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Abstract: Background: The COVID-19 pandemic has necessitated changes in European healthcare
systems, with a significant proportion of COVID-19 cases being managed on an outpatient basis in
primary healthcare (PHC). To alleviate the burden on healthcare facilities, many European countries
developed contact-tracing apps and symptom checkers to identify potential cases. As the pandemic
evolved, the European Union introduced the Digital COVID-19 Certificate for travel, which relies
on vaccination, recent recovery, or negative test results. However, the integration between these
apps and PHC has not been thoroughly explored in Europe. Objective: To describe if governmental
COVID-19 apps allowed COVID-19 patients to connect with PHC through their apps in Europe
and to examine how the Digital COVID-19 Certificate was obtained. Methodology: Design and
setting: Retrospective descriptive study in PHC in 30 European countries. An ad hoc, semi-structured
questionnaire was developed to collect country-specific data on primary healthcare activity during
the COVID-19 pandemic and the use of information technology tools to support medical care from
15 March 2020 to 31 August 2021. Key informants belong to the WONCA Europe network (World
Organization of Family Doctors). The data were collected from relevant and reliable official sources,
such as governmental websites and guidelines. Main outcome measures: Patient’s first contact with
health system, governmental COVID-19 app (name and function), Digital COVID-19 Certification,
COVID-19 app connection with PHC. Results: Primary care was the first point of care for suspected
COVID-19 patients in 28 countries, and 24 countries developed apps to complement classical medical
care. The most frequently developed app was for tracing COVID-19 cases (24 countries), followed by
the Digital COVID-19 Certificate app (17 countries). Bulgaria, Italy, Serbia, North Macedonia, and
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Romania had interoperability between PHC and COVID-19 apps, and Poland and Romania’s apps
considered social needs. Conclusions: COVID-19 apps were widely created during the first pandemic
year. Contact tracing was the most frequent function found in the registered apps. Connection with
PHC was scarcely developed. In future pandemics, connections between health system levels should
be guaranteed to develop and implement effective strategies for managing diseases.

Keywords: app; COVID-19; e-health; health information interoperability; primary healthcare

1. Introduction

The COVID-19 pandemic has changed the organization of the health systems across
Europe to provide medical care for COVID-19 patients [1]. Numerous primary care facili-
ties have adopted remote consultations as a preferred method while reserving in-person
appointments for patients with more severe or acute symptoms [2]. Technological solutions
such as contact tracing applications (apps) and COVID-19 symptom checkers have become
widely used tools to identify possible cases. However, their connection with the initial
point of access in the healthcare system remains unclear. Various mobile apps have been
developed by countries, private companies, and other entities to assist in healthcare [3,4].
While the use of apps in general has become widespread and their potential in detecting
COVID-19 cases is promising, there is limited evidence available regarding the benefits of
e-health, such as m-health and teleconsultation. Further research is necessary to enhance
future interventions [5]. Previous studies have identified inequalities in the use of e-health,
highlighting the need for measures to ensure universal and equitable access [6].

In Europe, many countries launched mobile contact-tracing apps, in line with the guid-
ance from the European Centre for Disease Prevention and Control guidelines (ECDC) [7].
Functionalities varied across countries; some apps allowed for the exchange of information
with apps from other countries [8]. However, the COVID-19 contact-tracing apps have not
been widely adopted by the European populations [4,8,9].

Challenges remain in terms of expanding the use of digital tools and evaluating clinical
care in the context of COVID-19 [8,10]. In July 2021, the European Union (EU) implemented
the use of the EU Digital COVID-19 Certificate to travel from one state to another within
the EU and affiliated countries (Supplementary File S1). This required demonstrating
immunity to COVID-19 by vaccination, being recently cured of the disease, or having
a negative COVID-19 test [11]. Countries have developed applications to issue the EU
COVID-19 digital certificate almost automatically, thus reducing bureaucracy. The majority
of COVID-19 cases have been treated in the community, and contact tracing was performed
between public health and primary care depending on the country [4], but the connection
among COVID-19 apps and primary healthcare (PHC) has not been described. The main
aim of this study is to examine if governmental COVID-19 apps allowed COVID-19 patients
to connect with PHC through their apps in Europe. The secondary aim was to examine
how the Digital COVID-19 Certificate was obtained in mobile apps in Europe.

2. Methods
2.1. Design of the Study

This study was retrospective and descriptive, and it was conducted starting in 2022
collecting information from 15 March 2020 to 31 August 2021 in 30 European countries
(Figure 1).
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Austria, Belarus, Belgium, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, Czech
May 2022 Participating Republic, Finland, France, Germany, Greece, Hungary, Ireland, Israel, Italy, Latvia
Countries Lithuania, Luxembourg, North Macedonia, Poland, Portugal, Romania, Serbia,
Slovenia, Spain, Sweden, Turkey, Ukraine, United Kingdom
Q * To create the initial questionnaire, we first reviewed the ECDC guidelines on
developing contact-tracing apps and national websites, analyzing their types,
October 2022 '""t'al ) basic data collection, and functionalities.
Questionnaire * Based on this analysis, we build a semi-structured questionnaire to collect
information from 15t of March 2020 to 31%
G of August 2021.
D b . . :
ecember 1 Round of One consensus round among researchers of 30 countries via Zoom and email for
Consensus definition agreement
¢ One GP from each country answered the questionnaire regarding their national
January- 5 e
February 2023 Data pathways based on official sources.
Collection * Two or three national GPs peer-reviewed the questionnaire to confirm the
information
. * Research team peer-reviewed the data to organize the information
Mal;:(l;;:pnl Data  If it was unclear, national researchers were contacted to clarify and provide extra
Validation information.
* Disagreements were discussed among the research team and national GPs to
achieve a consensus
May 2023 :

Final ‘ Each national GP checked the validity of the results regarding their own country
Consensus

Figure 1. Participating countries and consensus on the questionnaire regarding the COVID-19 mobile
apps and the connection with primary healthcare. Figure adapted from Ares-Blanco et al. [12].

2.2. Participants

Key informants who were linked to the working group (EGPRN) and the World
Organization of Family Doctors (WONCA) in Europe. These researchers belonged to
30 European countries (Austria, Belarus, Belgium, Bosnia and Herzegovina, Bulgaria,
Croatia, Czech Republic, Cyprus, Finland, France, Germany, Greece, Hungary, Ireland,
Israel, Italy, Latvia, Lithuania, Luxembourg, North Macedonia, Poland, Portugal, Romania,
Serbia, Slovenia, Spain, Sweden, Turkey, Ukraine, and the United Kingdom). Researchers
received an open invitation through both networks to participate. We extended invitations
to 80 contacts within these networks to participate. Of these, 46 general practitioners (GPs)
agreed to serve as researchers, along with one public health expert who maintains close
ties with local GPs, and one medical student collaborating with a participating GP. Among
the participants, 42 GPs were actively practicing during the pandemic, while 35 GPs were
affiliated with university departments.

2.3. Variables

The main variables examined in this study were the patient’s initial contact with the
healthcare system, the existence of COVID-19 hotlines, the type of COVID-19 mobile app
used, and the connection between the COVID-19 mobile app and PHC. The connection
between the COVID-19 mobile app and PHC was defined as the ability to share information
from the COVID-19 app with one’s PHC provider through means such as phone call, email,
mobile messaging service, online appointments, or other relevant technologies in the case
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of suspected COVID-19. Please refer to Supplementary File S2 for detailed descriptions of
these terms.

2.4. Data Collection

An ad hoc, semi-structured questionnaire intended to provide country-specific data on
PHC activity in the COVID-19 pandemic was developed. The questionnaire also collected
information on the use of information technology (IT) tools to support medical care (Table 1).
To create the initial questionnaire, we first reviewed the ECDC guidelines on developing
contact-tracing apps.

Table 1. Questionnaire of the study.

Country

Which was the patient’s first contact with the health system?

Was there a COVID-19 hotline?

Were there governmental COVID-19 apps?

If there were governmental COVID-19 apps, please, answer the next questions for each app:

AN

- Name of the app?

- Was the app a contact-tracing app?

- Did the app have more functions than just contact tracing? If there were more
functionalities, could you describe them?

- Was the app connected to primary healthcare (PHC)? If the app was connected to PHC,
please, explain how the connection was and which functions were offered.

6.  Were there governmental apps for the Digital COVID-19 Certificate?

- If the answer is no, was there an online portal to download the certificate?

- If the answer is yes, what was the name of the app? If the app was not made especially
for creating the Digital COVID-19 Certificate, what type of app was used to create the
Digital COVID-19 Certificate?

7. Could you give us the references to confirm theses answers with the original sources?

Subsequently, the European Commission curated a list of contact-tracing and COVID-19
certificate apps from EU countries on a webpage. The core group (4 GPs, one of whom is also
a public health doctor) then assessed the English-language information for these national
websites, analyzing their types, basic data collection, and functionalities. Based on this
analysis, a second version of the questionnaire was crafted. After collecting this information,
it was shared with all key informants for their input, feedback, or suggestions to enhance the
questionnaire. Two online meetings were organized to share comments until a consensus
on the questionnaire items was reached. Following a month-long period, the final version of
the questionnaire was completed. The national key informants received recommendations
to collect information from relevant and reliable official sources (governmental websites
and governmental guidelines are available in Supplementary File S3). One or two national
key informants per country filled out the questionnaire; it was peer-reviewed by a different
national researcher before sending it to the core group. They checked the national data to
assure the data quality.

2.5. Analysis

Qualitative variables from the national questionnaires were organized and summa-
rized. The core group performed an international peer review of all the national data
collected. In the case of disagreement, the core group contacted the national key informants
to clarify the description provided. Language was standardized for comparisons under
the advice of all the key informants using English. All national key informants reviewed
the results to confirm the findings. The STROBE guidelines of this study can be checked in
Supplementary File S54.



Healthcare 2024, 12, 1420

6 of 18

3. Results

In 28 countries, primary care served as the initial point of contact for suspected
COVID-19 patients, often in collaboration with other resources. Additionally, 25 countries
established COVID-19 hotlines to provide information and address concerns related to
the virus. Contact-tracing mobile apps were adopted by 24 countries (as shown in Table 2
and Figure 2). All countries developed additional functionalities tailored to their contact-
tracing apps. The most commonly featured functionality, found in at least 12 countries, was
providing health advice related to COVID-19, followed by a self-assessment of symptoms,
available in 11 countries.

Connection between COVID-19 Apps and PHC
Unavailable [l Available Contact tracing app [l Digital COVID-19 certificate app [l Online portal [ Patient medical record app
M Other national app

Created with Datawrapper

Created with Datawrapper

1. Contact-tracing apps 2. Type of app to obtain the COVID-19 certificate

Connection between COVID-19 Apps and PHC
ves [l No

3. Connection between COVID-19 apps and PHC

Figure 2. Situation of COVID-19 apps in Europe; map created with Datawrapper.
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Table 2. Characteristics of the patient’s first contact with the health system, COVID-19 hotline, and governmental apps and connection between the apps and
primary care in Europe.

Patient’s First Contact

Governmental COVID-19 Contact-Tracing App

Governmental App for

COVID-19 Situation of A igi
Count - . 1tua PP Digital COVID-19
v with Health System Hotline Name Con!act the App in Other Functions Connected to 1g1Ca i
Tracing ertificate
June 2024 PHC
Austria GP/Hotline Yes Stopp Corona Yes * Inactive Daily symptoms and health status tracker No Green pass app
Traveling without
Belarus GP Yes No App No - No No COVID-19
. . Health advice related to COVID-19
Belgium GP/A&E Yes Coronalert Yes Inactive Frequently updated COVID-19 statistics No COVID-safe
Bosnia and . Institute of Public
Herzegovina GP/Hotline Yes No App No - No No Health App
Bulgaria GP/A&E Yes ViruSafe Yes Tnactive Health advice related to COVID-19 Yes COVID check BG
Daily symptoms and health status tracker
. . . Health advice related to COVID-19 .
Croatia PHC/PH/A&E/Hotline Yes Stop COVID-19 Yes Inactive EU Digital COVID-19 Certificate No CovidGO
Czech Republic PHC No eRouska Yes Inactive Health advice related to COVID-19 No ¢Tecka
Cyprus GpP No CovTracer Yes Inactive Health advice related to COVID-19 No CovPass Cyprus
. Provided instructions on contacting healthcare .
Finland PHC/Private Yes Koronavilkku Yes Inactive personnel and other COVID-19-related No Online portal
Sector/App : . (OmaKanta)
instructions
Health advice related to COVID-19
Frequently updated COVID-19 statistics
France GP/Hotline Yes TousAntiCovid Yes Inactive © Reminders for COVID-19 vaccination and No TousAntiCovid
vaccination locations
EU Digital COVID-19 Certificate
Frequently updated incident reports for Germany
or a particular region
- - 1 - *
Germany GP/Hotline Yes Corona-Warn: Yes Active ¥ Diary for COVID-19 symptoms No CovPass app

App

To upload your COVID-19 vaccination certificate
To generate a QR code to participate in social
events

Corona-Warn-App *
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Table 2. Cont.

Governmental COVID-19 Contact-Tracing App

Governmental App for

Patient’s First Contact ~ COVID-19 Situation of A igi
Count - . 1tuation o PP Digital COVID-19
i with Health System Hotline Name Cont‘act the App in Other Functions Connected to 1g1Ca ifi
Trac1ng ertificate
June 2024 PHC
Greece PHC/Hotline Yes No App No - No No COVID Free GR Wallet
Hungary GP No Virus Radar Yes Inactive No No EESZT app
- Health advice related to COVID-19
- Frequently updated COVID-19 statistics and
Ireland PHC, Hospital Yes COVID Tracker Yes Inactive COVID-19 vaccination No COVID Tracker
- Self-assessment of symptoms
- EU Digital COVID Certificate
COVID-19 Telephone . - Immunization certificate, including international
fsrael Hotline Yes Hamagen Yes Inactive certificate /digital COVID-19 Certificate No Hamagen app
. . . Certificazione Verde
Italy GP/Out of Hours Yes Immuni Yes Inactive - Health advice related to COVID-19 No COVID-19
- To send reports to the GP (suspected contagion)
e-covid Sinfonia - To receive your COVID-19 test results
(Campania No Active - To monitor symptoms Yes
region) - To make an appointment for COVID-19
vaccination
- Patients can register COVID-19 test results
- GPs can check COVID-19 results of patients who
Tests and Swabs )
. . are under their care
(Campania No Inactive . Yes
region) - Manage contact tracing
- Data are shared with the Certificazione Verde
COVID-19
Latvia GP/Hospital /112/113 Yes Apturi COVID Yes Inactive B Health z'idV1ce related to COVID-19 No Online portal
- To monitor symptoms
. . PHC/Telephone . Online portal
Lithuania Hotline/112 Yes KoronaStopLT Yes Inactive No No (e. sveikata.It)
MyGuichet App
Luxembourg GP/Hotline/Hospital Yes No app No - No No (National app to any

legal procedure)
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Table 2. Cont.

Patient’s First Contact

Governmental COVID-19 Contact-Tracing App

Governmental App for

COVID-19 Situation of A ..
Count . . 1tuation o PP Digital COVID-19
i with Health System Hotline Name Cont‘act the App in Other Functions Connected to 8 Certifi
Trac1ng ertificate
June 2024 PHC
Self-assessment of symptoms, health status tracker, Online portal
North . PHC No StopKoronal! Yes NA GPs can check the COVID—l? results and Yes (MK Wallet,
Macedonia COVID-19 symptoms of patients who are under L
. Vakcinacija.mk)
their care
STOP COVID— Health advice related to COVID-19 mObywatel
Poland PHC/Hotline/Hospital Yes ProteGo Safe Yes Inactive Frequently updated COVID-19 statistics No (National app for any
Self-assessment of symptoms legal procedure)
Mandatory app if you are in quarantine to
Kwarantanna describe your location.
domowa— No Inactive Self-assessment of symptoms
quarantine To contact a social worker and/or sociologist in
the case of need
PHC/Telephone Stay Away . Voluntary app for contact tracing d N #
Portugal Hotline/112 Yes COV.ID (For Yes Inactive To inform patients about their risk exposure No SNS24 (app and portal)
patients)
To introduce detailed records of specific
TraceCOVID-19 Yes Inactive information about cases, respective contact No
(For HCW) tracing, surveillance, and clinical follow-up of
patients with suspected or confirmed COVID-19
To introduce positive COVID-19 tests
To monitor patients with COVID-19
Romania PHC/Hotline Yes Coronaforms No Active To send report to the GP Yes Online portal
To indicate the status of the patient
post-COVID-19
To help Romanians who live abroad to obtain
Diaspora Hub No Active social support and translation and share useful No

information during the pandemic
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Table 2. Cont.

Governmental COVID-19 Contact-Tracing App

Governmental App for

Patient’s First Contact ~ COVID-19 Situation of A igi
Country - . Ituation o pP Digital COVID-19
with Health System Hotline Name %::tiid the App in Other Functions Connected to & Certificate
& June 2024 PHC

- Self-assessment of symptoms
- To contact your GP to ask questions about
Serbia GP/Hotline Yes eHealth Yes Active COVID-19 Yes Online portal
- Post-COVID-19 questionnaire
- EU Digital COVID-19 Certificate

Case and - Data were sent to an online portal to download
Slovenia PHC /Hotline/PH Yes v‘accm‘atlon No Inactive the COVID-19 Certificate No ## Online portal
registration app

- Health advice related to COVID-19 including

COVID- No Inactive vaccination No

Follower ** - Frequently updated COVID-19 statistics
- Self-assessment of symptoms
OstaniZdrav Yes Inactive - Health advice related to COVID-19 No

Regional patient’s apps

Spain GP/A&E Yes Radar COVID Yes Inactive - Health advice related to COVID-19 No (e-medical history,
e-prescription, etc.) or

online portal

Covidbevis/COVID
certificate

Sweden PHC/Hotline No No app No - No No

- Health advice related to COVID-19 and
self-assessment of symptoms
- Frequently updated COVID-19 statistics and risk

density on the map L HealthPass (COVID-19
Hayat Eve Sigar - Notification to the relevant authorities when vaccination. tests. and
Turkey PHC, Hotline Yes 4 (HES) Yes Active leaving isolation No immun{zatiorll
- Check a relative’s health status by querying certificates)
his/her code

- Healthcare settings locations
- To obtain a QR code to enter in
shops/social events
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Table 2. Cont.

Governmental COVID-19 Contact-Tracing App

Governmental App for

Patient’s First Contact ~ COVID-19 Situation of A igi
Count - . Ituation o pP Digital COVID-19
ry with Health System Hotline Name gont‘act the App in Other Functions Connected to lglCaertiﬁcate
racing June 2024 PHC
. Diya a national a
Ukraine GP Yes No app No - No No for};nyPiIng(al proce dulljr Iej )
Phone line/online - Health advice related to COVID-19
United Kingdom NHS COVID-19 Yes Inactive - Self-assessment of symptoms No NHS a
& platform ymp PP
General information on COVID-19

A&E: Accident & Emergency department; Digital COVID-19 Certificate or EU Digital COVID-19 Certificate: digital proof that a person has either been vaccinated against COVID-19 or
received a negative test result or recovered from COVID-19; EU: European Union; GP: General Practitioner; HCWs: Healthcare workers; NA: information not available; PH: public
health; Online portal: Online patient platform; " The app was used to contact trace on an individual level. The information was not officially collected by health authorities for contact
tracing; * In Germany, to obtain an EU Digital COVID-19 Certificate, you first have to go to a pharmacy with your COVID-19 vaccination card in order to obtain a vaccination certificate
with a QR code on paper. Once you have the QR code, you can use the CovPass App or the Corona-Warn-App to have a digital certificate issued; ** It is not a governmental app, but the
use was generalized in Slovenia; # SNS24 is a generic national app covering a range of services, including vaccine card, sick leave, prescriptions, medical certificate of multipurpose
disability, pathologies (allergies and rare diseases), exams, clinical referrals, usual medication consultation, usual medication ordering, contact your health facility, contact with the
SNS 24, teleconsultation (through RSE Live), and EU Digital COVID-19 Certificate; ## COVID-19 testing and COVID-19 vaccination transferred information to the electronic health
record (EHR), but there was no connection between clinical data from the apps and the HER; Q: The app is currently on hold with reactivation on demand according to the COVID-19
epidemiological status; ¥: The app is technically functional, but the statistics have not been updated since 1 June 2023.
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Turkey’s app sent notifications to local authorities in the case of non-compliance
with isolation measures. Five countries (Bulgaria, Italy, North Macedonia, Serbia, and
Romania) integrated COVID-19 mobile app information with PHC systems for each patient.
In Bulgaria, GPs received an email notification if patients were identified as having a
high risk for COVID-19 after a self-assessment test. GPs then decided how to proceed,
either through a phone call or further examination. GPs could access the app using an
e-signature to review patient results. In Italy (specifically the Campania region), the e-
COVID app allowed patients to submit reports to their GPs. The Tests and Swabs app
facilitated proactive care from GPs for COVID-19 patients in the Campania region. In
North Macedonia, patient symptoms and COVID-19 test results were directly downloaded
into an online portal and app called Moj Termin. This app was already in use by GPs
before the pandemic, and GPs were required to fill out daily forms for their patients
regarding COVID-19 symptoms. In Romania, patients could directly send reports to their
GPs through the app. In Serbia, patients could complete a self-assessment test, and if
the results indicated potential serious COVID-19 symptoms, they were recommended to
schedule an examination with a doctor. Serbian citizens could use the national app to
contact GPs or ask questions, which would then appear in the electronic health records of
Serbian GPs, enabling direct communication with patients. Poland and Romania had apps
that considered the social needs of the population. In Poland, isolated patients could contact
social workers for support through the Polish app. The Romanian app was designed to
assist Romanians living abroad in connecting with people when seeking help for their
social support and translation service needs.

In Slovenia, the apps for COVID-19 testing and COVID-19 vaccination were able
to transfer information to the electronic health record (EHR). However, there was no
connection established between the clinical data from these apps and the EHR.

In Finland, there was an existing web portal called Omaolo that offered various
functionalities such as sharing symptoms, booking PHC appointments, and communicating
with healthcare providers. This portal was updated to include COVID-19 features for
contacting PHC, but the specific functionalities varied across municipalities and regions. In
June 2024, six apps were active.

Additionally, apps were developed for the issuance of the Digital COVID-19 Certificate.
Portugal, Spain and the United Kingdom used patient medical record to obtain the Digital
COVID-19 Certificate. In Austria, citizens were required to independently upload their
vaccine and recovery certificates into the official national Green Pass app. These certificates
could be obtained from physicians, pharmacies, or accessed through the electronic health
portal ELGA. In the Czech Republic, the online patient portal transferred COVID-19
vaccination information to an app, but without the functionalities of the portal. In France,
Ireland, and Serbia, contact-tracing apps were utilized to obtain the Digital COVID-19
Certificate. Luxembourg, Poland, and Ukraine utilized the official governmental app for
various procedures (such as taxes and form submissions) to acquire the certificate. In
Germany, citizens were required to present their vaccination card at a pharmacy to obtain a
paper QR code, which could then be scanned using two apps to obtain a digital certificate.

4. Discussion
4.1. Principal Results

PHC was the first point of care in 28 countries, sometimes in collaboration with other
healthcare resources. In addition, 24 countries developed apps to complement classical
medical care. The most commonly implemented app was for contact tracing, followed by
the Digital COVID-19 Certificate app at the time of the data assessment. It is possible that
this situation changed as the pandemic progressed. Bulgaria, Italy, Serbia, North Macedonia,
and Romania allowed interoperability between PHC and the COVID-19 app. Additionally,
only Poland and Romania’s COVID-19 apps took into consideration social needs.
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4.2. Comparison with Prior Work

The pandemic presented a unique opportunity for innovation in healthcare service
delivery. The majority of COVID-19 cases could be managed on an outpatient basis,
without requiring hospital admission [13]. In Europe, several national COVID-19 apps were
developed to disseminate information to the general population and COVID-19 patients.
Previous studies have focused on app characteristics such as functionality, esthetics, and
information quality [14,15], as well as the profile of app users [16,17], but little attention
has been given to the role of these apps in connecting patients with the healthcare system.

It is crucial to highlight that, in addition to the applications developed specifically for
managing the COVID-19 pandemic, there were other telemedicine applications (tele-apps)
implemented by various companies that were operating even before the pandemic [18].
Tele-apps were designed to provide continuous remote health services, and they include
features such as virtual medical consultations and prescription management and will
remain relevant in the long term. In contrast, COVID-19 apps, quickly developed to
respond to the urgency of the pandemic, had a temporary utility, and their relevance
may decrease as the health crisis is controlled. This distinction is essential to understand
the impact and future sustainability of these technologies in PHC, and IT tools served as
the initial contact points for citizens and COVID-19 patients. However, during phases of
lockdown in some European countries, there was a slight decrease in attendance at PHC
facilities [19,20]. Despite citizens using apps and hotlines to seek guidance and medical
advice, several challenges arose in providing an adequate and coordinated response to
COVID-19 cases. Firstly, patients may receive conflicting advice depending on the channel
they use, including the hotline, COVID-19 app, or PHC professionals. Secondly, there was
a risk of information repetition by citizens or COVID-19 patients, leading to varying advice
provided across different contact points. This issue was exacerbated by the overwhelming
workload and shortage of staff at the public health, hospital, and PHC levels [21]. Proper
coordination is essential to enhance effectiveness in the initial contact with the healthcare
system [22]. Thirdly, data collected in IT tools should be integrated into electronic patient
health records to ensure that valuable clinical and epidemiological information provided
by citizens or patients is not missed. Currently, this integration was only considered in
Italy and Serbia. Therefore, the lack of connection between PHC and IT tools contributes
to fragmented care [23]. Interoperability of electronic records across all these services,
including health IT tools, is crucial to provide comprehensive care and ensure patient
safety. In this context, the OECD recommends robust information systems that deliver
high-quality care, necessitating investments and active participation from stakeholders and
the community [24].

COVID-19 apps were developed in response to the health crisis, but their cost-
effectiveness, especially for contact tracing, still needs to be evaluated. There is a need
for more evidence to understand their role in managing contact tracing, particularly as
real-time usage in Europe was lower than expected [4,8]. Additionally, since many coun-
tries conducted contact tracing through PHC or public health systems, COVID-19 apps
would need to be interoperable with PHC medical records to ensure efficient contact tracing
and follow-up of COVID-19 cases [1,4]. While COVID-19 apps often included features for
the self-assessment of symptoms and reporting results to public health authorities, they
did not always address patient-specific needs [25]. They also failed to tackle the issue of
digital illiteracy, which is more prevalent in vulnerable groups, as well as undocumented
individuals [6]. Requiring identity card information for app registration could serve as a
barrier for marginalized groups. Among the countries studied, only Serbia allowed patients
to directly ask questions to their regular GP, and Poland provided the option to connect
with a social worker. These aspects are crucial in addressing patient needs and delivering
effective care, especially for vulnerable populations.

The characteristics and contents of the COVID-19 apps varied across Europe [4,25].
Although these apps are regulated by the medical devices legislation in the EU [26], further
measure would be necessary to ensure a minimum set of functions and integration of app
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information within the existing healthcare system, particularly in PHC medical records
and social services records. The lack of connection between the COVID-19 app’s clinical
information and the healthcare system represents a missed opportunity to provide more
integrated care and facilitate referrals to PHC facilities as the primary point of care in most
European countries.

The Digital COVID-19 Certificate was initially introduced to mitigate the spread of
COVID-19 in international travel and other social activities. However, it is important to
evaluate certain factors such as privacy concerns and social stratification [27]. One clear
advantage of the Digital COVID-19 Certificate is that it promotes agreements between
countries to adopt the same technology, allowing for its validity in the EU and other
nations [11]. The process of obtaining the certificate has been integrated into the available
IT tools in each country. It is positive that some countries enable patients to download
the certificate directly through their existing patient apps, simplifying the process and
allowing for additional functionalities to be added as the disease evolves. Serbia stands out
as the only country to include a post-COVID-19 self-assessment questionnaire in their app,
which is important in addressing the emergence of long COVID-19. However, only three
countries utilized their patient record app to obtain the certificate, despite its effectiveness
in expediting the response. Instead, nine countries opted to create a new app, which may
inconvenience individuals by requiring them to use two different applications for the same
purpose and could also incur additional costs for the countries. It would have been more
advantageous if the digital certificate could have been integrated with other immunization
records for international travel.

4.3. Implications for Research, Policy, and Practice

From a research standpoint, this study highlights the need for further investigation
into the effectiveness and usability of COVID-19 apps, as well as their integration with
PHC systems and impact on health outcomes. It is essential to involve PHC professionals
in the creation of app protocols through advisory committees, as they can provide valuable
insights into patient-centered approaches. Having practicing PHC professionals as advisors
can ensure that technology integration with healthcare systems enhances patient experience,
reduces costs, and maintains confidentiality and usability [28]. This should be viewed as a
long-term vision, recognizing the pivotal role that PHC plays in managing and responding
to health crises like the ongoing pandemic. We suggest expanding the usage of apps with
integrated access to patient medical records, encompassing both primary and secondary
care records. It is advised that users can access at least their current medical conditions,
ongoing treatments, and vaccination statuses. Furthermore, enabling appointment requests
with the involved healthcare professionals would facilitate direct communication with the
health center, ensuring comprehensive patient care.

In practice, this study emphasizes the importance of seamless integration between
COVID-19 apps and PHC services to enable timely and appropriate care for suspected cases.
Policymakers and healthcare providers should prioritize the development of robust and
interoperable app solutions that effectively connect individuals with PHC services. Having
an app connected to PHC can not only facilitate patient access to PHC, but also accessing
their clinical information enhances patient safety if they are treated in a different region
away from their home. Having the ability to expand the functions of that app where their
medical history resides would allow us to trace COVID-19 contacts, follow-up and track
long COVID symptoms, and monitor possible therapies that alleviate symptoms. At the
same time, it is necessary to integrate the patient’s medical history with their social history
by collecting social determinants, the patient’s social circle, care needs, and interventions
carried out by social services.

The experience gained from the digital certificate implementation in the EU should
have been utilized to improve citizens’ access to their health data and ensure their validity
and usefulness across Europe, particularly in the context of cross-border policies. Overall,
the findings call for collaborative efforts among researchers, policymakers, and healthcare
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providers to optimize the integration of COVID-19 apps with PHC, leading to improved
patient outcomes and streamlined healthcare services.

4.4. Strengths and Limitations

This study represents the first examination to date of how patients were able to connect
with PHC services through governmental apps in Europe. The findings offer valuable
insights into the opportunities and challenges associated with using apps to facilitate
patient access to healthcare services. The study also provides practical examples of how
these tools can be integrated into existing healthcare systems to enhance patient accessibility.
The information presented in this study has been collected from publicly available and
reliable online sources by local researchers who either worked in PHC or maintained close
contact to GPs. Although the local researchers utilized trusted network resources to answer
the questionnaires, it is possible that some relevant information may have been overlooked.
In the case of the United Kingdom, the information is limited to England as no researchers
were available in other regions. In Slovenia, a non-governmental app (CO-VID-Follower)
was included due to its widespread usage among the population. This Slovenian app
was developed by IT and healthcare professionals and incorporated information from
governmental and public health sources. Although the COVID-Follower app was useful for
the Slovenian population, it may have posed security risks since it was a non-governmental
app. In Croatia, an app called “eCitizens” served as the patient portal for health records.
Although the Croatian app allowed for information exchange between GPs and patients
with mutual agreement, it was not specifically designed for COVID-19 and did not receive
significant promotion or improvement during the pandemic.

The information was sourced exclusively from official channels, thereby excluding
any critical aspects or malfunctions of the apps from the results. This limitation hinders a
comprehensive evaluation of the apps’ value. While our primary objective was to describe
the relationship between the apps and primary healthcare, the inclusion of additional func-
tionalities would have enriched the dataset, allowing for a more comprehensive discussion
of the apps’ limitations sourced from external channels. Additionally, as the data were
collected retrospectively, only the latest version of each app available during the study
period was considered.

5. Conclusions

Most European countries developed national COVID-19 apps, such as contact-tracing
apps or Digital COVID-19 Certificate apps, at the onset of the pandemic. However, there
was a lack of interoperability between these apps and primary healthcare information
systems in most countries. This represents a missed opportunity to integrate the primary
care sector, which has shouldered a significant burden in caring for patients with COVID-19,
as a crucial pillar of the pandemic response. Future initiatives need to acknowledge the
importance of the primary care sector and incorporate primary care into IT applications to
ensure optimal and safe care for the majority of patients.
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