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Summary

Background Long COVID in children and adolescents remains poorly understood due to a lack of well-controlled eBioMedicine 2022;84:
studies with long-term follow-up. In particular, the impact of the family context on persistent symptoms following 104245

SARS-CoV-2 infection remains unknown. We examined long COVID symptoms in a cohort of infected children, Published online xxx
adolescents, and adults and their exposed but non-infected household members approximately 1 year after infection httPSZ/ /doi.org/10.1016/j.
and investigated clustering of persistent symptoms within households. ebiom.2022.104245

Methods 1267 members of 341 households (404 children aged <14 years, 140 adolescents aged 14-18 years and 723
adults) were categorized as having had either a SARS-CoV-2 infection or household exposure to SARS-CoV-2 with-
out infection, based on three serological assays and history of laboratory-confirmed infection. Participants completed
questionnaires assessing the presence of long COVID symptoms 11-12 months after infection in the household
using online questionnaires.

Findings The prevalence of moderate or severe persistent symptoms was statistically significantly higher in infected
than in exposed women (36.4% [95% CI: 30.7—42.4%)] vs 14.2% [95% CI: 8.7—21.5%]), infected men (22.9% [95%
CI: 17.9—28.5%] vs 10.3% [95% CI: 5.8 —16.9%)]) and infected adolescent girls (32.1% 95% CI: 17.2—50.5%] vs 8.9%
[95%CI: 3.1—19.8%]). However, moderate or severe persistent symptoms were not statistically more common in
infected adolescent boys aged 14—18 (9.7% [95% CI: 2.8 —23.6%] or in infected children <14 years (gitls: 4.3% [95%
CI: 1.2—11.0%)]; boys: 3.7% [95% CI: 1.1—9.6%)) than in their exposed counterparts (adolescent boys: 0.0% [95% CI:
0.0—6.7%)]; girls < 14 years: 2.3% [95% CI: 0-7—6-1%]; boys < 14 years: 0.0% [95% CI: 0.0—2.0%)]). The number of
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persistent symptoms reported by individuals was associated with the number of persistent symptoms reported by
their household members (IRR=1-11, p=-005, 95% CI [1.03—1.20]).

Interpretation In this controlled, multi-centre study, infected men, women and adolescent girls were at increased
risk of negative outcomes 11-12 months after SARS-CoV-2 infection. Amongst non-infected adults, prevalence of neg-
ative outcomes was also high. Prolonged symptoms tended to cluster within families, suggesting family-level inter-
ventions for long COVID could prove useful.

Funding Ministry of Science, Research and the Arts, Baden-Wiirttemberg, Germany.

Copyright © 2022 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

Children infected with SARS-CoV-2 usually have mild or
even no symptoms. However, concerns have been
raised that children may develop long-term symptoms
(i.e., long COVID) following such infections. A Pubmed
and BioRxiv search was performed before the study
design in 2020 using the search terms “long COVID chil-
dren”, “long COVID kids”, “post-COVID children” and
“post-COVID kids” but could not identify suitable pediat-
ric studies at this time. The first larger study including a
control group was published after' enrolment for this
study started in December, 2020. To date, studies have
focussed on individual risk factors, yet evidence from
other pediatric illnesses indicates that symptoms in
family members influence children’s and adolescent’s
symptoms. A recent meta-analysis of long COVID in chil-
dren found small but statistically significant pooled risk
differences (2-8%) for a small number of symptoms fol-
lowing SARS-CoV-2 infection. However, only five studies
with control groups were identified and none of these
had follow-up data beyond six months. Moreover, none
addressed whether persistent symptoms might cluster
in families.

Added value of this study

Our study provides evidence on persistent symptoms in
children, adolescents and adults approximately one
year after SARS-CoV-2 infection. Because we included
household members of infected participants, we had
well-matched exposed but non-infected control partici-
pants. We found no evidence that children under 14
experience more moderate or severe persistent symp-
toms one year after SARS-CoV-2 infection than exposed
children. In contrast, around a third of infected female
adolescents aged 14-18 experienced one or more mod-
erate or severe persistent symptoms — statistically sig-
nificantly more than exposed uninfected female

adolescents (9%). Moderate or severe persistent symp-
toms were also more common in infected adults than in
their exposed counterparts (36% of infected women
and 23% of infected men vs. 14% of exposed women
and 10% of exposed men). Moreover, our results indi-
cate that prolonged symptoms in individuals are associ-
ated with prolonged symptoms in their household
members.

Implications of all the available evidence

Our study extends the existing evidence by showing
that, one year after SARS-CoV-2 infection, persistent
symptoms continue to be uncommon in children. How-
ever, there is accumulating evidence that adolescent
girls are at particular risk of prolonged symptoms. A par-
ticular focus on preventative and treatment possibilities
for this group seems justified. Our findings suggest that
research on family-level mechanisms and treatments
for long COVID is likely to be especially valuable.

Introduction
SARS-CoV-2 infections in children and adolescents typi-
cally produce mild or asymptomatic disease and so acute
infection in this age group is considered to be low risk.”
A concerning outcome however is the possibility of
“post-COVID syndrome”, “long COVID”, or “post-acute
sequelae of COVID-19 (PASC)”. These terms describe
heterogeneous medical entities, ranging from non-spe-
cific symptoms such as fatigue to specific organ dysfunc-
tion,’ that persist or emerge after the acute phase of a
SARS-CoV-2 infection. Despite ongoing ambiguity about
the definition and epidemiology of long COVID,*’ large
studies suggest that around a third of infected adults
have symptoms 3-6 months after acute illness.®

The pandemic has resulted in reduced social con-
tacts, school and nursery closures, and decreased access
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to leisure activities, which have had a substantial impact
on children and adolescents.”? Given that the pandemic
and infection control measures have increased the prev-
alence of nonspecific and psychological symptoms
amongst never-infected individuals,”"" distinguishing
between long-term infection sequelae and general con-
sequences of the pandemic is crucial. However, studies
that distinguish between these widespread pandemic
effects and possible long COVID are especially challeng-
ing in children and adolescents and are therefore scarce.
Several studies have found no or only small differences
in the prevalence of symptoms amongst infected chil-
dren compared to controls.”'*"” However, other data
suggest that prolonged symptoms may be relatively
common in children and adolescents."*"> A recent
meta-analysis concluded that studies with a suitable
control group were less likely than uncontrolled studies
to find elevated prevalence of prolonged symptoms fol-
lowing SARS-CoV-2 infection in children and
adolescents."

Studies of long COVID to date have considered indi-
vidual-level risk factors, yet the family context can be an
exceptionally important contributor to young people’s
health and wellbeing. In various pediatric conditions,
including chronic pain,” fatigue,'® and other chronic
conditions,'** symptom measures in children/adoles-
cents are associated with parents’ symptoms, stress
and/or parenting behaviour. Families could therefore
also play a role in long COVID symptomatology.

Here we examined symptoms 11-12 months after an
acute SARS-CoV-2 infection, confirmed by reverse tran-
scription-polymerase chain reaction (RT-PCR) and/or
serology data, amongst families who participated in a
study of SARS-CoV-2 transmission within households
with children.*#*> Since family context may be impor-
tant not only in SARS-CoV-2 transmission, but also for
long COVID, we took advantage of the opportunity to
compare infected with exposed, but non-infected family
members to examine whether prevalence of reported
symptoms was associated with reported symptoms
amongst family members.

Method

Cohort and participants

This study forms part of a prospective observational
multi-centre cohort investigation of 341 households
each with at least one individual with an RT-PCR-
proven SARS-CoV-2 infection and/or a symptomatic
and later serologically proven infection.*#* Participants
were recruited in May-August 2020 (T1, 9-17 weeks
after household infection/exposure) via local health
authorities, through traditional and social media infor-
mation and an in-hospital database of households with
at least one laboratory-confirmed SARS-CoV-2 infection.
The sample size at Tt was based on feasibility and
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availability of subjects. The time interval for the initial
recruitment period was limited due to visiting restric-
tions from the involved University Hospitals. Inclusion
criteria were:(i) Children (male or female) aged
1—18 years. (ii) Parents and other adults (male or female)
living in the same household with the investigated chil-
dren (without age limit).(iii) Residency in the state of
Baden-Wiirttemberg.(iv) Written consent to the study.
Key exclusion criteria were:(i) Severe congenital dis-
eases (e.g. infantile cerebral palsy, severe congenital
malformations).(ii) Congenital or acquired immunode-
ficiencies.(iii) Insufficient comprehension of German
language. At three study centers (Freiburg, Tibingen
and Ulm), all households who consented to be re-con-
tacted were invited to participate at a second timepoint
(T2). At the fourth study center (Heidelberg), ongoing
visiting restrictions and personnel shortages meant that
a more limited number of households could be invited
to take part at T2; recruitment here focussed on families
with younger children, since at the time, data from this
group was scarcest. T2 participation occurred approxi-
mately 11-12 months after the earliest SARS-CoV-2
infection in the households (median [IQR] delay
between earliest household infection and T2=335 days
[312-5; 363]). Results of T2 serological analyses have
been reported separately®; the current investigation
involved online questionnaires. Of 1998 participants
who had taken part in T1 serology testing and/or
reported having had a positive PCR-confirmed SARS-
CoV-2 infection prior to T1, 1291 completed T2 ques-
tionnaires, representing 64.6% of participants. 72.1%
of those defined as infected (see below for definition)
completed the questionnaire, whereas only 57.1% of
those defined as exposed did so. Questionnaire comple-
tion was highest for adolescents aged 14-18 years
(70.1%) and slightly lower for children under 14 years
(62.9%) and adults (64.5%). Of the 1291 individuals
who completed the questionnaires. (Figure 1), 10 were
excluded because of unclear SARS-CoV-2 infection his-
tory at Tt (based on the criteria described below) and 14
participants were excluded because of a self-reported
PCR-confirmed SARS-CoV-2 infection or asymptomatic
seroconversion without vaccination between Tt and Ta2.
There were thus 1267 participants in the final sample.

Ethics

The study was conducted by the University Children’s
Hospitals in Freiburg, Heidelberg, Tuibingen and Ulm,
Germany), all located in the state of Baden-
Wirttemberg in southwest Germany. Ethics approval
was obtained from the Medical Faculties’ independent
ethics committees (Freiburg: 256/20_201553; Heidel-
berg: S-294/2020; Tubingen: 293/2020B02; Ulm: 152/
20). Written informed consent was obtained from all
participating adults and from parents of children at
both time points at the in-person visit or by post. Chil-
dren gave written assent where age-appropriate and
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1998 participants from 496
households with T1 serology data
or self-reported positive RT-PCR

707 participants did not
complete questionnaires

g ——m——m———-— >

1291 participants from 341

households with T1 serology

and/or RT-PCR data and T2
questionnaire data

10 excluded due to unclear SARS-

————————————————— > CoV-2 infection history at T1
\4
1281 participants from 341
households with unambiguous
SARS-CoV-2 history 5 excluded due to self-reported
SARS-CoV-2 infection between T1
————————————————— 4 and T2
9 excluded due to serological
-------------- » evidence of SARS-CoV-2 infection

1267 participants from 341
households included in analysis

between T1 and T2

/‘

 SARS-CoV-2 723 adults 140 31"4"_'1‘*;;';‘:59" 404 children < 14 years
infection history
at T1 (RT-PCR /\ / \ /\
and/or “two out
of three” 229 494 59 253 151
serology results) exposed infected exposed infected exposed infected

Figure 1. Flowchart of participant enrollment in study of long COVID symptoms in households with children. T1, timepoint 1; T2,
timepoint 2; RT-PCR, reverse transcription PCR; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

their preferences on whether to provide blood samples
were respected. The study was registered at the German
Clinical Trials Register (DRKS), study ID ooo2152I,
conducted according to the Declaration of Helsinki, and
designed, analysed and reported according to the
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guidelines.

Serology and infection history

Blood for serological investigations at both T1 and T2
was drawn from all family members for whom we all
obtained appropriate informed consent (and for chil-
dren, assent). The following serological assays were
used at both time points: (1) Eurolmmun-Anti-SARS-
CoV-2 ELISA IgG (S1), (2) Siemens Healthineers SARS-
CoV-2 IgG (RBD) and (3) Roche Elecsys Ig (N). Partici-
pants were defined as seropositive if at least two of these
three assays were positive and as seronegative if at least
two out of three were negative. If neither of these crite-
ria were met due to borderline or missing results, the
serology result was considered unclear. For &

participants, results from the Siemens and Roche assays
were missing (due to insufficient sample volume) but a
result from a recomWell SARS-CoV-2 IgG ELISA assay
(Mikrogen Diagnostik) was available. In all 8 cases, the
result from the Mikrogen assay was concordant with
the Eurolmmun assay and these results were therefore
included.

Participants were defined as “infected” if they either
(1) reported having had a positive RT-PCR test for
SARS-CoV-2 prior to Tt or (2) were seropositive at Tt in
at least two out of three commercial antibody tests, as
defined above. Participants were defined as “exposed”
controls if they both (1) did not report having had a posi-
tive SARS-CoV-2 RT-PCR test prior to T1 and (2) were
seronegative at T1 as defined above. Amongst adults,
124 infected cases were identified by serology only (at
least 2 of 3 antibody tests seropositive); 44 infected cases
were identified by self-reported RT-PCR only; and 317
infected cases identified via both methods. Amongst
adolescents, 35 infected cases were identified by serology
only; no infected cases were identified by self-reported
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PCR only; and 24 infected cases identified by both
methods. Amongst children, 114 infected cases were
identified by serology only; 6 infected cases were identi-
fied by self-reported PCR only; and 30 infected cases
identified by both methods. Thus in total 50 participants
(6 children, 44 adults) reported having had a positive
RT-PCR test for SARS-CoV-2 prior to T1 but were sero-
negative at T1 (“non-seroconverters”); these individuals
were defined as infected, since they met the first crite-
rion for the “infected” definition.

Amongst the 430 participants categorized as exposed
(non-infected) at T1 for whom we had T2 serological
data, we found evidence of seroconversion, implying a
intervening silent SARS-CoV-2 infection, in only 6 par-
ticipants (1.4%). Evidence of seroconversion was also
present for 3 participants who were categorized as
infected at T1 based on self-reported positive RT-PCR.
These 9 participants were excluded for all analyses.

T2 serological data were missing from 8¢9 adults, 22
adolescents, and 81 children. Moreover, T2 serological
data were incomplete or ambiguous for 34 adults, 1 ado-
lescent, and 6 children, typically because of waning anti-
body levels (e.g., seropositive status at Tt but unclear or
seronegative at T2). Specifically within the group of
those categorized as exposed (non-infected) at T1, sero-
logical data were missing from 41/229 adults (17.9%),
21/81 adolescents (26%) and 65/253 children (25.7%);
we therefore had T2 serological data from 77.4% of par-
ticipants categorized as exposed (non-infected) at Trt.
Assuming a seroconversion rate of 1.4% amongst
exposed (non-infected) participants with missing T2
serological data, we would have excluded <1 participant
from each age group (1.4% of 41 adults with missing T2
serological data = 0.57; 1.4% of 21 adolescents with
missing T2 serological data = 0.29; 1.4% of 65 children
with missing serological data = 0.91). We therefore do
not believe that intervening silent infections could have
substantially biased our results. Moreover, we repeated
key analyses both including and excluding those with
missing, incomplete or ambiguous T2 serological data.
Since the pattern of findings remained the same, analy-
ses are reported including these individuals.

Underlying health conditions were comparable
between exposed and infected adults, and largely absent
in adolescents and children (Table S1).

Questionnaires

At Ti, participants provided basic demographic infor-
mation as well as data on presence/absence of core
COVID-19 symptoms in the time period around the first
household SARS-CoV-2 infection (fever, cough, diar-
rhea, dysgeusia; for further details, see*#%). A subset of
adults also completed a single-item self-report measure
of health status at T1 (further details in the Supplemen-
tary Materials) comparing the current health status with
the time before the pandemic. Answers were on a §
point Likert scale (somewhat worse, much worse, same,
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somewhat better or much better). These scores were
dichotomized (somewhat worse or much worse vs same,
somewhat better or much better) and used to examine
whether T1 health status change of the parent who com-
pleted the child’s questionnaire was related to the
child’s prolonged symptoms. Scores on this measure
were available for 161 adults (22.3%) who subsequently
completed T2 questionnaires for their children.

T2 questionnaire data were collected and managed
using Research Electronic Data Capture (REDCap)
tools*®*7 hosted at the respective study locations. RED-
Cap is a secure, web-based software platform designed
to support data capture for research studies, providing
1) an intuitive interface for validated data capture; 2)
audit trails for tracking data manipulation and export
procedures; 3) automated export procedures for seam-
less data downloads to common statistical packages;
and 4) procedures for data integration and interoperabil-
ity with external sources.

At T2, adults completed German-language versions
of the RAND 36-Item Health Survey 1.0,>3" a visual
analogue scale (VAS) for current health status and the
Fatigue Assessment Scale (FAS),** as well as questions
on long COVID symptoms designed specifically for this
study. Questionnaires for adolescents and children were
identical to those for adults, except that items from the
RAND 36 were only completed by adults, since the activ-
ities described are mostly not applicable to children.

The RAND 36-Item Health Survey 1.0>*3' comprises
36 items that assess eight health concepts; for the cur-
rent study, only the physical functioning scale (PF, 10
items), the role limitations caused by physical health scale
(RL, 4 items) and the health change scale (1 item) were
used. For the health change scale, instead of “Compared
to one year ago”, the wording was changed to
“Compared to the time before [month]”, where [month]
was the month in which the earliest infection in the
household occurred. Scores on all scales range from o
to 100, with higher scores representing better out-
comes. Due to wide variability in reported duration of
reduced physical functioning and role limitations in the
time period since the first household infection, PF
scores and RL scores were dichotomized. One group
comprised participants with a score of 100 (correspond-
ing to no reduction in physical functioning/no role limi-
tations) and participants with scores <100 who reported
that the reduced physical functioning/role limitations
were no longer present at T2. The other group com-
prised participants with reduced physical functioning/
role limitations (scores < 100) still present at T2.

The Fatigue Assessment Scale (FAS, ©ild care foun-
dation, www.ildcare.nl)®* is a ten-item questionnaire
assessing self-reported frequency of a range of fatigue
symptoms. It is widely used to assess fatigue in a range
of diseases.>*?> Scores can range from 10 to 50; scores
between 10 and 21 indicate absence of fatigue (normal
range); scores from 22-34 indicate fatigue and scores
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above 34 indicate severe fatigue. Questions were
rephrased into the past tense and the instructions
referred to the time period since the earliest confirmed
SARS-CoV-2 infection in their household. However,
participants’ indicated wide variability in fatigue dura-
tion across this time period, so FAS scores were also
dichotomized. One group comprised participants with
scores > 21 (reflecting fatigue or severe fatigue) who
additionally reported that this fatigue was still present
at T2. All remaining participants were considered non-
fatigued at T2 on this measure.

The visual analogue scale (VAS) was based on the
EQ-VAS.3® Participants were asked “How would you
describe your current health status?” (“Wie wiirden Sie
Ihren heutigen Gesundheitszustand beschreiben?”) and
provided answers on a visual analogue scale ranging
from o (worst imaginable health state) to 100 (best
imaginable health state).

Additional items were specifically developed for this
study, based on discussion between participating clini-
cians and psychologists and drawing on existing litera-
ture on long COVID at the time of study design. These
addressed:

(1) changes in physical resilience in the timeperiod
since the earliest confirmed SARS-CoV-2 infection
in their household (7 point Likert scale with the
anchor points -3=“very clear worsening”, o="no
change” and +3="very clear improvement”);

persistent pain (lasting three or more days and
requiring medicinal treatment);

presence of the following symptoms in the entire
time period since the earliest confirmed SARS-CoV-
2 infection in their household: fatigue/tiredness/
exhaustion; reduced physical resilience; dyspnoea;
chest pressure; dysgeusia/dysosmia; low mood/anx-
iety; hair loss; disturbed sleep; concentration prob-
lems and memory problems. If any of these
symptoms were present, participants reported the
symptom’s duration, severity (e.g., how much it
limited daily activities: not at all, mildly, moderately
or severely).

T2 questionnaires for adolescents and children were
identical to those for adults, except that items from the
RAND 36 were only completed by adults, since the activ-
ities described are mostly not applicable to children.
Adults and adolescents aged 14-18 completed the ques-
tionnaires themselves; a parent (77-5% mothers, 22-5%
fathers) completed the questionnaires for children
<14 years.

Statistics

Data were analysed using SPSS version 28 and Stata
version 17. Continuous and ordinal variables are
reported as median (IQR) and compared using Mann-

Whitney U tests. Frequencies are presented as percen-
tages, compared using Fisher’s exact tests and visual-
ized using 95% confidence intervals using the Wilson
method. Number of persistent and moderate or severe
persistent symptoms were analysed using univariable
and multivariable Poisson regression models with the
centres included as fixed effect and standard errors clus-
tered at the household level. Results are shown as inci-
dence rate ratios (IRR). Since analyses were exploratory,
all tests were two-tailed and no attempt was made to
adjust for multiple testing; p-values and confidence
intervals are descriptive. Moreover, we did not attempt
to replace missing values; rather, missing values were
excluded from statistical analysis. For the core long
COVID symptoms questions missing data were rare;
exact numbers of missing data for each symptom and
subgroup can be determined by comparing subgroup
totals with individual symptom totals in Tables S1-SG6.
Scores on the RAND-36 Physical Functioning scale and
Role Limitation scale were missing for 3 participants;
due to missing duration data, dichotomized T2 scores
could not be computed for a further 10 participants on
the Physical Functioning scale and a further 3 partici-
pants on the Role Limitation scale. Similarly, Fatigue
Assessment Scores were missing for 4 participants;
dichotomized T2 scores on this scale could not be com-
puted for a further 16 participants due to missing dura-
tion data. Figures were generated with GraphPad Prism
9, Affinity Designer and R studio (ggplot2 package).

Role of funders

The funder of the study had no role in study design, in
the collection, analysis, and interpretation of data, in the
writing of the report, or in the decision to submit the
paper for publication.

Results

Current health

Overall, 723 adults, 140 adolescents (14-18 years) and
404 children (<14 years) were included in the study
analysis (Table 1). The median household size was 4
persons, with 3 and 4 household members on the
25" and 75" percentile respectively (based on partici-
pants in the final data analysis). At T2, infected adults
reported worse current health status on the VAS than
exposed adults (Mann-Whitney U=43391.5, z=-5.072,
p<-oor, Table 1). Similarly, infected adolescents
reported worse current health than their exposed peers
(Mann-Whitney U=1842.0, z=-2.374, p<-018, Table 1).
Current health status for infected and exposed children
was not statistically significantly different (p = .601).
The distribution of responses on the RAND-36 health
change scale was significantly different for infected vs
exposed adults (Mann-Whitney U=47990.0, z=-3.835,
p<-oo1, Figure 2). For adolescents and children,
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Table 1: Demographic information for the participants included in the study. Current health at T2 compared to before the earliest infection in the household was lower in infected adults than exposed

adults and in infected adolescents than exposed adolescents; there was no difference for children; see text for details.
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distribution of scores on the RAND-36 health status
scale did not differ statistically significantly between
infected and exposed groups (p=.820 for adolescents,

p=330).

Moderate or severe persistent symptoms

We investigated symptoms still present at T2 (Ir-12
months after infection/household exposure) that partici-
pants rated as moderate or severe (Figure 3); point esti-
mates and their 95% confidence intervals are provided
in Supplementary Tables S2—S4. Analyses of T2 symp-
toms of any severity are presented in the Supplementary
Materials (Supplementary results, Table S5-S7 and
Figure S1). At T2, infected women had higher preva-
lence than exposed women of moderate or severe
fatigue (RR=2.66, 95% CI [1.23-5.74], p=-007), reduced
physical resilience (RR=2.58, 95% CI [1.03—6.49],
p=-033), dysgeusia/dysosmia (RR=6.08, 95% CI
[1.47—25.12], p=-003) and sleep problems (RR=3.08,
95% CI [1.24—7.66], p=-010). Infected men had higher
prevalence of moderate or severe dysgeusia/dysosmia
(RR=8.85, 95% CI [1.20—065.45], p=0006) than their
exposed counterparts. Moreover, infected adults showed
an overall higher prevalence of moderate or severe breath-
lessness than exposed adults (RR=2.570, 95% CI
[1.09—6.05], p=-022) but this did not reach significance in
either gender subgroup (females: p=-2770, males: p=-068).

In infected adolescent gitls, the prevalence of moder-
ately or severely reduced physical resilience was higher
than in exposed adolescent girls (p=-007). Although the
prevalence of some other individual symptoms was
markedly different between exposed and infected ado-
lescent gitls these differences did not reach significance,
likely due to small subgroup size (e.g., fatigue: 3/45
amongst exposed and 6/28 amongst infected, RR=3.21,
95% CI [0.87-11.83], p=-078; see Table Ss). In adolescent
boys and in boys and girls <14 years, moderate
and severe prolonged symptoms were uncommon or
absent in both the exposed and infected groups (p values
> .148).

Compared with the respective exposed groups, more
infected women (RR=2.57, 95% CI [1.59—4.17], p<-
oor1), infected men (RR=2.21, 95% CI [1.23-3.97], p=
oo05) and infected adolescent girls (RR=3.62, 95% CI
[1.23—10.64], p=-025) had one or more moderate or
severe symptoms still present at T2. In other infected
subgroups, the prevalence of one or more moderate or
severe symptoms was not statistically significantly dif-
ferent to their exposed counterparts. However, the
between-group difference amongst adolescent boys
trended in the same direction as for adolescent girls
(p="094) and when the analysis was collapsed across
gender, the prevalence was statistically significantly
higher for infected than exposed adolescents (RR=4.12,
95% CI [1.40-12.14], p=-000).

Infected men more frequently experienced pain
as compared to exposed men (RR=2.21, 95% CI
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Adults*** Adolescents Children

Exposed Infected Exposed Infected Exposed Infected
Bl Currently much worse
[ Currently somewhat worse
1 About the same as before
1 Currently somewhat better
1 Currently much better

n=229 n=494 n=81 n=59 n=253 n=151

Figure 2. Percentage of adults, adolescents (14-18 years) and children (<14 years) in each response category for the RAND-36
health change score, comparing current health to health before the earliest infection in their household. *** The Mann-Whitney U-
test indicated that the distribution of responses for infected vs exposed adults was significantly different, p<.001. The distributions

of responses for infected vs. exposed groups were not significantly different for adolescents (p=.820) or children (p=.336).

[1.06—4.60], p=-026, Supplementary Table Sy). This
effect was not mirrored in other age or sex groups.

Physical functioning and fatigue

The distribution of reported changes in physical resil-
ience was significantly different for infected vs exposed
adults (Mann-Whitney U=49421, z=-2.882, p=-004,
Supplementary Figure S2); the distributions were not
statistically significantly different for adolescents and
children.

125 (17-6%) participants had experienced ongoing
reductions in physical functioning at T2 on the RAND-
36 physical functioning scale, whereas the remaining
585 (82-4%) reported no or only temporarily reduced
physical functioning. However, infected adults were

statistically significantly more likely (21-6%) to have
reduced physical function that persisted until T2 than
exposed adults (8-9%, RR=2.44, 95% CI [1.55—3.83],
p<-oo1). The difference was apparent in both men and
women (Supplementary Figure S3).

On the RAND-36 role limitations scale, 83 (11:6%)
participants reported ongoing role limitations due to
physical functioning. The remaining 634 participants
(88-4%) had no or only temporary role limitations.
Again, infected adults were statistically significantly
more likely (13-5%) to have role limitations that per-
sisted until T2 than exposed adults (7-5%, RR=1.80,
95% CI [1.08-2.99], p=-023). The effect did not reach
significance in either gender subgroup (Supplementary
Figure S3).

Persistent moderate and severe symptoms

Adults Adolescents Children One or more moderate or
female _male female male female male 25% severe persistent symptoms
Fatigue— female male 40%
Reduced phys. resilience - X Adults 30%
Breathlessness 20% Adolescents 20%
i 10%
Sleep problems— N ... Children 0%
Low mood/anxiet:
. 'Y- Oee’b@ 6@6 &Qb é}@b
Dysgeusia/dysosmia— M Q_‘Q \(«\\ qﬁg \&\
Impaired concentration—|
Impaired memory
F45%
Chest pressure -
Hair loss
T T T T T T T T T T T T — 0%
DD DD > D D >
oee*\ac”@ o&xe:é@ &6222:& Oébxec} F & *90@ &
Q."Q O e}‘g & P e,'*Sé & e,"g RSP N

Figure 3. Moderate and severe persistent symptoms in adults, adolescents and children <14 years. Left panel: Percentage of partic-
ipants in each age group who reported that each moderate or severe symptom was still present at T2, 11-12 months after the earli-
est household infection. Right panel: Percentage of participants in each group who reported one or more moderate and severe
symptoms still present at T2. Overall participant numbers for each group were as follows: adults: 113 exposed females, 255 infected
females, 116 exposed males, 236 infected males; adolescents 14-18 years: 45 exposed females, 28 infected females, 36 exposed
males, 31 infected males; children <14 years: 128 exposed females, 70 infected females, 125 exposed males, 81 infected males.
Numbers of participants for individual symptoms varied slightly due to missing data; precise values are given in the Supplementary
Materials.
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Moderate and severe persistent symptoms reported by individual

0 5 1 1.5 2 25

3 3.5 4 4.5 5 5.5 6

Moderate and severe persistent symptoms reported by other household members

Figure 4. Associations between the total number of moderate and severe persistent symptoms at T2 reported by other household
members and the number of moderate and severe symptoms reported by an individual, based on uni-variable Poisson regression
model with the centre included as random intercepts, in exposed (dotted line) and infected (solid line) groups across all age and
gender subgroups. The grey area shows 95% confidence intervals.

Based on dichotomized Fatigue Assessment Scale
scores, 132 adults, 20 adolescents and 10 children con-
tinued to have fatigue or severe fatigue at T2. All
remaining participants were considered non-fatigued at
T2 on this measure (578 adults, 119 adolescents, 388
children). 20-6% of infected adults were fatigued/
severely fatigued at T2, compared to 14-3% of exposed
adults (RR=1.44, 95% CI [1.00—2.08], p=-049). This
association was present amongst men (RR=2.05, 95%
CI[1.03-4.0], p=-044) but not women. For adolescents
and children, there were no statistically significant dif-
ferences between infected and exposed groups, includ-
ing when split by gender (Supplementary Figure S4).

Influence of symptoms during the acute infection
phase

At T1, 83.0% of infected adults, 48.5% of infected ado-
lescents and 49.5% of infected children reported having
had one or more of the core acute symptoms during the
time period of the infections(s) in the household (data
missing for 194 adults (26.8%), 43 adolescents (30.7%)
and 105 children (26.0%)). 21 adults (4.3% of
those infected), 1 child (0.7% of those infected) and no
adolescents reported having been hospitalized due to
COVID-19.

www.thelancet.com Vol 84 Month October, 2022

Amongst infected individuals, those with acute
symptoms during the SARS-CoV-2 infection had more
symptoms of any severity that persisted until T2 than
those who were asymptomatic. This pattern was appar-
ent in both men (IRR=2-11, p=-009, 95% CI
[1.21—3.69]) and women (IRR=2-14, p=-037, 95% CI
[1.05—4.39]) as well as in adolescent girls (IRR=11-49,
p=-072, 95% CI [0.81—163.59]), but not in adolescent
boys or children <14 years (p values >.37). In the multi-
variable regression model using the individual acute
symptoms as predictors, cough (IRR=1-39, p=-023, 95% CI
[1.05—1.84]), diarrhoea (IRR=173, p<-001, 95%
CI [1.27—2.36]) and dysgeusia (IRR=1-85, p<-001, 95% CI
[1.39—2.47]), but not fever (p =795) were statistically signif-
icant predictors of the number of persistent symptoms.

A similar pattern emerged for moderate or severe
persistent symptoms: those with symptomatic acute
infection had more moderate or severe persistent symp-
toms than those with an asymptomatic infection. When
separated by age and gender, this pattern held for
women (IRR=2-48, p=-024, 95% CI [1.13—5.44]) but not
for other subgroups (p values > .39). The multi-variable
regression model showed that diarrhoea (IRR=1-73, p=
o10, 95% CI [1.14—2.61]) and dysgeusia (IRR=2-14, p=
oo1, 95% CI [1.38—3.30]), but not fever (p =.81) or cough
(p = .29), during the acute phase statistically
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significantly predicted the number of moderate or
severe persistent symptoms.

Symptom associations within families

We first examined the subset of children for whom we
had data on the reporting parent’s Tr health status
(n=162). As in the whole cohort, persistent symptoms
were uncommon in this subgroup (n=15, 9-2% across
both exposed and infected children). However, parents
who reported that their own health status at Tt was
worse or much worse than before the pandemic (n=3y)
were around three times as likely to report that their
child had symptoms that persisted until T2 compared
with parents (n=125) who reported a Tt health status of
same/better/much better (18-9% vs. 6:4%, p=-040).

We then considered associations amongst numbers
of symptoms within households. 41% of participants
lived in households where none of the other household
members reported moderate or severe persistent symp-
toms at T2. However, there was a statistically significant
association between participants’ own moderate or
severe persistent symptoms and the total number of
moderate or severe persistent symptoms reported by
other members of their household (IRR=1-11, p=-0053,
95% CI [1.03—1.20], Figure 4), meaning that the risk
that a participant experienced one additional moderate
or severe persistent symptom increased by 12% for every
additional moderate or severe persistent symptom
amongst members of their household. When separated
by age and gender (Supplementary Figure Ss), the asso-
ciation was statistically significant for exposed women
(IRR=1-17, p=-001, 95% CI [1.07—1.29]), exposed men
(IRR=1-15, p<-001, 95% CI [1.07—1.24]), exposed men
(IRR=1-41, p=-001, 95% CI [1.14—1.72]) and exposed
girls <14 years (IRR=1-49, p<-oo1, 95% CI [1.28—1.73])
as well as for infected women (IRR=1-15, p=-006, 95%
CI [1.04—1.27]) and infected girls <14 years (IRR=1-43,
p=-0065, 95% CI [0.98—2.10]).

Discussion

Using a large prospective multi-centre cohort of fami-
lies, we examined long COVID symptoms in families
11-12 months after mild/asymptomatic SARS-CoV-2
infection or household exposure. Our results indicate
the critical role of family context on prolonged symp-
toms following SARS-CoV-2 infection.

Consistent with previous studies,”*** infected
adults were more likely than exposed adults to report
worse health outcomes, including worse current health,
more physical functioning difficulties, role limitations
due to these difficulties, fatigue and a range of persis-
tent physical and psychological symptoms. Notably,
negative outcomes were also relatively common
amongst the exposed non-infected adults, e.g., almost 1
in 4 exposed adults reported having at least one symp-
tom still present around 11-12 months after SARS-CoV-

2 exposure — despite subsequent negative SARS-CoV-2
serological results. This could reflect baseline preva-
lence of non-specific symptoms, elevated prevalence
due to the pandemic and infection control measures,
effects specific to exposed family members of infected
individuals or — most likely — a mixture of these.
Regardless of the reason, the high prevalence of such
outcomes in exposed but non-infected individuals dem-
onstrates the importance of including an appropriate
comparator group in long COVID studies. In infected
individuals, the prevalence of moderate or severe persis-
tent symptoms 11-12 months after infection was elevated
in men, women and adolescent girls. It is reassuring
that younger children do not appear to be at statistically
significant risk of developing prolonged moderate or
severe symptoms, although our sample was not big
enough to exclude the possibility of very low-prevalence
sequelae.

We found evidence that individuals with symptom-
atic COVID-19 had more persistent symptoms than
those with asymptomatic infection, consistent with pre-
vious studies.”*3® Our data suggest that acute diar-
rhoea and dysgeusia may be particularly associated with
higher likelihood of persistent symptoms, which could
help to identify individuals at risk of long COVID.

Consistent with previous data,’”3° we found gender
differences in long COVID symptoms following SARS-
CoV-2 infection. At T2, infected women had elevated
prevalence of moderate or severe fatigue, sleep disrup-
tion and reduced physical resilience. Prevalence of mod-
erate or severe dysguesia/dysosmia was elevated in both
genders compared to exposed controls. Strikingly, over
a third (36-4%) of infected women reported at least one
moderate or severe symptom lasting until T2; this was
less frequent in infected men (22-9%). Gender differen-
ces were also present in the exposed control group,
though these were not so marked (e.g., 14-2% of
exposed women vs 10-3% of exposed men reported at
least one moderate or severe symptom). We also found
evidence for gender differences in adolescents aged 14-
18 - again consistent with previous studies.'® In particu-
lar, infected adolescent girls but not boys were more
likely to have at least one moderate or severe symptom
at Ta.

The conspicuously high proportion of adolescent
girls who reported ongoing symptoms 11-12 months
after a SARS-CoV-2 infection warrants particular atten-
tion. Over half (15/28) of infected girls aged 14-18
reported at least one persistent symptom of any severity
at T2. Moreover, almost a third (9/28) had at least one
moderate or severe persistent symptom. Although the
subgroup was small, this finding is consistent with
previous pediatric data showing gender differences
both in long COVID and fatigue/chronic fatigue
syndrome,''®'+4° and is in keeping with the evidence
for gender differences in adults. Our findings reinforce
the need for further research focussing on the causes,

www.thelancet.com Vol 84 Month October, 2022
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risk factors and appropriate prevention and treatment
strategies for long COVID in adolescent girls.

Another key finding of this study is that the number
of moderate or severe persistent symptoms in both
exposed and infected individuals was associated with
the number of moderate or severe persistent symptoms
in other household members. This finding was rein-
forced by the association between parents’ health status
at T1 and reported symptoms in their children at Ta2.
There are several plausible, non-mutually exclusive
explanations for such associations. For example, shared
genetic factors may predispose both parents and their
children to develop prolonged symptoms following
SARS-CoV-2 infection. Parents’ perceptions of their
own symptoms may have influenced their perception or
reporting of their children’s symptoms. A significant
role for the importance of symptom perceptions follow-
ing COVID-19 is supported by a French study, where
self-reported SARS-CoV-2 infection was more likely
associated with persistent physical symptoms than labo-
ratory confirmed disease.*” Another possible explana-
tion is that family members’ symptoms or behaviour
affected symptomatology in children. This would be
consistent with previous studies showing that parents’
symptoms and behaviour can be associated with child-
ren’s symptoms in a range of pediatric health
conditions.”"®* It would also fit with evidence that
negative mental health outcomes of lockdown in chil-
dren may be mediated by parents’ stress and overreac-
tivity.** These findings have important implications,
since support for parents or family-level therapeutic
interventions could prove useful in preventing or treat-
ing long COVID in this age group.

Several strengths of the study should be emphasized.
Our cohort comprised almost exclusively individuals
with mild or asymptomatic disease, and thus is repre-
sentative of the majority of SARS-CoV-2 infections.” By
using three serological assays, we could classify individ-
uals as infected or exposed with high confidence, even
following asymptomatic infection. Moreover, infected
and exposed groups belonged to the same families and
thus were exceptionally well matched for socio-demo-
graphic and environmental factors, including those
related to the pandemic and associated public health
measures. Importantly, both groups experienced house-
hold quarantine due to SARS-CoV-2 infection in the
household. Thus between-group differences cannot be
due to the pandemic in general, lockdown measures or
household quarantine. Although having an infected
family member and being in household quarantine
could have caused psychosocial stress in the exposed
group, with concomitant health impact,** our study did
not investigate families with no infected individuals,
which precludes analysis of this issue.

The study also has several limitations. The sample
size was relatively small, especially for adolescents, and
thus was not able to detect very low prevalence

www.thelancet.com Vol 84 Month October, 2022

symptoms. However, our findings are in keeping with a
recent meta-analysis showing that most prolonged
symptoms are uncommon in infected than non-infected
children.”® The study was performed relatively early in
the pandemic (infections in January-May 2020) in a
specific region of Germany. It is possible that virus var-
iants of concern, which have emerged since, show a dif-
ferent risk of long COVID, especially when causing a
clinically milder disease. Also generalization to other
regions should be done with caution. The data on chil-
dren under 14 years old were reported by one of the
parents, so the subjective interpretation of the child’s
health status as well as their own symptoms might have
impacted the reporting of the child’s symptoms and
health status. Further, a selection bias may have been
be generated through the retrospective identification of
the participating families. Similarly, the retrospective
collection of self-reported data might have introduced a
recall bias, though we expect that the impact of this bias
would be minimized by investigating all the family
members irrespective of their serostatus. It is possible
that a small number of individuals with long COVID
symptoms may have received therapeutic interventions
between T1 and T2; data on this were not collected.
Although a possible intervention might have influenced
the reported data, the absence of established effective
treatments and the difficulties of accessing them during
the pandemic means that we would assume that any
effect of such interventions would be minimal. Finally,
families were not blinded for their serological status,
which was communicated after the T1 visit. Although
this could represent a source of bias, long-term blinding
of participants to their SARS-CoV-2 infection history
would have been ethically and medically problematic.
Additional sources of bias might have been introduced
by participants not completing the T2 questionnaire
(64.6% of T1 participants completed the T2 question-
naires) and the partial utilization of questions specifi-
cally developed for this study which were not
specifically validated before.

In sum, our data from a controlled, multi-centre
study suggests that infected men, women and adoles-
cent girls are at increased risk of negative outcomes 11-
12 months after SARS-CoV-2 infection compared to
exposed household members. The prevalence of moder-
ate to severe symptoms was not elevated in infected ado-
lescent boys aged 14-18 or in children <14 years
compared to controls. Moreover, we found some evi-
dence that prolonged symptoms tend to cluster within
families. Our findings highlight the need for caution in
interpreting the causes of prolonged symptoms in
SARS-CoV-2 infected individuals, especially children,
since such symptoms almost certainly have multiple
possible causes and are likely driven by both physiologi-
cal and psychosocial mechanisms. Our results also
emphasize the need for research on family-level mecha-
nisms and interventions in long COVID.*#+45
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