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ABSTRACT

Background: Cognitive impairment is often reported after SARS-CoV-2 infection, yet evidence gaps remain. We
aimed to (i) report the prevalence and characteristics of children and young people (CYP) reporting “brain fog”
(i.e., cognitive impairment) 12-months post PCR-proven SARS-CoV-2 infection and determine whether differ-
ences by infection status exist and (ii) explore the prevalence of CYP experiencing cognitive impairment over a
12-month period post-infection and investigate the relationship between cognitive impairment and poor mental
health and well-being, mental fatigue and sleep problems.

Methods: The Omicron CLoCk sub-study, set up in January 2022, collected data on first-time PCR-test-positive
and PCR-proven reinfected CYP at time of testing and at 3-, 6- and 12-months post-testing. We describe the
prevalence of cognitive impairment at 12-months, indicating when it was first reported. We characterise CYP
experiencing cognitive impairment and use chi-squared tests to determine whether cognitive impairment
prevalence varied by infection status. We explore the relationship between cognitive impairment and poor
mental health and well-being, mental fatigue and trouble sleeping using validated scales. We examine associa-
tions at 3-, 6- and 12-months post-testing by infection status using Mann-Whitney U and chi-square tests.
Results: At 12-months post-testing, 7.0 % (24/345) of first-positives and 7.5 % (27/360) of reinfected CYP
experienced cognitive impairment with no difference between infection-status groups (p = 0.78). The majority of
these CYP experienced cognitive impairment for the first time at either time of testing or 3-months post-test (no
difference between the infection-status groups; p = 0.60). 70.8 % of first-positives experiencing cognitive
impairment at 12-months, were 15-to-17-years-old as were 33.3 % of reinfected CYP experiencing cognitive
impairment (p < 0.01). Consistently at all time points post-testing, CYP experiencing cognitive impairment were
more likely to score higher on all Strengths and Difficulties Questionnaire subscales, higher on the Chalder
Fatigue sub-scale for mental fatigue, lower on the Short Warwick-Edinburgh Mental Wellbeing Scale and report
more trouble sleeping.
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Conclusions: CYP have a fluctuating experience of cognitive impairment by 12-months post SARS-CoV-2-
infection. Cognitive impairment is consistently correlated with poorer sleep, behavioural and emotional func-
tioning over a 12-month period. Clinicians should be aware of cognitive impairment post-infection and its co-
occurring nature with poorer sleep, behavioural and mental health symptoms.

1. Introduction

Post-COVID condition (PCC) is a difficult but important area of
research (Pan & Pareek, 2023). PCC is highly prevalent and can have
debilitating consequences for individuals suffering from it. For example,
approximately 45 % of those infected with COVID-19 experience
symptoms 4-months post-SARS-CoV-2 infection (O’Mahoney et al.,
2023). In particular, in children and young people (CYP), 13-3% of
12-17-year-olds with prior symptomatic infection had persistent
symptoms for 3-months or more following COVID-19, with one in nine
reporting a large impact on their ability to carry out day-to-day activities
(Atchison et al. (2023)).

One particular class of PCC-associated symptoms that has attracted
the attention of neuropsychologists is cognitive impairment, colloqui-
ally referred to as ‘brain fog’. While the term ‘brain fog’ lacks a uni-
versally agreed definition (Sia et al., 2023), it is commonly used by the
general population to refer to a range of symptoms including confusion,
poor concentration, slow mental processing, forgetfulness and lack of
mental clarity as well as a range of cognitive impairments, such as dif-
ficulties in executive function, attention and speed of information pro-
cessing(McWhirter et al., 2023; Ocon, 2013). Thus, ‘brain fog’ is
characterised as deficits in various cognitive abilities involved in
reasoning and memory and encompasses symptoms such as confusion,
disorientation, forgetfulness and cognitive fatigue(Jennings et al., 2022;
Nouraeinejad, 2022). In adults, cognitive impairment has been reported
several months after SARS-CoV-2 infection, with reported deficits in
verbal and executive function, attention, and memory(Becker et al.
(2021); Graham et al., 2021; Hampshire et al., 2021; Jennings et al.,
2022; Lamontagne et al., 2021; Miskowiak et al., 2021). Moreover,
recent meta-analyses found the prevalence of cognitive symptoms in
adults suffering from PCC to vary between 22-32 %(Ceban et al. (2022);
Premraj et al., 2022). There is less research regarding the prevalence,
duration, and characteristics of cognitive impairment in CYP suffering
from PCC. Our previous meta-analysis on PCC in CYP found a prevalence
estimate for cognitive symptoms of 26 %(Behnood et al. (2022)), while
Zheng and colleagues (2023) reported a prevalence of neurological
symptoms and concentration difficulties of 13.5 % and 11.4 %, respec-
tively(Zheng et al. (2023)). Nonetheless, questions remain regarding the
reporting of cognitive impairment over a long time-period post SARS-
CoV-2 infection. Given that concentration difficulties are associated
with anxiety and depression(APA. (2013)), it is also important to
examine whether cognitive impairment co-occurs with poor mental
health and well-being, mental fatigue and/or sleep problems.

Given the above identified literature gaps, we have two overarching
aims in this short report. First, we aim to describe the prevalence and
characteristics of CYP experiencing cognitive impairment at 12-months
post-infection and to determine whether there are any differences by
infection status (i.e., first-time PCR-test-positives vs PCR-proven rein-
fected). We hypothesise, based on previous findings(Stephenson et al.,
2023), that reinfected CYP are more likely to experience cognitive
impairment compared to first-positives. Second, in exploratory analyses,
we explore the prevalence of CYP experiencing cognitive impairment at
specific time points over the 12-month period after infection and
investigate the relationship between cognitive impairment and poor
mental health and well-being, psychological fatigue and sleep problems.

2. Method

The methodology of the CLoCk Omicron study has been previously
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described(Pinto Pereira et al., 2023). Briefly, 15,045 CYP who had a
SARS-CoV-2 PCR test in January 2022 (of which 5,135 were first-time
PCR positives and 4,507 were PCR-proven reinfected) were invited by
mail to participate. First-positives (i.e., CYP who PCR tested positive for
the first time during the period when the Omicron variant dominated)
were matched, at study invitation, to PCR test-negatives by age (at last
birthday), sex and geographical area (based on lower super output area —
which is made up of between 400 and 1,200 households and have a
usually resident population between 1,000 and 3,000 persons) using the
national SARS-CoV-2 testing database held at the UK Health Security
Agency (UKHSA). All reinfected CYP (i.e., CYP who PCR-tested positive
both before and during Omicron dominance) were invited. Consenting
CYP filled in an online questionnaire shortly after testing (i.e., at O-
months post-testing) and subsequently at 3-, 6- and 12-months post-
testing. The questionnaires included demographics, elements of the In-
ternational Severe Acute Respiratory and Emerging Infection Con-
sortium questionnaire, 28 symptoms in the form of check boxes,
including ““brain fog’ (confusion/memory loss)” and “trouble sleeping”.
The questionnaire also included validated scales: the Strengths and
Difficulty Questionnaire (SDQ)(Goodman (2001)), the Chalder Fatigue
Scale (CFS)(Chalder et al., 1993), and the Short Warwick-Edinburgh
Mental Wellbeing Scale (SWEMWBS)(Tennant et al. (2007)).

By March 2022, almost 82-99 % of 5-to-18-year-olds in the UK had
SARS-CoV-2 antibodies(ONS. (2022)). Hence, it was near impossible to
follow-up a comparator group of truly SARS-CoV-2 negative CYP. Thus,
we focus here on examining the CYP who tested positive for the first
time, and CYP who were reinfected, when the Omicron variant was
prevalent. Hence, we analysed data from 345 first-positives and 360
reinfected CYP who responded to all questionnaires (at 0-, 3-, 6- and 12-
months post-infection). We have previously shown that these partici-
pants are broadly similar to the target population, albeit with some
differences (e.g., by region and levels of deprivation)(Pinto Pereira et al.,
2024).

We report the prevalence of cognitive impairment at 12-months post-
infection, indicating when it was first experienced. We also characterise
(via age, sex, ethnicity, and deprivation) the CYP experiencing cognitive
impairment. We use chi-squared tests to determine whether the preva-
lence of cognitive impairment varied by infection status. To examine
whether cognitive impairment co-occurs with poor mental health and
well-being, mental fatigue and/or sleep problems we examine associa-
tions at 3-, 6- and 12-months post-testing by infection status, between
cognitive impairment and emotional and behavioural difficulties
(captured by the SDQ)(Goodman (2001)), poor well-being (captured by
the SWEMWBS)(Tennant et al. (2007)), mental fatigue (captured by the
mental fatigue sub-scale of the CFS)(Chalder et al., 1993) and trouble
sleeping (reported by a binary response). We used Mann-Whitney U tests
and (for trouble sleeping only) a chi-square test.

3. Results

At 12-months post-testing, 7.0 % (24/345) of first-positives and 7.5
% (27/360) of reinfected CYP experienced cognitive impairment
(Table 1). Contrary to our original hypothesis, there was no evidence of
difference between the infection-status groups (p = 0.78). The majority
(62.7 %; 32/51) of these CYP experienced cognitive impairment for the
first time at either time of testing or 3-months post-test, with no statis-
tical difference between the infection-status groups (p = 0.60). There
was a higher prevalence of females and white ethnicity in both infection-
status groups reporting cognitive impairment at 12-months. Strikingly,
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Table 1
Prevalence* and characteristics of first-positive and reinfected CYP reporting
cognitive impairment at 12-months post-testing (N (%)).

First- Reinfected p-
positives (n=27) value**
(n=24)

Prevalence 6.96 % 7.50 % 0.78

Time cognitive impairment first 0.60

reported
(post PCR-test)

0-months 4 (16.67) 9 (33.33)

3-months 10 (41.67) 9(33.33)

6-months 2(8.33) 2(7.41)

12-months 8(33.33) 7 (25.93)

Age at infection (years) <0.01

11-14 7 (29.17) 18 (66.67)

15-17 17 (70.83) 9(33.33)

Sex 0.51

Female 18 (75) 18 (66.67)

Male 6 (25) 9(33.33)

Ethnicity 0.56

White 19 (79.17) 18 (66.67)

Asian or Asian British 4 (16.67) 5(18.52)

Black, African or Caribbean 0 (0) 2 (7.41)

Mixed 1(4.17) 1(3.70)

Other 0(0) 1(3.70)

Index of Multiple Deprivation quintile 0.40

1 (most deprived) 4 (16.67) 5 (18.52)

2 2(8.33) 8(29.63)

3 8(33.33) 6 (22.22)

4 5(20.83) 4 (14.81)

5 (least deprived) 5 (20.83) 4 (14.81)

*there were 345 first-positive and 360 reinfected CYP in the analytical sample
**p-value from chi-squared test of association

for first-positives, most CYP (70.8 %) who were experiencing cognitive
impairment at 12-months, were 15-17 years old. While for reinfected,
most CYP (66.7 %) who were experiencing cognitive impairment at 12-
months, were 11-14 year olds (p < 0.01).

Consistently at all time points post-testing (i.e., at 3-, 6- and 12-
months), those who experienced cognitive impairment (regardless of
infection status) were more likely to score higher on all SDQ subscales,
higher on the mental fatigue sub-scale, lower on the SWEMBS and report
more trouble sleeping (Table 2). A higher SDQ score indicates more

Table 2
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problems; a higher fatigue score is more severe and a higher SWEMWBS
score indicates better mental well-being. In contrast, those who did not
experience cognitive impairment, had SDQ scores broadly in-line with
normative data from 11-to-15-year-old British CYP pre-pandemic (i.e.
mean (SD): hyperactivity = 3.8(2.2); emotional symptoms = 2.8 (2.1);
peer problems = 1.5(1.4); conduct problems = 2.2(1.7))(Meltzer et al.
(2003)). Likewise, the SWEMWBS score among those who did not
experience cognitive impairment was similar to those reported pre-
pandemic in 10-to-16-year-old Danish school children (mean = 23.33
(SD = 3.78))(Hauch et al. (2023)).

4. Discussion

We have three important findings in this short report. First, in line
with our previous report (Pinto Pereira et al., 2023), 7-8 % of first-
positive and reinfected CYP experienced cognitive impairment at 12-
months post-infection. Importantly, only 2.4 % of included CYP expe-
rienced cognitive impairment consistently at 3-, 6- and 12-months
suggesting that for most CYP who have this symptom, it is transient.
Second, more females than males experienced cognitive impairment at
12-months post-testing. This is in line with our previous work on other
symptoms such as fatigue and shortness of breath (Nugawela et al.,
2022; Stephenson et al., 2022) and the literature more widely (Avittan
and Kustovs (2023); Nouraeinejad, 2022). Notably however, for the
older age group, a higher proportion of first-positives compared to
reinfected CYP experienced cognitive impairment at 12-months. In
contrast, for the younger age group, a higher proportion of reinfected
CYP (compared to first-positives) experienced cognitive impairment at
12-months. Third, consistently at all time-points, CYP experiencing
cognitive impairment had worse mental health, were more mentally
fatigued, had poorer well-being and more trouble sleeping compared to
those who did not experience cognitive impairment. Of course, these
difficulties are inter-related, and it is likely that these factors influence
each other.

These findings highlight that several (potentially distinct) behav-
ioural (e.g., trouble sleeping) and mental health symptoms (e.g., poor
well-being) co-occur with cognitive impairment. Corresponding treat-
ments/interventions should thus be multi-disciplinary. Further research
is required to elucidate the temporal nature of these associations. For

Validated scales for mental health (SDQ), fatigue (CFS) and well-being (SWEMWBS) and trouble sleeping at 3-, 6- and 12-months post-testing by cognitive impairment
and infection status (First-positives (n = 345), reinfected (n = 360); Mean (SD)).

3-months post-testing

6-months post-testing

12-months post-testing

First-positives Reinfected First-positives Reinfected First-positives Reinfected
Cognitive impairment? Cognitive impairment? Cognitive impairment?
No Yes No Yes No Yes No Yes No Yes No Yes
n= (n=28) n= (n=26) n= (n=27) n= (n=25) (n= (n=24) n= (n=27)
317) 334) 318) 335) 321) 333)
SDQ
Hyperactivity 3.55 5.75 3.56 6.23 3.69 5.33 3.61 6.12 3.77 5.29 3.80 5.67
(2.54) (2.58)*** (2.56) (2.12)*** (2.59) (2.51)** (2.50) (2.54)%** (2.64) (2.65)** (2.76) (2.37)*
Emotional 3.31 6.89 2.94 5.73 3.46 5.85 2.90 6.2 3.45 6.21 3.16 5.19
symptoms (2.41) (2.23)%*= (2.40) (2.25)%** (2.51) (2.66)*** (2.36) (2.48)%** (2.58) (2.83)*** (2.42) (2.70)%**
Peer problems 2.19 3.54 1.77 3.04 2.16 3.67 1.60 3.28 2.38 3.75 1.88 2.81
(1.94) (2.13)** (1.75) (2.36)** (1.90) (1.82)%** (1.60) (2.07)%** (1.82) (2.64)* (1.93) (2.04)**
Conduct 1.53 2.43 1.69 2.27 1.54 2.93 1.69 2.56 1.55 2.79 1.66 2.67
problems (1.57) (1.97)** (1.56) (1.54)* (1.58) (2.20)%** (1.56) (2.43) (1.63) (2.55)* (1.68) (2.02)**
CFS Mental 4.49 7.43 4.23 7.50 4.49 6.96 4.22 7.20 4.50 7.25 4.35 6.81
Fatigue (1.66) (2.63)*** (1.65) (2.37)*** (1.80) (2.19)%** (1.66) (2.40)*** (1.63) (3.03)*** (1.59) (2.97)***
SWEMWBS 21.79 17.99 22.50 19.13 21.91 19.01 22.57 18.35 21.89 18.65 22.51 18.50
(4.08) (3.57)%** (4.18) (3.00)*** (4.14) (3.64)*** (4.18) (3.66)*** (4.47) (5.26)*** (4.61) (3.78)***
Trouble sleeping 75 18 (64.29 77 20 (76.92 76 19 64 18 78 17 (70.83 82 20 (74.07
(N(%)) (23.66 Yo)* (23.05 Yo)*** (23.90 (70.37 %)  (19.10 (72.00%)  (24.30 Qo) (24.62 Qo) *

%) %) %)

%) ol %) %)

SDQ = Strengths and Difficulties Questionnaire; CFS = Chalder Fatigue Scale; SWEMBS = Short Warwick-Edinburgh Mental Wellbeing Scale. A higher SDQ score
indicates more problems; a higher fatigue (CFS) score is more severe and a higher SWEMWBS score indicates better mental well-being. Within infection-status,
cognitive impairment group comparisons: *p < .05, **p < .01, ***p < .001 (Mann-Whitney U test or chi-square test (trouble sleeping)).
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example, we do not yet know how much of the effect of SARS-CoV-2
infection on cognitive impairment is mediated by poor sleep routines.
This is feasible because, for example, in adults with PCC, a review
demonstrated the overall prevalence of sleep disturbance was 46 %
(Chinvararak & Chalder, 2023). While contrasts with pre-pandemic
norms are challenging for several reasons including a lack of compara-
ble data, some observations are noteworthy. For example, we found that
12-months post-infection, 27.9 % of our sample reported ‘trouble
sleeping’, while 21.1 % of pre-pandemic 13-to-15-year-olds reported
trouble falling back asleep after nighttime awakening ‘a good bit of the
time’(Scott et al., 2019). Although the origins of cognitive dysfunction
following SARS-CoV-2 infection has yet to be established, several hy-
potheses have been proposed that involve direct or indirect damage to
the central nervous system by the virus, leading to chronic inflammation
of brain tissues as well as neural injury via hypoxia or vascular
dysfunction(Nouraeinejad, 2022). There is also an increasing literature
highlighting increased brain injury after SARS-CoV-2 infection and
abnormal brain imaging many months post-infection (Granholm, 2023).
For example, 56 adult convalescent participants with neurological
complications following COVID-19 showed elevated Glial Fibrillary
Acidic Protein (a marker of astrocyte injury) and Neurofilament Light (a
marker of axonal and dendritic injury) more than 6 weeks after their
original infection (Michael et al., 2023). In 18 adults, longitudinal MRI
data exploring brain structural changes of patients recovered from
COVID-19 showed grey matter volume reduction persisted in the cere-
bellum, vermis, and right temporal lobe after two years (Du et al., 2023).
Alternatively, the observed cognitive dysfunction could be, in part, due
to indirect effects resulting from changes in CYP’s daily life and routines
during the pandemic. Deep phenotyping studies and neuroimaging of
CYP might elucidate any underlying biological mechanisms. It should
also be noted that pre-existing conditions could impact on reported
cognitive impairment and emotional and behavioural difficulties.
Relatedly, some subpopulations maybe more adversely affected e.g. CYP
with central nervous system disorders/neurodevelopmental conditions
and this warrants further exploration.

While our report is purely descriptive, a few findings are worth
discussing. For example, that more females reported cognitive impair-
ment compared to males is in line with the broader literature showing
females are more affected than males by PCC(Nugawela et al., 2022). In
contrast to previous observations demonstrating that on aggregate
reinfected CYP have more symptoms(Stephenson et al., 2023), we did
not find that reinfected CYP are more likely to experience cognitive
impairment compared to first-positives. This suggests that heterogeneity
in the prevalence of specific PCC symptoms warrants consideration.

We have previously acknowledged study limitations (Pinto Pereira
et al., 2024). Specifically, our questionnaire comprised a single item,
asking only about the presence/absence of ‘brain fog’ and thus we are
unable to examine change in severity over time. Furthermore, our
single-item question, provided only a brief explanation of “confusion/
memory loss” and may not fully capture the complexity of cognitive
impairment that has been shown in adults with ‘brain fog’ after SARS-
CoV-2 infection (e.g., Jennings et al., 2022; Hampshire et al., 2024).
This may also explain why we did not observe a dose effect relationship
between viral infections (reinfection vs first-positives) and their down-
stream effects on the brain. An objective assessment of cognitive func-
tioning would allow for a more nuanced understanding of the link
between brain fog and everyday functioning as measured by question-
naires such as the SDQ. Importantly, we are uncertain that the concept of
‘brain fog’ existed pre-pandemic, or if it did what it was called, and the
corresponding pre-pandemic prevalence. Similarly, we are unaware of
pre-pandemic normative data on the mental fatigue sub-scale of the CFS.
Other limitations include that our analytical sample is drawn from the
population when Omicron was dominant. While we cannot say with
certainty that results would be similar for other variants, evidence
suggests that, regarding PCC, there is little difference between variant
(Pinto Pereira et al., 2024).
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To conclude, this short report draws attention to the experience of
brain fog over 12-months post SARS-CoV-2-infection and to the corre-
lation between self-reported brain fog and behavioural and emotional
functioning in everyday life settings (assessed via validated scales e.g.
SDQ, the mental fatigue sub-scale, SWEMBS and a single item on trouble
sleeping). Considering the substantial burden that cognitive impairment
can represent for CYP in crucial domains such as education, it is hoped
that this short report will help increase awareness of the co-occurring
nature of such impairments with poorer health in CYP infected with
SARS-CoV-2.

CRediT authorship contribution statement

Paul Foret-Bruno: Conceptualization, Formal analysis, Writing —
original draft. Roz Shafran: Conceptualization, Funding acquisition,
Investigation, Project administration, Resources, Supervision, Writing —
review & editing. Terence Stephenson: Conceptualization, Funding
acquisition, Investigation, Methodology, Writing — review & editing.
Manjula D Nugawela: Data curation, Project administration, Software.
Dennis Chan: Investigation, Writing — review & editing. Shamez Lad-
hani: Resources, Writing — review & editing. Kelsey McOwat: Data
curation, Resources, Writing — review & editing. Anna Mensah: Data
curation, Project administration. Ruth Simmons: Data curation, Project
administration. Lana Fox Smith: Project administration, Writing — re-
view & editing. Anais D’oelsnitz: Project administration. Laila Xu:
Project administration. Emma Dalrymple: Resources, Writing — review
& editing. Isobel Heyman: Writing — review & editing. Tamsin Ford:
Writing — review & editing. Terry Segal: Writing — review & editing.
Trudie Chalder: Writing — review & editing. Natalia Rojas: Writing —
review & editing. Snehal M Pinto Pereira: Data curation, Formal
analysis, Methodology, Supervision, Writing — review & editing,
Conceptualization.

Declaration of Competing Interest

Terence Stephenson is Chair of the Health Research Authority and
therefore recused himself from the Research Ethics Application. Tamsin
Ford’s research group receives funds for research consultancy to Pla-
ce2Be, a third sector organisation providing mental health training and
interventions to schools. TC is part-funded by the National Institute for
Health Research (NIHR) Biomedical Research Centre at South London
and Maudsley NHS Foundation Trust, King’s College London. TC is the
author of several self-help books on chronic fatigue for which she has
received royalties; has received ad hoc payments for workshops carried
out in long-term conditions; is on the Expert Advisory Panel for Covid-19
Rapid Guidelines; has received travel expenses and accommodation
costs of attending Conferences; is in receipt of grants from Guy’s and St
Thomas’ Charity, NIHR and UKRI. The remaining authors declare that
they have no known competing financial interests or personal re-
lationships that could have appeared to influence the work reported in
this paper.

Data availability
Data will be made available upon resonable request.
Acknowledgements

We would like to thank Michael Lattimore for managing and sup-
porting the study at UKHSA.

This work is independent research jointly funded by the National
Institute for Health and Care Research (NIHR) and UK Research and
Innovation (UKRI) (Children & young people with Long COVID (CLoCk)
study, Reference COV-LT-0022). All research at Great Ormond Street
Hospital Charity NHS Foundation Trust and UCL Great Ormond Street
Institute of Child Health is made possible by the NIHR Great Ormond



P. Foret-Bruno et al.

Street Hospital Biomedical Research Centre. SMPP is supported by a UK
Medical Research Council Career Development Award (ref: MR/
P020372/1) and a Senior Non-clinical fellowship (ref: MR/Y009398/1).
The views expressed in this publication are those of the author(s) and
not necessarily those of NIHR, The Department of Health and Social Care
or UKRIL

Appendix

Marta Buszewicz, University College London, m.buszewicz@ucl.ac.
uk, (Orcid ID: 0000-0003-4016-5857)

Esther Crawley, University of Bristol, Esther.Crawley@bristol.ac.uk,
(Orcid ID: 0000-0002-2521-0747)

Shruti Garg, University of Manchester, Shruti.Garg@mft.nhs.uk,
(Orcid ID: 0000-0002-4472-4583)

Dougal  Hargreaves, Imperial College  London,
greaves@imperial.ac.uk, (Orcid ID: 0000-0003-0722-9847)

Anthony Harnden, Oxford University, anthony.harnden@phc.ox.ac.
uk, (Orcid ID: 0000-0003-0013-9611)

Michael Levin, Imperial College London, m.levin@imperial.ac.uk,
(Orcid ID: 0000-0003-2767-6919)

Vanessa Poustie, University of Liverpool, v.poustie@liverpool.ac.uk,
(Orcid ID: 0000-0003-2338-8768)

Malcolm Semple, University of Liverpool, M.G.Semple@liverpool.ac.
uk, (Orcid ID: 0000-0001-9700-0418)

Kishan Sharma, Manchester University NHS Foundation Trust (sadly
deceased)

Bianca De Stavola, University College London, b.destavola@ucl.ac.
uk, (Orcid ID: 0000-0001-7853-0528)

Olivia Swann, University of Edinburgh, olivia.swann@ed.ac.uk,
(Orcid ID: 0000-0001-7386-2849)

Elizabeth Whittaker, Imperial College London, e.whittaker@-
imperial.ac.uk (Orcid ID: 0000-0002-7944-8793)

d.har-

References

APA. (2013). Diagnostic and statistical manual of mental disorders: DSM-5 (5th ed.).

Atchison, C.J., Whitaker, M., Donnelly, C.A., Chadeau-Hyam, M., Riley, S., Darzi, A.,
Ashby, D., Barclay, W., Cooke, G.S., Elliott, P., Ward, H., 2023. Characteristics and
predictors of persistent symptoms post-COVID-19 in children and young people: a
large community cross-sectional study in England. Arch. Dis. Child. 108 (7), el2.

Avittan, H., Kustovs, D., 2023. Cognition and Mental Health in Pediatric Patients
Following COVID-19. Int. J. Environ. Res. Public Health 20 (6), 5061. https://doi.
0rg/10.3390/ijerph20065061.

Becker, J.H., Lin, J.J., Doernberg, M., Stone, K., Navis, A., Festa, J.R., Wisnivesky, J.P.,
2021. Assessment of Cognitive Function in Patients After COVID-19 Infection. JAMA
Netw. Open 4 (10), e2130645.

Behnood, S., Newlands, F., O’'Mahoney, L., Takeda, A., Haghighat Ghahfarokhi, M.,
Bennett, S., Stephenson, T., Ladhani, S.N., Viner, R.M., Swann, O., Shafran, R., 2022.
An updated systematic review and meta-analysis conducted by UCL Great Ormond
Street Institute of Child in collaboration with the World Health Organisation. World
Health. Organisation.

Ceban, F., Ling, S., Lui, L.M.W., Lee, Y., Gill, H., Teopiz, K.M., Rodrigues, N.B.,
Subramaniapillai, M., Di Vincenzo, J.D., Cao, B., Lin, K., Mansur, R.B., Ho, R.C.,
Rosenblat, J.D., Miskowiak, K.W., Vinberg, M., Maletic, V., McIntyre, R.S., 2022.
Fatigue and cognitive impairment in Post-COVID-19 Syndrome: A systematic review
and meta-analysis. Brain Behav. Immun. 101, 93-135. https://doi.org/10.1016/].
bbi.2021.12.020.

Chalder, T., Berelowitz, G., Pawlikowska, T., Watts, L., Wessely, S., Wright, D.,
Wallace, E.P., 1993. Development of a fatigue scale. J. Psychosom. Res. 37 (2),
147-153. https://doi.org/10.1016/0022-3999(93)90081-P.

Chinvararak, C., Chalder, T., 2023. Prevalence of sleep disturbances in patients with long
COVID assessed by standardised questionnaires and diagnostic criteria: A systematic
review and meta-analysis. J. Psychosom. Res. 175, 111535 https://doi.org/10.1016/
j-jpsychores.2023.111535.

Du, Y., Zhao, W., Huang, S., Huang, Y., Chen, Y., Zhang, H., Guo, H., Liu, J., 2023. Two-
year follow-up of brain structural changes in patients who recovered from COVID-
19: A prospective study. Psychiatry Res. 319, 114969 https://doi.org/10.1016/j.
psychres.2022.114969.

Goodman, R., 2001. Psychometric properties of the strengths and difficulties
questionnaire. J. Am. Acad. Child Adolesc. Psychiatry 40 (11), 1337-1345.

Graham, E.L., Clark, J.R., Orban, Z.S., Lim, P.H., Szymanski, A.L., Taylor, C., DiBiase, R.
M., Jia, D.T., Balabanov, R., Ho, S.U., Batra, A., Liotta, E.M., Koralnik, .J., 2021.
Persistent neurologic symptoms and cognitive dysfunction in non-hospitalized

993

Brain Behavior and Immunity 119 (2024) 989-994

Covid-19 “long haulers”. Ann. Clin. Transl. Neurol. 8 (5), 1073-1085. https://doi.
org/10.1002/acn3.51350.

Granholm, A.-C., 2023. Long-Term Effects of SARS-CoV-2 in the Brain: Clinical
Consequences and Molecular Mechanisms. J. Clin. Med. 12 (9), 3190. https://doi.
0rg/10.3390/jcm12093190.

Hampshire, A., Trender, W., Chamberlain, S.R., Jolly, A.E., Grant, J.E., Patrick, F.,
Mazibuko, N., Williams, S.C., Barnby, J.M., Hellyer, P., Mehta, M.A., 2021. Cognitive
deficits in people who have recovered from COVID-19. EClinicalMedicine 39,
101044. https://doi.org/10.1016/j.eclinm.2021.101044.

Hampshire, A., Azor, A., Atchison, C., Trender, W., Hellyer, P.J., Giunchiglia, V.,
Husain, M., Cooke, G.S., Cooper, E., Lound, A., Donnelly, C.A., Chadeau-Hyam, M.,
Ward, H., Elliott, P., 2024. Cognition and Memory after Covid-19 in a Large
Community Sample. N. Engl. J. Med. 390 (9), 806-818. https://doi.org/10.1056/
NEJMo0a2311330.

Hauch, D., Fjorback, L.O., Juul, L., 2023. Psychometric properties of the Short Warwick-
Edinburgh Mental Well-Being Scale in a sample of Danish schoolchildren. Scand. J.
Public Health 51 (8), 1214-1221. https://doi.org/10.1177/14034948221110002.

Jennings, G., Monaghan, A., Xue, F., Duggan, E., Romero-Ortuno, R., 2022.
Comprehensive Clinical Characterisation of Brain Fog in Adults Reporting Long
COVID Symptoms. J. Clin. Med. 11 (12), 3440. https://doi.org/10.3390/
jem11123440.

Lamontagne, S.J., Winters, M.F., Pizzagalli, D.A., Olmstead, M.C., 2021. Post-acute
sequelae of COVID-19: Evidence of mood & cognitive impairment. Brain, Behavior,
& Immunity - Health 17, 100347. https://doi.org/10.1016/j.bbih.2021.100347.

McWhirter, L., Smyth, H., Hoeritzauer, 1., Couturier, A., Stone, J., Carson, A.J., 2023.
What is brain fog? J. Neurol. Neurosurg. Psychiatry 94 (4), 321-325. https://doi.
org/10.1136/jnnp-2022-329683.

Meltzer, H., Gatward, R., Goodman, R., Ford, T., 2003. Mental health of children and
adolescents in Great Britain. Int. Rev. Psychiatry 15 (1-2), 185-187. https://doi.org/
10.1080/0954026021000046155.

Michael, B.D., Dunai, C., Needham, E.J., Tharmaratnam, K., Williams, R., Huang, Y.,
Boardman, S.A., Clark, J.J., Sharma, P., Subramaniam, K., Wood, G.K., Collie, C.,
Digby, R., Ren, A., Norton, E., Leibowitz, M., Ebrahimi, S., Fower, A., Fox, H.,
Menon, D.K., 2023. Para-infectious brain injury in COVID-19 persists at follow-up
despite attenuated cytokine and autoantibody responses. Nat. Commun. 14 (1),
8487. https://doi.org/10.1038/541467-023-42320-4.

Miskowiak, K., Johnsen, S., Sattler, S., Nielsen, S., Kunalan, K., Rungby, J., Lapperre, T.,
Porsberg, C., 2021. Cognitive impairments four months after COVID-19 hospital
discharge: Pattern, severity and association with illness variables. Eur.
Neuropsychopharmacol. 46, 39-48. https://doi.org/10.1016/j.
euroneuro.2021.03.019.

Nouraeinejad, A., 2022. Brain fog as a Long-term Sequela of COVID-19. SN
Comprehensive Clinical Medicine 5 (1), 9. https://doi.org/10.1007/s42399-022-
01352-5.

Nugawela, M.D., Stephenson, T., Shafran, R., De Stavola, B.L., Ladhani, S.N.,

Simmons, R., McOwat, K., Rojas, N., Dalrymple, E., Cheung, E.Y., Ford, T.,
Heyman, 1., Crawley, E., Pinto Pereira, S.M., 2022. Predictive model for long COVID
in children 3 months after a SARS-CoV-2 PCR test. BMC Med. 20 (1), 465. https://
doi.org/10.1186/512916-022-02664-y.

O’Mahoney, L.L., Routen, A., Gillies, C., Ekezie, W., Welford, A., Zhang, A.,
Karamchandani, U., Simms-Williams, N., Cassambai, S., Ardavani, A., Wilkinson, T.
J., Hawthorne, G., Curtis, F., Kingsnorth, A.P., Almaghawi, A., Ward, T.,
Ayoubkhani, D., Banerjee, A., Calvert, M., Khunti, K., 2023. The prevalence and
long-term health effects of Long Covid among hospitalised and non-hospitalised
populations: a systematic review and meta-analysis. EClinicalMedicine 55, 101762.
https://doi.org/10.1016/j.eclinm.2022.101762.

Ocon, A.J., 2013. Caught in the thickness of brain fog: exploring the cognitive symptoms
of Chronic Fatigue Syndrome. Front. Physiol. 4 https://doi.org/10.3389/
fphys.2013.00063.

ONS. (2022). COVID-19 Schools Infection Survey, England: pupil antibody data and vaccine
sentiment, March to April 2022. https://www.ons.gov.uk/
peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/
bulletins/covid19schoolsinfectionsurveyengland/
pupilantibodiesandvaccinesentimentmarch2022 Institution accessed July 21, 2023.

Pan, D., Pareek, M., 2023. Toward a Universal Definition of Post-COVID-19
Condition—How Do We Proceed? JAMA Netw. Open 6 (4), €235779.

Pinto Pereira, S.M., Mensah, A., Nugawela, M.D., Stephenson, T., Ladhani, S.N.,
Dalrymple, E., Dudley, J., McOwat, K., Simmons, R., Heyman, I., Segal, T.,
Semple, M.G., Xu, L., Shafran, R., Buszewicz, M., Chalder, T., Crawley, E., De
Stavola, B., Ford, T., Whittaker, E., 2023. Long COVID in Children and Young after
Infection or Reinfection with the Omicron Variant: A Prospective Observational
Study. J. Pediatr. 259, 113463 https://doi.org/10.1016/j.jpeds.2023.113463.

Pinto Pereira, S.M., Nugawela, M.D., Stephenson, T., et al., 2024. Post-Covid-19
condition (Long Covid) in children and young people 12 months after infection or
reinfection with the Omicron variant: a prospective observational study. Sci. Rep.
14, 9957. https://doi.org/10.1038/s41598-024-60372-4.

Premraj, L., Kannapadi, N.V., Briggs, J., Seal, S.M., Battaglini, D., Fanning, J., Suen, J.,
Robba, C., Fraser, J., Cho, S.-M., 2022. Mid and long-term neurological and
neuropsychiatric manifestations of post-COVID-19 syndrome: A meta-analysis.

J. Neurol. Sci. 434, 120162 https://doi.org/10.1016/.jns.2022.120162.

Scott, H., Biello, S.M., Woods, H.C., 2019. Social media use and adolescent sleep
patterns: cross-sectional findings from the UK millennium cohort study. BMJ Open 9
(9), e031161.

Sia, A. 1i S., Neo, J. E., Jen-Wei Tan, B., & Tan, E. K. (2023). “Brain fog” and COVID-19.
In American Journal of the Medical Sciences. doi: 10.1016/j.amjms.2023.01.003.


http://refhub.elsevier.com/S0889-1591(24)00389-1/h0010
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0010
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0010
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0010
https://doi.org/10.3390/ijerph20065061
https://doi.org/10.3390/ijerph20065061
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0020
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0020
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0020
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0025
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0025
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0025
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0025
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0025
https://doi.org/10.1016/j.bbi.2021.12.020
https://doi.org/10.1016/j.bbi.2021.12.020
https://doi.org/10.1016/0022-3999(93)90081-P
https://doi.org/10.1016/j.jpsychores.2023.111535
https://doi.org/10.1016/j.jpsychores.2023.111535
https://doi.org/10.1016/j.psychres.2022.114969
https://doi.org/10.1016/j.psychres.2022.114969
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0050
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0050
https://doi.org/10.1002/acn3.51350
https://doi.org/10.1002/acn3.51350
https://doi.org/10.3390/jcm12093190
https://doi.org/10.3390/jcm12093190
https://doi.org/10.1016/j.eclinm.2021.101044
https://doi.org/10.1056/NEJMoa2311330
https://doi.org/10.1056/NEJMoa2311330
https://doi.org/10.1177/14034948221110002
https://doi.org/10.3390/jcm11123440
https://doi.org/10.3390/jcm11123440
https://doi.org/10.1016/j.bbih.2021.100347
https://doi.org/10.1136/jnnp-2022-329683
https://doi.org/10.1136/jnnp-2022-329683
https://doi.org/10.1080/0954026021000046155
https://doi.org/10.1080/0954026021000046155
https://doi.org/10.1038/s41467-023-42320-4
https://doi.org/10.1016/j.euroneuro.2021.03.019
https://doi.org/10.1016/j.euroneuro.2021.03.019
https://doi.org/10.1007/s42399-022-01352-5
https://doi.org/10.1007/s42399-022-01352-5
https://doi.org/10.1186/s12916-022-02664-y
https://doi.org/10.1186/s12916-022-02664-y
https://doi.org/10.1016/j.eclinm.2022.101762
https://doi.org/10.3389/fphys.2013.00063
https://doi.org/10.3389/fphys.2013.00063
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0135
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0135
https://doi.org/10.1016/j.jpeds.2023.113463
https://doi.org/10.1038/s41598-024-60372-4
https://doi.org/10.1016/j.jns.2022.120162
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0155
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0155
http://refhub.elsevier.com/S0889-1591(24)00389-1/h0155

P. Foret-Bruno et al.

Stephenson, T., Pinto Pereira, S.M., Shafran, R., de Stavola, B.L., Rojas, N., McOwat, K.,
Simmons, R., Zavala, M., O’'Mahoney, L., Chalder, T., Crawley, E., Ford, T.J.,
Harnden, A., Heyman, 1., Swann, O., Whittaker, E., Ladhani, S.N., Stephenson, T.,
Shafran, R., Whittaker, E., 2022. Physical and mental health 3 months after SARS-
CoV-2 infection (long COVID) among adolescents in England (CLoCk): a national
matched cohort study. The Lancet Child & Adolescent Health 6 (4), 230-239.
https://doi.org/10.1016/52352-4642(22)00022-0.

Stephenson, T., Pinto Pereira, S. M., Nugawela, M. D., Dalrymple, E., Harnden, A.,
Whittaker, E., Heyman, 1., Ford, T., Segal, T., Chalder, T., Ladhani, S. N., McOwat,
K., Simmons, R., Xu, L., Fox-Smith, L., CLoCk Consortium, & Shafran, R. (2023).
Post-COVID-19 condition (Long Covid) in children and young people 24 months

994

Brain Behavior and Immunity 119 (2024) 989-994

after SARS-CoV-2 PCR-testing: a national matched cohort study (The CLoCk study).
Under Review.

Tennant, R., Hiller, L., Fishwick, R., Platt, S., Joseph, S., Weich, S., Parkinson, J.,
Secker, J., Stewart-Brown, S., 2007. The Warwick-Edinburgh Mental Well-being
Scale (WEMWBS): development and UK validation. Health Qual. Life Outcomes 5
(1), 63. https://doi.org/10.1186/1477-7525-5-63.

Zheng, Y.-B., Zeng, N., Yuan, K., Tian, S.-S., Yang, Y.-B., Gao, N., Chen, X., Zhang, A.-Y.,
Kondratiuk, A.L., Shi, P.-P., Zhang, F., Sun, J., Yue, J.-L., Lin, X., Shi, L., Lalvani, A.,
Shi, J., Bao, Y.-P., Lu, L., 2023. Prevalence and risk factor for long COVID in children
and adolescents: A meta-analysis and systematic review. J. Infect. Public Health 16
(5), 660-672. https://doi.org/10.1016/j.jiph.2023.03.005.


https://doi.org/10.1016/S2352-4642(22)00022-0
https://doi.org/10.1186/1477-7525-5-63
https://doi.org/10.1016/j.jiph.2023.03.005

	Prevalence and co-occurrence of cognitive impairment in children and young people up to 12-months post infection with SARS- ...
	1 Introduction
	2 Method
	3 Results
	4 Discussion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	Appendix Acknowledgements
	References


