoms in primary cases and the start of symptoms in secondary cases, are also estimated. The development of antibodies which can be determined with the antibody test after SARS-CoV-2 infection takes different periods of time and is known as sero-conversion. The SARS-CoV-2 sero-conversion rate, generally defined as the proportion of subjects sero-negative at baseline turning positive, can be determined.

The average duration of clinical symptoms is assessed for children and compared to that of adults. To describe the effects of underlying or previous diseases on the course of SARS-CoV-2 infection or COVID-19 disease, information from the questionnaires are used to identify risk and protective factors that can potentially influence the susceptibility and course of viral infection or COVID-19 disease. In addition, contextual factors of transmission dynamics in day care centers and indications of accompanying psychosocial burden within households are described. Due to the non-representative selection of the facilities, however, only a descriptive exploration of possible transmission factors and psychosocial burden can be made, i.e., abnormalities and patterns can be described severe.



Sample Size Calculation

The sample size calculation is based on the effective number of cases, which is determined by a design effect due to the clustering of participants within day care centers and households. Following assumptions are considered: In general, the group size in day care centers ranges from 13 to 23 children and each group is supervised by 3 educators; households of persons who are tested positive, comprise on average 2 adults and 1.5 children. As in the emergency operation the average group size is probably smaller and under the assumption of non-participation, the sample size in each day care center should be at least about 11 children and 2–3 adults. Including the household members of those who are tested positive, at least 20 to a maximum of 30 persons per day care center should participate in the study. Purposive sampling should ensure that there are enough day care centers in which children are identified as index cases by the health authorities (aim: ~50–70% of all day care centers). This may, however, depend on the SARS-CoV-2 incidence in the population, and also on the willingness of parents to cooperate in the study. After the initial 2 months of the study all assumptions are checked and the calculation updated. Accordingly, the aim is to include 30 day care centers plus associated households with overall 450 children and 580 adults and with 35 children and 55 adults with a confirmed SARS-CoV-2 case infection (excluding the index cases).



Data Protection and Ethics Statement

COALA is subject to strict compliance with the data protection regulations of the EU Data Protection Basic Regulation (GDPR) and the Federal Data Protection Act (BDSG). The study was planned with data protection provisions set out in the Federal Data Protection Act. The RKI-internal Commissioner for Data Protection received the COALA study concept and had no objections.

The Ethics Committee of the Berlin Medical Association has reviewed the COALA study and approved the implementation of the study (Eth-39/20). The participation in the study is voluntary and all participants are informed about the objectives and contents of the study as well as data protection and give their written informed consent; children aged from 14 to 17 years give their own written consent in addition. Every participant is assigned to a sequential study number (ANR) in order to ensure pseudonymization of the study documents and material.

COALA is registered in the German Clinical Trail Register (DRKS-ID=DRKS00023501).




DISCUSSION

A better and precise understanding of the factors fostering SARS-CoV-2 transmission in day care centers is essential for the development of tailored countermeasures against the spread of SARS-CoV-2 in these settings. Educational and social care in day care centers are influencing factors on the psychosocial and cognitive development of children. Prolonged closures of day care centers, induced by COVID-19, poses many challenges for families, especially for those with limited resources (30). SARS-CoV-2 infections in day care centers may spread among children and staff and, eventually, to connected households. Transmission dynamics of SARS-CoV-2 can be amplified further if infected children are not isolated, due to a general lack of clinical symptoms and insufficient testing. Understanding the dynamics of infection in the day care center setting can help adequately respond to changing conditions as the pandemic progresses, particularly with the emergence of new variants of SARS-CoV-2.

One of the strengths of COALA is the analysis of the transmission dynamics of SARS-CoV-2 in potential high-risk and non-clinical settings. The use of regular self-sampling for PCR tests over time among positive children or adults and especially their close contacts is different compared to study settings in outpatient care or hospitals. Most studies on SARS-CoV-2 take place in clinical settings, e.g., pediatric and emergency departments. There, children present with health complaints, although these are often noninfectious conditions without SARS-CoV-2-associate symptoms. These studies from clinical settings show inconsistent results on how often children are asymptomatic carriers of SARS-CoV-2 so far (31, 32). With COALA, it is possible to gather data on clinical symptoms among non-hospitalized children aged 1 to 6 years who may otherwise not have been tested for SARS-CoV-2 and diagnosed with COVID-19 at all.


Limitations

The study is subject to some limitations. As the study design is outbreak-related, the results cannot be considered as representative for all day care center settings in Germany. COALA is a community-based study, hence data about children and adults with severe courses of diseases is potentially underrepresented, e.g., in case of hospitalization or severe clinical illness. It should also be considered that measurements take place over a time span of ~40 weeks between October 2020 and June 2021. Transmission dynamics of SARS-CoV-2 as well as contextual factors of the pandemic can potentially change over this period of time. Since self-sampling and sampling of infants is conducted in a non-clinical environment, variations in quality and yield of samples are to be expected. The quality of respiratory specimens can be diminished by the fact that self-sampling and sampling of infants is partly conducted by non-professionals. In addition to that, conditions under which the biospecimens are generally transported, e.g., temperature, can have a negative influence on the quality of the specimens.




CONCLUSION

The analysis of the transmission dynamics of SARS-CoV-2 in a non-clinical setting can be a challenge for the participants and the researchers equally. Findings of the COALA study will improve the understanding of SARS-CoV-2 transmission in day care centers and corresponding households with the aim to offer better protection strategies from SARS-CoV-2 infection for day care center children and staff as well as their families. The longitudinal observation of exposed children and adults, regardless of their clinical symptoms, provides valuable insight into the infectivity and susceptibility of asymptomatic children and adults infected with SARS-CoV-2 and enables the design of accurate measures against the transmission of SARS-CoV-2 in day care centers.
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