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Summary report

The goal of the study was to utilize OmaOlo (www.omaolo.fi) , a Finnish web based
application that was used by 40 % of the Finnish population during the early phase of the
COVID-19 pandemic. Omaolo allows a person to navigate the healthcare system with regards
to his/her COVID-19 symptoms, and to combine it with a disease severity score developed by
the Vaccine Safety initiative (VIVI), the VIVI ScoreApp in those patients who report having flu-
like or COVID-19 signs and symptoms.

A study protocol entitled “The accuracy of covid-19 symptom assessment in predicting the
course of covid-19 disease” was developed in the beginning of the ImmuHubs project by the
THL infectious diseases surveillance team and the ImmuHubs team with Kustannus Oy
Duodecim, DigiFinland and City of Helsinki (Annex 3, *). In addition to aiming at meeting the
guality assurance target, it was intended to serve also as part of the bases of the Omaolo and
VIVI ScoreApp collaborative pilot studly.

This required alignment of the two tools, one having the alternative of using the tool with
either personal identifying data or anonymously (OmaOlo), and the other designed to be used
only anonymously (VIVI ScoreApp). Simulation test runs were done in Q1 2022.

With the speed and intensity, by which the COVID-19 pandemic developed in Europe and
globally, thinning out the resources of the research teams, and with the permissions the study
would have required both for making any changes to the Omaolo tool and to be able to link
symptom data to vaccination data utilizing unique person identifiers, it was deemed
necessary to postpone the collaborative pilot study with the VIVI ScoreApp.

To make optimal use of the time, and to create data allowing to help interpret VIVI ScoreApp
results, the VIVI team allied with patient advocacy groups and civic society organizations to
advance their research into the subjective importance of flu-like and COVID symptoms. This
will help to interpret findings coming from the VIVI ScoreApp when used by lay persons. The
SymptomSurvey was provided in 20 languages and has its own website
(www.symptomsurvey.org) and the chatbot is also available via the ImmuHubs website at
https://immunisationhubs.eu/projects/technology-platform/symptomsurvey

*THL infectious diseases surveillance and ImmuHubs Omaolo team investigators: THL/ Sanna
Isosomppi, Jukka Ollgren Dario Gasbarra, Sangita Kulathinal, Marjaana Pitkapaasi, Vesa
Jormanainen, Hanna Nohynek; DigiFinland / Jari Numminen, Marja-Liisa Lommi; Helsinki
City/ Timo Lukkarinen, Elina Erra, Terhi Heindsmaki; Duodecim / llkka Kunnamo, Leena
Soininen.
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In the meantime, the OmaOlo App in Finland reached the status of a medical device, which
is very strictly regulated at the EU level.

As indicated in the Interim Report submitted to HaDEA on 31 December 2022, THL and
Duodecim met with VIVI in Q1 2022 to discuss how to proceed with the collaboration
between the VIVI ScoreApp and Duodecim’s Omaolo. Several municipalities, cities and THL
have used Omaolo for surveilling symptoms of COVID-19, and guiding citizens to access
health care services to limit the spread of SARS-CoV-2 and other respiratory viruses. As
Omaolo had gained the EU status of a medical device, it could also be used to refer individual
persons to medical services officially in charge of health of those living in that particular area.
However, the heavy regulation, the requirement of using individual social security numbers
to link to other health specific data such as vaccination status, and the very recent national
decision following a major structural health reform in Finland (ie. welfare districts taking over
communities, see below) not to continue developing Omaolo to a national digital symptom
survey platform all mean that the plans originally drafted by ImmuHubs need to be revisited
again.

In addition to the COVID-19 pandemic still dragging on, the situation is further quite
demanding in Finland since a new social and health care reform has taken place staring 1st
January 2023. It has meant that the over 300 municipalities which have overseen health and
social services in their own area, have been united into 21 major welfare districts. Among
several other urgent changes, they need to agree on the choice of digital platforms, symptom
surveys included, which will link to the digital medical record filing systems in those
departments.

The WP3 leadership needs to revisit the feasibility of the original ImmuHubs plan of
combining the VIVI ScoreApp and Omaolo in the same study, considering the current rapidly
changing digital environment, and to agree what is feasible and worth spending resources in
the given timeframe of the project, ending April 2024.

One option is to run the study in parts of Finland that are still using OmaOlo, or else to run
the study using anonymous data collection relying on the VIVI ScoreApp’s next iteration only.




. mnov.atlv.e Deliverable Report D3.3
Immunisation COVID/Influenza: impact on
hubs future vaccine uptake

Reducing Transmission of
Vaccine-Preventable Diseases

Since the goal is to understand more about severity of COVID-19 and flu-like symptoms in
relation to willingness to vaccinate, the VIVI ScoreApp next iteration will allow to weigh
patient reported disease severity considering the research results derived from the
SymptomSurvey.

The upside of the Omaolo part of the study would have been to link individualized symptom
data, COVID-19 test result and national vaccine register data on influenza and COVID-19
vaccination, ie. to find out whether the willingness to vaccinate materialized. The downside
is that using person identifiers and the EU medical tool status makes this type of research
very heavily regulated, which increases the time frames and causes delays.

The original timing was for the OmaOlo/VIVI ScoreApp study to take place during 2022/23 flu
season, which would however only have been in its early stages in January 2023. The current
plan provided new permissions can be obtained and stakeholder counterparts are willing, is
to run the OmaOlo study during the 2023/24 flu season and to analyze preliminary results
before the end of the ImmuHubs project in April 2024.
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Annex 1. Extract from Original approved Project document
on this activity

Task 3.3 COVID-19/ influenza severity: Impact on vaccine uptake [mo 2-24; THL; ViVI]

THL and ViVI will conduct a study assessing patient-reported influenza and COVID-19 severity
in unvaccinated and vaccinated populations in Finland. The project of this action will be to
learn how the personal experience of disease severity may increase vaccine uptake in the
future (THL; ViVI, EU Parents)

The ViVI ScoreApp [www.score.vi-vi.org] will be combined with to OmaOlo [www.omaolo fi;
Finnish for ‘My Own Self], the Finnish public health app for patients with suspected COVID-
19. This will allow to analyse differences in disease severity in patients with COVID-19 or
influenza depending on the vaccination status for influenza (and COVID-19 if a vaccine is
available). Patients will have the opportunity to provide feedback on how this individual level
severity information is able to motivate influenza/COVID-19 immunization uptake in the
future.

The surveillance study will be conducted from month 2-13, followed by data analysis and the
writing of a draft manuscript from month 14-20.

Task 3.3 Synergy with other WP

- WP 4 'Closing Gaps in Immunisation Coverage’ [EAP]

- WP 5 ‘Increasing Health Literacy’ [EPA] Risk 3.3 and Mitigation

The number of COVID-19 and influenza cases in Finland during the surveillance period is
difficult to predict, as is the acceptance and uptake of the OmaOlo App in the Finnish
population. Yet, considering the large, anticipated sample size in a public health intervention,
the risk of having insufficient case numbers to study the relationship between disease severity
and risk is marginal.

Annex 2. Extract From Interim Report; Monitoring vaccine
update in the context of COVID-19, pages 40-41

Omaolo

THL and Duodecim met with VIVI in Q1 2022 to discuss how to proceed with the collaboration
between the VIVI ScoreApp and Duodecim’s Omaolo, which several municipalities, cities and
THL has used for surveilling symptoms of COVID-19, and guiding citizens to access health care
services to limit the spread of SARS-CoV-2 and other respiratory viruses. Omaolo has gained
the EU status of a medical device. However, the heavy regulation, the requirement of using
individual social security numbers to link to other health specific data such as vaccination
status, and the very recent national decision not to continue developing Omaolo to a national
digital symptom service platform all mean that the plans drafted by ImmuHubs need to be
revisited again. The situation is quite demanding in Finland right now since a new social and
health care reform is taking place staring 1st January 2023 where the over 300 municipalities
are uniting into 21 major social and health care departments. Among several other urgent
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changes, they need to agree on the choice of digital platforms, symptom surveys included,
which will link to medical record filing systems in those departments.

The WP3 leadership needs to revisit the original plan of combining the ViVi ScoreApp and
Omaolo or its new equivalent in the present rapidly changing digital environment, to agree
what is feasible and worth spending resources in the given timeframe of the project.

Annex 3. Omaolo quality assurance draft protocol from
2021

Research Plan of Omaolo as of early 2021

Title of the Research

The relevance of the coronavirus symptom assessment in predicting the development of the
coronavirus disease (Fin. Koronavirusoirearvion osuvuus koronavirustaudin kehittymisen
ennustamisessa)

Members of the Research Team

Sanna Isosomppi, Jukka Ollgren, Jari Numminen, Marja-Liisa Lommi, Timo Lukkarinen, Elina
Erra, Terhi Heinasmaki, Ilkka Kunnamo, Leena Soininen, Hanna Nohynek, Dario Gasbarra,
Sangita Kulathinal, Marjaana Pitkapaasi, Vesa Jormanainen

Background

Many healthcare service systems use digital services intended for the usage of the population
and based on the person's own activity, such as symptom assessments. They are designed
and intended as first-line services for people experiencing symptoms before any actual
contact with the social and healthcare service system (such as a physical visit) or contact by
phone. The aim of the electronic symptom assessment services is to effectively direct a
patient to the most suitable service channel based on his/her symptoms at any given time
(Jormanainen THL 2020).

By completing the symptom assessment, the customer receives an individual action
recommendation based on the symptoms and other information they have reported, which
gives an assessment of the need for treatment and its urgency. The customer receives
instructions to treat their problem at home or is advised to contact a healthcare professional.
The recommendations for health care are divided into four categories of urgency, from on-
call to contact within 2-3 days at the latest. The customer can fill out the symptom assessment
either with strong person identification through the Suomifi service (i.e. using the
individualized social security number, which each person living in Finland regardless of
nationality is given) or without person identification (data stored in the log without personal
data). If the customer proceeds with the self-identification, they have the possibility to send
their individual symptom assessment data electronically to a healthcare professional for
evaluation for further instructions.

The content, overall design, infrastructure, and medical application design of the Omaolo.fi
web services have been implemented in cooperation with SoteDigi Oy, Kustannus Oy
Duodecim, Solita Oy and Mediconsult Oy. SoteDigi Oy operates as a national medical device
manufacturer, coordinates content production and clinical cooperation together with
Kustannus Oy Duodecim. KY Duodecim is the owner of the national evidence based
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recommencations handbook, which most communities use to guide their health care
practices. Omalo's applications are CE-marked medical devices used in healthcare, in
accordance with the EU directives, which have been developed, designed and produced with
a management system based on the ISO 13485 standard.

The coronavirus disease from the resident's point of view

The clinical picture of the infection caused by the SARS-2 coronavirus (SARS-CoV-2)
(hereinafter: coronavirus infection, COVID-19) varies from asymptomatic to a severe
generalized disease. An acute coronavirus infection can be diagnosed either by showing the
viral genome in a respiratory secretion sample using a nucleic acid detection method (PCR)
or by showing the surface protein of the virus using an antigen detection test. In the review
period of this study, all acute cases of coronavirus disease were diagnosed with a PCR test.
Information on symptomatic cases has been published, mainly on people who needed
hospital treatment. However, respiratory infections with mild symptoms, caused by SARS-
CoV-2, are common in the general population. Distinguishing the coronavirus disease from
other infections with respiratory or stomach symptoms is difficult based on symptoms alone.
We are not aware which primary symptoms from a large group of patients with mild
symptoms predict the form of severe coronavirus disease either. The importance of the
resident's risk information, such as tendency to blockages, overweight, smoking, etc., for the
development of severe coronavirus disease is also partially unclear.

The use of the self-reported coronavirus symptom score in connection with the coronavirus
disease

On 10 March 2020, the Ministry of Social Affairs and Health asked SoteDigi Oy and Kustannus
Oy Duodecim, in cooperation with THL (The Finnish Institute for Health and Welfare), to
prepare a plan for implementing the symptom assessment of COVID-19. The coronavirus
symptom assessment was published online on 16 March 2020. It is intended for children over
1year old and is available in Finnish and Swedish as well as a shortened version in English. In
the symptom assessment, the respondent is asked questions about background information,
risk factors and symptoms referring to COVID-19; (see attachment from Duodecim regarding
the symptom assessment questions). Based on these answers, the symptom assessment gives
the respondent an action recommendation either to seek the care of a healthcare
professional or to self-medicate. The symptom assessment is developed based on
continuously accumulating research data, the epidemic situation, and national guidelines
from THL. For this reason, the set of questions contained in the symptom assessment has
changed slightly during the follow-up period; these have been captured in new questions.
The answers of the customers are analyzed using reasoning rules produced by Kustannus Oy
Duodecim, which assess the need and urgency of professional help. The urgency categories
are presented in Appendix 3.

By May 30, 2020, approximately 523,000 people in the entire country of Finland had filled out
Omaolo's coronavirus symptom assessment, of which approximately 47,500 were logged in
with strong personal identification. There were 165,559 people who completed the symptom
assessment in Helsinki from March 16 to May 31, 2020, of which 8,623 forms were sent to
professionals (of which P1 2467, P2 2356, P3 2125, P4 1680 with the criteria valid at the time).
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The nosocomial infection monitoring system SAIl and its importance in coronavirus infection

Neotide Oy was commissioned by the City of Helsinki to develop the coronavirus infection
monitoring program as a tool for infection tracing in cooperation with the client. It is part of
the previously used MMKR strain of the SAl system intended for monitoring hospital
infections (i.e mostly for surveillance of multiresistant microbes). The SAI COVID-19 extension
was introduced on 9 April 2020, after which it has been continuously developed. The system
records, and on the other hand, automatically collects information on those infected with the
coronavirus (laboratory and ward information), which supports infection control work and
infection tracing in accordance with the Infectious Diseases Act of Finland (see Annex 1).
Based on interviews with infected and exposed people, information is also recorded in the
system, in respect to e.g. possible source of infection, exposure situations and exposed
persons. The case-specific register and the relevant COVID-19 extension differ from the normal
patient record system in that the exposed and the infected are linked to each other.

THL's National Hospital Discharge (Hilmo) register

The treatment notification system is a national social and healthcare data collection and
reporting system. It consists of three different parts: the social care treatment notification
register (social Hilmo; Fin. sosiaali-Hilmo), the health care treatment notification register
(health-Hilmo; Fin. terveys-Hilmo) and the basic healthcare outpatient care treatment
notification register (open-Hilmo; Fin. avohilmo) (together they are referred to as “Hilmo”).
Terveys-Hilmo has collected information on healthcare inpatient care, day surgery and public
specialized hospital outpatient care. Avohilmo has collected data on primary care outpatient
visits and home care. This information can be used to obtain values for some of the response
variables in our study. This requires linking to Omaolo to a personal identification code. The
problem may be the update speed of health-Hilmo's data, when acquiring the autumn data.
The data transfer deficiencies caused by the coding error of the Pegasos patient information
system will be corrected by the end of 2020. In the data transfer of the Apotti patient
information system, development work is needed, which in the best case would be tested
and in production in the first half of 2020.

The changing national guidelines for the coronavirus disease

As the testing capacity for the coronavirus increased, the national testing guidelines gradually
expanded, for details see Appenidix 4. Testing has been recommended since 15 April 2020
for everyone whose symptoms signal the coronavirus disease. The changes in the national
testing guidelines are described in www.thl.fi. The coronavirus disease was at its most active
in Finland in the spring of 2020 in March-April and started to fade during May 2020. After 31
May 2020, there were significantly fewer self-reported coronavirus symptom assessments
than before, when general symptoms decreased. Of the individual municipalities, the highest
number of cases of coronavirus occurred in Helsinki based on the THL's National Infectious
Disease Register data. At the end of summer 2020, the testing capacity has increased
considerably since spring.

Currently, it is possible to process approximately 14,000 samples per day. Partly due to the
increase in testing capacity and the expansion of testing recommendations, partly due to the
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fact, that it is no longer possible everywhere to adhere to the corona precautions as strictly as
in the spring, the coronavirus findings have turned to the rise again in September 2020.

Research objectives:

1. To find out what proportion of those who filled out the symptom assessment and
sent the symptom assessment information to a healthcare professional and logged
in with a strong identifier are confirmed as positive cases for COVID-19
2. What symptoms did those who responded to the symptom assessment with a
positive result for COVID-19 report compared to those who did not have a positive
test result. For some of those tested, Helsinki gives HUSLAB's test results.
3. To find out what proportion of the respondents to the symptom assessment end up
in healthcare (both outpatient healthcare contacts and hospital treatment) or die
within 28 days.
4. What background factors and symptom spectrum predict
a. corona positivity from the SAI register - Helsinki, HUSLAB (or THL Infectious
Disease Register)

b. Hospitalization (even those that prove negative) from the SAI register - Helsinki
(or THL Hilmo)

c. admission to intensive care (including those that proved negative) from the SAl
register - Helsinki (or THL Hilmo)

d. death within 3 months of responding to the symptom assessment (including
negative ones) from the Infectious Disease Register - THL

e. thromboembolic complications (THL Hilmo)

f. chronic fatigue syndrome and other functional disorders (THL Hilmo)

g. various other entities related to the coronavirus disease that come to light during
the investigation (THL Hilmo)

5. In addition, the study provides information that can be used to validate Omaolo's
coronavirus symptom assessment as required by the EU medical device regulation.

Materials and methods

Helsinki residents who are at least 18 years old and have responded to the Omaolo
coronavirus symptom assessment, who have sent the symptom assessment to a healthcare
professional for evaluation. The data will be collected in the following periods: 16.3-31.5.2020
and 1.6.-25.8.2020 and from 26.8.2020 until 50% vaccine coverage for the coronavirus has
been reached or the pandemic has been declared over. The data is divided into sub-cohorts
in such a way that the questions of the coronavirus symptom assessment are the same in
each sub-cohort.

Identifiable information about the study population and all information collected and stored
by Omaolo can be obtained from DigiFinland Oy's (formerly SoteDigi Oy) register. Patient
information is owned by the city of Helsinki, from which permission is required to use patient
information. The collected information is securely transferred to THL's server, where the
material is processed. This data is combined with the SAl register data obtained from the city
of Helsinki, the register data of HUSLAB and THL's own infectious disease register and the
Hilmo register (including Avohilmo). In principle, the linking of registers can be done with
THL, if permission is obtained. Data can be processed virtually in a Linux cluster with the R
program so-called in the NoMachine environment. In this case, the data is not physically on
your computer. Person identifiers can be stored in a separate database table. After the register

10
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links, the material is pseudonymized with regard to direct person identifiers, and when
analyzed, the data does not contain any direct person identifiers.

The data modelling partly uses modern data science methods that are suitable for prediction
models in cohort data (machine learning algorithms or Bayesian methods) but also
traditional statistical models (such as logistic regression in a frequentist framework). In
addition, various one- and multi-dimensional distributions of the data are tabulated or
otherwise studied. One factor in the tabulation can be the decided response variables. For
more details, see Annex 2.

Data storage

The data is stored in THL's Oracle database behind passwords in the Epi_tutk rapo schema.
The data will be stored there for the duration of the investigation or for the duration of another
agreement and finally the data will be destroyed no later than 30 June 2021. The right to use
the data belongs to those who have received ethical and institutional permissions, and the
data is processed in accordance with THL's information security regulations. The data is
updated in accordance with the permissions obtained.

Research ethics

The research is based on section 25 of the Communicable Diseases Act of Finland, according
to which if urgent measures are necessary to protect the health of the population in the event
of or during a serious epidemic that threatens the health of the population, to fight the
epidemic or to find out its causes and prevent its spread, THL has the right to use national
register based data without being hindered by confidentiality regulations and without
compensation and combine information on the prevalence of a common infectious disease
to monitor and enhance control efforts; therefore, separate patient consent is not required.
COVID-19 fulfills the criteria laid out in the section 25 of the CDA.

Reporting of results

The results will be used to enhance measures to combat the corona epidemic, they will be
presented to those responsible for measures to combat the corona in meetings of health
centers, municipalities, hospital districts and regional control agencies, a Finnish-language
THL publication series working paper and a scientific publication will be made, which will be
sent to an international publication for peer review.

Protocol Appendix 1. Communicable Diseases Act. Section 25.

Right of access to information to prevent a serious outbreak or epidemic

(1) If urgent measures are necessary to protect the health of the population in an event where
the health of the population is threatened by a serious outbreak or epidemic, or during an
outbreak or epidemic in order to control it or detect its cause and prevent it from spreading,
the National Institute for Health and Welfare has the right, notwithstanding confidentiality
provisions and free of charge, to access and link together data recorded in patient

11
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documents, the benefit register of the Social Insurance Institution of Finland, and registers
accordant to the Act on National Personal Data Registers for Health Care (556/1989), and to
extract a random sample of persons for comparison or a population sample from the
population information system referred to in the Act on the Population Information System
and the Certificate Services of the Population Register Centre (661/2009). This data
encompasses information regarding pathogens and their characteristics, diagnoses, risk
factors, factors contributing to the course of transmission, and an infected person's place of
care, treatment and treatment outcome. Information can be linked if it is necessary to
discover the source of a serious outbreak or epidemic or to identify the impact of the outbreak
or epidemic.

(2) In the event that the health of the population is threatened by a serious outbreak or
epidemic, or during an outbreak or epidemic, the National Institute for Health and Welfare
has the right, notwithstanding confidentiality provisions and free of charge, to obtain from
operators information regarding products purchased by the persons with the disease and
random sample persons for comparison from the population information system referred to
in the Act on the Population Information System and the Certificate Services of the
Population Register Centre if the products may have transmitted the infection. All
information shall be submitted without delay.

(3) The National Institute for Health and Welfare has the right to access information referred
to in sub-sections 1 and 2 also through a technical access connection.

Protocol Appendix 2. About Omalo/SAl's statistical models

A prediction model will be created, with the help of which we want to find out the ability of
the information in the answers to the survey to predict Covid-19 test positivity and other
corona-related morbidity response variables, which are mentioned above. Potential
prediction models can be built in different ways, and only working with data makes it possible
to find optimal model solutions.

It would be beneficial if it was possible to distinguish those persons who have been tested
but the result of the PCR test has been negative. This information is available in the City of
Helsinki's database for HUSLAB. In principle, data from other laboratories is also available, but
HUSLAB's data alone can be used to model getting the missing negative test result. Without
this information, only information is available on whether the patient's response profile
exceeds the limit of the testing request (and symptoms, etc.) and whether the tested are
positive, but not who all were tested and got a negative result. It is possible that the person's
symptoms got worse after the survey and he took the test with a positive result or contracted
the disease without a test result. In addition, at least 100% sensitivity and specificity of the
PCR test is assumed. These inaccuracies mentioned above weaken the prediction accuracy
at least to some extent. Since the proportion of test positives in the spring was at most a few
percent, it means that the proportion of PCR positives is probably lower for those who filled
out the self-report form, and therefore the other probabilities related to the response variables
are even lower. In the summer and early autumn data, the proportion of PCR positives was
less than 0.5% of the test results, but the proportion has increased in autumn.

If the content of the symptom variables in the SAl database is close enough to the content of
Omaolo, the test score could be validated if all Covid-19 positives in the Helsinki area were
available.

12
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The first response variable is the prediction model for corona test positivity, in which case the
primary model is logistic regression (including main and interaction effects of the explanatory
variables and spline terms for continuous variables) due to its clarity and because it is also a
likelihood model, which allows estimates of the magnitude of the effects of different
explanatory variables and their accuracy. The predictive ability of this basic model is
compared to the predictive ability of classifiers obtained through machine learning. These
include, for example, random forest and support vector machine (SVM) and they generally
perform better than logistic regression in predictions, especially when the number of
explainers increases in relation to the number of observations.

Random forest often works better in practice for classification tasks than logistic regression.
Linear SVM and logistic regression work in practically the same way, if the classification
problem/data for corona positivity has a fairly linear decision interface, the interpretability of
logistic regression supports its use. On the other hand, if the data/problem is nonlinear,
nonlinear SVM kernel (RBF) or random forest usually work better than logistic regression in
terms of prediction, on the other hand, there is also a kernel version of logistic regression.
Penalty functions can be added to these to eliminate explainers from the model (lasso) or
otherwise to regularize the estimates, especially if the data is sparse. The functionality of these
in forecasts can be examined after receiving the data.

Other response variables are often about events that may occur over a slightly longer period
of time. In this case, the risk of all strongly identified persons in Omaolo is modelled, i.e. having
an event representing the response variable, so not just the conditional corona-positive or
hospitalized. It is possible to model the person's chance of these events or the cumulative
incidence (binary response) within a certain time interval of falling into the presented state,
e.g. death within 3 months. There is no Covid-19 positivity information in the Omaolo data
itself. Various risks to events during monitoring are traditionally modelled with lifetime
models such as the Cox model or the accelerated failure time model (AFT model). In this case,
the basic assumption is that everyone is basically at risk for the event at hand. If the temporal
variations in the event are quite small, the modelling of a precisely timed event does not bring
much added value compared to interval-level information (e.g. occurred within 30 days) as a
response variable in the model, and thus the response is again binary or multinomial.

We first model these response variables other than Covid-19 positivity with (partial, pseudo)
likelihood models such as logistic regression or Cox's model and compare the prediction
accuracy with machine learning models where applicable.

Since the time period from which the data comes has different types of characteristics in an
epidemic, we will examine how much the model needs to be modified over time. If the
situation in the autumn is very new compared to the spring, i.e. if we are, for example, in a
prospective situation, it is possible to consider the introduction of learning Bayesian methods,
in which case the information from the spring data of the epidemic can be used as a priori
information to aid the modelling of the autumn data and thus all the data obtained can be
used, even if the situation is quite a new type of epidemic. The model tries to estimate how
much test-positive cases were lost in the spring due to stricter Covid-19 testing criteria.

The predictive factors in the model are the symptom and other data collected in connection
with Omaolo. The use of too many explainers in the model leads to overfitting of the model,
in which case the model already models the noise in the data, and this weakens the
predictive ability of the models. The predictive power of the different variables of the model
is compared to each other. The time dependence of the model's structure must be
investigated and the model is validated with the help of the goodness of the model's
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predictions. Validation can go through the time interval from start to finish and dynamically
examine the suitability of the predictions and adjust the model's parameters based on this.
Another possibility is k-order cross-validation or by dividing the time interval into
training/validation/test data, in this order in time. The sensitivity and specificity values related
to the model are reported, the ROC curve and its AUC (area under curve) and possibly the
TOC are calculated. In validation, you can adjust, for example, the model's hyper or
regularization parameters.

One of the difficulties of self-esteem modelling is that part of the data is not available right
from the start, so the problem of missing data must be taken into account in the models,
either by means of multiple imputation or in another way, depending on whether logistic
regression or e.g. randomization is used. In imputations, it must be assumed that the
dependencies between the new variables and the variables already in the data are reasonably
time-stationary. In the modelling, it is also possible to divide time into sub-periods according
to the available variables. In addition, different measures were taken in the spring to prevent
the spread of the corona and the intensity of the testing varies, which may have an impact
on the model's prediction accuracy and their possible effects must be taken into account. In
addition, as temperatures rise, the share of other pathogens causing symptoms may change.
Apparently, the situation in October and November of the epidemic will be more like spring
than the situation in early autumn (WHO forecast 13 September 2020).

On the other hand, the relevance of the prediction at the individual level can be quite low, as
is typical in sero-studies in e.g., populations with a low prevalence (low positive predictive
value, PPV). One of the goals of the modelling could also be region-specific forecasts for
Helsinki, which probably work more accurately than individual-level forecasts. The predictive
value of regional data delays also at the individual level can be useful. Therefore, getting
location information is important.

Reference: Efron & Hastie: Computer age statistical inference, Cambridge University Press, 6t
printing.

Protocol Appendix 3. Urgency categories

P1. Treated in duty hours.

P2. Treated in duty hours, but not during the night.

P3. Could be transferred to a doctor outside of duty hours (1 day)
P4. Could be transferred to a doctor outside of duty hours (2-3 days)

Protocol Appendix 4. Changes to the national testing guidelines
for the coronavirus disease

Criteria for the 21.1.2020 COVID-19 sampling of the first procedure instruction:
- febrile illness (fever > 38), which is accompanied by symptoms of a
respiratory infection or a finding suggestive of pneumonia in the chest X-
ray
¢ AND
- exposure information: within 14 days before the onset of symptoms, one
of the following:
¢ stayed in Wuhan, China
¢ close contact with a laboratory-confirmed case of COVID-19
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The geographical areas of the exposure data were expanded from January 30 to March 9,
2020 as follows:
- 30.1. Hubei Province
- 4.2.Mainland China
- 25.2. Mainland China, South Korea, Iran or the Italian regions Lombardy,
Veneto, Piedmont or Emilia-Romagna
- 13. Mainland China, South Korea, Iran or Italy
- 9.3, Mainland China, South Korea, Iran, Italy, Austrian Tyrol ski resorts or
the German state of North Rhine-Westphalia

From February 18, 2020, fever is no longer a necessary symptom in the disease picture, and
from March 1, 2020, a COVID-19 sample could also be taken without exposure information
from a patient who had a serious respiratory infection requiring hospitalization, the cause of
which was not clear.

On March 12, 2020, the sampling criteria changed to the following:

1. respiratory infection requiring hospitalization and suspected pneumonia, the cause
of which is not obvious

2. health and social care staff, patients in special care and clients/residents in long-
term care and care when they have symptoms of a respiratory infection

3. elderly people with underlying diseases and symptoms of an acute respiratory
infection

4. symptoms of an acute respiratory infection and stay abroad or close contact with a
laboratory-confirmed case during the preceding 14 days.

13.03.2020
1. as in point 1 above.
2. health and social care staff in hospitals and in long-term care and care units, if
the employee has symptoms of an acute respiratory infection
3. in connection with respiratory infection epidemics in medical facilities from staff
and patients, when the causative microbe is unclear
4, as in point 4 above.
14.3.2020
- insection Il. in addition, home care staff
- agroup was returned to the guideline: elderly persons (e.g. over 70 years old)
with symptoms of an acute respiratory infection
18.3.2020
- point Il clarified: if the disease picture is not serious, the samples are taken
when the symptoms have continued for at least 2 days. The samples are
primarily taken from the nursing staff of hospitals and emergency centers.
242020
- new group VI in order to speed up the return to work of a person critical to security
of supply
8.4.2020

- examination of all those exposed in a treatment facility epidemic, if it is possible to
cohort patients and employees

15.4.2020
- the sample is taken from all persons who have symptoms suitable for a coronavirus
infection or who, based on a doctor's assessment, have reason to suspect a
coronavirus infection.
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- in addition, the close circle of those infected could be tested based on infection
tracing
Other asymptomatic exposed groups were later added to the guidelines, such as those

arriving from high-risk countries, schoolchildren and teachers, new residents of long-term

care units, and those arriving for surgeries and other procedures based on a more precise risk
assessment.
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