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Abstract

Approximately 10% of patients experience symptoms of Post COVID-19 Condition (PCC)
after a SARS-CoV-2 infection. Akin acute COVID-19, PCC may impact a multitude of organs
and systems, such as the cardiovascular, respiratory, musculoskeletal, and neurological
systems. The frequency and associated risk factors of PCC are still unclear among both
community and hospital settings in individuals with a history of COVID-19. The LOCUS
study was designed to clarify the PCC’s burden and associated risk factors. LOCUS is a
multi-component study that encompasses three complementary building blocks. The “Car-
diovascular and respiratory events following COVID-19” component is set to estimate the
incidence of cardiovascular and respiratory events after COVID-19 in eight Portuguese hos-
pitals via electronic health records consultation. The “Physical and mental symptoms follow-
ing COVID-19” component aims to address the community prevalence of self-reported PCC
symptoms through a questionnaire-based approach. Finally, the "Treating and living with
Post COVID-19 Condition" component will employ semi-structured interviews and focus
groups to characterise reported experiences of using or working in healthcare and commu-
nity services for the treatment of PCC symptoms. This multi-component study represents an
innovative approach to exploring the health consequences of PCC. Its results are expected
to provide a key contribution to the optimisation of healthcare services design.
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Introduction

In March 2020 the World Health Organization (WHO) declared COVID-19 a pandemic,
affecting virtually all countries worldwide. After two years, 630 million cases and 6.5 million
deaths have been registered [1], remaining a public health emergency of international concern
[2].

Early in the pandemic, reports have emerged worldwide of persistent or de novo syndromes
in patients after they recovered from their COVID-19 acute illness [3-6]. It is estimated that at
least 10% of people infected with COVID-19 have persistent symptoms over the subsequent
weeks after the acute phase [2,7-9]. Notwithstanding, the incidence of this condition varies
widely by type of symptoms, age groups, severity of the original episode and between studies
with different methodological approaches [10-13].

Given the heterogeneity in defining and naming this condition, WHO and several stake-
holders reached a clinical definition describing Post COVID-19 Condition (PCC) in October
2021 [14]. PCC was defined as a “condition [that] occurs in individuals with a history of proba-
ble or confirmed SARS-CoV-2 infection, usually three months from the onset of COVID-19 with
symptoms that last for at least two months and cannot be explained by an alternative diagnosis.
(...) Symptoms may be new onset following initial recovery from an acute COVID-19 episode or
persist from the initial illness. Symptoms may also fluctuate or relapse over time.”.

Evidence so far has shown that female sex, older age, comorbidities, the severity of acute
disease and obesity are important risk factors for the development of PCC [11,15,16]. How-
ever, further clarification is needed to better understand the risk and protective factors associ-
ated with PCC. Patients have reported a multitude of symptoms that may constitute a PCC
diagnosis. The symptoms affected multiple organs and systems inter alia, cardiovascular (e.g.,
palpitations), neurological (e.g., cognitive symptoms, depression), respiratory (e.g., cough,
shortness of breath) [3,17-21]. Other less commonly reported symptoms include anaphylaxis
and new allergies, seizures, loss of vision and hearing, facial paralysis, and cutaneous signs
[21-23]. Furthermore, these symptoms can occur, relapse and remittee [24,25].

Severe cardiovascular and respiratory complications of COVID-19 and PCC have also been
the aim of extensive study in the last two years. Results have consistently pointed towards an
increased incidence of cardiac injury—particularly myocardial -, thrombosis in multiple organ
systems and respiratory function abnormalities in patients diagnosed with COVID-19 [26-
32].

To date, PCC has mainly been explored from a medical standpoint, often overlooking the
subjective impact of social and psychological aspects on health-related outcomes. Qualitative
studies have shown PCC is perceived as difficult to control and poorly understood by patients
[33,34]. The ability to capture this type of data makes qualitative research essential to better
understand the phenomenon and to optimize healthcare services design.

Countries have put up a great effort to withstand the threat COVID-19 posed to the resil-
ience of health systems worldwide [35,36]. Many of those systems were known to lack appro-
priate levels of preparedness before the COVID-19 pandemic [37] and have become
particularly vulnerable to the supplementary stress that the PCC may represent in the near
future. Research on PCC is crucial to identify how to best prepare health systems to address its
impact [17]. Identifying risk factors and analysing patients’ experiences may also help optimise
decision-making processes in clinical practice.

National context and study objectives

Because of its potential magnitude, furthering the knowledge on the incidence of PCC, its risk
factors, and understanding the health professional and patients’ experiences has become a
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Post COVID-19 Condition
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following COVID-19 COVID-19

Fig 1. Conceptualization of the three components of the study.
https://doi.org/10.1371/journal.pone.0285051.g001

pressing matter. Portugal had registered over six million COVID-19 cases by early August
2022 [38,39], which is in line with other high-income countries around the world in terms of
cases per million [1]. The present study aims to characterise PCC with three distinct compo-
nents designed to assess specific aspects and groups of patients in Portugal (Fig 1).

The study’s objectives, by component, are: i) to estimate the incidence of cardiovascular
and respiratory events after COVID-19, compare this incidence to the background rate and
identify risk factors of cardiovascular and respiratory events in individuals hospitalised due to
COVID-19 in Portugal; ii) to estimate the nine and 12-month prevalence of physical and men-
tal symptoms, health-related quality of life and the impact of these symptoms on work and
daily-life activities following COVID-19, compare them with non-COVID-19 patients, and
identify symptoms’ persistence risk factors; and iii) to understand the subjective experience of
patients with PCC and healthcare professionals and explore the specific healthcare needs of
these patients.

Materials and methods

Study design

The “Cardiovascular and respiratory events following COVID-19” component of the study
will be based on data manually extracted from electronic medical records and will consist of a
retrospective cohort that will include individuals hospitalised due to COVID-19 between
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Fig 2. Map depicting the geographic distribution of the hospitals that will be enrolled in the study: Algarve University Hospital Centre—
Portimao Unit, Braga Hospital, Cascais Hospital, Coimbra University Hospital Centre, Funchal Central Hospital, Povoa de Varzim / Vila do
Conde Hospital Centre, Tondela-Viseu Hospital, Vila Real Hospital (Created with mapchart.net).

https://doi.org/10.1371/journal.pone.0285051.9002

March 2020 and March 2021 in the hospitals whose locations are depicted in Fig 2. We will
exclude patients: below the age of 18 years old; who died during hospitalisation, with COVID-
19 who were admitted due to another cause (e.g., pregnant women, emergency surgery), and
individuals who do not live in Portugal. Patients will be identified in each hospital database by
ICD-10 codes for COVID-19 attributed to each admission episode during the defined recruit-
ment period.

Data (outcome and relevant patient and infection characteristics) will be collected following
consultation of clinical files. Only the medical staff will have access to the clinical files and
extract the information needed. Furthermore, in hospitals with a post-COVID clinic (namely,
Hospital Central do Funchal), patients” sociodemographic information, PCC clinical presenta-
tion and recovery will be characterised.

The “Physical and mental symptoms following COVID-19” component will be a question-
naire-based ambidirectional cohort with two groups of individuals: one with a positive and
one with a negative real-time reverse transcriptase-polymerase chain reaction (RT-PCR) test
result for SARS-CoV-2 nine months before the start of data collection. This component has
two timepoints, the first nine months after the RT-PCR test and the second twelve months
after. The participants selection will be based on medical notifications from the National Epi-
demiological Surveillance System (SINAVE). Based on data from SINAVE, the data owner
(General Directorate of Health-DGS) will provide the research team with information on a list
of potential participants in two phases (Fig 3).
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Fig 3. Timeline with key points of the “Physical and mental symptoms following COVID-19” component data collection.
https://doi.org/10.1371/journal.pone.0285051.9003

In the first phase, the data owner will provide the names and contact numbers (landline or
mobile) of individuals who had an RT-PCR test nine months before the beginning of data col-
lection. Verbal informed consent will be obtained over the telephone by a trained inquirer.
The full consent script will be read to the participant, where the participant can ask questions,
refuse or accept to participate in the study. At this stage, the inquirer will have no knowledge
of whether the participant had a positive or negative test. Informed consent will be applied by
a small number of inquirers (planned to be two), with no further access by the remaining team
(apart from the principal investigator), thus limiting the number of individuals team members
accessing contacts of individuals. After the informed consent application, and for individuals
who consented to participate in the study, the data owner will send us the birthdate and the
result of the RT-PCR test for SARS-CoV-2. Inquirers will receive specific training to carry out
this task and are bound by deontological professional secrecy rules. Calls may be scheduled at
times that are most convenient for the participants.

We will exclude individuals: i) below the age of 18 years old; ii) who do not consent to par-
ticipate; iii) without a valid landline or mobile phone registered; iv) institutionalised (e.g. resi-
dential structures for the elderly; prisons); v) who died between the date of the test and the call;
vi) with language difficulties (languages not covered by the group of translators that are part of
the team of investigators) or deafness, as well as advanced states of mental illness or dementia;
vii) Portuguese tourists or emigrants on holidays in Portugal; and vii) those in the COVID-19
acute phase during the questionnaire application.

We aim to include 1000 participants (500 positive cases and 500 negative) at each time-
point. This would allow us to identify an odds ratio of 2.1, assuming a prevalence of symptoms
of 10% among positive cases, a power of 80% and a significance level of 5%. Assuming a partic-
ipation rate of 80% and a loss to follow-up of 30%, we will invite 1900 individuals in each
group at the first data collection point. In case a lower prevalence is estimated, power calcula-
tions will be performed to identify the increases in risk we would have been able to detect.

The “Treating and living with Post COVID-19 Condition” component of the study will
have a qualitative research design, encompassing at least three focus group discussions with
healthcare professionals and at least 24 semi-structured interviews with PCC patients. Profes-
sionals will be recruited for the focus groups through a snowball sampling strategy, starting
from the contact network of the research team. Patients with PCC will be recruited from the
group of participants of the “Physical and mental symptoms following COVID-19” component
of the study who declared their availability for participating in subsequent stages of this
research and consented to being contacted a second time by the research team. Participants’
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age, gender, region and, in the case of PCC patients, educational level and PCC symptoms will
be used as diversification criteria to promote the inclusion of different profiles of healthcare
professionals and users, and to widen the diversity within each focus group discussion.

Although several studies have tried to get a precise assessment of PCC, many did not use
adequate control groups nor have approached the entity from different perspectives at once, as
the present study does.

Ethics

The study design and protocol are compliant with fundamental research ethics norms and
documents and have been reviewed and approved by the competent Ethical Review Boards.
The first component of the study “Cardiovascular and respiratory events following COVID-
19” was approved by the Ethics Committee for Health from each participanting hospital from
each participating hospital (S2 Table). All hospitals waived the requirement for informed con-
sent, as data will be completely anonymised. The second and third parts of the study, “Physical
and mental symptoms following COVID-19” and “Treating and living with Post COVID-19
condition” were approved by the Ethics Committee for Health of the Regional Health Admin-
istration of Lisbon and Tagus Valley.

Outcomes

In the “Cardiovascular and respiratory events following COVID-19” component of the study,
our outcomes of interest are cardiovascular and respiratory events. Cardiovascular events will
be defined as any of the following events after a COVID-19 diagnosis: heart failure, myocardi-
tis, arrhythmia, acute myocardial infarction, pulmonary thromboembolism, intracardiac
thrombus and deep vein thrombosis. Respiratory events will be defined as any of the following
events after a COVID-19 diagnosis: pulmonary fibrosis, respiratory failure and obstructive or
restrictive pulmonary disease.

In the “Physical and mental symptoms following COVID-19” component of the study, the
outcome of interest is the existence of the symptoms stated in Table 1. Physical symptoms will
be self-reported through a questionnaire based on the International Severe Acute Respiratory
and emerging Infection Consortium (ISARIC) / WHO COVID-19 clinical characterisation
protocol [40]. Mental symptoms will be measured using the Patient Health Questionnaire
(PHQ)-2 to screen for depression, the General Anxiety Disorder (GAD)-2 questionnaire to

Table 1. Symptoms whose presence will be assessed on the “Physical and mental symptoms following COVID-19"
component.

abdominal pain

altered feeling in one side of the body or face
altered urinary elimination
balance problems

depression

dysosmia

fainting

headache

joint pain

myalgia

post-traumatic stress disorder
skin rash

https://doi.org/10.1371/journal.pone.0285051.t001

altered bowel movements
altered menstrual bleeding
anorexia

chest pain

diarrhea

dyspnoea

fatigue

heart palpitations

lack of concentration
nausea

rhinorrhea

tingling feeling

altered chewing
altered swallowing
Anxiety

Cough

dysgeusia

erectile dysfunction
Fever

Insomnia

lack of memory
odynophagia
Seizures

tinnitus and tremor
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screen for anxiety and The Primary Care PTSD Screen for DSM-5 (PC-PTSD-5) for post-trau-
matic stress [41-43]. PHQ-9 and GAD-7 will be applied if participants screen positive in the
respective short versions. The degree of baseline functional disability due to dyspnoea will be
measured with the modified Medical Research Council (mMRC) Dyspnoea Scale [44,45]. Sec-
ondary outcomes are quality of life and work impact of PCC, assessed using the EuroQol five-
dimensional-five-level (EQ-5D-5L) and the Work Productivity and Activity Impairment
Questionnaire: General Health V2.0 (WPAI:GH), respectively [46,47]. All these outcomes will
be measured at two different time points, nine and twelve months after the positive or negative
COVID-19 test.

Variables

The “Cardiovascular and respiratory events following COVID-19” component of the study
will collect information on comorbidities before hospitalisation due to COVID-19; details
about the hospitalisation, such as duration, medication administered, nosocomial infections,
and need for ventilation; and when available, lifestyle behaviours concerning alcohol use,
smoking, and physical exercise. The date of the last contact with the services will be registered,
as will the number of days since a positive RT-PCR test for SARS-CoV-2, for each individual
to calculate the follow-up time. Data will be retrospectively collected after consultation of the
electronic medical record of each patient (indirect data collection) and entered into a fully
anonymised specifically for this study. The data dictionary is available in S1A Table. For
patients followed in post-COVID consultations, we will collect information from the clinical
files regarding PCC presentation and progression over the follow-up time. In addition to the
baseline information regarding the patient and infection characteristics, reasons for attending
post-COVID consultations, symptoms and clinical progression will be collected.

In the “Physical and mental symptoms following COVID-19” component of the study,
interviewers will ask about current and previous comorbidities, sociodemographic informa-
tion, the level of care required for COVID-19 (home-based, primary care, emergency depart-
ment, hospital admission, hospital admission in intensive care), and current and previous
lifestyle behaviours concerning alcohol use, smoking, and physical exercise. The questionnaire
and data dictionary are available in S1B Table.

Qualitative data collection

The focus of the “Treating and living with Post COVID-19 Condition” component of the
study will be the subjectively reported experience of using or working in healthcare and com-
munity services for the treatment of PCC symptoms. We will organise three focus groups,
each with at least 6 participants—two focus groups with healthcare professionals and one with
members of community services—and at least 24 semi-structured interviews with patients with
PCC, keeping in mind the eventual need to adjust the number of participants depending on
the results that emerge from the qualitative data analysis [48].

In this component, we will employ a semi-structured approach to qualitative data collec-
tion. Focus group and interview scripts were designed to support the facilitators’ role, with the
necessary flexibility. The focus group script covers the following areas: (1) experiences and
challenges in providing care to PCC patients; (2) usual trajectories of PCC patients in health-
care and community services; (3) models of care. Participants will be asked to outline the role
of PCC in their life before discussing their professional experiences on this matter. For the
interviews with PCC patients, a semi-structured interview guide was developed to elicit
patients’ lived experience with PCC and the role of healthcare and community services in
three phases of their experience: (1) pre-COVID and diagnosis; (2) COVID acute phase; (3)
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PCC. For each phase, the following broad areas will be explored: illness beliefs; illness trajec-
tory and experiences; impacts in daily life; sources of support; experiences with healthcare and
community services; unmet needs and proposals for improving the management of the condi-
tion. Interviewees will be invited to outline how PCC affected their life, before engaging in a
more focused discussion of their personal experiences with healthcare and community ser-
vices. Interviews will be conducted preferably in presence or by video-call. All focus groups
and interviews will be audio-recorded, transcribed verbatim, and anonymized.

Analysis

The incidence of each cardiovascular and respiratory events and the combined incidence of at
least one of those events will be estimated. Descriptive statistics, using measures of central ten-
dency and dispersion, will be used to characterise the time between COVID-19 diagnosis and
the occurrence of a respiratory or cardiovascular event. Cox regression will be used to identify
and assess patient and infection factors associated with PCC, defined as the occurrence of at
least one of the identified cardiovascular and respiratory events. The analyses will be per-
formed globally, and heterogeneity between hospitals will be accounted for in the models by
adding random effects. Hazard ratio (crude and adjusted by sex-age-comorbidities) and the
respective 95% confidence intervals will be estimated. Depending on the number of events col-
lected, we will conduct a mediation analysis, considering COVID-19 as a modifier between
pre-existing comorbidities and the post-COVID-19 event. Finally, to estimate whether the
incidence is above the one expected, we will utilise the background rate identified from the lit-
erature to calculate the expected number of events in our study population and compare them
with the observed rate. A ratio observed to expected events will be calculated and correspond-
ing 95% confidence intervals will be estimated under a Poisson distribution. Characterisation
of patients in PCC consultations will encompass a description of the reason for the consulta-
tion using absolute and relative frequencies.

Concerning the “Physical and mental symptoms following COVID-19” component of the
study, the prevalence of each symptom at nine and twelve months since notification for
exposed and unexposed will be calculated. Absolute and relative frequencies for each symptom
and symptom persistence will be measured. Binary logistic regression will be used to identify
and assess sociodemographic factors associated with self-reported PCC symptoms at nine and
twelve months. Another binary logistic regression will be used to identify and assess sociode-
mographic factors associated with symptom persistence. Odds ratio (crude and adjusted by
sex-age-comorbidities) and the respective 95% confidence intervals will be estimated. Sensitiv-
ity analyses will also be performed, excluding case-negative patients diagnosed with COVID-
19 following an initial negative test. The quantitative analysis will be performed using R [49].

Data analysis for the “Treating and living with Post Covid-19 Condition” will take place in
three stages. During data collection and immediately after each focus group or interview, the
facilitators will produce a quick summary, highlighting their first impressions of the most rele-
vant ideas discussed. This will allow for a rapid assessment of the topics raised and the ones
that remain underexplored. It will also help guiding the conduction of the following focus
groups and interviews, while laying the groundwork for the next stage. In this second analysis
stage, the qualitative data from the focus groups and interviews will be submitted to thematic
analysis, following an inductive approach, where transcripts will be read and coded to extract
themes from the participants’ discourses systematically. A computer-assisted qualitative data
analysis software (MaxQDA) will be used for data analysis, and intercoder agreement will be
sought. In the third stage of analysis, the emerging themes will ground the interpretation and
discussion of the narratives of PCC patients and healthcare professionals, which is expected to
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contribute to understand the experience and the healthcare needs of these patients when inter-
acting with healthcare and community services. We will use different techniques to strengthen
the rigour of the analysis, including reflexivity, triangulation from multiple data sources, and
multiple coding.

Discussion

This article outlines the conceptual framework, rational design and methodological
approaches of LOCUS, a multi-component study aiming to broadly characterise the PCC
phenomenon.

Despite its strengths, LOCUS also presents some limitations. The first limitation is the man-
ual extraction of information from electronic medical records, which may increase the risk of
data collection errors. Furthermore, this limited our ability to include a contemporaneous
rather than a historical group. The second limitation is embedded in the non-utilization of
ICD coding to get inpatient diagnosis, as this could lead to some vague definitions of out-
comes. An exhaustive and specially designed form was created to minimise any possibility of
gathering amiss data points. Regarding the second component, the use of questionnaires to
assess patient-reported symptoms allows us to have a uniform framework to convene data at
nine and 12 months. However, it will also expose the study to recall bias. In order to minimise
the impact of the bias on the results, the questionnaire was developed carefully and iteratively,
and was tested in two different rounds by members of the research teamAdditionally, we will
include individuals tested in 2022, when several restrictive measures were lifted. COVID-19
prevalence was also extremely high, which will difficult the task of recruiting participants with
a negative test who never had COVID-19. In the third (qualitative) component, given the nov-
elty of PCC and the potential complexity of a PCC diagnosis, there may be different levels of
knowledge and different perceptions about PCC between participants, both among patients
and users. While the diversity of opinions is welcome in this component, the focus group and
interview guides were developed to accommodate different understandings of what PCC is,
focusing on the experiences of participants within the healthcare system, and not so much on
their definitions of concepts.

To the best of our knowledge, this is the first multi-component research that studies the
PCC phenomena using both qualitative and quantitative methodologies. The results of
LOCUS will enlighten the epidemiology and lived experiences of individuals and professionals
dealing with PCC. We anticipate the data originated from this study to be used as a stepping
stone in innovative COVID-19 policymaking that encompasses the longer-term consequences
of this disease as well as COVID-19 management from a clinical and public health perspective.

Several countries may benefit from the data that will arise from this study, as many of those
have a similar social, economic, and epidemiological context as Portugal.

Supporting information

S1 Table. Data dictionary for the “Cardiovascular and respiratory events following
COVID-19” (S1A) and “Physical and mental symptoms following COVID-19” (S1B) com-
ponents.

(DOCX)

$2 Table. Ethics approval of the three components of the study.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0285051  April 26, 2023 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0285051.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0285051.s002
https://doi.org/10.1371/journal.pone.0285051

PLOS ONE

LOCUS - Long COVID symptoms, events and use of services: study protocol

Author Contributions

Conceptualization: J. P. Dinis Teixeira, Mario J. D. S. Santos, Patricia Soares, Luisa de Aze-
vedo, Patricia Barbosa, Andreia Vilas Boas, Jodo V. Cordeiro, Sonia Dias, Marta Fonseca,
Ana Rita Goes, Maria Jodo Lobao, Marta Moniz, Sofia Nobrega, André Peralta-Santos, Vic-
tor Ramos, Jodo Victor Rocha, Antonio Carlos da Silva, Maria da Luz Brazdo, Andreia
Leite, Carla Nunes.

Funding acquisition: ]. P. Dinis Teixeira, Mario J. D. S. Santos, Patricia Soares, Luisa de Aze-
vedo, Patricia Barbosa, Andreia Vilas Boas, Jodo V. Cordeiro, Sonia Dias, Marta Fonseca,
Ana Rita Goes, Maria Jodo Lobao, Marta Moniz, Sofia Nobrega, André Peralta-Santos, Vic-
tor Ramos, Jodo Victor Rocha, Antonio Carlos da Silva, Maria da Luz Brazdo, Andreia
Leite, Carla Nunes.

Methodology: J. P. Dinis Teixeira, Mario J. D. S. Santos, Patricia Soares, Andreia Leite.
Supervision: Andreia Leite, Carla Nunes.

Writing - original draft: J. P. Dinis Teixeira, Mario J. D. S. Santos, Patricia Soares, Jodo Victor
Rocha, Andreia Leite, Carla Nunes.

Writing - review & editing: J. P. Dinis Teixeira, Mario J. D. S. Santos, Patricia Soares, Luisa
de Azevedo, Patricia Barbosa, Andreia Vilas Boas, Jodo V. Cordeiro, Sonia Dias, Marta Fon-
seca, Ana Rita Goes, Maria Jodo Lobdo, Marta Moniz, Sofia Nobrega, André Peralta-Santos,
Victor Ramos, Jodo Victor Rocha, Antonio Carlos da Silva, Maria da Luz Brazdo, Andreia
Leite.

References

1. COVID Live—Coronavirus Statistics—Worldometer [Internet]. 2022 [cited 2022 Aug 6]. Available from:
https://www.worldometers.info/coronavirus/.

2. Chen C, Haupert SR, Zimmermann L, Shi X, Fritsche LG, Mukherjee B. Global Prevalence of Post-
Coronavirus Disease 2019 (COVID-19) Condition or Long COVID: A Meta-Analysis and Systematic
Review. J Infect Dis. 2022 Apr 16;jiac136. https://doi.org/10.1093/infdis/jiac136 PMID: 35429399

3. Aiyegbusi OL, Hughes SE, Turner G, Rivera SC, McMullan C, Chandan JS, et al. Symptoms, complica-
tions and management of long COVID: a review. J R Soc Med. 2021 Sep; 114(9):428—42. https://doi.
org/10.1177/01410768211032850 PMID: 34265229

4. Crook H, Raza S, Nowell J, Young M, Edison P. Long covid—mechanismes, risk factors, and manage-
ment. BMJ. 2021 Jul 26;n1648. https://doi.org/10.1136/bmj.n1648 PMID: 34312178

5. HuangC, HuanglL, Wang, Li X, RenL, Gu X, et al. 6-month consequences of COVID-19 in patients
discharged from hospital: a cohort study. The Lancet. 2021 Jan; 397(10270):220-32. https://doi.org/10.
1016/S0140-6736(20)32656-8 PMID: 33428867

6. WuX, LiuX,ZhouY, YuH, LiR, Zhan Q, et al. 3-month, 6-month, 9-month, and 12-month respiratory
outcomes in patients following COVID-19-related hospitalisation: a prospective study. Lancet Respir
Med. 2021 Jul; 9(7):747-54. https://doi.org/10.1016/52213-2600(21)00174-0 PMID: 33964245

7. Greenhalgh T, Knight M, A’Court C, Buxton M, Husain. Management of post-acute covid-19 in primary
care. 8.

8. Living with Covid19 [Internet]. National Institute for Health Research; 2020 Oct [cited 2022 Sep 27].
Available from: https://evidence.nihr.ac.uk/themedreview/living-with-covid19/.

9. Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer RC, et al. Attributes and predic-
tors of long COVID. Nat Med. 2021 Apr; 27(4):626—-31. https://doi.org/10.1038/s41591-021-01292-y
PMID: 33692530

10. HanQ, Zheng B, Daines L, Sheikh A. Long-Term Sequelae of COVID-19: A Systematic Review and
Meta-Analysis of One-Year Follow-Up Studies on Post-COVID Symptoms. Pathogens. 2022 Feb 19;
11(2):269. https://doi.org/10.3390/pathogens 11020269 PMID: 35215212

11. Nittas V, Gao M, West EA, Ballouz T, Menges D, Wulf Hanson S, et al. Long COVID Through a Public
Health Lens: An Umbrella Review. Public Health Rev. 2022 Mar 15; 43:1604501. https://doi.org/10.
3389/phrs.2022.1604501 PMID: 35359614

PLOS ONE | https://doi.org/10.1371/journal.pone.0285051  April 26, 2023 10/12


https://www.worldometers.info/coronavirus/
https://doi.org/10.1093/infdis/jiac136
http://www.ncbi.nlm.nih.gov/pubmed/35429399
https://doi.org/10.1177/01410768211032850
https://doi.org/10.1177/01410768211032850
http://www.ncbi.nlm.nih.gov/pubmed/34265229
https://doi.org/10.1136/bmj.n1648
http://www.ncbi.nlm.nih.gov/pubmed/34312178
https://doi.org/10.1016/S0140-6736%2820%2932656-8
https://doi.org/10.1016/S0140-6736%2820%2932656-8
http://www.ncbi.nlm.nih.gov/pubmed/33428867
https://doi.org/10.1016/S2213-2600%2821%2900174-0
http://www.ncbi.nlm.nih.gov/pubmed/33964245
https://evidence.nihr.ac.uk/themedreview/living-with-covid19/
https://doi.org/10.1038/s41591-021-01292-y
http://www.ncbi.nlm.nih.gov/pubmed/33692530
https://doi.org/10.3390/pathogens11020269
http://www.ncbi.nlm.nih.gov/pubmed/35215212
https://doi.org/10.3389/phrs.2022.1604501
https://doi.org/10.3389/phrs.2022.1604501
http://www.ncbi.nlm.nih.gov/pubmed/35359614
https://doi.org/10.1371/journal.pone.0285051

PLOS ONE

LOCUS - Long COVID symptoms, events and use of services: study protocol

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Cabrera Martimbianco AL, Pacheco RL, Bagattini AM, Riera R. Frequency, signs and symptoms, and
criteria adopted for long COVID-19: A systematic review. Int J Clin Pract [Internet]. 2021 Oct [cited 2022
Sep 27];75(10). Available from: https://onlinelibrary.wiley.com/doi/10.1111/ijcp.14357 PMID: 33977626

Taquet M, Dercon Q, Luciano S, Geddes JR, Husain M, Harrison PJ. Incidence, co-occurrence, and
evolution of long-COVID features: A 6-month retrospective cohort study of 273,618 survivors of COVID-
19. PLOS Med. 22.

World Health Organization. A clinical case definition of post-COVID-19 condition by a Delphi consen-
sus. World Health Organ. 2021 Oct; 22(4):e102-7.

Bai F, Tomasoni D, Falcinella C, Barbanotti D, Castoldi R, Mulé G, et al. Female gender is associated
with long COVID syndrome: a prospective cohort study. Clin Microbiol Infect. 2022 Apr; 28(4):611.e9—
611.e16. https://doi.org/10.1016/j.cmi.2021.11.002 PMID: 34763058

Nguyen NN, Hoang VT, Dao TL, Dudouet P, Eldin C, Gautret P. Clinical patterns of somatic symptoms
in patients suffering from post-acute long COVID: a systematic review. Eur J Clin Microbiol Infect Dis.
2022 Apr; 41(4):515-45. https://doi.org/10.1007/s10096-022-04417-4 PMID: 35142947

Yelin D, Margalit I, Yahav D, Runold M, Bruchfeld J. Long COVID-19dit’s not over until? Clin Microbiol
Infect. 2021;4.

Lancet The. Facing up to long COVID. The Lancet. 2020 Dec; 396(10266):1861. https://doi.org/10.
1016/S0140-6736(20)32662-3 PMID: 33308453

Xiong Q, Xu M, Li J, LiuY, Zhang J, Xu Y, et al. Clinical sequelae of COVID-19 survivors in Wuhan,
China: a single- centre longitudinal study. Clin Microbiol Infect. 2021;8.

Sivan M, Parkin A, Makower S, Greenwood DC. Post-COVID syndrome symptoms, functional disability,
and clinical severity phenotypes in hospitalized and nonhospitalized individuals: A cross-sectional eval-
uation from a community COVID rehabilitation service. J Med Virol. 2022 Apr; 94(4):1419-27. https://
doi.org/10.1002/jmv.27456 PMID: 34783052

Subramanian A, Nirantharakumar K, Hughes S, Myles P, Williams T, Gokhale KM, et al. Symptoms and
risk factors for long COVID in non-hospitalized adults. Nat Med. 2022 Aug; 28(8):1706—14. https://doi.
org/10.1038/s41591-022-01909-w PMID: 35879616

Davis HE, Assaf GS, McCorkell L, Wei H, Low RJ, Re’em Y, et al. Characterizing long COVID in an
international cohort: 7 months of symptoms and their impact. eClinicalMedicine. 2021 Aug; 38:101019.
https://doi.org/10.1016/j.eclinm.2021.101019 PMID: 34308300

Lopez-Leon S. More than 50 long-term effects of COVID-19: a systematic review and meta-analysis.
Sci Rep. 2021; 12.

Altmann DM, Boyton RJ. Decoding the unknowns in long covid. BMJ. 2021 Feb 4;n132. https://doi.org/
10.1136/bmj.n132 PMID: 33541867

Tran VT, Porcher R, Pane |, Ravaud P. Course of post COVID-19 disease symptoms over time in the
ComPaRe long COVID prospective e-cohort. Nat Commun. 2022 Dec; 13(1):1812. https://doi.org/10.
1038/s41467-022-29513-z PMID: 35383197

Long Q, LiJ, Hu X, Bai Y, Zheng Y, Gao Z. Follow-Ups on Persistent Symptoms and Pulmonary Func-
tion Among Post-Acute COVID-19 Patients: A Systematic Review and Meta-Analysis. Front Med. 2021
Sep 3; 8:702635. https://doi.org/10.3389/fmed.2021.702635 PMID: 34540862

Patel U, Malik P, Mehta D, Rajput P, Shrivastava M, Naveed M, et al. Outcomes of COVID-19 Compli-
cations and their Possibilities as Potential Triggers of Stroke. J Stroke Cerebrovasc Dis. 2021 Jul; 30
(7):105805. https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105805 PMID: 33892314

Pillai P, Joseph JP, Fadzillah NHM, Mahmod M. COVID-19 and Major Organ Thromboembolism: Mani-
festations in Neurovascular and Cardiovascular Systems. J Stroke Cerebrovasc Dis. 2021 Jan; 30
(1):105427. https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105427 PMID: 33137615

Ramadan MS, Bertolino L, Zampino R, Durante-Mangoni E, Durante-Mangoni E, lossa D, et al. Cardiac
sequelae after coronavirus disease 2019 recovery: a systematic review. Clin Microbiol Infect. 2021 Sep;
27(9):1250-61. https://doi.org/10.1016/j.cmi.2021.06.015 PMID: 34171458

Sahranavard M, Akhavan Rezayat A, Zamiri Bidary M, Omranzadeh A, Rohani F, Hamidi Farahani R,
et al. Cardiac Complications in COVID-19: A Systematic Review and Meta-analysis. Arch Iran Med.
2021 Feb 1; 24(2):152-63. https://doi.org/10.34172/aim.2021.24 PMID: 33636985

So M, Kabata H, Fukunaga K, Takagi H, Kuno T. Radiological and functional lung sequelae of COVID-
19: a systematic review and meta-analysis. BMC Pulm Med. 2021 Dec; 21(1):97. https://doi.org/10.
1186/s12890-021-01463-0 PMID: 33752639

Torres-Castro R, Vasconcello-Castillo L, Alsina-Restoy X, Solis-Navarro L, Burgos F, Puppo H, et al.
Respiratory function in patients post-infection by COVID-19: a systematic review and meta-analysis.
Pulmonology. 2021 Jul; 27(4):328-37. https://doi.org/10.1016/j.pulmoe.2020.10.013 PMID: 33262076

PLOS ONE | https://doi.org/10.1371/journal.pone.0285051  April 26, 2023 11/12


https://onlinelibrary.wiley.com/doi/10.1111/ijcp.14357
http://www.ncbi.nlm.nih.gov/pubmed/33977626
https://doi.org/10.1016/j.cmi.2021.11.002
http://www.ncbi.nlm.nih.gov/pubmed/34763058
https://doi.org/10.1007/s10096-022-04417-4
http://www.ncbi.nlm.nih.gov/pubmed/35142947
https://doi.org/10.1016/S0140-6736%2820%2932662-3
https://doi.org/10.1016/S0140-6736%2820%2932662-3
http://www.ncbi.nlm.nih.gov/pubmed/33308453
https://doi.org/10.1002/jmv.27456
https://doi.org/10.1002/jmv.27456
http://www.ncbi.nlm.nih.gov/pubmed/34783052
https://doi.org/10.1038/s41591-022-01909-w
https://doi.org/10.1038/s41591-022-01909-w
http://www.ncbi.nlm.nih.gov/pubmed/35879616
https://doi.org/10.1016/j.eclinm.2021.101019
http://www.ncbi.nlm.nih.gov/pubmed/34308300
https://doi.org/10.1136/bmj.n132
https://doi.org/10.1136/bmj.n132
http://www.ncbi.nlm.nih.gov/pubmed/33541867
https://doi.org/10.1038/s41467-022-29513-z
https://doi.org/10.1038/s41467-022-29513-z
http://www.ncbi.nlm.nih.gov/pubmed/35383197
https://doi.org/10.3389/fmed.2021.702635
http://www.ncbi.nlm.nih.gov/pubmed/34540862
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105805
http://www.ncbi.nlm.nih.gov/pubmed/33892314
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105427
http://www.ncbi.nlm.nih.gov/pubmed/33137615
https://doi.org/10.1016/j.cmi.2021.06.015
http://www.ncbi.nlm.nih.gov/pubmed/34171458
https://doi.org/10.34172/aim.2021.24
http://www.ncbi.nlm.nih.gov/pubmed/33636985
https://doi.org/10.1186/s12890-021-01463-0
https://doi.org/10.1186/s12890-021-01463-0
http://www.ncbi.nlm.nih.gov/pubmed/33752639
https://doi.org/10.1016/j.pulmoe.2020.10.013
http://www.ncbi.nlm.nih.gov/pubmed/33262076
https://doi.org/10.1371/journal.pone.0285051

PLOS ONE

LOCUS - Long COVID symptoms, events and use of services: study protocol

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

Bierbauer W, Lischer J, Scholz U. lliness perceptions in long-COVID: A cross-sectional analysis in
adults. O’Connor D, editor. Cogent Psychol. 2022 Dec 31; 9(1):2105007.

Macpherson K, Cooper K, Harbour J, Mahal D, Miller C, Nairn M. Experiences of living with long COVID
and of accessing healthcare services: a qualitative systematic review. BMJ Open. 2022 Jan; 12(1):
€050979. https://doi.org/10.1136/bmjopen-2021-050979 PMID: 35017239

Haldane V, De Foo C, Abdalla SM, Jung AS, Tan M, Wu S, et al. Health systems resilience in managing
the COVID-19 pandemic: lessons from 28 countries. Nat Med. 2021 Jun; 27(6):964—-80. https://doi.org/
10.1038/s41591-021-01381-y PMID: 34002090

Greer S, King E, Massard da Fonseca E, Peralta-Santos A. Coronavirus Politics: The Comparative Poli-
tics and Policy of COVID-19 [Internet]. Ann Arbor, MI: University of Michigan Press; 2021 [cited 2022
Sep 27]. Available from: https://www.fulcrum.org/concern/monographs/jg085n03g.

Fineberg HV. Pandemic Preparedness and Response—Lessons from the H1N1 Influenza of 2009. N
Engl J Med. 2014 Apr 3; 370(14):1335—42.

Diregdo-Geral da Satide. COVID-19 | RELATORIO DE SITUAGAQ | 20/09/2022-26/09/2022 [Internet].
10/22 [cited 2022 Oct 14]. Available from: https://covid19.min-saude.pt/relatorio-de-situacao/.

Portugal: WHO Coronavirus Disease (COVID-19) Dashboard With Vaccination Data [Internet]. [cited
2022 Oct 14]. Available from: https://covid19.who.int.

Sigfrid L, Cevik M, Jesudason E, Lim WS, Rello J, Amuasi J, et al. What is the recovery rate and risk of
long-term consequences following a diagnosis of COVID-19? A harmonised, global longitudinal obser-
vational study protocol. BMJ Open. 2021 Mar; 11(3):e043887. https://doi.org/10.1136/bmjopen-2020-
043887 PMID: 33692181

Levis B, Sun 'Y, He C, Wu Y, Krishnan A, Bhandari PM, et al. Accuracy of the PHQ-2 Alone and in Com-
bination With the PHQ-9 for Screening to Detect Major Depression: Systematic Review and Meta-anal-
ysis. JAMA. 2020 Jun 9; 323(22):2290. https://doi.org/10.1001/jama.2020.6504 PMID: 32515813

Plummer F, Manea L, Trepel D, McMillan D. Screening for anxiety disorders with the GAD-7 and GAD-
2: a systematic review and diagnostic metaanalysis. Gen Hosp Psychiatry. 2016 Mar; 39:24-31. https://
doi.org/10.1016/j.genhosppsych.2015.11.005 PMID: 26719105

Bovin MJ, Kimerling R, Weathers FW, Prins A, Marx BP, Post EP, et al. Diagnostic Accuracy and
Acceptability of the Primary Care Posttraumatic Stress Disorder Screen for the Diagnostic and Statisti-
cal Manual of Mental Disorders (Fifth Edition) Among US Veterans. JAMA Netw Open. 2021 Feb 4; 4
(2):62036733. https://doi.org/10.1001/jamanetworkopen.2020.36733 PMID: 33538826

Mahler DA, Wells CK. Evaluation of Clinical Methods for Rating Dyspnea. Chest. 1988 Mar; 93(3):580—
6. https://doi.org/10.1378/chest.93.3.580 PMID: 3342669

Chhabra S, Gupta A, Khuma M. Evaluation of three scales of dyspnea in chronic obstructive pulmonary
disease. Ann Thorac Med. 2009; 4(3):128. https://doi.org/10.4103/1817-1737.53351 PMID: 19641643

Herdman M, Gudex C, Lloyd A, Janssen Mf, Kind P, Parkin D, et al. Development and preliminary test-
ing of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life Res. 2011 Dec; 20(10):1727-36.
https://doi.org/10.1007/s11136-011-9903-x PMID: 21479777

Reilly MC, Zbrozek AS, Dukes EM. The Validity and Reproducibility of a Work Productivity and Activity
Impairment Instrument: PharmacoEconomics. 1993 Nov; 4(5):353-65.

Sim J, Saunders B, Waterfield J, Kingstone T. Can sample size in qualitative research be determined a
priori? Int J Soc Res Methodol. 2018 Sep 3; 21(5):619-34.

R Core Team. R: A language and environment for statistical computing [Internet]. Vienna, Austria: R
Foundation for Statistical Computing; 2022. Available from: https://www.R-project.org/.

PLOS ONE | https://doi.org/10.1371/journal.pone.0285051  April 26, 2023 12/12


https://doi.org/10.1136/bmjopen-2021-050979
http://www.ncbi.nlm.nih.gov/pubmed/35017239
https://doi.org/10.1038/s41591-021-01381-y
https://doi.org/10.1038/s41591-021-01381-y
http://www.ncbi.nlm.nih.gov/pubmed/34002090
https://www.fulcrum.org/concern/monographs/jq085n03q
https://covid19.min-saude.pt/relatorio-de-situacao/
https://covid19.who.int
https://doi.org/10.1136/bmjopen-2020-043887
https://doi.org/10.1136/bmjopen-2020-043887
http://www.ncbi.nlm.nih.gov/pubmed/33692181
https://doi.org/10.1001/jama.2020.6504
http://www.ncbi.nlm.nih.gov/pubmed/32515813
https://doi.org/10.1016/j.genhosppsych.2015.11.005
https://doi.org/10.1016/j.genhosppsych.2015.11.005
http://www.ncbi.nlm.nih.gov/pubmed/26719105
https://doi.org/10.1001/jamanetworkopen.2020.36733
http://www.ncbi.nlm.nih.gov/pubmed/33538826
https://doi.org/10.1378/chest.93.3.580
http://www.ncbi.nlm.nih.gov/pubmed/3342669
https://doi.org/10.4103/1817-1737.53351
http://www.ncbi.nlm.nih.gov/pubmed/19641643
https://doi.org/10.1007/s11136-011-9903-x
http://www.ncbi.nlm.nih.gov/pubmed/21479777
https://www.R-project.org/
https://doi.org/10.1371/journal.pone.0285051

