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Summary
Background Despite high numbers of children and young people (CYP) having acute COVID, there has been no
prospective follow-up of CYP to establish the pattern of health and well-being over a year following infection.

Methods A non-hospitalised, national sample of 5086 (2909 SARS-COV-2 Positive; 2177 SARS-COV-2 Negative at
baseline) CYP aged 11-17 completed questionnaires 6- and 12-months after PCR-tests between October 2020 and
March 2021 confirming SARS-CoV-2 infection (excluding CYP with subsequent (re)infections). SARS-COV-2
Positive CYP was compared to age, sex and geographically-matched test-negative CYP.

Findings Ten of 21 symptoms had a prevalence less than 10% at baseline, 6- and 12-months post-test in both test-
positives and test-negatives. Of the other 11 symptoms, in test-positives who had these at baseline, the prevalence of
all symptoms declined greatly by 12-months. For CYP first describing one of these at 6-months, there was a decline
in prevalence by 12-months. The overall prevalence of 9 of 11 symptoms declined by 12-months. As many CYP first
described shortness of breath and tiredness at either 6- or 12-months, the overall prevalence of these two symptoms
in test-positives appeared to increase by 6-months and increase further by 12-months. However, within-individual
examination demonstrated that the prevalence of shortness of breath and tiredness actually declined in those first
describing these two symptoms at either baseline or 6-months. This pattern was also evident for these two
symptoms in test-negatives. Similar patterns were observed for validated measures of poor quality of life, emotional
and behavioural difficulties, poor well-being and fatigue. Moreover, broadly similar patterns and results were noted
for the sub-sample (N = 1808) that had data at baseline, 3-, 6- and 12-months post-test.

Interpretation In CYP, the prevalence of adverse symptoms reported at the time of a positive PCR-test declined over
12-months. Some test-positives and test-negatives reported adverse symptoms for the first time at six- and 12-months
post-test, particularly tiredness, shortness of breath, poor quality of life, poor well-being and fatigue suggesting they
are likely to be caused by multiple factors.
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Research in context

Evidence before this study

We previously published health and well-being profiles of
children and young people (CYP) three months after a
positive or negative PCR test for SARS-COV-2. There are now
a number of cross-sectional surveys from several countries but
we are unaware of any published studies (including from
those identified in our systematic review) on individual-level
prospective follow-ups of CYP with confirmed SARS-CoV-2
infection and matched SARS-CoV-2 test-negatives to assess
the natural course of post-COVID-19 health and well-being in
individuals. Here, we describe the self-reported health and
well-being profiles on a matched cohort of individuals at both
six and twelve months after a positive or negative SARS-CoV-
2 PCR test.

Added value of this study

This is a unique population-based cohort study of CYP with
PCR-confirmed SARS-CoV-2 infection status where health and
well-being are reported by CYP themselves. Importantly, there
is a matched test-negative group of CYP who have lived
through the ‘long pandemic’ and who have never tested
positive for SARS-CoV-2 (determined by PCR test and self-
report). Participants were recruited nationally. We evaluated
the prevalence of health and well-being in both test negative
and positive groups. We tracked the adverse symptoms in this
cohort longitudinally over a 12-month period and show that
the prevalence of adverse symptoms reported at the time of a
positive PCR-test declined over 12-months. However, new
adverse symptoms were reported six- and 12-months

Introduction

For most children and young people (CYP), SARS-CoV-
2 infection has been asymptomatic or a mild illness’
compared to adults.> However, as the cumulative inci-
dence of infection in CYP increases, the incidence of
post-COVID sequelae has become a growing concern.
Long COVID (post-COVID-19 condition), has a debili-
tating impact on some CYP but little is known about the
frequency, distribution or duration of poor health and
well-being after SARS-CoV-2 infection in CYP.?

In our systematic review' of 22 studies, the most
common symptoms in CYP at 3 months were fatigue,
insomnia, loss of smell, and headaches; additional re-
ported symptoms included anxiety, low mood and ‘brain
fog’. Only five studies identified in the review had a
negative test control group to disentangle the effects of
infection from living through a pandemic. There is
considerable variation in the published literature on the
natural history of long-term poor health and well-being
associated with SARS-CoV-2 infection and even less data
on the associated burden beyond 3 months in CYP."*

The CLoCk study is the largest national, matched
longitudinal cohort study of CYP in England," whereby

post-test by both test-positives and test-negatives,
particularly tiredness, shortness of breath, poor quality of life,
poor well-being and fatigue. Our study demonstrates the
added value of longitudinal, individual-level follow-up studies.

Implications of all the available evidence

This unique study finds that in most CYP, specific adverse
symptoms reported at testing and 6-months later had
resolved by 12-months, although in a minority they were
persistent, and that new-onset had emerged. If we had simply
looked at cross-sectional prevalence of adverse symptoms at
testing, 6-months and 12-months, as is commonly done in
other studies, it would have appeared as if the prevalence of
specific common post-COVID-symptoms stayed largely stable,
or increased, over time. However, we show that this is not the
case. The new-onset adverse symptoms arising 6- or 12-
months after initial viral infection should not exclusively be
viewed as new long COVID symptoms as a consequence of
the initial SARS-COV-2 infection. Rather, these adverse
symptoms should be seen in the wider context of health and
well-being in the general adolescent population. Recent
reviews of Long COVID in CYP indicate that higher quality
studies are needed and that a consistent definition of Long
COVID is required; our research goes one step further and
indicates that studies with repeat measurement on the same
CYP are needed to track individual trajectories and not simply
report repeat cross-sectional prevalence’s of symptoms over
time.

non-hospitalised teenagers self-report on post-COVID-
19 health and well-being after PCR-confirmed SARS-
CoV-2 infection compared to SARS-CoV-2 PCR-negative
CYP."'2 At 3-months post-test, among a subsample of
6084 participants,'? 66.5% of test-positives and 53.3% of
test-negatives had any symptoms. In contrast, at testing,
35.4% test-positives and 8.3% test-negatives reported
any symptoms. This paradoxical increase in symptoms
from time of testing to 3 months post-test, potentially
due to self-selection, made it essential to follow the
cohort longitudinally for 12 months after PCR-testing to
understand the within-individual trajectory of health
and well-being over time. We therefore collected longi-
tudinal information on a larger group of CYP at 6- and
12-months post-test and here we describe the within-
individual variation in health and well-being 6- and 12-
months after testing.

Methods

The CLoCk study, described in detail elsewhere, is a
cohort study of SARS-CoV-2 PCR-positive CYP aged
11-17 years, matched by month of test, age, sex, and
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geographical area to SARS-CoV-2 test-negative CYP us-
ing the national SARS-CoV-2 testing dataset held by
United Kingdom Health Security Agency (UKHSA).

The study has recruited >30,000 CYP in total with a
goal of collecting data for 24-months after a SARS-CoV-2
PCR test taken between September 2020 and March
2021. Depending on the month of test, for some par-
ticipants we collect data at 3-, 6-, 12- and 24-months
post-test; for others 6-, 12- and 24-months post-test;
and for some 12- and 24-months post-test."” Here we
report on data acquired on the same CYP at 6-months
and 12-months after PCR-testing (we also do a sensi-
tivity analysis on the sub-sample of CYP with data at 3-,
6- and 12-months after PCR-testing, see below).
Following informed consent, at first contact included
CYP completed an online questionnaire about their
health at the time of their PCR test (i.e. baseline at 0-
months) and at the time of completing the question-
naire (approximately 3- or 6-months after their PCR
test). CYP completed subsequent questionnaires at 6-
months (for the sub-sample first contacted at 3-
months) and 12-months, that asked about their health
and well-being at the time of the questionnaire. Ques-
tionnaires were filled in by the CYP themselves, how-
ever, a carer could assist younger CYP and those with
special educational needs or disability. After excluding
test-positives who were reinfected and test-negatives
who were infected after baseline testing (determined
by PCR test results held by UKHSA and self-report of
whether (or not) the CYP ever had a positive COVID-19
test, including Lateral Flow Tests), 12,949 participants
who responded at 6 months post-test were included
(Fig. 1). This group was approached again at 12 months
post-test, and after additional exclusions, the final
analytical sample comprised 5086 CYP (2909 test-
positives, 2177 test-negatives, see Fig. 1).

In this analytical sample, 1934 of 2909 (66.5%) test-
positive and 1445 of 2177 (66.4%) test-negative CYP had
received a COVID-19 vaccine between 6- and 12-months
follow-up. Sixty-two of 2909 (2.1%) SARS-CoV-2 PCR-posi-
tive CYP attended hospital during the 12-month follow-up
period, including 16 who were hospitalised overnight.

Measures

The measures included demographics, elements of the
International Severe Acute Respiratory and emerging
Infection Consortium (ISARIC) Paediatric COVID-19
questionnaire,” and the recent Mental Health of Chil-
dren and Young people in England surveys.'* Based on
the ISARIC Paediatric Working Group, we included 21
symptoms' and validated instruments for loneliness
(the adapted 3-item UCLA Loneliness Scale),'”'* mental
health and wellbeing (Strengths and Difficulties Ques-
tionnaire,"” Short Warwick Edinburgh Mental Wellbeing
Scale'®"), the Chalder Fatigue Scale’® and the EQ-5D-Y*!
as a measure of quality of life and functioning (see
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details in Supplementary Table S1). The questionnaires
were largely unchanged between the 6- and 12-month
follow-up (see Supplementary text A for details).

We operationalised the established Delphi research
definition of long COVID* as having at least one of the
21 reported symptoms and experiencing more than
minimal problems on any one of the five EQ-5D-Y
questions (see Supplementary Table S1). The Delphi
research definition requires laboratory confirmation of
SARS-COV-2 infection but of course that was not
required when assessing how many test-negatives
would also have met this definition.

Statistical methods

We first assessed the representativeness of our analytic
sample by comparing their demographic characteristics
(sex, age at testing, region of residence, and Index of
Multiple Deprivation) to the target population invited
6-months post-test. Second, we described the prevalence of
each of the health and well-being measures in two ways: (a)
we tabulated the prevalence in CYP who had an adverse
symptom never, once, twice or thrice and assessed whether
the prevalence differed by SARS-CoV-2 PCR status; (b)
taking into consideration the temporal nature of the data
and the repeated measures on the same CYP over time, we
generate stacked bar charts that show the distribution of
health and well-being across the three time-points and
indicate when the adverse symptom was first reported.
Both analyses were stratified by SARS-CoV-2 status.

Sensitivity and exploratory analyses
We did one sensitivity and one exploratory analysis.

Sensitivity analysis: as indicated above, information
was collected on a sub-sample 3-months post-test; the
above-described analysis was therefore repeated on the
smaller sample with data at 0-, 3-, 6-, and 12-months
post-test.

Exploratory analysis: although not designed to
answer questions regarding school attendance after
COVID-19 infection, this information is needed to
guide education support strategies. Thus, we explored
self-reported school absence data in CLoCk participants
6-months after initial PCR-testing.

Role of funding source

The Department of Health and Social Care, as the
National Institute for Health Research (NIHR), and UK
Research & Innovation (UKRI) awarded grant
COVLT0022 but were not involved in study design, data
collection, analysis, interpretation or writing.

Results
The 6- and 12-month follow-up questionnaires were
returned at a median of 27.7 [IQR: 26.1, 29.6] and 52.1
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Invited to participate at 6 months”
(N=127,896)

e  Test-negatives (n=72,449)
e  Test-positives (n=55,447)

v

CYP returning questionnaire six
months post-test (N=14,384)

e  Test-negatives (n=7,504)
e  Test -positives (n=6,880) Negatives at baseline responding >34

weeks after PCR testing (N=689)
v Positives at baseline responding >34
CYP responding within 34 weeks of weeks after PCR testing (N=427)

PCR test (N=13,268)

e  Test-negatives (n=6,815)
e  Test -positives (n=6,453) Negatives at baseline and subsequently
infected* (N=273)

v

v Positives at baseline and reinfected*

Target population: CYP responding (N=46)
within 34 weeks of PCR test without
(re)infections (N=12,949)

e  Test-negatives (n=6,542)
e  Test-positives (n=6,407)

A 4

From target population, CYP
returning questionnaire at 12 months
(N=6,307)

e  Test-negatives (n=3,108)

o Test-positives (n=3,199) Negatives at baseline responding >60

weeks after PCR testing (N=56)

\4

Positives at baseline responding >60
weeks after PCR testing (N=41)

\4

CYP responding within 60 weeks of
PCR test (N=6,210)

e  Test-negatives (n=3,052)
e  Test-positives (n=3,158) Negatives at baseline and subsequently

infected* (N=875)
v Positives at baseline and reinfected*
Final Study Sample (N=5,086) (N=249)

e  Test-negatives (n=2,177)
e  Test-positives (n=2,909)

Pincludes those first contacted at 3-months post-testing and 6-months post-testing (see methods for details); *(re)infection status determined

by (i) PCR test result data held by UKHSA and (ii) self-report by CYP

Fig. 1: Participant flow diagram.
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[IQR: 50.7, 54.1] weeks after testing, respectively. In
total, 2909 of 6407 (45.4%) SARS-COV-2 positive and
2177 of 6542 (33.3%) SARS-COV-2 negative CYP who
responded at 6-months also responded at 12-months.
Both test-positives and test-negatives in the analytical
sample were broadly similar to the target population
responding at 6 months, albeit test-negatives were
slightly older than test-positives (Table 1).

Symptom profiles at baseline, 6- and 12-months
post-test

The prevalence of CYP reporting the same symptom
never, once, twice or at all three time points is shown in

Supplementary Table S2. Among the test-positives,
10.9% reported fatigue, 4.4% reported shortness of
breath, 3.3% loss of smell or taste, 1.7% dizziness or
light-headedness, and 1.1% described skipping meals at
all three time points. The other 16 symptoms affected
less than 1% of test-positives at all three time points.
Among test-negatives, 1.2% reported fatigue at all three
time points. The other 20 symptoms were reported by
less than 1% of test-negatives at all three time points.
Thus, the distribution of symptom prevalence differed
by SARS-CoV-2 PCR status (p < 0.004) except for
experiencing sores or blisters on feet (p = 0.064).
When assessing overall prevalence at the three time
points in more detail, we categorised symptom patterns

Characteristic Target population of CYP in analytic sample SARS-CoV-2 SARS-CoV-2
CYP who responded (responding at 6- and Negative Positive
at 6 months post-test 12-months post-test)
N 12,949 5086 2177 2909
SARS-CoV-2
Negative 6542 (50.5) 2177 (42.8) 2177 (100.0) 0 (0.0)
Positive 6407 (49.5) 2909 (57.2) 0 (0.0) 2909 (100.0)
Age at testing (years)
11-14 5573 (43.0) 2047 (40.2) 806 (37.0) 1241 (427)
15-17 7376 (56.9) 3039 (59-8) 1371 (63.0) 1668 (57.3)
Sex
Male 4845 (37.4) 1785 (35.1) 765 (35.1) 1020 (35.1)
Female 8104 (62.6) 3301 (64.9) 1412 (64.9) 1889 (64.9)
Ethnicity
White 10,004 (77.3) 3958 (77.8) 1680 (77.2) 2278 (78.3)
Asian or Asian British 1774 (13.7) 694 (13.7) 304 (14.0) 390 (13.4)
Mixed 570 (4.4) 228 (4.5) 109 (5.0) 119 (4.1)
Black, African, or Caribbean 325 (2.5) 126 (2.5) 56 (2. 6) 70 (2.4)
Other 205 (1.6) 57 (1.1) 20 (0.9 37 (1.3)
Prefer not to say 71 (0.5) 3 (0.4) 8 (0. ) 15 (0.5)
IMD*
1 (most deprived) 2554 (19.7) 894 (17.6) 390 (17.9) 504 (17.3)
2 2344 (18.1) 903 (17.7) 384 (17.6) 519 (17.8)
3 2340 (18.1) 953 (18.7) 425 (19.5) 528 (18.2)
4 2710 (20.9) 1104 (21.7) 474 (21.8) 630 (21.7)
5 (least deprived) 3001 (23.2) 1232 (24.2) 504 (23.2) 728 (25.0)
Region
East Midlands 1353 (10.4) 531 (10.4) 239 (11.0) 292 (10.1)
East of England 1391 (10.7) 599 (11.8) 269 (12.4) 330 (11.3)
London 1549 (12.0) 613 (12.1) 295 (13.6) 318 (10.9)
North East 786 (6.1) 290 (5.7) 112 (5.1) 178 (6.1)
North West 1901 (14.7) 713 (14.0) 282 (13.0) 431 (14.8)
South East 1775 (137) 751 (14.8) 321 (14.7) 430 (14.8)
South West 987 (7.6) 402 (7.9) 168 (7.7) 234 (8.1)
West Midlands 1724 (133) 672 (13.2) 294 (13.5) 378 (13.0)
Yorkshire and The Humber 1483 (11.5) 515 (10.1) 197 (9.0) 318 (10.9)
“Index of Multiple Deprivation (IMD), derived from the CYP's lower super output area (a small local area level based geographic hierarchy), was used as a proxy for socio-
economic status. We used IMD quintiles from most (quintile 1) to least (quintile 5) deprived.
Table 1: Comparison of target population to analytic sample; and characteristics of children and young people (CYP) in analytic sample by baseline
PCR-test result: N (%).
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into three broad groups: (i) Ten symptoms with low
overall prevalence (less than 10%) at all three time
points in Dboth testnegatives and test-positives
(Supplementary Fig. S1), (i) Nine symptoms where
the overall prevalence declined from baseline to 12
months post-test in test-positives (Supplementary
Fig. S2) and fluctuated variably but at low prevalence
in test-negatives; and (iii) Two symptoms with overall
prevalence increasing from baseline to 12-months and
remaining high in both test-negatives and test-positives
(Fig. 2).

When examining within-individual change in
symptom profiles, the prevalence of the 11 more com-
mon symptoms at baseline (i.e., baseline prevalence
>10%) declined greatly by 12-months, in the test-
positives (Supplementary Fig. S2 and Fig. 2). For CYP
who first describe one of these symptoms at 6-months,
again there is a decline in prevalence by 12 months
(Supplementary Fig. S2 and Fig. 2). In keeping with
this, the overall prevalence (i.e., total height of bar
charts) for 9 out of 11 symptoms declined by 12-months
(p < 0.2 for difference between proportion of CYP with
symptoms at baseline and 12-months post-test in test-
positives; Supplementary Fig. S2). However, for two
symptoms, shortness of breath and tiredness, the overall
prevalence in test-positives increased by 6-months and
increased further by 12-months, because large numbers
of CYP first describe these symptoms at either 6-months
or 12-months; this pattern was also observed for
these two symptoms among test-negatives (Fig. 2).

Shortness of breath

Covid Negative Covid Positive
50
404
20
@
o
8
[ =
@
2
@
a
20
10
TE & & € & &
& & § & &
& (Le" RS bcé\ a8

I st report=d: Om
I st reportsd: 6m

first reported: 12m

At 12-months, the difference in prevalence between test-
positives and test-negatives for these two symptoms,
varied by when the symptom was first reported. For
example, for test-positives and test-negatives who re-
ported shortness of breath for the first time at baseline
(time of PCR test), the difference in prevalence of
shortness of breath at 12 months between the test-
positives and test-negatives was 5.43% (95% CI:4.49%,
6.36%); the difference in prevalence among those
reporting shortness of breath for the first time at 12
months was 0.44% (95% CI:-1.10%,1.98%), Table 2.

Quality of life/functioning and Loneliness profiles
at baseline, 6- and 12-months post-test

The overall prevalence of problems with mobility, self-
care, feeling sad (EQ-5D-Y) or lonely (adapted 3-item
UCLA Loneliness scale) was low (less than 10%) at all
three time points in both test-negatives and test-
positives (Figs. 3 and 4). Problems with doing usual
activities and having pain followed similar patterns to
those observed for shortness of breath and tiredness
(i-e., overall prevalence in test-positives increased by 6-
months and generally increased further by 12-months,
because large numbers of CYP first report these con-
ditions at either 6-months or 12-months; Fig. 3). How-
ever, there was little difference in the prevalence of
having pain or difficulty doing usual activities between
test-positives and test-negatives reporting these for the
first time at 12 months (Table 2).

Tiredness
Covid Negative Covid Positive
50
40
20
@
o
8
[
@
2
@
o
201
10
. S S N & & N
& & S & &
o RS ,(»@0 & a«"‘\ a8

B st report=d: Om
I st reported: 6m

first reported: 12m

Fig. 2: Symptoms with overall prevalence increasing from baseline to 12 months and remaining high.
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Prevalence difference at 12 months in test-positives and test-

negatives (95% Cl)

Shortness of breath
First reported at:
0 months
6 months
12 months
Tiredness
First reported at:
0 months
6 months
12 months
Having pain or discomfort”
First reported at:
0 months
6 months
12 months
Difficulty doing usual activities”
First reported at:
0 months
6 months
12 months
Mental health
High/very high total difficulties
First reported at:
6 months
12 months
High/very high emotional difficulties
First reported at:
6 months
12 months
High/very high hyperactivity
First reported at:
6 months
12 months
High/very high peer difficulties
First reported at:
6 months
12 months
High/very high impact
First reported at:
6 months
12 months
Poor well-being®
First reported at:
6 months
12 months
Severe fatigue®
First reported at:
6 months
12 months

5.43 (4.49, 6.36)
430 (2.89, 5.71)
0.44 (-1.10, 1.98)

13.75 (12.33, 15.16)
3.21 (112, 5.28)
-4.50 (-6.44, -2.56)

-179 (-3.19, -0.38)
1.71 (0.67, 2.75)
0.21 (-137, 1.80)

-1.52 (-2.64, -0.39)
2.23 (126, 3.20)
1.08 (- 0.28, 2.44)

-1.98 (-3.79, -0.16)
0.17 (-1.31, 1.64)

-1.61 (-3.77, 0.55)
-0.39 (-2.13, 1.34)

-0.40 (-2.19, 1.38)
-0.07 (-1.52, 1.38)

-3.02 (-4.95, -1.10)
-1.44 (-3.09, 0.20)

-2.51 (-4.41, -0.60)
-0.18 (-1.84, 1.48)

-330 (-5.68, -0.92)
1.61 (-0.39, 3.60)

430 (1.94, 6.65)
-1.49 (-3.43, 0.46)

(Table 2 continued on next column)

Prevalence difference at 12 months in test-positives and test-
negatives (95% Cl)

(Continued from previous column)
Long COVID®
First reported at:

6 months 6.25 (4.42, 8.07)

12 months -0.30 (-2.05, 1.45)

Calculated as: % with symptom at 12 months in test-positives - % with
symptom at 12 months in test-negatives. *Selected based on (i) overall
prevalence increasing from baseline to 12 months and (ii) prevalence in test-
positives >10% at least twice. "From EQ-5D-Y. “Using the Strengths and
Difficulties Questionnaire, Short Warwick Edinburgh Mental Wellbeing Scale,
Chalder Fatigue Scale and operationalisation of the Delphi definition of Long
COVID respectively (see Supplementary Table S1 for details).

Table 2: Difference in prevalence of selected® health and well-being
measures between test-positives and test-negatives at 12 months, by
time symptom first reported.

www.thelancet.com Vol 25 February, 2023

Mental health, well-being, fatigue and long COVID
at 6- and 12-months post-test

The overall prevalence of conduct difficulties was low at
6- and 12-months post-test and for low prosocial skills,
decreased slightly (Fig. 5). For the other five adverse
outcomes from the Strengths and Difficulties Ques-
tionnaire, between 6- and 12-months the overall preva-
lence increased slightly (Fig. 5) and there was little
difference in the prevalence of these measures between
test-positives and test-negatives reporting them for the
first time at 12-months (Table 2). The overall and within-
individual prevalence patterns of poor well-being
(Fig. 6), fatigue (Fig. 7) and Long COVID (Fig. 8) were
broadly similar, and again there was little difference in
the prevalence of these measures between test-positives
and test-negatives reporting them for the first time at 12-
months (Table 2).

Sensitivity and exploratory analysis

In the sub-sample with data collected at 3-months post-
test (N = 1808, Supplementary Fig. S3), broadly similar
patterns and results were observed to those reported
above (Supplementary Figs. S4-S12; Supplementary
Tables S3 and S4).

In exploratory analysis, we found that among
symptomatic CPY, school absence (=1 day) 6-
months post-test was less common in SARS-CoV-
2 PCR-positive participants than PCR-negative
participants, but a higher proportion reported
extended school absence of >10 days (p < 0.001).
In contrast, CYP who were asymptomatic reported
lower absence rates 6-months post-test (Supple-
mentary text B;  Supplementary  Fig.  S13;
Supplementary Table S5).
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Fig. 3: Prevalence of poor quality of life and functioning* over a 12-month period in test-positives and test-negatives.

Discussion

We report here the prevalence of health and well-being
at 6- and 12-months after laboratory-confirmed SARS-
COV-2 infection, which we believe to be the only

Lonely

Covid Negative Covid Positive

Percentage

0 months 6 months

I- reported at Om [ reported at 6m

12 months 0 months 6 months 12 months

reported at 12m|

*using 3-items from the UCLA Loneliness scale, see Supplementary Table 1 for details

Fig. 4: Prevalence of loneliness* over a 12-month period in test-
positives and test-negatives.

longitudinal follow-up in CYP in a matched cohort. The
results show that aggregating across all three time
points, adverse symptoms were generally more com-
mon in test-positive compared to test-negative CYP (the
‘Never had adverse symptoms’ columns in
Supplementary Table S2). The majority of test-positive
CYP who had a particular adverse symptom at testing
were free from that symptom at both 6- and 12-months
post-test, demonstrating that these symptoms generally
improved over time. Additionally, most CYP who first
developed a particular symptom 6-months after their
positive (or negative) PCR-test did not report that
symptom at 12-months. We also found in the sub-
sample with data collected at 3-, 6- and 12-months
post-test, broadly similar patterns and results.

The symptom prevalence during acute SARS-CoV-2
infection among test-positive CYP was similar in our
cohort when compared to those reported in other
adolescent cohorts,”* indicating that our analytical
cohort is representative of CYP in general. The very low
prevalence of loss of smell/taste among test-negatives —
both at testing and over the 12-month follow-up period,
also provides some reassurance of a low rate of
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Fig. 5: Prevalence of emotional and behavioural difficulties* over a 12-month period in test-positives and test-negatives.

unconfirmed SARS-CoV-2 infections in the test-negative
group, although we acknowledge (re)infections may
have gone undetected.

For two symptoms, (shortness of breath and tired-
ness) as well as measures of poor quality of life (in
particular having pain and problems doing usual activ-
ities), poor well-being and fatigue, the overall prevalence
in test-positives increased over time. Importantly, our
within-individual exploration demonstrates that the
prevalence actually declined in those who first described
these adverse symptoms at either baseline or 6-months.
Differences in the prevalence of these adverse symp-
toms between test-positives and test-negatives remained
at 12-months but varied depending on when the
symptom was first reported. For example, there was no
difference in the prevalence of shortness of breath be-
tween test-positives and test-negatives if it was first re-
ported at 12-months post-test. The prevalence of
tiredness was (surprisingly) less common in the test-
positives, if first reported at 12-months post-test. How-
ever, if either symptom was first reported at time of
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testing, the prevalence at 12-months was higher among
test-positives by 5.4% (shortness of breath) and 13.8%
(tiredness) compared to test-negatives. The broadly
similar pattern of adverse health and well-being re-
ported as new-onset at 6- and 12-months among test-
positives and test-negatives highlights the non-specific
nature of these symptoms and suggests that multiple
aetiologies may be responsible for CYP experiencing
these symptoms over time. Further studies are therefore
needed to understand the cause of persistent adverse
health and well-being in test-positive CYP and how they
differ from test-negatives reporting the same adverse
symptoms.

Our consistent and robust findings across a diverse
range of health and well-being measures emphasises (i)
the close relationship between physical and mental
health and (ii) the value of repeated measures over time
in the same individuals. Taking all the data in consid-
eration, we found that if we had simply looked at cross-
sectional prevalence’s at baseline, 3- (in the sub-sample),
6- and 12-months, it would have appeared as if the
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*using data from the Short Warwick Edinburgh Mental Wellbeing Scale; see supplementary Table 1
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Fig. 6: Prevalence of poor well-being* over a 12-month period in
test-positives and test-negatives.

prevalence of several adverse post-COVID-symptoms
remained largely stable, or even increased, over time.
In fact, most (but not all) CYP recovered from the
adverse symptoms which they experienced at baseline
and 6-months post-infection. However, the reporting of
new onset of these same symptoms at 6- and 12-months
follow-up by both test-positive and test-negative CYP
suggests that these symptoms may be causally related to
multiple factors and not just the original SARS-COV-2
infection. For example, the development of new symp-
toms 6- or 12-months after their SARS-COV-2 PCR-test
in both test-positives and test-negatives could represent
background levels of symptomatology in CYP in En-
gland. This highlights the need for appropriate control
groups in long COVID studies and normative

Severe fatigue
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*using data from the Chalder Fatigue Scale; see supplementary Table 1 for details.

Fig. 7: Prevalence of severe fatigue* over a 12-month period in
test-positives and test-negatives.

Long COVID
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*using data from the Long COVID Delphi definition; see supplementary Table 1 for details (note for test-
negatives we excluded the need for a positive test-result)

Fig. 8: Prevalence of long COVID* over a 12-month period in test-
positives and test-negatives.

population studies of common symptoms among CYP
outside of the context of a pandemic.

Similar to our within-individual findings, in adults
persisting post-COVID-19 symptoms have also been
shown to decline with time.” Pooled prevalence data
from 27 eligible research publications in adults showed
the 5 most prevalent reported symptoms were fatigue,
shortness of breath, muscle pain, cough and headache,
overlapping with the commonest symptoms we describe
in CYP in our cohort.”” Furthermore, in a recent review
of nine UK longitudinal studies in adults, totalling over
42,000 participants, the symptoms characteristic of long
COVID were similar to the commonest symptoms we
describe in CYP, including fatigue, shortness of breath
and muscle pain or aches, but also difficulty concen-
trating and chest tightness.”

Long-term follow-up data in CYP is sparse. A single-
centre, hospital-based Australian study followed 171
CYP for 1-1.5 years after SARS-COV-2 infection and
showed resolution of all symptoms.® A national cohort
study of 37,522 CYP with laboratory-confirmed SARS-
CoV-2 infection in Denmark and a control group of
78,037 randomly selected uninfected children’ also re-
ported that in most children, long COVID’ symptoms
resolved by 5 months. However, a large population
study using nationwide registry data from 706,855
Norwegian CYP found an increase in primary care use
after SARS-COV-2 infection which persisted for up to
six months among 1-5-year-olds.*

Our study is unique, examining within-individual
longitudinal data after laboratory testing for SARS-
CoV-2 in test-positive and test-negative CYP, and
provides added value over repeated cross-sectional
prevalence surveys. Indeed, the two follow-up time
points is a major study strength, although more follow-
up and continuous time-points would further
strengthen the study. This is in-part why we present the
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sensitivity analysis on the sub-sample with an additional
follow-up time point (at 3-months). Notably, we were
specifically funded to study non-hospitalised CYP, the
milder end of the acute COVID-19 spectrum, which is
likely to be relevant to many COVID-19 cases in CYP.
However, anecdotal reports from carers and clinical
colleagues suggest that there are undoubtedly some
CYP severely affected by chronic debilitating long-term
symptoms.

The CLoCk study has limitations which have been
discussed at length'"'* and here we detail main limita-
tions relevant to the current manuscript. Symptoms at
baseline are subject to recall bias as they were reported
at time of first contact with the CLoCk study (at either 3-
months or 6-months post-test); however, 6-month and
12-month symptoms were reported prospectively. The
dominant UK virus was the original wild-type SARS-
COV-2 between September and December 2020 and the
Alpha (B.1.1.7) variant from January to March 2021; our
cohort was drawn from these two periods. From June
2021 the Delta variant dominated and from January
2022, Omicron. In relation to symptoms at the time of
the acute infection, evidence suggests that the seven
most prevalent symptoms were common to both Alpha
and Delta variants.”* However, given we excluded test-
positives who were reinfected and test-negatives who
were infected after baseline testing (PCR testing
remained widely available in the UK throughout the 12-
month follow-up period and we also took into consid-
eration self-report of Lateral flow tests), our study did
not include CYP infected with Delta or Omicron vari-
ants and cannot therefore be definitive about post-
COVID-19 condition in CYP infected with Delta or
Omicron variants. Moreover, it is possible that some
CYP might have been misdiagnosed as SARS-CoV-2
negative and vice-versa: false negatives might be attrib-
utable to the timing of the PCR, swab technique, and
assay sensitivity, but false-positive PCR results are rare.
The response rate for the 6-month follow-up question-
naire was 11.2% (14,384 of 127,896; Fig. 1) and at 12
months 48.7% (6307 of 12,949; Fig. 1), but there was
little difference in demographic characteristics between
respondents and the target population, nor between test-
positive and test-negative participants (with the excep-
tion of age; Table 1), reflecting the matched-cohort study
design. However, we note that the study design may
induce selection biases, for example, by favouring those
with internet access, and CYP may be more likely to take
participate if they had symptoms to report. We
acknowledge the limitations of examining self-reported
data, compared to in-person medical interviews which
were not practical or feasible to conduct. However, we
also note that self-report is an appropriate data collection
technique for large scale epidemiological studies such as
CLoCk. Our unique study emphasises the importance of
longitudinal follow-up in the same individuals over time
alongside matched test-negatives to avoid the pitfalls of
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repeated cross-sectional prevalence studies. Whilst we
have examined adverse health and well-being at 6- and
12-months post-test (and in a subsample at 3-months
post-test), we cannot infer whether these adverse
symptoms waxed and waned in the intervening time-
periods. While the research definition of ‘Long Covid’
in CYP? rightly requires that the experienced symptoms
have an impact on everyday functioning, it is our view
that understanding the impact of individual symptoms
as well as their collective impact is required to fully
understand the impairment resulting from SARS-COV-
2 infection. Therefore, in this paper we report the
prevalence of symptoms which were assessed by single
items as well as reporting validated scales and our
operationalisation of the research definition of Long
COVID. Nonetheless, we acknowledge that some
symptoms (e.g., shortness of breath) might be better
assessed Dby additional validated measures and
acknowledge the issue of floor/ceiling effects (i.e., if the
question/validated scale is relatively easy or difficult
such that substantial proportions of CYP obtain either
maximum or minimum scores and the true extent of
their abilities cannot be determined). In relation to the
data collected, researchers want to ask about as much as
possible to allow extensive/varied analysis addressing as
many specific research questions as possible and our
initial draft questionnaire took over an hour to complete.
However, in our pilot study CYP said they would only be
willing to spend 20 minutes maximum completing the
survey. Therefore, compromises were made and while
our data is wide ranging and unique, adding value to the
literature, it also has limitations in terms of depth of
information available. Finally, much remains unknown
in relation to the long-term implications of SARS-COV-2
infection in CYP and as the background epidemiological
situation in relation to SARS-COV-2 infection preva-
lence changes, as well as the rate of vaccination up-take
in CYP, more questions need answering, such as, how
does vaccination status influences subsequent outcomes
after SARS-COV-2 infection?

Conclusions

In CYP, the prevalence of adverse health and well-being
reported at the time of a positive PCR-test declined over
12 months. New adverse symptoms were reported 6-
and 12-months post-test for both test-positives and test-
negatives, particularly tiredness, shortness of breath,
poor quality of life, having emotional and behavioural
difficulties, poor well-being, fatigue and Long COVID
(according to the Delphi definition).”” Such common
symptoms may be caused by multiple factors including
SARS-COV-2 infection in CYP.
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