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Sex differences in post-acute neurological
sequelae of SARS-CoV-2 and symptom
resolution in adults after coronavirus disease
2019 hospitalization: an international
multi-centre prospective observational study
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Although it is known that coronavirus disease 2019 can present with a range of neurological manifestations and in-hospital complica-
tions, sparse data exist on whether these initial neurological symptoms of coronavirus disease 2019 are closely associated with
post-acute neurological sequelae of SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2; PANSC) and whether female ver-
sus male sex impacts symptom resolution. In this international, multi-centre, prospective, observational study across 407 sites from 15
countries (30 January 2020 to 30 April 2022), we report the prevalence and risk factors of PANSC among hospitalized adults and
investigate the differences between males and females on neurological symptom resolution over time. PANSC symptoms included al-
tered consciousness/confusion, fatigue/malaise, anosmia, dysgeusia and muscle ache/joint pain, on which information was collected at
index hospitalization and during follow-up assessments. The analysis considered a time to the resolution of individual and all neuro-
logical symptoms. The resulting times were modelled by Weibull regression, assuming mixed-case interval censoring, with sex and age
included as covariates. The model results were summarized as cumulative probability functions and age-adjusted and sex-adjusted
median times to resolution. We included 6862 hospitalized adults with coronavirus disease 2019, who had follow-up assessments.
The median age of the participants was 57 years (39.2% females). Males and females had similar baseline characteristics, except
that more males (versus females) were admitted to the intensive care unit (30.5 versus 20.3%) and received mechanical ventilation
(17.2 versus 11.8%). Approximately 70% of patients had multiple neurological symptoms at the first follow-up (median =102
days). Fatigue (49.9%) and myalgia/arthralgia (45.2%) were the most prevalent symptoms of PANSC at the initial follow-up. The
reported prevalence in females was generally higher (versus males) for all symptoms. At 12 months, anosmia and dysgeusia were re-
solved in most patients, although fatigue, altered consciousness and myalgia remained unresolved in >10% of the cohort. Females had
a longer time to the resolution (5.2 versus 3.4 months) of neurological symptoms at follow-up for those with more than one neuro-
logical symptom. In the multivariable analysis, males were associated with a shorter time to the resolution of symptoms (hazard ratio
=1.53; 95% confidence interval = 1.39-1.69). Intensive care unit admission was associated with a longer time to the resolution of
symptoms (hazard ratio=0.68; 95% confidence interval = 0.60-0.77). Post-discharge stroke was uncommon (0.3% in females
and 0.5% in males). Despite the methodological challenges involved in the collection of survey data, this international multi-centre

Received October 12, 2023. Revised December 11, 2023. Accepted February 06, 2024. Advance access publication February 9, 2024

© The Author(s) 2024. Published by Oxford University Press on behalf of the Guarantors of Brain.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse,
distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0002-5132-0958
https://orcid.org/0000-0003-1628-3845
https://orcid.org/0000-0001-9700-0418
https://orcid.org/0000-0002-9292-0773
https://creativecommons.org/licenses/by/4.0/

2 | BRAIN COMMUNICATIONS 2024: Page 2 of 14 S.-M. Cho et al.

prospective cohort study demonstrated that PANSC following index hospitalization was high. Symptom prevalence was higher and

took longer to resolve in females than in males. This supported the fact that while males were sicker during acute illness, females were
disproportionately affected by PANSC.
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Despite multifaceted global efforts in public health measures
such as vaccination and medical treatments that have im-
proved the overall outcome of coronavirus disease 2019
(COVID-19), the rapid evolution of severe acute respiratory

iants, coupled with complex social, economic and political
ramifications, has hindered a return to pre-pandemic nor-
malcy. Moreover, reports on post-acute sequelae of
SARS-CoV-2 infection (PANSC or long COVID) have accu-
mulated after the declaration of the COVID-19 pandemic in
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March 2020. COVID-19 can cause long-term symptoms that
can persist for months or even years after acute COVID-19
infection." The intensity of these symptoms can vary in se-
verity from mild to debilitating. Among long COVID symp-
toms, neurological symptoms are of particular public health
concern and societal burden, which are increasing in preva-
lence over time as millions of people are infected with
COVID-19.>*

Although it is well established that acute COVID-19 infec-
tion can present with neurological manifestations and in-
hospital complications,”® sparse data exist regarding
whether these initial neurological symptoms and presenta-
tions of COVID-19 are closely associated with post-acute
neurological sequelae of SARS-CoV-2 (PANSC). Despite
many reports on the incidence and risk factors of long
COVID over the last few years,” ! high-quality evidence fo-
cused on ‘neurological’ long COVID is currently limited.
Therefore, a robust large-scale international multi-centre
research is necessary to study the prevalence, risk factors
and trajectory of long-term PANSC after acute COVID-19
infection, especially for those with COVID-19 hospitaliza-
tion. Prior studies reported a significant association between
female sex and long COVID.'*'? However, most studies did
not and do not report separate data between sexes on neuro-
logical long COVID. Therefore, the primary aim of this study
was to describe the prevalence and risk factors of persistent long-
term PANSC and post-discharge neurological complications of
COVID-19 among hospitalized adults from a large multi-centre
COVID-19 registry, the International Severe Acute Respiratory
and emerging Infection Consortium (ISARIC) COVID-19 data-
base; a secondary aim was to investigate the impact of female
sex on long-term PANSC resolution over time.

Materials and methods

The original study protocol was approved by the World
Health Organization Ethics Review Committee, and local
ethics approval was obtained for each participating country
and site according to local requirements. Patient consent was
obtained for a follow-up survey. De-identified data were sub-
mitted to the ISARIC database by direct entry to Research
Electronic Data Capture (REDCap, version 8.11.11,
Vanderbilt University, Nashville, TN, USA), hosted by the
University of Oxford or by secure file transfer when locally
managed data collection systems were used. All data submit-
ted to the ISARIC data platform were harmonized to the
CDISC SDTM standard (Study Data Tabulation Model; ver-
sion 1.7, Clinical Data Interchange Standards Consortium,
Austin, TX, USA). A full description of data collection and
curation methods is available."?

Data from a multi-centre, international observational study
were analysed to ascertain the prevalence and characteristics
of long-term PANSC and neurological complications after a
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discharge from acute COVID-19 hospitalization. Patient
data were collected according to the ISARIC COVID-19
Follow-Up Study Protocol, a prospective study of COVID-19
patients to assess frequency and risk factors for long-term
health and psychosocial consequences of COVID-19.'%1°
The original ISARIC registry included hospitalized patients
with COVID-19 symptoms and laboratory-confirmed
SARS-CoV-2. A subset of hospitalized patients with
COVID-19 were assessed using received standardized case
report forms (CRFs) post-discharge (ISARIC Global
Follow-Up Tier 1 Survey: CRFs available in Appendix I) to
do a follow-up and collect long-term physical and psycho-
social sequelae. We analysed survey items related to
PANSC and post-discharge neurological complications.

Available data are described in the ISARIC Global follow-up
protocol and CRFs (https:/isaric.org/research/covid-19-
clinical-research-resources/covid-19-long-term-follow-up-st
udy-old/).">'® The hospitalization data including presen-
tation and in-hospital neurological complications® were
linked with the follow-up survey data by a unique participant
identifier. Serial follow-up was continued every 3 months
post-discharge for up to 12 months. Individuals were recruited
for the follow-up study at post-COVID outpatient units.
All presenting individuals were invited to join the study.
Patients are referred to these units from various sources, in-
cluding emergency departments, admission wards and family
doctors in the recruiting regions. Although all patients admit-
ted with acute COVID-19 during the recruitment period were
invited to participate in follow-up, only a random sampling of
patients were invited due to resource constraints.

The study cohort for analysis included all patients aged
18 vyears or over enrolled in the ISARIC COVID-19
Follow-Up Study with confirmed COVID-19 infection who
were hospitalized with symptomatic COVID-19 between
30 January 2020 and 30 March 2022. We excluded patients
in whom information on hospital admission and discharge
dates, sex, intensive care unit (ICU) admission, neurological
manifestations/complications and neuropsychiatric follow-
up data was missing (Fig. 1).

Participants were followed up regularly for up to a year
post-discharge. Eligible participants completed one or
more surveys, with the first survey completed at least
1-month post-discharge from their hospitalization (data
completeness available in Supplementary Table 1). The
Tier 1 initial survey was used at the initial follow-up time
point (at 3 months post-discharge) and repeated every 3-6
months thereafter. The survey was designed for assessment
via patient self-completion, administered via an online link
or as a paper form, or by a clinician via in-clinic or telephone
assessments during in-person follow-up.

Neurological symptoms, as collected at index hospitalization
and during follow-up assessments, included altered
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Figure | A study flow diagram. A flow diagram of the study cohort who participated in a long-term outcome survey.

consciousness/confusion, fatigue/malaise, anosmia, dysgeu-
sia and muscle aches/joint pain. Long-term complications
after discharge from COVID-19 admission included stroke/
transient ischaemic attack (TIA), deep vein thrombosis
(DVT), pulmonary embolism (PE), heart attack and kidney
problems.

The primary outcome was the presence of PANSC and post-
discharge stroke/TIA at each follow-up time. The secondary
outcome was PANSC symptom resolution, accounting for
associations with known risk factors with sex (female versus
male) as a covariate of interest.

Respondent characteristics collected at initial acute
COVID-19 hospitalization were summarized for the full
analysis cohort and by sex. All continuous variables
were summarized as medians and quartiles; categorical vari-
ables were summarized as frequencies and percentages.
Characteristics covered respondent demographics, co-
morbidities, neurological symptoms reported at admission,
in-hospital neurological complications, ICU admission,
mechanical ventilation, extracorporeal membrane oxygen-
ation (ECMO) and hospital length of stay. The reported
prevalence of neurological symptoms was estimated at index
hospitalization and initial survey follow-up. Overall
and sex-specific prevalences were estimated by crude and

age-adjusted rates per 100 hospital discharges with 95%
confidence intervals (Cls).

The analysis of long-term neurological outcomes consid-
ered the time to the resolution of individual neurological
symptoms and the resolution of all neurological symptoms
present at initial hospitalization. Two definitions for symp-
tom resolution were considered based on longitudinal survey
responses. For the primary analysis, symptom resolution was
defined as the first survey date where a participant reported
the symptom as absent. As a sensitivity analysis, symptom
resolution was defined by participant responses at their last
known date of survey follow-up. Resulting times were mod-
elled by Weibull regression, assuming mixed-case interval
censoring, with sex and age included as covariates. Model re-
sults were summarized as cumulative probability functions
and age-adjusted and sex-adjusted median times to reso-
lution. Additional multivariable analyses considered ICU
status, year of acute illness, hospital length of stay and re-
ported in-hospital neurological complications. Further de-
tails on the methods are provided in Supplementary File 1.

Results

The initial survey cohort included 9824 adult patients
hospitalized due to COVID-19 from 407 sites and 15 coun-
tries (Fig. 1). Of these, 6862 participants satisfied the
inclusion criteria as a final study cohort. Initial follow-up as-
sessment occurred at 102 days [median, interquartile
range (IQR)=77-183 days] following discharge from the
index hospitalization. Supplementary Tables 1 and 2 and
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Figs. 1 and 2 further describe data completeness, survey
timing, frequency and response rate. For our analysis of
time to symptom resolution, available participant numbers
were as follows: 2971 (0-3 months), 3188 (3—6 months),
1514 (6-9 months) and 2792 (9+ months). The median
time to participation loss to follow-up was 6 months
(Supplementary Fig. 8).

Overall, 6862 participants were analysed (39.2% females)
with a median age of 57 years (IQR=46-67 years;
Table 1). Most participants were recruited from high-income
countries, with European and Asian regions accounting for
98.2% of the study cohort. A geographic breakdown and
summary of comorbidities are given in Supplementary
Table 3. Males and females had similar baseline characteris-
tics, though neurological symptoms at hospital admission for
acute COVID-19 were marginally more common in females
than in males (Table 1). Fatigue (54.9%) and myalgia
(34.8%) were the most frequently reported neurological
symptoms at hospital admission. Fatigue was most frequent-
ly reported together with myalgia, dysgeusia and anosmia
(Supplementary Fig. 3 and Supplementary Fig. 4).
Neurological complications of COVID-19 during hospital-
ization were uncommon (1.1%); stroke was more common
in males than in females (Supplementary Table 4). Of hospi-
talized patients, 26.5% were admitted to ICU, 15.1% re-
ceived mechanical ventilation and none received ECMO.
More males than females were admitted to the ICU (30.5 ver-
sus 20.3%) and received mechanical ventilation (17.2 versus
11.8%; Table 1).

Approximately 1.1% of male and female participants experi-
ence one or more neurological complications during hospi-
talization (Table 1). During survey follow-up, stroke/TIA
was uncommon: 0.3% in females and 0.4% in males.
Other complications including DVT, PE, heart attack and
kidney problems were infrequent in both males and females
(0-2% range).

Approximately 70% of patients had more than one neuro-
logical symptom upon initial follow-up (median follow-up
time = 99 days, IQR = 79-177 days; Supplementary Table 2).
Fatigue (49.9%; 95% Cl=47.6-52.4; age-standardized:
47.9; 45.1-50.9 cases per 100 discharges) and myalgia/arthral-
gia (45.2%; 95% CI=42.4-48.1; age-standardized: 43.8;
40.8-47.0 cases per 100 discharges) were the most frequently
reported symptoms of PANSC. Seventy-five per cent of female
participants reported one or more persistent neurological
symptoms at initial follow-up (95% CI=71.4-79.5;
age-standardized: 73.2; 67.5-79.5 cases per 100 discharges).
Reported prevalence in females was generally higher than
in males for all PANSC symptoms at initial follow-up
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(Table 2). Dizziness, visual problems and sleeping problems
were reported more frequently by females than males
(Supplementary Fig. 5).

At 12 months, dysosmia and dysgeusia were resolved in al-
most all patients though fatigue, altered consciousness and
myalgia remained unresolved in more than 10% of the co-
hort. Males had greater recovery of symptoms at 12 months
compared with females (Supplementary Table 5). The me-
dian time to the resolution of one or more neurological
symptoms reported at acute hospitalization was generally
longer in females than in males. Median times to symptom
resolution generally increased with age, being the longest
times reported by participants aged between 45 and 65 years
(Fig. 2; Supplementary Fig. 6). Patients with more than
one neurological symptom at hospitalization for acute
COVID-19 had a prolonged time to resolution [5.2 months
in females and 3.4 months in males; hazard ratio (HR) =
1.45; 95% CI=1.31-1.60; Supplementary Table 35].
Patients who experienced neurological complications during
hospital admission had a similar median time to recover
compared with those who did not (Supplementary Fig. 7).

The cumulative probability of the resolution of altered con-
sciousness was similar between females and males (Fig. 2;
Supplementary Fig. 8). For all other symptoms, males had a
far greater chance of symptom resolution at any given time.

Male sex was significantly associated with a shorter time to
the resolution of neurological symptoms (HR =1.53; 95%
CI=1.39-1.69; Fig. 3; Supplementary Table 6). ICU admis-
sion and COVID-19 infection in 2021 (versus 2020), but not
prolonged hospital length of stay, were significantly asso-
ciated with a longer time to symptom resolution (Fig. 3).
Multivariable results were similar between the full analysis
cohort and the subset of participants evaluated for in-
hospital neurological complications. The presence of in-
hospital neurological complications was not associated
with resolution time (HR=1.16; 95% CI=0.48-2.45;
Supplementary Tables 6 and 7).

Discussion

In this study, we present results from a large international
multi-centre observational cohort of patients (ISARIC)
who reported PANSC symptoms at regular time points
over a l-year period following an index hospitalization
with acute COVID-19 disease. Our study is unique in report-
ing focused ‘neurological’ long COVID symptoms for up to 1
year and the analyses on time to symptom resolution. We
showed that a large proportion of patients (70%) had
more than one neurological symptom upon initial follow-up
at ~3 months, with females having higher frequencies and a
longer time to the resolution (5.2 versus 3.4 months) of
PANSC symptoms. The cumulative probability of the reso-
lution of PANSC was far greater in males at any given time.
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Figure 2 Symptom resolution probability. Cumulative probability functions [estimate (95% CI)] to neurological symptom resolution
stratified by sex (female = pink, male = blue; adjusted for age = 60 years). Median times for symptom resolution for the corresponding sex are
annotated (also see Supplementary Table 5). Sensitivity analysis results are provided in Supplementary Fig. 8.

This is in keeping with prior work where the female sex has
been reported as a significant risk factor for long COVID
(not specific to PANSC), with a meta-analysis of 7 studies
and 386 234 patients demonstrating an odds ratio of 1.48
(95% CI=1.17-1.86).">'7 Similarly, over half (1100 of
2103, 52%) of responders in a Latin American study reported
that long COVID symptoms were more commonly reported
by females (64.0%).'® The findings may be associated with
females generally having more depression and anxiety;
however, our study did not have those specific variables.
The age group most affected with long COVID varied
from young adults (21-40 years)'® to older adults (>50
years)'” in different studies. It is noteworthy, unlike our
study, that the aforementioned studies have not investi-
gated specific PANSC, which may have resulted in some in-
consistent findings on age. Our study demonstrated
middle-aged participants (40-65 years) were more affected
by PANSC in our study (Fig. 3).

Severe acute respiratory distress syndrome (ARDS) is a
known risk factor for long-term cognitive and psychiatric

impairment.”®?! Interestingly, we noted there were substan-
tially more males than females who were admitted to ICU
(31 versus 20%) and received mechanical ventilation (17
versus 12%; Table 1). This did not translate into more
PANSC on follow-up, further highlighting the sex discrep-
ancy in PANSC. Also, our study highlights that, in addition
to a greater prevalence, symptom resolution takes longer in
females than in males, which provides a new unique perspec-
tive to the current knowledge of long COVID, which was not
reported in COVID-19 or general ARDS literature.

The aetiology of long COVID and of neurological symp-
toms of long COVID are areas of active research and are sus-
pected to be multi-factorial.** Several hypotheses implicate
both the nervous system and the systemic pathogenic me-
chanisms such as SARS-CoV-2 viral persistence and neuroin-
vasion, abnormal immunological response (subacute to
chronic), autoimmunity, coagulopathies and endotheliopa-
thy with microvascular clot formation, which can contribute
to hypoxic neuronal injury and blood-brain barrier
dysfunction.”?
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Table | Baseline demographic and index hospitalization characteristics

Characteristic

Age, years 57 (46-67)
High-income country 5169 (75.3)
Geographic region®
Africa 77 (1.1)
Asia 1650 (24.0)
Europe 5092 (74.2)
Latin America and the Caribbean 43 (0.6)
Comorbidities®
Chronic cardiac disease® 705 (10.3)
Chronic kidney disease® 319 (4.7)
Chronic neurological disorder® 240 (3.5)
Diabetes mellitus 1142 (25.1)
Obesity 529 (19.6)
Neurological complications during hospitalization
Meningitis/encephalitis® 8(0.3)
Seizures" 9 (0.4)
Stroke' 12 (0.5)
One or more complications 27 (1.1)
Neurological symptoms at hospital admission
Altered consciousness 467 (7.1)
Fatigue 3607 (54.9)
Anosmia 1108 (18.3)
Dysgeusia 1241 (20.4)
Myalgia 2253 (34.8)
Seizure 33 (0.7)
One or more symptoms 4565 (66.5)
COVID-19 index hospitalization information
ICU admission 1818 (26.5)
Mechanically ventilated 993 (15.1)
ECMO 0 (0.0
Antivirals 887 (17.3)
Corticosteroids 1314 (32.1)
Hospital length of stay, days 8 (5-13)

Full cohort (n = 6862)

Female (n =2691) Male (n=4171)

56 (45-66) 58 (47-67)
2079 (77.3) 3090 (74.1)
46 (1.7) 31 (07)
573 (213 1077 (25.8)
2055 (76.4) 3037 (72.8)
17 (0.6) 26 (0.6)
237 (8.8) 468 (11.3)
102 (3.8) 217 (5.2)
124 (4.6) 116 (2.8)
387 (22.2) 755 (26.9)
255 (23.4) 274 (17.0)
3(03) 5(03)

6 (0.6) 3(02)
3(03) 9 (0.6)
11 (1.0) 16 (1.1)
17 (6.8) 290 (7.2)
1485 (57.4) 2122 (53.2)
462 (19.4) 646 (17.5)
523 (21.9) 718 (19.5)
989 (38.6) 1264 (32.3)
13 (0.7) 20 (0.7)
1854 (68.9) 2711 (65.0)
547 (20.3) 1271 (30.5)
301 (11.8) 692 (17.2)

0(0.0) 0(0.0)
332 (16.6) 555 (17.8)
501 31.2) 813 (32.7)

7 (4-11) 8 (5-14)

ICU, intensive care unit; ECMO, extracorporeal membrane oxygenation. *See Supplementary Table 3 for a detailed breakdown by geographic sub-region. "Comorbidities are reported
at initial hospitalization; see Supplementary Table 3 for additional comorbidities. “Chronic cardiac disease: any of coronary artery disease, heart failure, congenital heart disease,
cardiomyopathy, or rheumatic heart disease (not hypertension). “Chronic kidney disease: chronic estimated glomerular filtration rate <60 ml/min/1.73 m? or history of kidney
transplantation. “Chronic neurologic disorder: any of cerebral palsy, multiple sclerosis, motor neuron disease, muscular dystrophy, myasthenia gravis, Parkinson’s disease, stroke and
severe learning difficulty. ‘Subset of respondents evaluated for in-hospital complications (n = 2520; Fig. 1). &Inclusive of all seizures during hospitalization regardless of cause. "Clinical
diagnosis of stroke with or without radiological findings. 'Inflammation of the meninges or the brain parenchyma diagnosed clinically, radiologically, or microbiologically.

Lastly, we identified that most survey participants were en-
rolled from high-income countries represented in the global
ISARIC cohort. This geographical distribution differed from
the total number of patients included in the WHO-ISARIC
Clinical Characterization Protocol evaluated for neurological
symptoms and in-hospital complications. Fewer survey parti-
cipants from low-income and middle-income countries high-
light the need to strengthen research capacity and develop
strategies and tools to support effective patient follow-up in
low-resource healthcare systems.'?

This study has several limitations that should be considered
when interpreting the main findings. A key among these is the
methodological challenges of assessing patient symptoms and
complications using remote clinician lead and self-assessments
during pandemic constraints and common issues encountered
when conducting multi-site longitudinal studies. First, as

participant recruitment and follow-up were contingent on re-
sourcing at individual study sites, data were collected at irregu-
lar intervals and subject to loss to follow-up. Second, it is likely
that the study cohort was subject to a degree of selection bias,
related to challenges in recruiting and retaining participants
following acute COVID-19 hospitalization. We further consid-
ered population differences by reporting sex-specific prevalence
as crude and age-standardized rates. Third, our study did not
provide any mechanistic insights into long-term PANSC.
Fourth, the rapid evolution of COVID-19 disease and its treat-
ment with antiviral therapy such as nirmatrelvir or steroids
were not well captured in the database, which limited our abil-
ity to investigate treatment impact on PANSC other than pos-
sible associations. Finally, multivariable analyses were limited
in terms of adjustment for patient-level characteristics related
to disease severity, for example, the use of mechanical ventila-
tion. Limiting these analyses was intended to reduce the risk of
reporting distorted associations from collider bias,”* common
in observational studies.


http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcae036#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcae036#supplementary-data
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Figure 3 Risk factors for time to symptom resolution. (A) The median time (months, y-axis) to symptom resolution is based on the
patient’s age (x-axis). (B) Multivariable analysis for time to symptom resolution for those with one or more neurological long COVID symptoms.

Other study limitations relate to the scope of analyses pos-
sible on standardized data collections. First, the spectrum of
neurological psychiatric manifestations and complications
of COVID-19 is broader than the CRF terms included in
the patient registry and survey. Secondly, due to the data col-
lection methods used, mortality was recorded only if data
collectors were notified of deaths before or while attempting
to follow up with a participant. In cases where participants
could not be contacted, the reason for loss to follow-up could
not be determined from available data. Thirdly, it was not
possible to assess the implications of PANSC on quality of
life, as formal quality-of-life questionnaires and neurocogni-
tive or psychiatric assessments suffered from significant miss-
ingness. Challenges exist in defining and capturing PANSC
and establishing causation, especially in ICU patients with
ARDS, where there is evidence of the long-term burden suf-
fered by survivors. A more intense follow-up with defined
endpoints would have allowed a more detailed analysis,
but our study was a pragmatically driven extension of the
initial WHO-ISARIC Clinical Characterization protocol
(https:/isaric.org/research/covid-19-clinical-research-resources/
clinical-characterisation-protocol-ccp/).>* Most follow-up par-
ticipants were from high-income countries, whereas the

majority of patients in the ISARIC COVID registry were
from low-income/middle-income countries. Finally, patient
recruitment strategies varied between sites and were subject
to staff and resource limitations, introducing the possibility
of recruitment bias. As the heterogeneity of PANSC reported
in the literature as it relates to long COVID is a challenge, our
study with a large sample size (407 sites; 15 countries) offers
an advantage. In a scoping review conducted in January
2021, out of 120 papers, there was 1 randomized clinical trial,
22 were cohort and 28 were cross-sectional studies, none of
which focused on PANSC symptoms, thus highlighting the
importance of our study.?’

Conclusion

This international multi-centre prospective cohort study de-
monstrates that PANSC after hospitalization is high, with a
higher prevalence in females and a longer time to resolution.
This supports the fact that females are disproportionately af-
fected by PANSC, although males were admitted to ICU
more often and were treated with mechanical ventilation
more often than females. Stroke is an uncommon neurological


https://isaric.org/research/covid-19-clinical-research-resources/clinical-characterisation-protocol-ccp/
https://isaric.org/research/covid-19-clinical-research-resources/clinical-characterisation-protocol-ccp/
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complication after COVID-19 discharge. Given the burden of
disease, further work is needed regarding the screening and
treatment of long-term neurological symptoms after COVID,
particularly in low-resource healthcare settings.

Supplementary material

Supplementary material is available at Brain Communications
online.
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