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ABSTRACT
The COVID-19 pandemic has been threatening the healthcare and socioeconomic systems of 
entire nations. While population-based surveys to assess the distribution of SARS-CoV-2 infec-
tion have become a priority, pre-existing longitudinal studies are ideally suited to assess the 
determinants of COVID-19 onset and severity. 
The Cooperative Health Research In South Tyrol (CHRIS) study completed the baseline recruit-
ment of 13,393 adults from the Venosta/Vinschgau rural district in 2018, collecting extensive 
phenotypic and biomarker data, metabolomic data, densely imputed genotype and whole- 
exome sequencing data. 
Based on CHRIS, we designed a prospective study, called CHRIS COVID-19, aimed at: 1) 
estimating the incidence of SARS-CoV-2 infections; 2) screening for and investigating the 
determinants of incident infection among CHRIS participants and their household members; 
3) monitoring the immune response of infected participants prospectively. 
An online screening questionnaire was sent to all CHRIS participants and their household 
members. A random sample of 1450 participants representative of the district population was 
invited to assess active (nasopharyngeal swab) or past (serum antibody test) infections. We 
prospectively invited for complete SARS-CoV-2 testing all questionnaire completers gauged as 
possible cases of past infection and their household members. In positive tested individuals, 
antibody response is monitored quarterly for one year. Untested and negative participants 
receive the screening questionnaire every four weeks until gauged as possible incident cases or 
till the study end. 
Originated from a collaboration between researchers and community stakeholders, the CHRIS 
COVID-19 study aims at generating knowledge about the epidemiological, molecular, and 
genetic characterization of COVID-19 and its long-term sequelae.
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Background

The COVID-19 pandemic has been threatening the 
healthcare systems globally, with heavy health, social, 
and economic consequences [1], which revealed the 
unpreparedness of the healthcare surveillance systems 
to spot, trace and contain infections, partly attributable 
to the peculiarities of the disease-causing virus, the 
SARS-CoV-2. The virus can be transmitted days before 
onset of symptoms [2] and most COVID-19 symptoms 
are not easily distinguishable from those of other 

respiratory infections [3]. Additionally, the disease 
takes advantage of conspicuous asymptomatic virus 
spread [4]. While much has been learned through the 
analysis of severe and hospitalized cases, investigating 
the distribution of SARS-CoV-2 infection in the general 
population remains a fundamental step to gain insight 
on the infection dynamics. This is crucial in order to 
provide political and healthcare authorities with realis-
tic information to decide on adequate measures to 
counter the pandemic.
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Furthermore, it is of primary importance to answer 
questions about the extent of secondary and familial 
transmissions, the effectiveness of precautionary 
directives, the duration of antibody response, and 
the identification of genetic, endogenous, and envir-
onmental factors that determine COVID-19 course 
and severity. The latter question can be best tackled 
by studies with genetic, epidemiological, and health 
information collected before the onset of the pan-
demic. Ideally, studies on SARS-CoV-2 infection 
should be nested within existing population-based 
studies [5,6].

In Northern Italy, SARS-CoV-2 infection prevalence 
was globally very high during the first pandemic 
phase, between late winter and early spring 2020 
[3,7,8], although marked differences were observed 
across places, even within short physical distances. 
For instance, in South Tyrol, a small autonomous 
Italian province with about half a million inhabitants, 
against an overall 3.3% prevalence of individuals posi-
tive to a serum antibody test [9], valleys with 
a prevalence of almost 30% were also observed [3]. 
At the outbreak of the pandemic, in this region, the 
first active follow-up of the Cooperative Health 
Research In South Tyrol (CHRIS) study was ongoing 
[10]. CHRIS is a large population-based study that 
implements a dynamic informed consent model and 
had already completed the baseline assessment of 
13,393 adults in 2018, with collection of accurate mea-
surements of participants’ health, lifestyle, and indivi-
dual exposures, as well as the biobanking of blood, 
urine, and DNA samples. A complete genetic profile of 
~20 million genetic variants of each participant as well 
as whole-exome sequence data of a subset thereof 
were made available.

Following the pandemic initial burst, the follow-up 
phase of the CHRIS study had to be discontinued. At 
that time, we decided to set up a new, nested study 
to investigate SARS-CoV-2 infections and related 
COVID-19 disease: the CHRIS COVID-19 study. The 
main aims were to estimate the active prevalence 
and the cumulative incidence of SARS-CoV-2 infection 
in the general population of the Middle and Upper 
Val Venosta/Vinschgau at the end of the strict 
national lockdown after the first pandemic wave, 
and then to prospectively identify incident cases 
among CHRIS participants and their household mem-
bers. Furthermore, the study aims at monitoring the 
pattern of individual antibody response over time and 
investigating environmental, behavioral, clinical, bio-
logical, and genetic risk factors associated with 
COVID-19 incidence and severity. Finally, within the 
framework of the ongoing CHRIS study, the CHRIS 
COVID-19 study will allow assessment of the long- 
term effects of SARS-CoV-2 infection on human 
health. Here, we present the design and outline the 
key features of the study.

Methods

Background information on the CHRIS study 
design and organization

The CHRIS study is a prospective study set up in 2011 
in the Middle and Upper Val Venosta/Vinschgau, South 
Tyrol, Italy. Recruited into the studies were 13,393 
participants from 13 municipalities, each one charac-
terized by a central town, small villages, and scattered 
mountain farms. Settlements are located at an altitude 
of 600 to 2000 m above sea level. Participants cover 
more than one-third of the target region population. 
The study protocol [10] as well as details on the biolo-
gical sampling and measurements [11], electrocardio-
graphic and smoking measurements [12], and 
neurological questionnaires [13–15], have been pre-
viously described. At the study center, all participants 
underwent physical examinations, including anthropo-
metry, 10 s and 20 min electrocardiographic analysis, 
blood pressure measurement, and tremor assessment. 
They also underwent a structured clinical interview 
and completed self-administered questionnaires. 
Ninety standard blood and urine parameters were 
measured [11] along with targeted and untargeted 
metabolomic analysis [16]. All individuals underwent 
genotyping and 3600 of them whole-exome sequen-
cing. To date, high-quality imputed genotypes are 
available for all study participants at ~20 million 
genetic variants. Microbiome data in a subset have 
also been collected [17], thus allowing the opportunity 
to assess the role of microbiota in COVID-19 severity, as 
recently suggested [18]. Finally, an extensive biobank 
has been created that stores several aliquots of serum, 
plasma, urine, DNA, and buffy coats for all partici-
pants [10].

Aims of the CHRIS COVID-19 study

The CHRIS COVID-19 was designed to meet the follow-
ing objectives:

● To estimate the distribution of SARS-CoV-2 infec-
tion cases in a rural Alpine area since 
1 February 2020;

● To estimate the proportion of asymptomatic indi-
viduals among COVID-19 positive cases;

● To characterize transmission within families;
● To assess the relationship between antibody 

response and disease severity;
● To model the evolution of antibody response over 

time;
● To identify environmental, molecular and genetic 

risk factors and comorbidities associated with 
SARS-CoV-2 infection rate and COVID-19 inci-
dence and severity;

● To identify post-infection long-term health 
consequences.
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Study design and participants

The CHRIS COVID-19 study is organized in three stages 
(Figure 1)

● Stage 1: A stratified random sample of CHRIS study 
participants was selected to represent the adult 
population of the Middle and Upper Val Venosta/ 
Vinschgau; this sample replied to an online or 
paper questionnaire (baseline questionnaire, 
Additional File 1), underwent a molecular test 
based on a nasopharyngeal swab and a serum anti-
body test, with the aim to assess the baseline situa-
tion of the region after the first pandemic wave.

● Stage 2: All 13,393 CHRIS study participants and 
their consenting cohabitants were submitted an 
online questionnaire (baseline questionnaire, 
Additional File 1) to report past and current health 
status, with the emphasis on potential SARS-CoV-2 

infection. A shorter version of the questionnaire 
(follow-up questionnaire, Additional File 2) has 
been submitted repeatedly to participants every 
4 weeks for an update of their health status relative 
to the ongoing COVID-19 situation. All individuals 
gauged at risk of positivity to SARS-CoV-2 infection 
and their cohabitants have been invited for 
a nasopharyngeal swab molecular test and 
a serum antibody test at the study center.

● Stage 3: To trace and monitor antibody response 
over time, all individuals testing positive to either 
the nasopharyngeal or the serum test in Stages 1 
or 2 have been invited to repeat the serum anti-
body test every three months for a year, since 
their first measurement.

Details of each stage and the respective operations are 
given below.

Figure 1. Flowchart of the CHRIS COVID-19 study. The study is based on all 13,393 participants to the CHRIS study (2011–18) 
and their cohabitants. Abbreviations: SAT, serum antibody test; PCR, polymerase chain reaction. Notes: 1The baseline question-
naire is reported in Additional File 1; 2A random sample of 1450 (augmented to 1812) has been extracted from the 13,393 CHRIS 
participants to derive population-representative estimates of SARS-CoV-2 infection in the study area (see Methods); 3The follow-up 
questionnaire is reported in Additional File 2; 4Risk of past infection is derived based on responses to the self-administered 
questionnaires.
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Stage 1 – baseline prevalence estimation

This stage was designed to define the baseline situa-
tion in our study, that is, to estimate the cumulative 
incidence of SARS-CoV-2 infections in the valley 
between February 1 and 28 August 2020. We esti-
mated that a sample size of 1450 individuals would 
suffice to estimate a cumulative incidence between 
0.01% and 1.1% with a confidence level of 99.0%, or 
a cumulative incidence of ≤0.5% with confidence level 
of 98.2% (Table 1). Estimates were based on the 
Clopper–Pearson exact method for extreme propor-
tions [19] and obtained using the software PASS 
v20.0.1. The hypothesis of such low incidence values 
was based on the very low count of 16 COVID-19 
positive cases identified by the local Healthcare 
System until June 2020, at which time the study pro-
tocol was submitted for ethical approval, out of 
>36,000 inhabitants in the study area.

Assuming an 80% participation rate, we over-
sampled 1812 randomly selected individuals from all 
CHRIS study participants. The sample was designed to 
be representative of the general adult population of 
the study area in terms of age and sex distribution. 
Participants were invited to complete a screening 
questionnaire and to undergo both a serological anti-
body test and a nasopharyngeal test to identify pos-
sible SARS-CoV-2 infection. To ease participation, 
three recruitment centers were prompted in the 
lower (July 13–16), upper (July 20–22), and central 
locations (July 28-August 28) of the rather extensive 
valley.

Stage 2 – prospective screening

Between 13 July 2020 and 31 July 2021, all 13,393 
CHRIS study participants, including those involved 
in the Stage 1, received an online screening ques-
tionnaire (baseline questionnaire) addressed also to 
their cohabitants, including minors, house atten-
dants and caregivers, resulting in an estimated 
number of ~19,000 invited individuals. A first con-
tact was established via postal letter, e-mail or 
phone call. CHRIS participants received a link 
along with unique credentials to an online registra-
tion portal, and were invited to register themselves 
and their cohabitants using separate credentials for 
each member. One member would act as the 

contact person, identified by personal tax number 
and verification of identity via upload of an official 
identification document.

The baseline questionnaire (Additional File 1) asked 
details about diagnosis, symptoms, and exposure to 
the virus, from 1 February 2020, until the day of parti-
cipation. The questionnaire covered the following 
aspects: symptoms; comorbidities; regular therapies; 
previous relevant health issues; socio-demographic 
information; close contact with symptomatic or con-
firmed positive for COVID-19 persons; essential life-
style; and vaccination. The questionnaire of the main 
respondent contained a section about the dwelling, 
while some questions were omitted in the versions 
for <14 year old children.

A simplified form of the same questionnaire has been 
sent to participants every four weeks to monitor inci-
dent events (follow-up questionnaire; Additional File 2).

According to set criteria, based on responses to the 
questionnaire, participants who may have had past 
infection have been prospectively invited along with 
their cohabitants (regardless of the cohabitants’ ques-
tionnaire responses) to undergo a serological test and 
a nasopharyngeal swab at the study center. This strat-
egy would ensure the identification of the largest pos-
sible number of positive cases as it also would enable 
assessment of pre- and asymptomatic cohabitants. 
This approach would also allow observation of the 
spread of SARS-CoV-2 infections among cohabitants, 
for potential discrimination between infected and 
resistant individuals.

Stage 3 – antibody response monitoring

To evaluate the antibody response over time, indivi-
duals who tested positive to one of the tests per-
formed at the study center (either the swab retro- 
transcriptase real-time polymerase chain reaction (RT- 
PCR) test or the serum antibody test) would be invited 
to repeat the serological antibody test at 3, 6, 9, and 
12 months after the initial visit.

Blood sampling, serum antibody test, and 
nasopharyngeal swab

All individuals to be tested have been invited to 
undergo a nasopharyngeal swab to assess active SARS- 
CoV-2 infection through a RT-PCR test.

Table 1. Precision of the cumulative incidence estimate assuming a sample size of 1450 participants, by three levels of magnitude 
of the cumulative incidence hypothesized. Reported are the positive predictive values for the Roche Elecsys Anti-SARS-CoV-2 
serum antibody test according to 100% sensitivity and 99.8% specificity declared by the manufacturer.

Hypothesized cumulative 
incidence

Confidence interval of the estimated cumulative 
incidence

Confidence 
level

Positive predictive value of the test (confidence 
interval)

0.440% 0.1%, 1.1% 99.0% 70% (33%, 85%)
0.088% 0.0%, 0.5% 98.2% 31% (0%, 72%)
0.066% 0.0%, 0.5% 98.9% 25% (0%, 72%)
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Participants in Stage 1 and Stage 2 in-person exam-
inations had 7 ml of venous blood drawn, filling two 
3.5 ml serum tubes (VACUETTE TUBE 3.5 ml Z Serum 
Separator Clot Activator 16 × 100 red cap-yellow ring, 
non-ridged), one for serum antibody testing (see 
below) and the other to generate four 250 µl serum 
aliquots for cryopreservation. Participants with no or 
low quantities of genomic DNA stored already in the 
CHRIS biobank were asked to draw three additional ml 
in a whole-blood EDTA tube (VACUETTE TUBE 3 ml K2E 
K2EDTA 16 × 100 lavender cap-black ring, non-ridged). 
Participants in the Stage 3 examinations have had 7 ml 
venous blood drawn, filling two 3.5 ml serum tubes 
each time, which have been used for serum antibody 
testing and to generate two 500 µl serum aliquots for 
cryopreservation.

IgG antibodies against SARS-CoV-2 have been 
assessed using the Roche Elecsys® Anti-SARS-CoV-2 
assay based on high throughput ELISA technology, 
which uses a recombinant protein that represents the 
nucleocapsid (N) antigen. Per manufacturer declara-
tion, the test has 99.5% sensitivity at ≥14 days post RT- 
PCR confirmation and 99.8% specificity. Material not 
used for testing will have been destroyed.

For participants in the Stage 2 examinations, an 
additional collection of two 20 µl whole blood micro-
samples (Mitra by Neoteryx) has been proposed. 
Participants to Stage 3 who had accepted to undergo 
the additional microsampling collection, have been 
invited to perform autonomous microsampling at 
home, again two microsamples of 20 µl blood each, 
at 1 and 2 months after the visit. Microsamples have 
been collected in the biobank and used for testing 
antibody response to infection, thus complementing 
the serum collection and tests.

Biobanking

Serum and whole-blood EDTA tubes have been stored 
at 4°C in a refrigerator until shipment to the Eurac 
Research Biobank at the Bolzano/Bozen hospital. At 
the biobank, DNA has been extracted from the 3 ml 
whole-blood EDTA tube using an automatic extractor 
(chemagic 360, Perkin Elmer). The 3.5 ml serum tube 
has been split into four 250 µl aliquots (Stages 1 and 2) 
or two 500 µl aliquots (Stage 3), which have been then 
frozen by direct liquid nitrogen immersion and stored 
at −80°C for subsequent biochemical investigations. 
The aliquoting has been performed using a robotic 
system (Starlet, Hamilton). Biological specimens have 
been stored using the Thermo Scientific™ Nunc™ 
Biobanking system. Daughter aliquots have been 
given unique codes that allow tracing back to the 
mother tubes and then to the participants codes, 
using the biobank management software. 
Microsamples collected at Stage 2 and 3 have been 
stored at −80°C.

Neutralizing antibody assessment

The ability of the serum to inhibit the transduction of 
a lentiviral vector pseudotyped with the SARS-CoV-2 
spike protein will have been evaluated. As to the pro-
cedure workflow, pseudotyped vectors, transducing 
a gene encoding a fluorescent protein, are incubated 
along with scalar dilutions of serum that is then inocu-
lated onto Huh-7 cells. Percentage of transduced fluor-
escent cells is next quantified using the High Content 
Molecular Device Image Xpress® Micro Confocal upon 
nuclei counterstaining with Hoechst 33,342 and the 
serum dilution associated with 50% inhibition of trans-
duction (ID50 value) is finally estimated from each 
derived sigmoidal curve.

Outcomes

The study will initially focus on two main related out-
comes: (1) detection of SARS-CoV-2 active or past 
infection (proxy for COVID-19); (2) severity of 
COVID-19.

(1) Detection of SARS-CoV-2 active or past infection 
will be determined by the nasopharyngeal swab RT- 
PCR test and the serum antibody test; notice of self- 
reported diagnosis of COVID-19, previous serum anti-
body or nasopharyngeal-based test diagnosis, will be 
assessed. All participants not fulfilling criteria for 
a possible or suspected case will be classified as nega-
tives, therefore free of COVID-19. Sensitivity analyses of 
the screening questionnaire are foreseen to assess the 
validity of case classification (e.g. presence of featured 
symptoms in the absence of a positive diagnosis).

(2) Severity of COVID-19 will be defined based on 
the best available information. At minimum, proxy of 
severity will be defined based on the information 
obtained from the screening questionnaire. 
Specifically, we will refer to any reported symptoms 
(Additional File 1, question 2.6), symptoms duration 
(question 2.8), outlook for medical assistance (question 
2.9), symptoms related limitations of daily activities 
(question 2.10), and hospitalization because of sus-
pected or confirmed SARS-CoV-2 infection (question 
2.3). In the case of a sufficient number of participants 
reporting hospitalization, informed consent allows us 
to access participants’ clinical records and classify 
severity based on the World Health Organization cri-
teria [32], through integration with responses to the 
screening questionnaire. Additional medical record- 
based classifications [20] will be explored [21].

Statistical analyses

Prevalence or cumulative incidence will be estimated 
according to the stratified random survey design for 
best accuracy and precision. We will also adopt sam-
pling weights as appropriate to account for self- 
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selection of participants, due to non-response. For 
better coverage of the relatively low incidence 
expected at baseline, we will use the exact method 
for confidence interval figures, consistently with the 
methods used for the sample size calculation. The 
association between determinants and presence/ 
absence of SARS-CoV-2 infection will be assessed 
using generalized linear mixed models, in order to 
take into account the presence of stratification factors 
or clustered structures of the CHRIS study data, such as 
households, residence, and relatedness [11]. In parti-
cular, logistic regression models will be used to analyze 
binary endpoints. Categorical endpoints will be fitted 
with a multinomial model. Quantitative endpoints will 
be analyzed using linear models. Incident events will 
be modeled using mixed Cox regression models for 
non-independent observations [22]. Mixed regression 
models for longitudinal data will be used for analysis of 
persistence of immunity over time (baseline + up to 4 
repeated measures).

Ethical, legal, and social issues

Conducting research in an emergency requires excep-
tional means to organize and conduct ethically and 
legally sound studies. Prospective participants have 
been informed about the study through a massive 
and coordinated information strategy, which included 
press releases in the local newspapers, interviews with 
the study coordinator, presentation of the study to the 
public and the local authorities and stakeholders, and 
widespread distribution of descriptive flyers through 
the local pharmacies. The CHRIS study website was 
timely updated with the description of the study and 
all the necessary information (https://de.chris.eurac. 
edu/_startpage/chris-covid-19-studie/).

Invitation proceeded through electronic and ordin-
ary mail. Participants were informed about the aims 
and perspectives of the research and signed an 
informed consent with detailed information about 
the study in order to take part in the research 
(Additional File 3). Participants were required to 
express their informed consent prior to enrollment in 
different ways, depending on the stage of the study 
and on their condition: (a) to participate in the online 
surveys, participants had to fill in the online informed 
consent and upload an identification document: (b) to 
participate in the in-person testing visits, participants 
were asked to fill in and sign a specific paper-based 
informed consent; (c) in the presence of minors, par-
ental authority have been in charge of consenting and 
submitting the questionnaire or to allow participation 
to the in-person testing stages.

Access to COVID-19 related data in the medical 
records through controlled access by the Healthcare 
System only is foreseen. Participants had the option to 
give consent for their clinical data, relative to COVID-19 

and related diseases, to be transmitted in encrypted 
form to Eurac Research to conduct scientific research. 
Any report of clinically relevant results to study parti-
cipants has been handled directly by the Healthcare 
System.

The CHRIS COVID-19 study complies with European 
legislation (EU GDPR 2016) and the Italian law on 
personal data protection where it differs from the 
European legislation, the Declaration of Helsinki (as 
amended), the World Medical Association Declaration 
of Taipei 2016 on ethical considerations regarding 
health databases and biobanks, the Convention on 
Human Rights and Biomedicine (Oviedo 1997 as 
amended), and the Italian law on scientific research. It 
follows the international guidelines of the Council for 
International Organizations of Medical Sciences, the 
National Bioethics Committee guidelines and the 
National Committee for Biotechnology, Biosafety and 
Life Sciences guidelines on the collection of biological 
samples for research purposes (2009).

The CHRIS COVID-19 study was authorized by the 
Ethics Committee of the Healthcare System of the 
Autonomous Province of Bolzano/Bozen with delibera-
tion number 53–2020 of May 27 and 22 July 2020.

Discussion

After almost 20 years of presence in the Val Venosta/ 
Vinschgau district with the MICROS [23] and CHRIS 
population-based studies, and the close relationship 
built with local communities, the CHRIS COVID-19 
study was born as a response to a bottom-up approach 
that reached the researchers from the citizen represen-
tatives’ initiative. The incoming health emergency and 
the awareness of the establishment of a longitudinal 
study in the area motivated the population to seize the 
opportunity to contribute to the advancement of 
scientific knowledge for the good of the population’s 
health. The CHRIS COVID-19 study therefore consists of 
two complementary components: a branch that aims 
to quantify the presence of infections in the valley 
during the pandemic, and a branch that exploits the 
existing database from the previous CHRIS study in 
order to understand which individual factors might 
be associated with a greater susceptibility to both 
infection and COVID-19 severity. The creation of 
a cryopreserved genomic and serum biobank will be 
an important resource to answer future new scientific 
questions.

Being nested in the ongoing CHRIS study, the CHRIS 
COVID-19 study will allow assessment of the long-term 
effects of SARS-CoV-2 infection. The recently defined 
post-acute COVID-19 syndrome includes symptoms 
lasting for more than 12 weeks since COVID-19 onset, 
not explained by other diseases, and affecting multiple 
organs with variable severity [24]. Onset of hematolo-
gic, cardiovascular, neuropsychiatric, renal and 
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endocrine sequelae could be monitored among CHRIS 
participants, given data collected before SARS-CoV-2 
emergency.

The CHRIS COVID-19 study presents novelties and 
peculiarities compared to its parent CHRIS study. For 
the first time, a re-consent was submitted to partici-
pants entirely online (i.e.: the consent for the survey). 
This was made possible by the consolidated experi-
ence of the CHRIS study with dynamic consent, which 
is used in the CHRIS study since 2011 [10]. Dynamic 
consent is a consent model that allows participants to 
modify their participation options over time, while 
being regularly informed about the study and research 
developments [25,26]. As it largely relies on informa-
tion technology, the dynamic consent becomes more 
and more relevant in situations of enhanced digital 
technology use, such as in the case of a pandemic, 
when human mobility is limited. The capillary and 
strong information strategy laid the foundation for 
a strong participation under extraordinary circum-
stances. Another novel aspect is that, for the first 
time, family members, non-CHRIS cohabitants (who 
are not necessarily relatives) and minors have been 
invited: such an expansion of the CHRIS study is 
being allowed by the adaptability of the dynamic con-
sent in responding to research needs.

The study has multiple public health prospects. First, 
estimating COVID-19 prevalence from a putative repre-
sentative cohort will give a reasonably unbiased snap-
shot of the spread of the virus in the valley and will 
inform future strategies for such endeavor to avoid 
limitations and act timely. Furthermore, active tracking 
of incident cases will help modeling the infection 
dynamics, and evaluating health surveillance and pre-
vention policies. CHRIS COVID-19 is also in the position 
to deepen important research questions. For instance, it 
will be possible to model the patterns of infection within 
households, investigating factors of either resilience or 
susceptibility to infection and its complications.

Families of both infected and uninfected members 
could be explored using available exome sequencing 
data, searching for variants responsible of natural resis-
tance to the infection. Similarly to HIV natural resis-
tance due to Δ32 deletion in CCR5 or variants in DPP4 
decreasing infection potential of MERS-CoV [27], we 
cannot exclude that variants in ACE2 or other genes, 
essential for SARS-CoV-2 entry in cells, could fully pre-
vent the infection. Currently, the investigation of SARS- 
CoV-2 genetic natural resistance remains unexplored.

The effective enrollment strategy can be exploited 
to tackle open scientific questions. In particular, the 
involvement of families may provide tentative answers 
to one of the most controversial issues in SARS-CoV-2 
research, namely the contribution of minors to the 
spread of the virus. A recently published systematic 
review and meta-analysis showed that overall children 

do contribute to a small extent to transmission clus-
ters, and that they are less susceptible to secondary 
attack rate, compared to adults [28]. CHRIS COVID-19 
has the potential to shed more light on this topic.

Monitoring positive cases over time will allow us to 
assess whether the duration of the antibody response 
triggered by SARS-CoV-2 infection is resilient over 
time, and what are the factors associated with varia-
bility in circulating antibody titers. While antibody per-
sistence exhibits considerable heterogeneity in 
different studies [29], recent evidence suggests that 
antibodies can persist up to eight months since initial 
infection [30]. Amidst the first massive vaccination 
campaign, monitoring participants over time will also 
allow assessment of their response to vaccination, 
which was introduced as an extra item of investigation 
in the questionnaire since the start of the campaign. 
First evidence shows that the mRNA vaccine triggered 
a stronger and quicker immune response in individuals 
who recovered from COVID-19 (seropositive), com-
pared to seronegative. Final antibody levels were simi-
lar across groups, with slightly higher levels in 
seropositive individuals [31]. The CHRIS COVID-19 
study is therefore suitable to address questions around 
anti-SARS-CoV-2 vaccine efficacy and antibody 
response in real-world scenarios.

The presence of another COVID-19 population- 
based study in South Tyrol [3] with comparable 
study design may favor a ‘discovery-replication’ 
approach, where one study can be used to generate 
hypotheses and the other study can be used to 
replicate or refute the generated hypothesis. 
Further, one sample may support building predic-
tive models, which can then be tested or validated 
in the other sample. The common cultural back-
ground among these two target populations is an 
advantage to this framework.

The identification of genetic factors in humans that 
may influence COVID-19 susceptibility, severity, and 
outcomes may lead to an acceleration in the develop-
ment of solutions to counter COVID-19. Likewise, it 
would allow for stratification of the infected persons 
into higher risk groups that could be offered earlier 
access to mitigating therapies. The identification of 
genes and genetic variants associated with clinical- 
epidemiological outcomes may be crucial in several 
ways: drug repurposing, identification of people with 
higher risk or, conversely, people who seem to be 
naturally protected, and otherwise contribute to the 
increase of general biological knowledge on SARS-CoV 
-2 and proximal infections and diseases. The data 
obtained from the study will be used to perform gen-
ome-wide association scans to identify genetic variants 
associated with both the risk and severity of infection 
leading to COVID 19. In this context, CHRIS COVID-19 is 
already a partner of the COVID-19 Host Genetics 
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Initiative (www.covid19hg.org), which has been con-
ducting genome-wide association studies on several 
millions participants globally [32].

In conclusion, born from a collaboration between 
researchers and communities, the CHRIS COVID-19 
study will answer the short-term public health needs to 
quantify SARS-CoV-2 spread, while generating new 
knowledge about the epidemiological, molecular, and 
genetic characterization of COVID-19.

List of abbreviations

If abbreviations are used in the text they should be defined in 
the text at first use, and a list of abbreviations should be 
provided.

ACE2: Angiotensin-converting enzyme 2
ASTAT: Provincial Institute of Statistics
CCR5: C-C chemokine receptor type 5
CHRIS: Cooperative Health Research In South Tyrol
COVID-19: Coronavirus Disease 2019
DNA: Deoxyribonucleic acid
DPP4: Dipeptidyl peptidase 4
GDPR: General Data Protection Regulation
GFP: Green Fluorescent Protein
HIV: Human Immunodeficiency Viruses
ISTAT: Italian National Institute of Statistics
MERS-CoV: Middle East Respiratory Syndrome – 

Coronavirus
mRNA: messenger Ribonucleic Acid
RT-PCR: retro-transcriptase real-time polymerase chain 

reaction
SARS-CoV-2: Severe Acute Respiratory Syndrome 

Coronavirus 2
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