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Background: This report describes and objectivizes reported problems among a cohort of previously hospital-
ized COVID-19 patients by clinical examination and determination of the required level of rehabilitation
sevices.
Methods: This report forms part of the Link€oping COVID-19 Study (LinCoS) that included 745 individuals from
one of 21 Swedish healthcare regions, Region €Osterg€otland (R€O), admitted to hospital for COVID-19 during
March 1st�May 31st, 2020. In this descriptive ambidirectional cohort study, all 185 individuals who had
reported concerning persisting symptoms were invited to a multi-professional clinical assessment of
somatic, functional, affective, neuropsychological status and rehabilitation needs. Rehabilitation needs were
assessed using three sub-scales of the Rehabilitation Complexity Scale-Extended.
Findings: Among the 158 (85¢4%) cases consenting and included in the analysis, we found a broad array of
symptoms and signs attributable to COVID-19 involving respiratory, visual, auditory, motor, sensory and cog-
nitive functions that could be confirmed clinically at five months post-discharge. This translated into 16%
[95% CI 13�20] of survivors (70/433) of the total regional cohort of hospitalised patients requiring further
rehabilitative interventions at follow-up. Weakness in extremities was reported in 28¢5% [21¢6, 36¢2] (45/
158). On examination, clinically overt muscle weakness could be corroborated in 15 individuals (10¢5%) [6¢1,
16¢4]. 48% [40, 56] (76/158) reported cognitive symptoms, while the physician noted overt cognitive impair-
ments in only 3% [1¢1, 7¢5]. In neuropsychological testing, 37% [28�46] (45/122) performed 1.5 SD below the
norm, indicating neurocognitive deficits. Fifty-five individuals (34¢8%) [27¢4, 42¢8] reported new or aggra-
vated pain. In three fourths of them, it exerted a ‘moderate’ or worse detrimental effect on their ability to
work.
Interpretation: Our study underscores the importance of providing extensive examination of cases with per-
sisting problems after COVID-19, especially since symptoms such as fatigue and breathlessness are highly
nonspecific, but may represent significant underlying functional impairments. Robust neurocognitive testing
should be performed, as cognitive problems may easily be overlooked during routine medical consultation.
In the Swedish context, most rehabilitative interventions could be provided in a primary care setting. A sub-
stantial minority of patients should be triaged to specialized rehabilitation services.

© 2021 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

As of July 2021, The COVID-19 pandemic has so far resulted in
approximately 180 million confirmed cases and 4 million deaths
worldwide, and almost 3 billion vaccine doses have been adminis-
tered [1].
The acute phase of the disease has been extensively studied [2],
and there is an increasing number of studies on its long-term effects
as well [3,4]. The most recent systematic review by the Cochrane
Rehabilitation Field [5] included several studies [6�11] assessing
long-term effects after 5�7 months.

Specifically, commonly reported presentations at follow-up
include dyspnea [9,12�18], impaired fitness [6], mental fatigue
[8, 13�18] and cognitive deficits [4], muscle weakness, sleep distur-
bances [12,13,15,16,18], anosmia/hyposmia [12,14,16,18], and
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Research in context

Evidence before this study

We searched MEDLINE with no language restriction for studies
exploring long-term consequences after hospitalisation related
to COVID-19 up to Jun 30, 2021. We used search terms (“SARS-
CoV-200 OR “COVID-1900) AND (“hospital*”) AND (“consequen-
ces” OR “follow-up” OR “long-term” OR “residual” OR “persist-
ing”) and their synonyms. Further, we reviewed the
REH��COVER series of rapid living systematic reviews from the
Cochrane Rehabilitation Field that aims to provide in a timely
manner all rehabilitation professionals with the current scien-
tific knowledge on COVID-19 rehabilitation.

Commonly reported presentations at follow-up include dys-
pnea, mental fatigue, cognitive deficits, muscle weakness, sleep
disturbance, anosmia/hyposmia, and affective symptoms such
as anxiety and depression.

Most identified studies relied either on self-reported symp-
toms and/or on patient registries/medical records, or on clinical
assessment focused primarily on a single organ or body system.
COVID-19 is now considered a heterogeneous entity with a
putatively multifactorial aetiology, including viral persistence,
inflammatory changes, physical deconditioning and psycholog-
ical factors. Thus, there is a need for studies employing a holistic
approach combining multi-professional clinical assessments,
patient reported outcome measures, radiology, functional tests,
and laboratory tests.

Added value of this study

The findings of this study are based on a total regional cohort of
survivors previously hospitalised for COVID-19, assessing signs
and symptoms 5-months post-discharge. Efforts were made to
isolate the actual contribution of COVID-19 on outcomes, by
assessing premorbid health status, comorbidities, coincidental
cases, and by specifically documenting only new or aggravated
symptoms occurring during and after COVID-19.

We found that a broad array of symptoms and signs attrib-
utable to COVID-19 involving respiratory, visual, auditory,
motor, sensory and cognitive functions could be confirmed clin-
ically at five months post-discharge in most patients. Approxi-
mately one in five survivors of the total regional cohort of
hospitalised patients required further rehabilitative interven-
tions at follow-up.

In conclusion, our study provides important evidence for (a)
the need for a thorough assessment of individuals previously
hospitalized for COVID-19 as regards persisting rehabilitation
needs; (b) inclusion in such assessment of individuals with all
degrees of disease severity; and (c) triaging of all individuals
according to rehabilitation complexity by a structured, multi-
professional approach also including auxiliary testing in addi-
tion to screening clinical assessment.

Implications of all the available evidence

Robust neurocognitive testing should be performed, as cogni-
tive problems may easily be overlooked during routine medical
consultation. Most rehabilitative interventions could be pro-
vided in a primary care setting. A substantial minority of
patients should to be triaged to specialized rehabilitation serv-
ices. Longer-term follow-up studies are also called for, in order
to assess the long-term prognosis as regards the sequelae of
this disease.
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affective symptoms such as anxiety and depression [8,16�18]. Neu-
ropathological studies have demonstrated direct and indirect damage
from COVID-19 on many organs, such as the heart, lungs and the
peripheral and central nervous systems [19,20]. In the first report
from the Link€oping COVID-19 Study (LinCoS), COVID-19-associated
mortality was described, as well as self-reported persisting impair-
ments and limitations in activity and participation among previously
hospitalized survivors four months post-discharge [18]. Functional
limitations have also been reported in other studies. For instance,
Huang and colleagues [16] found decreased FEV1, FVC and TLC, diffu-
sion abnormalities, and impairments in the EQ-5D subscales relating
to mobility, pain, usual activities as well as anxiety and depression.
All these impairments were more frequently found in patients with
severe COVID-19 (CPS 6�9) compared to non-severe COVID-19 (CPS
4�5). Similarly, Zhu and colleagues [21] found that patients with
severe COVID-19 had a higher prevalence of anxiety and were more
likely to have impairments in instrumental activities of daily life
(IADL), compared to non-severe COVID-19. A common finding across
studies is that a majority of cases report at least one residual symp-
tom, at 2�6 months follow-up [13�16,18]. In addition, there are
some early studies examining effects of interventions targeting spe-
cific symptoms [5].

So far, however, it remains unclear whether or not disease sever-
ity influences prevalence of persisting symptoms several months
after discharge [3,5], mandating a further exploration of any such cor-
relation. Further, most studies have relied either on self-reported
symptoms and/or on patient registries/medical records [9], or on clin-
ical assessment focused primarily on a single organ or body system
[6,8,12]. COVID-19 is increasingly considered a heterogeneous entity
with a putatively multifactorial aetiology, including viral persistence,
inflammatory changes, physical deconditioning and psychological
factors [3]. Thus, studies that employ a holistic approach combining
multi-professional clinical assessments, patient reported outcome
measures (PROMs), radiology, functional tests, and laboratory tests
are called for. This is important in order to unravel the complexity of
the residual presentations of this new disease and institute compre-
hensive therapeutic interventions.

The aims of this study were to: (a) describe reported COVID-19-
related impairments and activity/participation limitations persisting
at five months post-discharge; (b) objectivize and clarify these prob-
lems through clinical examination by appropriate rehabilitation pro-
fessionals, including functional testing and auxiliary investigations;
and (c) determine adequate rehabilitation interventions in terms of
intensity and complexity.

2. Methods

2.1. Study design and participants

This ambidirectional cohort study covered the county of
€Osterg€otland, Sweden. The county has three hospitals, a tertiary care
university hospital with 400 beds and two general hospitals with 241
and 76 beds, respectively, and serves a population of approximately
450 000 inhabitants.

In this region, 745 patients with a positive PCR for SARS-CoV-2
were admitted to hospital for COVID-19 during March 1st May 31st,
2020. This report describes the subsequent clinical follow-up of those
individuals who reported concerning residual symptoms and limita-
tions in activity and participation at the 4-months screening (n = 185,
42¢7% of interviewed survivors). Our previous report describes the
selection process and criteria in detail [18].

After exclusion of fatalities, coincidental cases, and cases with pre-
morbid conditions precluding assessment of COVID-19-attributable
sequels (e.g. severe dementia or terminal cancer), 433 individuals
were screened by rehabilitation professionals using a structured tele-
phone interview four months post discharge. Each telephone
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interview was evaluated by a multi-professional team as regards
indications for further clinical assessment of persisting rehabilitation
needs. Based on this assessment, 42¢7% of individuals (n = 185)
reported concerning problems, i.e. problems significantly interfering
with daily life activities, and were thus invited for a multi-profes-
sional clinical follow-up.

Out of these 185 invited patients, 158 (85¢4%) attended the clinical
assessment and were included in the analysis (Fig. 1). Prior to the
clinical assessment, written informed consent was obtained from all
participants. Clinical assessment occurred at a median of 142
(122�165) days post-discharge and a median of 29¢5 (21-39) days
after the telephone interview.

The clinical follow-up included, as a minimum, an assessment by a
physician (100%) and a neuropsychologist (156/158, 98¢7%), as well as
blood and urine tests. In addition, in cases where the screening inter-
view indicated symptoms suggesting impairments in other organ
systems, some patients were also examined by a physiotherapist (78/
158, 49¢4%), occupational therapist (42/158, 26¢6%), speech therapist
(18/158, 11¢4%) and/or neuro-optometrist (43/158, 27¢2%). Auxiliary
investigations, e.g. various functional tests and/or radiology, were
instituted when clinically indicated.

Following the clinical visit, a series of team conferences were held,
during which appropriate further actions were decided. All patients
received written feedback as regards test results and on any referrals
for further rehabilitative and other medical measures.

The study was performed in accordance with the STROBE state-
ment guidelines [22].

The blue box in the bottom left corner shows the group of individ-
uals studied in this paper. The 27 individuals who were invited to the
Fig. 1. Participan
clinical assessment but not included in the study consisted of one
individual who showed up for the assessment but withdrew consent
regarding inclusion in the analysis, and 26 individuals who for vari-
ous reasons did not show up to the assessment despite several
attempts to reschedule the appointment.
2.2. Materials

The main focus of this study is on data pertaining to the physi-
cian’s assessment for new or aggravated impairments related to
COVID-19 still persisting at five months post-discharge. This
included:

� The pertinent medical history prior to, during and after COVID-19,
including current problems. Specifically, symptoms that were new
or aggravated in relation to COVID-19 and still present at the time
of the clinic visit were assessed. These are presented as “residual
symptoms”.

� Physical examination with focus on new or aggravated signs
related to COVID-19.

� Laboratory findings (blood and urine), with the aim of identifying
persisting pathological findings related to COVID-19.

� Chest and/or brain radiology (when clinically indicated), also with
the aim of identifying persisting pathological findings related to
COVID-19.

Data corroborating findings on medical examination were also
obtained by neuropsychological testing in accordance with the
t selection.
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Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS) [23] and color Word Interference Test [24], 6 min walk test
(6MWT), spirometry, and/or ophthalmological examination, and are
presented in conjunction with the corresponding symptoms and
signs. Patient-reported outcome measures (PROMs) were also col-
lected, i.e. the 12 item Short Form Health Survey (SF-12) [25], the
Hospital Anxiety and Depression Scale (HADS) [26], and the Multidi-
mensional Fatigue Inventory (MFI) [27]. A cut-off of � 8 was used on
HADS to indicate potential mild depression/anxiety [28], and a cut-
off of � 53 on MFI for clinically significant fatigue [29]. With regards
to RBANS and CWIT, the methodology is described in more detail in
another paper from LinCoS [30].

The highest WHO Clinical Progression Scale (CPS) grade [30] dur-
ing hospitalization was determined for each patient, as described in
our previous paper [18]. According to WHO CPS, patients with grade
4 and 5 were categorized as moderate disease severity and cases
with WHO CPS 6�9 as severe.

The following blood and urine tests were obtained at follow-up:

� Inflammatory parameters: CRP, leukocyte plasma concentration
(LPC), erythrocyte sedimentation rate (ESR)

� Kidney function: eGFR, calculated using S-creatinine (MDRD) and
S-cystatin C

� Haemoglobin (Hb) - Anaemia was defined in accordance with
standards of the hospital laboratory as Hb < 134 (g/L) for males or
Hb < 117 (g/L) for females. In case of anaemia, mean corpuscular
volume (MCV) is presented as low/normal/elevated.

� Liver function: alanine aminotransferase (ALAT), aspartate amino-
transferase (ASAT), alkaline phosphatase (ALP), gamma glutamyl
transferase (GT), and/or bilirubin (total)

� Muscle affection: creatine kinase (CK)
� Urine analysis: U-erythrocytes (present/absent), U-leukocytes
(present/absent), U-nitrite (present/absent), U-Albumin/creati-
nine (< 3 = normal or slightly elevated; 3�30 = moderately ele-
vated; > 30 = markedly elevated)

� P-albumin
� IgG-antibodies against SARS-CoV-2.

The reference values of the Link€oping University Hospital labo-
ratory were used. For abnormalities in kidney function, we also
refer to Kidney Disease Improving Global Outcomes (KDIGO)
2012 [31]. Acute kidney injury was defined according to the Risk,
Injury, Failure, Loss of kidney function, and End-stage kidney dis-
ease (RIFLE) definition [32]. Major bleeding as a complication was
defined by the International Society on Thrombosis and Haemo-
stasis (ISTH) recommendation [33]. Ventilator associated pneumo-
nia (VAP) was defined using the 2014 Swedish Intensive Care
Registry definition [34]. In cases with pathological laboratory
findings, results were compared with corresponding results
obtained prior to COVID-19, and only new or aggravated findings
at five months follow-up were reported as being possibly attrib-
utable to this disease.

Rehabilitation needs were assessed using the Therapy Intensity
(TI), Therapy Disciplines (TD), and Equipment sub-scales of the Reha-
bilitation Complexity Scale � Extended (RCS-E) [35].

All obtained data were used for assessment of rehabilitation
needs, as well as to issue referrals to relevant rehabilitation providers
and/or organ specialists.

2.3. Procedures

Clinical assessments were performed between July and
December 2020, involving six physicians following a similar
structure for clinical assessment. Extensive comparisons were
made with corresponding pre-morbid data from medical records,
in order to identify and present new or aggravated pathology
attributable to COVID-19. Any pathological findings attributable
to pre-morbid conditions are thus not presented, unless other-
wise indicated. With regard to comorbidities, those that
prompted an ICD-10 diagnosis in the discharge notes pertaining
to the COVID-19 related hospitalisation were retrieved and pre-
sented in this paper. Thus, only comorbidities deemed relevant
during the patient’s hospitalisation were considered.

SF-12 was completed by the patient prior to the visit and later dis-
cussed with members of the team involved in the clinical assessment.
HADS was completed by the patient at the clinic visit with support
from a neuropsychologist. The full version of HADS and item eight of
the SF-12 (relating to pain) were extracted and analysed.

Data pertaining to initial presentations, comorbidities, compli-
cations, and indicators of disease severity were extracted from
the medical record and corroborated by the medical history
obtained from the patient at the clinic visit. To identify comorbid-
ities and complications during COVID-19 hospitalisation, the
International Statistical Classification of Diseases and Related
Health Problems, 10th revision, Swedish version, (ICD-10 SE)
codes were extracted from discharge notes pertaining to hospital-
isations for all included patients.

The following blood tests performed during hospitalisation for
COVID-19 were retrieved retrospectively from medical records: C-
reactive protein (CRP), lymphocyte count, D-dimer, Ferritin, esti-
mated glomerular filtration rate using the Modification of Diet in
Renal Disease (eGFR MDRD), blood cultures. Bloodstream infection
(BSI) was defined as a positive blood culture (excluding contamina-
tion). In this paper, we present the ‘worst’ value observed during hos-
pitalization (i.e. the lowest value for eGFR and lymphocytes, and the
highest value of D-dimer, Ferritin, and CRP).

2.4. Statistics

Data were presented as mean and standard deviation (SD) for
normally distributed continuous variables, as median and inter-
quartile range (IQR) for non-normally distributed numeric varia-
bles, and as n (%) or n (% [95% confidence interval (CI)]) for cate-
gorical data. Normality was tested using the Shapiro-Wilks test.
Between-group comparisons were performed for participants vs.
drop-outs (background data), between groups with different dis-
ease severities according to WHO CPS (dichotomized as CPS
4�5 vs. CPS 6�9), between individuals with objectivizable residual
sensorimotor impairments vs. those without such impairments,
and finally, between individuals reporting a cluster of potentially
dysautonomic symptoms and those without such symptoms.
These comparisons were performed using a binary logistic regres-
sion model using the generalized linear model subroutine in SPSS,
with one factor included in the model at a time. In an effort to
clarify these presentations, we included the following factors in
the analysis: background characteristics (age, sex, premorbid level
of function, occupation status before and after COVID-19), disease
severity indicators (WHO CPS, CRP during hospitalization, total
length of hospital stay), SARS-CoV-2 antibody status at follow-up,
and in-hospital complications (AKI, arrhythmia, BSI, VAP, VTE, PE,
major bleeding, cerebrovascular event, myocardial infarction and/
or critical illness polyneuropathy/-myopathy). Results from the
binary logistic regression models were presented as unadjusted
odds ratios (OR) with corresponding confidence intervals [95% CI].
Each table presents the exact number of cases contributing data.
Statistical analysis was performed using IBM Statistical Package
for Social Sciences (SPSS) version 27.

2.5. Ethics

The Swedish Ethical Review Authority approved the study proto-
col (Dnr 2020�03029 and 2020�04443).
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2.6. Role of the funding source

The study was funded by the ALF grant and Region €Osterg€otland.
The funder of the study had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.

3. Results

3.1. Patient and disease severity descriptors

Basic data are presented in Table 1.
In summary, the 158 participants who underwent a clinical

assessment had a mean age of 57¢4 (§ 13¢8) years and 38¢6% were
female (61/158). Median (IQR) length of hospital stay (LOS) was 7
[3�19] days. 102 individuals (64¢6%) had a moderate disease (CPS
4�5), 16 (10¢1%) had severe disease that did not require mechanical
ventilation (CPS 6), and 40 (25¢3%) had severe disease that required
mechanical ventilation (CPS 7�9). Out of the 90 individuals that were
Table 1.
Background data.

Background data

Age (mean, SD) 57¢4 (13¢8) years
Sex, females (n,%) 61 (38¢6%)
Length of stay (median, IQR) 7 (3�19) days
Mechanical ventilation (median, IQR), n = 40 15¢5 (9¢5�23¢5) days
WHO CPS (n,%)

4�5 102 (64¢6%)
6 16 (10¢1%)
7�9 40 (25¢3%)

Education, n = 150
Primary or lower 33 (22¢0%)
Secondary 63 (42¢0%)
Tertiary or higher 54 (36¢0%)

Occupation prior to COVID-19, n = 155
Work/studies 90 (58¢1%)
Pensioner 52 (33¢5%)
Unemployed 7 (4¢5%)
Sick leave 6 (3¢9%)

Occupation after COVID-19, n = 155
Work/studies 64 (41¢3%)
Pensioner 54 (34¢8%)
Unemployed 10 (6¢5%)
Sick leave 27 (17¢4%)

Ethnicity*
Swedish 102 (64¢6%)
Other Europe 19 (12¢0%)
Middle East/North Africa 30 (19¢0%)
Other Africa 2 (1¢2%)
Other 3 (1¢9%)
Unknown 2 (1¢2%)

Premorbid level of function [18], n = 157
No or mild frailty 79 (50¢3%)
Moderate frailty 51 (32¢5%)
Considerable frailty 26 (16¢6%)
Severe frailty 1 (0¢6%)

Comorbidities
Hypertension 64 (40¢5%)
Diabetes mellitus 38 (24¢1%)
Respiratory disease 33 (20¢9%)
Cardiovascular disease 31 (19¢6%)
Psychiatric condition 19 (12¢0%)
Obesity 13 (8¢2%)
Chronic kidney disease 10 (6¢3%)
Cancer 5 (3¢2%)
None of the above 48 (30¢4%)

Typical presenting symptoms 154 (97¢5%)
158 cases, unless otherwise specified. * = Ethnicity was determined by
considering relevant entries in the medical record and primary language.
Additionally, interpreter was used in 22 (13¢9%); typical presenting
symptoms = at least one of: fever, cough, anosmia, and/or shortness of
breath.
working or studying prior to contracting COVID-19, 21 (23%) were on
sick leave four months after discharge from hospital.

The group of 27 individuals who dropped out was largely similar
to the group of participants as regards patient and disease severity
descriptors with a few exceptions (Appendix Table 3). Firstly, a
higher proportion of the drop-outs were female (67%, 18 of 27), com-
pared to 39% (61 of 158) of participants (OR 3¢18, 95% CI [1¢34, 7¢53]).
Secondly, the individuals who dropped out were more likely to be
unemployed at the time of the clinical assessment (5¢60 [1¢66,
18¢85]) as compared to participants. Finally, individuals with African
ethnicity (excluding Middle Eastern or North African) (9¢00 [1¢40,
57¢9]) or ‘other’ ethnicity (8¢00 [1¢64, 38¢9]) were also more likely not
to attend. Appendix Table 3 contains background data for: (a) the
entire cohort of patients hospitalized for COVID-19 in the healthcare
region during the time frame described in this paper (March 1st
through May 31st, 2020), n = 734, (b) those survivors deemed eligible
for screening telephone interview at 4 months post-discharge
(n = 460), (c) those who attended clinical assessment (n = 158), and
finally (d) those who were invited to the clinical assessment but
denied inclusion or did not attend (n = 27).

As a complementary measure of disease severity, we present the
worst laboratory test results from hospitalisation (Appendix Table 1).
Two thirds (70¢1%) had lymphopenia (P-lymphocytes < 1¢1) at some
point during their hospital stay. The majority (62¢9%) had at least one
value of CRP >100. Further, ferritin and D-dimer values were avail-
able in between half and two thirds of individuals. Ferritin was ele-
vated in 92 (89¢3% 95% CI [81¢7, 94¢6]) and D-dimer in 57 (69¢5%
[58¢4, 79¢2]) tested individuals. The median values were 1010
(450�1970) and 0.62 (0.20�1.48), respectively.

Thirty percent had at least one complication during hospitaliza-
tion for COVID-19 (Appendix Fig. 1). The most common complication
was acute kidney injury (AKI, 24/158, 15%), followed by venous
thromboembolism (9/158, 6%). Twenty-five percent (40/158)
received mechanical ventilation, for 15¢5 (9¢3�24¢3) days. Among
those, eight (20% [9¢1, 35¢7]) suffered critical illness polyneurop-
athy/-myopathy (CIP/CMP) and ten (25% [12¢7, 41¢2]) ventilator-asso-
ciated pneumonia (VAP).

3.2. Residual presentations at five-month clinical follow-up

Of the 158 individuals attending clinical follow-up five months
post-discharge, only 6 (3.8% [1¢4, 8¢1]) reported full recovery. Resid-
ual clinical presentations are presented in detail in Tables 2�4 and
are hereby categorised into higher cerebral and affective, and somatic
and functional. Presentations are typically presented as reported by
the patient, followed, when obtainable, by findings from the medical
examination, and/or standardised testing.

3.3. Somatic and functional presentations

Weakness in one or several extremities was reported in 28¢5%
[21¢6, 36¢2] (45 of 158 participants), most commonly bilaterally. On
medical examination, clinically overt muscle weakness could be cor-
roborated in 16 individuals (10¢5% [6¢1, 16¢4]). Furthermore, 12 indi-
viduals (7¢6%) received walking aids after COVID-19 that they still
needed at the 5-month follow-up. Forty-three individuals (27¢2%
[20¢4, 34¢9]) reported anaesthesia/hypaesthesia and/or paraesthesia,
with 23 (14¢6% [9¢5, 21¢0]) also showing signs of new or aggravated
sensory disturbance upon physical examination. Our analysis
(Appendix Table 5) showed that for every day of hospitalization, the
odds for developing sensory and/or motor impairments as evidenced
by clinical examination was 3% higher (OR 1¢03, 95% CI [1¢02, 1¢05]).
Further, there were higher odds for such impairments in those with
higher disease severity, (3¢17 [1¢43, 7¢00]), as well in those with any
of the following complications: acute kidney injury (3¢58 [1¢40, 9¢16]),
bloodstream infection (5¢12 [1¢59, 16¢49]), ventilator-associated

http://dx.doi.org/10.13039/501100001034


Table 2.
Residual neurological symptoms with corresponding clinical findings.

Phenomenon MHx (n = 158) Physician’s Ax (n = 153) Testing

Higher cerebral functions 76 (48¢1% [40¢1, 56¢2]) 5 (3¢3% [1¢1, 7¢5]) Neurocog. Ax 45* (37¢1% [30¢6, 48¢1])
Memory impairment 52 (32¢9% [25¢7, 40¢8])
Language related disturbances 26 (16¢5% [11¢0, 23¢2])
Other cognitive 34 (21¢5% [15¢4, 28¢8])

Fatigue 83 (52¢5% [44¢4, 60¢5]) MFI 106 (73¢1% [65¢1, 80¢1])
Mental fatigue 40 (25¢3% [18¢7, 32¢8])
Physical fatigue 23 (14¢6% [9¢5, 21¢0])
Unspecified fatigue 30 (19¢0% [13¢2, 26¢0])

Weakness in extremities 45 (28¢5% [21¢6, 36¢2]) 16 (10¢5% [6¢1, 16¢4])
Upper only 9 (5¢7% [2¢6, 10¢5]) 4 (2¢6% [0¢7, 6¢6])

Lower only 13 (8¢2% [4¢5, 13¢7]) 5 (3¢3% [1¢1, 7¢5])
Upper and lower 23 (14¢6% [9¢5, 21¢0]) 6 (3¢9% [1¢5, 8¢3])
Unilateral 8 (5¢1% [2¢2, 9¢7]) 5 (3¢3% [1¢1, 7¢5])
Bilateral 37 (23¢4% [17¢1, 30¢8]) 10 (6¢5% [3¢2, 11¢7])
Altered sensation 43 (27¢2% [20¢4, 34¢9]) 23 (15¢2% [9¢9, 22¢0])
Extremities 42 (26¢6% [19¢9, 34¢2]) 23 (15¢2% [9¢9, 22¢0])
Upper only 11 (7¢0% [3¢5, 12¢1]) 3 (2¢0% [0¢4, 5¢6])
Lower only 17 (10¢8% [6¢4, 16¢7]) 14 (9¢2% [5¢1, 14¢9])
Upper and lower 14 (8¢9% [4¢9, 14¢4]) 6 (3¢9% [1¢5, 8¢3])

Unilateral 13 (8¢2% [4¢5, 13¢7]) 12 (7¢8% [4¢1, 13¢3])
Bilateral 29 (18¢4% [12¢7, 25¢3]) 11 (7¢2% [3¢6, 12¢5])
Axial 6 (3¢8% [1¢4, 8¢1]) 4 (2¢6% [0¢7, 6¢5])
Affective symptoms 41 (25¢9% [19¢3, 33¢5]) 11 (7¢1% [3¢6, 12¢4])
Visual problems 27 (17¢1% [11¢6, 23¢9]) 10 (6¢6% [3¢2, 11¢8]) Optometrist’s Ax*** (7 (25¢9%)/7**)
Clumsiness 7 (4¢4% [1¢8, 8¢9]) 5 (3¢3% [1¢1, 7¢5])
Poor balance 5 (3¢2% [1¢0, 7¢2]) 4 (2¢6% [0¢7, 6¢6])

95% confidence intervals are shown in hard brackets. MHx = medical history (during physician’s consultation); Ax = assessment; n
varies between assessment and medical history because some of the patients could not be physically examined (or that this was
not documented properly in the medical records). Affective symptoms = depression, anxiety, decreased motivation etc.; Altered
sensation = hypaesthesia, anaesthesia and/or paraesthesia; * = total score at least 1.5 SD below norm; *** = Out of 27 individuals
reporting visual symptoms at clinical assessment, 16 were assessed the by optometrist. Out of those 16, 44% underwent visual reha-
bilitation; ** = 7 individuals who did not report visual symptoms at the clinical assessment later underwent visual rehabilitation;
Other cognitive symptoms = impaired attention, difficulty concentrating, light or sound sensitivity etc.; Language related
symptoms = difficulties formulating or understanding language. MFI = Multidimensional Fatigue Inventory score of at least 53.
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pneumonia (6¢44 [1¢70, 24¢43]), stroke (5¢38 [1¢14, 25¢37]), and/or criti-
cal illness polyneuropathy/-myopathy (13¢11 [2¢51, 68¢55]). No such
association was seen for arrhythmia, major bleeding, venous thrombo-
embolism, myocardial infarction, age, sex, level of CRP during hospitali-
zation, presence of SARS-CoV-2 antibodies at follow-up or presence of
pathological chest radiology at follow-up.

Fifty-five individuals (34¢8% [27¢4, 42¢8]) reported new or aggra-
vated pain, with three out of four of these indicating that it exerted a
‘moderate’ detrimental effect or worse on their ability to work (ques-
tion eight of SF-12). Nociceptive-type pain (49/158, 31¢0% [23¢9,
38¢8]) was considerably more common than neuropathic-type pain
(8 of 158 individuals, 5¢1% [2¢2, 9¢7]). For nociceptive pain, headache
was the most common pain localization.

New or aggravated shortness of breath and/or breathing discom-
fort were reported by 64 individuals (40¢5% [32¢8, 48¢6]), and cough
by 11 (7¢0% [3¢5, 12¢1]), totalling 69 individuals with residual respira-
tory symptoms. For these individuals, results of the spirometry,
6MWT, and follow-up chest radiology were analysed and are shown
in Table 4. Further clarifications of Table 4 are described in the Sup-
plementary material. Pathological results likely attributable to
COVID-19 were seen in one third, one fourth and one fifth of these
individuals, respectively. Isolated cardio-circulatory symptoms such
as peripheral coldness in extremities, palpitations, thoracic dysesthe-
sia or discomfort (excluding breathing discomfort) were reported by
nine individuals (5¢7% [2¢6, 10¢5]). Twenty-two individuals (13¢9%
[8¢9, 20¢3]) reported a cluster of symptoms suggestive of dysautono-
mia, i.e. a combination of visual disturbances, dizziness, intermittent
nocturnal hyperhidrosis/fever, palpitations, heat sensitivity, cold sen-
sitivity, and cold peripherals. Compared to the rest of the cohort
(n = 136), the group presenting with dysautonomic symptoms was
younger (OR 1¢08, 95% CI [1¢04, 1¢12]), more often female (OR 4¢19
[1¢60, 11¢00]), were less likely to have SARS-CoV-2 antibodies at
follow-up (OR 0¢21 [0¢08, 0¢55]) (Appendix Table 4). They had lower
disease severity according to the WHO CPS (OR 0¢15 [0¢03, 0¢68]),
lower CRP during hospitalization (OR 0¢13 [0¢03, 0¢49]), and a shorter
length of initial hospital stay (OR 0¢85 [0¢76, 0¢96]). No association
was seen for dysautonomia with any complication during hospitali-
zation (acute kidney injury, arrhythmia, bloodstream infection, venti-
lator-associated pneumonia, venous thromboembolism, major
bleeding, stroke, CIMP or myocardial infarction) or with presence of
pathological chest radiology at follow-up.

In total, persisting smell or taste disturbance was reported by 33
people (20¢9% [14¢8, 28¢1]). Further, new or aggravated visual prob-
lems were reported by 27 individuals (17¢1% [11¢6, 23¢9]) including
photosensitivity on eye examination and eye pain on oculomotor
testing. Of these 27 individuals, 16 were also assessed by an optome-
trist, with seven cases displaying significant neuro-ophthalmological
disturbances. An additional seven persons were found to have signifi-
cant problems related to vision. These problems were not reported or
observed during medical examination, but were noted by other
healthcare professionals at the clinical visit, e.g. during neuropsycho-
logical testing. Nine individuals (5¢7% [2¢6, 10¢5]) reported new or
aggravated hearing loss. Audiometry was performed in eight of these
patients, and six subsequently received hearing aids for the first time.
Voice abnormalities (most commonly hoarseness) were reported by
22 individuals (13¢9% [8¢9, 20¢3]).

3.4. Cognitive and affective symptoms and fatigue

Seventy-six (48¢1% [40¢1, 56¢2]) individuals reported at least one
persisting symptom related to higher cerebral dysfunction (excluding
fatigue). The most common symptom was impaired memory (52/158,
32¢9% [25¢7, 40¢8]). Twenty-two individuals (13¢9% [8¢9, 20¢3])
reported speech problems, such as impaired word finding or speech



Table 3.
Residual symptoms based on subjective reporting.

Symptom, n = 158 N (% [95% CI])

Pain 55 (34¢8% [27¢4, 42¢8])
Neuropathic type pain 8 (5¢1% [2¢2, 9¢7])
Nociceptive type pain 49 (31¢0% [23¢9, 38¢8])
Headache 28 (17¢7% [12¢1, 24¢6])

Extremities (excludes generalized) 16 (10¢1% [5¢9, 15¢9])
Generalized 6 (3¢8% [1¢4, 8¢1])
Trunk 4 (2¢5% [0¢7, 6¢4])

Smell/taste disturbance 33 (20¢9% [14¢8, 28¢1])
Sleep disturbances 29 (18¢4% [12¢7, 25¢3])
Voice/speech abnormality 22 (13¢9% [8¢9, 20¢3])
Integumentary symptoms 21 (13¢3% [8¢4, 19¢6])
Dysphagia 13 (8¢2% [4¢5, 13¢7])
Dizziness 13 (8¢2% [4¢5, 13¢7])
Hearing impairment/tinnitus 9 (5¢7% [2¢6, 10¢5])
Decreased appetite 7 (4¢4% [1¢8, 8¢9])
GI symptoms 6 (3¢8% [1¢4, 8¢1])
Ocular pain 3 (1¢9% [0¢4, 5¢4])
Urogenital symptoms 2 (1¢3% [0¢2, 4¢5])
No residual symptoms 6 (3¢8% [1¢4, 8¢1])

Integumentary symptoms = hair loss, dry skin and similar; GI
symptoms = bowel pain, abnormal stool consistency; sleep
disturbances = insomnia, fragmented sleep, frequent nightmares
etc.; voice/speech abnormality = hoarseness, dysarthria etc.;
dizziness = excludes typical vestibular pattern (vertigo); urogeni-
tal symptoms = frequent urination, difficulty urinating, sexual
dysfunction; dysphagia = difficulty swallowing; Neuropathic type
pain = pain characterized by a burning, prickling or electrical
sensation.
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comprehension. During medical consultation, only five individuals
(3¢3% [1¢1, 7¢5]) showed overt signs of cognitive impairment (such as
disorientation). By contrast, formal neurocognitive testing showed
that 45 individuals (37% [31, 48]) out of 122 with valid neurocogni-
tive testing performed at least 1¢5 standard deviations (SD) below
norm values, indicating neurocognitive deficits. Fatigue was reported
at the physician’s assessment in 83 individuals (52¢5% [44¢4, 60¢5]),
and was further characterized by the patient as predominantly men-
tal (40 of 158 individuals, 25¢3% [18¢7, 32¢8]), predominantly physical
(32/158, 14¢6% [9¢5, 21¢0]) or mixed or unable to specify (30/158,
19¢0% [13¢2, 26¢0]). On the MFI, 106 individuals (73¢1% [65¢1, 80¢1])
scored over the cut-off for clinically significant fatigue. Affective
symptoms were reported by 41 individuals (25¢9% [19¢3, 33¢5]) and
included increased irritability, stress sensitivity, emotional lability,
Table 4.
Residual cardiopulmonary and dysautonomic symptoms with corresponding clinical fin

Phenomenon MHx Clinical axe
(n = 158) (n = 153)

Resp. 69 (44% [36, 52]) Low SpO2 (***): 8 (5% [2, 10
SOB and/or breathing discomfort 64 (41% [33, 49]) Inc. RF (**): 1 (1% [0, 4])
Cough 11 (7% [4, 12]) W: 5 (3% [1, 8])

Dysautonomic symptoms 22 (14% [9, 20]) Tach.: 8 (5% [2, 10])
HT: 2 (1% [0, 5])

Isolated circulatory symptoms (*) 9 (6% [3, 11]) Oedema: 3 (2% [0, 6])
PC: 2 (1% [0, 5])

Resp. = respiratory symptoms; MHx = symptoms found in the medical history; Ax = asse
varies between assessment and medical history because some of the patients could not
records). * = Cardiopulmonary symptoms includes all of the sub-categories in the table
including multiple of the following symptoms: recurring fever, sweating, feeling warm,
latory symptoms = peripheral coldness, palpitations, chest pain or discomfort (excludin
symptoms’; *** = (95% or lower at rest and self reportedly symptomatic).; HT = hypoten
25 at rest. Results from 6MWT, spirometry and radiology are presented only for individ
compared to the resting measurement; SD = short distance on the 6MWT; N/P = no
W = wheezing or crepitations heard on pulmonary auscultation; Tach. = tachycardia (>
examination.
depression and/or anxiety. Clinically overt affective disturbances (i.e.
obvious depressed mood or agitation) were noted in 11 individuals
(7¢1% [3¢6, 12¢4]) during medical consultation. Results from HADS
indicated anxiety and depression in 43% [35, 52] (60/140) and 29%
[22, 38] (41/140), respectively.

3.5. Laboratory findings

Results from laboratory tests (urine and blood) at follow up are
shown in Appendix Table 2. Overall seropositivity for SARS-CoV-2
antibodies was 76¢5% [68¢9, 83¢1] (114/149). Anaemia was seen in
eight individuals (5¢4% [2¢4, 10¢4]) and was typically mild. In 28 indi-
viduals (18¢9% [13¢0, 26¢2]) laboratory signs of mild inflammation
were found, defined as elevation of at least one of the following val-
ues: erythrocyte sedimentation rate (ESR), CRP, P-Leukocytes. None
had leukopenia. Significant new or aggravated impairment in kidney
function (eGFR) was seen in 19 individuals (12¢8% [7¢9, 19¢3]). Twenty
individuals (13¢5% [8¢5, 20¢1]), exhibited elevated liver enzymes and/
or bilirubin. Microscopic haematuria was seen in 17 individuals
(12¢2% [7¢3, 18¢9]).

3.6. Radiological findings

Out of 119 cases with chest radiology (X-ray and/or computed
tomography) showing signs of viral pneumonia during hospitalisa-
tion, 27 (22¢9% [15¢7, 31¢5]) were still pathological at 5 months; 52
(43¢2% [34¢1, 52¢7]) were normalized radiologically and 40 (33¢9%
[25¢4, 43¢2]) were not assessed with follow-up radiology. Three out
of four (28/39) individuals who lacked follow-up chest radiology
were asymptomatic as regards persisting respiratory symptoms, and
most of the remaining (9/11) showed normal results in 6 min walk
test and spirometry.

Brain MRI at follow-up was performed in a minority of the cohort.
About two thirds of those examined showed multiple white matter
lesions. Elaboration of these findings together with corresponding
neuropsychological testing are presented in separate report from Lin-
CoS [36].

3.7. Rehabilitation needs at five months post-discharge

Table 5 shows persisting rehabilitation needs according to three
subscales of the Rehabilitation Complexity Scale-Extended (RCS-E
dings.

6MWT Spirometry Chest radiology
(n = 69) (n = 69) (n = 69)

]) D: 8 (12% [5, 22]) P: 24 (35% [24, 47]) P: 14 (20% [12, 32])
SD: 9 (13% [6, 23]) N: 18 (26% [16, 38]) N: 35 (51% [38, 63])
N: 17 (25% [15, 37]) N/P: 19 (28% [18, 40]) N/P: 20 (29% [19, 41])
I: 14 (20% [12, 32]) I: 8 (12% [5, 22])
N/P.: 21 (30% [20, 43])

ssment; SOB = shortness of breath; crep. = crepitation; 6MWT = 6 min walk test; n
be physically examined (or that this was not documented properly in the medical
except dysautonomic symptoms; Dysautonomic symptoms = Describes a pattern
increased temperature sensitivity, blurred vision, dizziness; Isolated cardio circu-
g breathing correlated chest pain), excludes individuals included in ’dysautonomic
sion, defined as systolic blood pressure < 100, sitting); ** = respiratory frequency
uals with residual respiratory symptoms (n = 69); D = indicates desaturation > 4%
t performed; N = normal; P = pathological; I = indicates an inconclusive result;
100 heartbeats per min) at rest; PC = peripheral coldness observed during physical



Table 5.
Rehabilitation Complexity Scale � Extended [35].

Sub scales (grade) Total (n = 158) WHO CPS 4�5 (n = 102) WHO CPS 6�9 (n = 56) Odds ratio [95% CI]

Therapy intensity (TI)
1 (less than daily) 70 (44¢3% [36¢4, 52¢4]) 34 (33¢3% [24¢3, 43¢4]) 36 (64¢3% [50¢3, 76¢6]) 3¢19 [1¢62, 6¢29]
2+ (daily or more) 0 0 0

Therapy disciplines (TD)
1 (1 therapist) 29 (18¢4% [12¢7, 25¢2]) 13 (12¢7% [7¢0, 20¢8]) 16 (28¢6% [17¢3, 42¢2]) 3¢93 [1¢63, 9¢48]
2 (2�3 therapists) 30 (19¢0% [13¢2, 26¢0]) 13 (12¢7% [7¢0, 20¢8]) 17 (30¢4% [18¢8, 44¢1]) 3¢65 [1¢53, 8¢69]
3 (4�5 therapists) 9 (5¢7% [2¢6, 10¢5]) 7 (6¢9% [2¢8, 13¢6]) 2 (1¢3% [0¢1, 4¢5]) 0¢91 [0¢18, 4¢73]
4 (6+ therapists) 2 (3¢6% [0¢4, 12¢3]) 1 (1¢0% [0¢0, 5¢3]) 1 (1¢8% [0¢0, 9¢6]) 3 (2¢9% [0¢6, 8¢4])

Equipment (E)
1 (basic specialist eq) 17 (10¢7% [6¢4, 16¢7]) 3¢19 [0¢19, 53¢2] 14 (25¢0% [14¢4, 38¢4]) 7.41 [2¢28, 24¢0]
2 (highly specialist eq) 0 0 0

The table shows three sub scales of the RCS-E: Therapy intensity (TI), Therapy disciplines (TD), and Equipment (E). TI: grade 1 denotes
less than daily therapy interventions; TD: grade 1: 1 therapist, grade 2: 2�3 therapists, grade 3: 4�5 therapists, grade 4: 6 or more
therapists.; E: grade 1: basic special equipment (walking aid, wheelchair and/or hearing aids), grade 2: highly specialist equipment.
Odds ratios are given for the WHO CPS 6�9 group, with the CPS 4�5 group as reference [1].
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[35]). In total, 70 individuals (44¢3% [36¢4, 52¢4]) presented with per-
sisting rehabilitation needs at the five month clinical visit. In terms of
therapy intensity, all individuals were deemed to require less than
daily interventions (typically 1�3 sessions/week), thus allowing for
outpatient rehabilitation. In terms of required therapy disciplines,
most individuals required one or two disciplines (typically a physio-
therapist and/or an occupational therapist), thus allowing for rehabil-
itation in most instances to be performed in primary care. Eleven
individuals (7% [3¢5, 12¢1]) required several disciplines (i.e. TD grade
3 and 4) typically addressed in specialized rehabilitation centres.

In terms of assistive equipment, 17 individuals needed technical
aids due to persisting COVID-19-related problems at five months
post discharge. These comprised 12 instances of walking aids (cane,
walker or wheelchair), and six instances of hearing aids. This type of
equipment is categorized according to RCS-E as “basic”, typically
available through primary care sources. Stratifying these results
based on disease severity, as assessed by the WHO CPS, shows a
greater need for equipment (OR 7.4 [2¢3, 24¢0]) and rehabilitation
(OR 3¢19 [1¢62, 6¢29]) in patients with severe disease (CPS 6�9), com-
pared to those with moderate disease (CPS 4�5).

Referrals were provided in 70¢3% [62¢5, 77¢3] of cases (111 of 158
individuals), most commonly to primary care facilities for further
rehabilitation and/or medical follow-up. Patients requiring
highly specialized and multiprofessional neurological rehabilitation
(TD grade 3 and 4) were referred to a specialized rehabilitation
department. Eight percent were referred to a specialist in otorhino-
laryngology.

4. Discussion

In the previous paper of LinCoS, we evaluated 433 hospitalised
cases and found that 185 cases reported persisting problems to a con-
cerning degree 4 months after discharge. Based on a multi-profes-
sional clinical assessment that included relevant auxiliary
investigations, the current study confirmed that most of the partici-
pants who had reported concerning problems suffered a broad array
of deficits involving respiratory, visual, auditory, motor, sensory and
cognitive functions at 5 months after acute illness. This translated
into 16% [12¢8, 20¢0] of survivors (70/433) of the total regional cohort
of hospitalised patients requiring further rehabilitative interventions
at the time of 5-month follow-up. Our findings underscore the neces-
sity to develop structured programs for routine screening of rehabili-
tation needs after COVID-19, including adequate triage in terms of
rehabilitation complexity. Results of this study indicate that rehabili-
tation providers in primary care may serve as a sufficient level of care
for many patients, but also that a substantial minority of patients
may indeed need more advanced resources.
Of particular concern is the clinical assessment, which needs to be
sophisticated enough to capture impairments easily overseen in rou-
tine encounters, such as neurocognitive impairments, as well as car-
diopulmonary and dysautonomic problems. Such problems are
common and potentially debilitating if not properly addressed [5,37].
As a case in point, 48% [40¢1, 56¢2] (76/158) of cases reported
experiencing cognitive symptoms, with memory impairment being
most common, but the physician noted overt cognitive impairments
in only 3% [1¢1, 7¢5] (5/153) of cases. Formal neuropsychological test-
ing by a neuropsychologist, however, showed that 37% [31, 48] (45/
122) performed 1.5 SD below the norm indicating neurocognitive
deficit. These findings indicate that objectifiable neurocognitive defi-
cits are common after hospitalization for COVID-19 and can persist
for 5 months after discharge [38]. In order to identify and quantify
any such deficits, neurocognitive testing should be performed, as
such problems may be overlooked during medical consultation.
Robust neurocognitive testing constitutes a valuable aid in delivering
adequate health care services and allocating resources [4]. Exactly
because of the critical interplay of neurocognitive functions with
daily living, early detection of neurocognitive dysfunction will be
critical for independent functioning and improved quality of life for
many COVID-19 survivors [4].

Forty percent complained of residual respiratory symptoms at the
5-months follow-up, with a significant portion showing pathological
results in 6MWT and spirometry, suggesting functional impairment
of respiratory function. Persisting dyspnoea and other respiratory
symptoms were prevalent in our cohort, and were corroborated by
functional testing and pathological chest radiology. Dyspnoea has
been linked both with a persistent breathing disorder (overall high
equivalents at VO2 peak and ventilatory inefficiency for those hospi-
talized in the ICU) [6] and muscle deconditioning [6,7]. Respiratory
impairment is an important area with implications for functional
ability and needs to be adequately addressed [5]. As a case in point
[39], after three weeks of in-patient multidisciplinary rehabilitation,
participants exhibited improved respiratory muscle strength,
increased independence and markedly improved walking distance.
Liu and colleagues [40] showed that a 6-weeks respiratory rehabilita-
tion program consisting of, among other things, respiratory muscle
training, cough exercise and stretching exercises, led to enhanced
pulmonary function, increased quality of life and reduced anxiety.

In many instances, subjective complaints could be substantiated
and differentiated by auxiliary examinations and tests. This is clearly
of importance, as many common symptoms, such as fatigue [41], are
highly unspecific and may be related to impairments in cardiopulmo-
nary, cerebral [4], autonomic and/or visual functions. More than 50%
(83/158) of cases in this cohort reported persisting fatigue at 5
months follow-up and almost three out of four scored over the cut-
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off on the MFI. Other studies have estimated the prevalence of fatigue
post-COVID-19 to 38�64% [3,13�17,41]. Fatigue has been shown not
to be associated with age, type of treatment or length of hospitalisa-
tion, but rather with factors such as breathlessness and anxiety
[8,41]. Because of the complex nature of fatigue, it has been recom-
mended that its management requires multidisciplinary intervention.
A correct and early diagnosis is necessary to provide relevant inter-
ventions and to prevent such problems from becoming chronic [3].
Since COVID-19 is a novel disease, it is all the more relevant to com-
plement mere symptom enumerations with a search for root causes.

It is noteworthy that the subgroup presenting with symptoms
suggestive of dysautonomia were significantly younger, more fre-
quently of female gender, had much shorter hospital length of stay
and a substantially lower frequency of SARS-CoV-2 antibodies as
compared to the rest of the individuals. It has been theorized [42,43],
that this is characteristic of the subgroup of COVID-19 patients most
prone to develop such symptoms in general. Thus, dysautonomic
problems may be more common among non-hospitalized COVID-19
patients, as such persons are less likely to be admitted to hospital in
contrast to those with more pronounced respiratory symptoms.

The possible link between fatigue and autonomic dysfunction was
examined by Townsend et al. [8] who compared 20 individuals with
residual fatigue, 6 months post COVID-19, with 20 similar individuals
without fatigue. Although 70% of the fatigued group and 0% in the
control group reported orthostatic intolerance (defined as at least
one of: palpitations, dizziness, feeling lightheaded, or chest discom-
fort upon standing), they found no major objective differences with
regards to autonomic function between the groups. However, they
found a strong correlation between fatigue and anxiety. Additionally,
they reported differences in regard to return to work, with 35% of the
fatigue group and 0% of the control group being on sick leave at the
time of the study (all worked prior to COVID-19), suggesting that
fatigue has a strong negative effect on the ability to work.

Problems such as persisting sensorimotor impairments were
more frequent among individuals with more severe disease (WHO
CPS 6�9) mostly treated in intensive care units (ICU). This reflects
the higher incidence of critical illness myopathy (CIM) and critical ill-
ness polyneuropathy (CIP) among such patients [44,45], but motor
and sensory impairments were also seen in non-ICU treated patients.
Other problems, such as cardiorespiratory, cognitive and affective
symptoms, were common across all WHO CPS subgroups, underscor-
ing the need for post-acute screening also of patients with moderate
disease severity. The current study and recent systematic reviews
[3,5] show that therapeutic interventions should be targeted primar-
ily towards improving fatigue, muscle weakness and cognitive symp-
toms. Dyspnoea, impairments to the senses (touch, taste, smell,
vision and hearing), sleep disorders and affective symptoms also
need to be addressed. Some interventions have been evaluated in
pilot-controlled and randomized controlled trials. For instance, in a
4-week pilot controlled intervention in 14 patients recently dis-
charged from the ICU, Mateo and colleagues [46] evaluated the addi-
tion of functional electrical stimulation of the legs during cycling,
leading to a reduction in sedentary behaviour compared to the con-
trol group. In a randomized controlled trial of 140 patients with mild
COVID-19 [47], a combination of pulmonary rehabilitation and a
group psychological intervention, significantly reduced anxiety and
improved sleep quality, compared to the control group receiving
standard nursing care.

As mentioned, 70 individuals (44%) had residual rehabilitation
needs at the five month assessment, corresponding to about one fifth
of the total cohort of survivors. For a significant majority of these
individuals, outpatient rehabilitation involving one or two profes-
sions for 1�3 sessions per week was sufficient. Further, our analysis
showed that residual rehabilitation needs, as assessed using the
WHO CPS at five months post-discharge, were more common in
patients with severe disease (CPS 6�9) compared to moderate
disease (CPS 4�5), both in terms of equipment (walking and hearing
aids) and personnel resources. However, when looking solely on the
11 individuals with the greatest rehabilitation needs (requiring sup-
port from four or more professions), there was no difference in
terms of disease severity. Indeed, some neurological symptoms
have been estimated to be more common in patients with lower
disease severity [3].

When interpreting the results, some methodological factors
should be considered. First, this study is based on a total regional
population hospitalized for COVID-19 during the first wave of the
pandemic in the spring of 2020. All hospitalizations coincidental to a
positive SARS-CoV-2 test were excluded, as were all cases which, due
to severe premorbid conditions (e.g. severe dementia, terminal can-
cer), were precluded from assessment of rehabilitation needs. By cov-
ering a whole region and by covering all disease severities within the
hospitalized COVID-19 population, we believe results to be represen-
tative of the impact of this disease. A limitation of our study was that
non-hospitalized cases were not included. The primary reason for
this was that at the time of the first pandemic wave in Sweden, diag-
nostic testing was not available for this group, thus precluding defi-
nite COVID-19 diagnosis.

Second, this paper reports findings in the subgroup of survivors
(185/433, 43%) who were identified by screening at 4 months as hav-
ing persisting problems significantly hindering daily life. This corre-
sponds well with other studies [14,48], suggesting significant
residual morbidity. Additionally, as only 13% (56/433) of screened
survivors reported to be fully recovered, with another 44% (192/433)
reporting persisting problems but not hindering daily life, this study
is likely underestimating the total rehabilitation needs. Furthermore,
it is possible that some symptoms were not reported during the
screening telephone interview despite being present. As regards false
positives: first, this is inevitable in a proper screening procedure and
second, any false positives could be identified during the clinical
assessment and thus did not influence our estimation of rehabilita-
tion needs.

Third, the findings of the current study are the result of a compre-
hensive multi-professional clinical assessment involving physicians
and neuropsychologists, and where relevant physiotherapists, occu-
pational therapists, neuro-opticians, and speech pathologists, which
included a combination of clinical tests, PROMs, laboratory tests and
radiological assessments. Such an approach has allowed us to present
a relatively broad overview of the magnitude and diversity of sequels
of COVID-19, as opposed to a compartmentalized approach to indi-
vidual organ systems. When conducting the clinical assessment and
analysing the data, care was taken to refine and isolate health prob-
lems attributable to COVID-19 in contradistinction to pre- and
comorbid conditions unrelated to COVID-19. Thus, only symptoms,
signs, laboratory findings and results of auxiliary investigations
reflecting new or aggravated and persisting problems related to
COVID-19 are reported. More sophisticated auxiliary investigations
will no doubt sometimes be called for, but were beyond the scope of
this study. Specifically, cardiac and autonomic dysfunctions have
recently been highlighted [49�51], and would surely benefit from a
more extensive evaluation than was possible within the scope of this
study.

Finally, this study reports residual rehabilitation needs at five
months, regardless of interventions provided during hospitalization
and/or post discharge. Since such interventions as well as a tendency
towards spontaneous improvements over time are likely to decrease
residual rehabilitation needs, assessments of such needs performed
during earlier stages post-discharge would most likely show greater
and more complex needs. By considering these precautions when
discussing the results, we believe our study to present a conservative
estimate of the sequels of this disease.

The broad array of symptoms post COVID-19, as reflected in
screening interviews performed at 4 months post-discharge were
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verified by a multi-professional clinical assessment at five months.
Our study underscores the importance of providing a comprehensive
assessment of cases with persisting problems after this novel disease,
precisely because many symptoms, such as fatigue and breathless-
ness, are highly nonspecific. As many as 16% [13, 20] of the total
regional cohort of hospitalised patients during the first wave of the
pandemic were found to have residual rehabilitation needs at 5
months post-discharge. In a majority of cases, rehabilitative services
could be performed under the auspices of primary care. However,
cases found to have serious neurocognitive, cardiopulmonary
and/or sensorimotor impairments qualify for complex multipro-
fessional rehabilitation, typically provided by specialized rehabili-
tation centers.
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