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Abstract

Background: Previous studies assessing the prevalence of COVID-19 sequelae in adults and children were performed
in the absence of an agreed definition. We investigated prevalence of post-COVID-19 condition (PCC) (WHO defini-
tion), at 6- and 12-months follow-up, amongst previously hospitalised adults and children and assessed risk factors.

Methods: Prospective cohort study of children and adults with confirmed COVID-19 in Moscow, hospitalised
between April and August, 2020. Two follow-up telephone interviews, using the International Severe Acute Respira-
tory and Emerging Infection Consortium survey, were performed at 6 and 12 months after discharge.

Results: One thousand thirteen of 2509 (40%) of adults and 360 of 849 (42%) of children discharged participated in

both the 6- and 12-month follow-ups. PCC prevalence was 50% (95% Cl 47-53) in adults and 20% (95% Cl 16-24) in
children at 6 months, with decline to 34% (95% Cl 31-37) and 11% (95% Cl 8-14), respectively, at 12 months. In adults,
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female sex was associated with PCC at 6- and 12-month follow-up (OR 2.04, 95% Cl 1.57 to 2.65) and (OR 2.04, 1.54 to
2.69), respectively. Pre-existing hypertension (OR 1.42, 1.04 to 1.94) was associated with post-COVID-19 condition at
12 months. In children, neurological comorbidities were associated with PCC both at 6 months (OR 4.38, 1.36 to 15.67)
and 12months (OR 8.96, 2.55 to 34.82) while allergic respiratory diseases were associated at 12 months (OR 2.66, 1.04

to 6.47).

Conclusions: Although prevalence of PCC declined one year after discharge, one in three adults and one in ten chil-
dren experienced ongoing sequelae. In adults, females and persons with pre-existing hypertension, and in children,
persons with neurological comorbidities or allergic respiratory diseases are at higher risk of PCC.

Keywords: Adults, Children, COVID-19, COVID-19 sequelae, Long COVID, Post-acute sequelae of SARS-CoV-2
infection, PASC, Post-COVID-19 condition, Prevalence, Risk factor

Background

Although most people fully recover from acute infection
with severe acute respiratory syndrome coronavirus 2
(SARS CoV-2) and coronavirus disease 2019 (COVID-19)
disease, some experience ongoing sequelae [1]. This wide
range of symptoms occurring in the weeks to months
after SARS-CoV-2 infection has been referred to as either
long COVID, post-COVID-19 condition, or post-acute
sequelae of SARS-CoV-2 infection (PASC), amongst
other names [2]. High profile editorials [3, 4] drew atten-
tion to an increasing number of people experiencing
these ongoing sequelae and called for comprehensive
research, including risk factors and clinical features.

Most post-COVID research has focused on adults [5],
given the predominance of adult COVID-19 in the first
pandemic waves, which appeared to spare children,
somewhat. Therefore, there is a more limited number
of paediatric studies [6], although the need for research
on COVID-19 consequences in children and young peo-
ple has been previously acknowledged and has grown in
importance with emergence of variants that are affecting
children [7]. Head-to-head comparison of COVID-19
sequelae in children and adults is still lacking.

Many studies have investigated the prevalence and
risk factors of long COVID [5], but heterogeneity in
patient assessment and definitions [8] and lack of data
regarding symptom duration are challenges to meta-
analyses. Notably, in September 2020, the World Health
Organization (WHO) Classification and Terminologies
unit created International Classification of Diseases 10
(ICD-10) and ICD-11 codes for post-COVID-19 condi-
tion, and in October 2021, a clinical case definition of
post-COVID-19 condition was announced, following a
Delphi consensus process [9]. It was defined as a condi-
tion occurring “in individuals with a history of probable
or confirmed SARS-CoV-2 infection, usually 3months
from the onset of COVID-19 with symptoms that last
for at least 2 months and cannot be explained by an alter-
native diagnosis” However, this definition was intended

for adults, and WHO suggests that a separate definition
might be applicable for children.

This prospective study aimed to investigate the preva-
lence and characteristics of post-COVID-19 condition in
previously hospitalised children and adults using stand-
ardised follow-up data collection protocols developed by
the International Severe Acute Respiratory and Emerging
Infection Consortium (ISARIC) Global Adult and Paedi-
atric COVID-19 follow-up working groups.

Methods

The study is reported based on the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) checklist for cohort studies (https://www.
strobe-statement.org/), which can be found in the sup-
plementary material.

Study design, setting, and participants

This study combines data from two longitudinal pro-
spective cohorts of patients with COVID-19: (a) adults
admitted to Sechenov University Hospital Network (four
large tertiary adult hospitals) in Moscow, Russia, and (b)
children admitted to Z.A. Bashlyaeva Children’s Munici-
pal Clinical Hospital in Moscow, Russia (the primary
paediatric COVID-19 hospital in Moscow throughout
the time of pandemic). Only patients with positive poly-
merase chain reaction (PCR) confirmed SARS-CoV-2
infection were included in this study. Details regarding
the demographic profile, hospitalisation requirements
and origination of these cohorts are comprehensively
described elsewhere [10, 11]. In brief, to form and define
the cohorts, the acute phase data of adult and paediatric
patients were extracted from electronic medical records
(EMR) and the Local Health Information System (HIS) at
the host institutions using ISARIC Core case report form
(CRF) for acute phase data collection. The acute-phase
datasets included demographics, comorbidities, symp-
toms on admission, computed tomography results, and
disease severity, including use of supportive therapies.
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Data collection and entry were performed by a team of
trained medical students and physician residents, with
extensive relevant research experience, via telephone
interviews and the Research Electronic Data Capture
(REDCap) database [10-12], with supervision by senior
academic researchers.

Given the well-recognised emergence of COVID-19
infection sequelae, this follow-up study was planned to
track prevalence and risk factors for the development of
such sequelae occurring after hospital discharge. Data
were obtained at two follow-up points, at 6 (+ 2) and
12 (£ 2) months after hospital discharge. These follow-
up assessments, collected via telephone interviews, used
the Tier 1 ISARIC Long-term Follow-up Study CRF for
adult patients and version 1 of the ISARIC COVID-19
Health and Wellbeing Follow Up Survey for Children
for paediatric patients, both developed by the ISARIC
Global COVID-19 follow-up working group and inde-
pendently forward and backward translated into Russian.
These follow-up assessments evaluated patients’ physi-
cal and mental health status and assessed for any newly
developed symptoms between hospital discharge and
the follow-up assessment, including symptom onset and
duration as previously described [11]. Given the well-rec-
ognised emergence of post-COVID infection sequelae,
this follow-up study was planned to track prevalence and
risk factors for the development of such sequelae occur-
ring after hospital discharge.

The acute-hospitalisation dataset included demograph-
ics, symptoms, comorbidities (at the time of hospital
admission for COVID-19), chest computed tomography
(CT) results, supportive care required, and clinical out-
comes at the time of discharge.

Data management

REDCap electronic data capture tools (Vanderbilt Uni-
versity, Nashville, TN, USA) hosted at Sechenov Uni-
versity and Microsoft Excel (Microsoft Corp, Redmond,
WA, USA) were used for data collection, storage, and
management [13, 14].

Definitions
Post-COVID-19 condition was defined as the presence of
any symptom which started no later than three months
after hospital discharge and lasted for at least 2 months as
per the WHO case definition [9]. Symptom duration was
calculated from the time of the hospital discharge in the
absence of reliable objective medical record data regard-
ing date of first symptoms appearance.

Patients requiring non-invasive ventilation, invasive
ventilation, or intensive care unit (ICU) care during acute
phase of COVID-19 were defined as severe.
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Symptoms were categorised into nine manifestations:
cardiovascular, dermatological, fatigue, gastrointestinal,
musculoskeletal, neurocognitive, respiratory, sensory,
and sleep (Table S1). Symptom categorisation was based
on previously published literature and ISARIC working
groups’ discussion [10, 11].

Statistical analysis

Descriptive statistics were calculated for baseline char-
acteristics. Continuous variables were summarised as
median (interquartile range, IQR) and categorical vari-
ables as frequency (percentage). 95% confidence intervals
(CIs) were obtained for the estimates of post-COVID-19
condition prevalence using bootstrap methodology
(10,000 iterations).

Forest plots were used to present the prevalence of
post-COVID-19 condition and different manifestations.
Circular dendrograms were used to illustrate coexist-
ence of post-COVID-19 condition manifestations. The
phenotypes of post-COVID-19 condition were presented
using radial plots. The cut-off for defining a phenotype
presentation was set at 2% of respondents reporting mul-
tiple manifestations. For children, due to a low number of
respondents reporting multiple manifestations, all indi-
viduals were presented on the plots.

We included all participants with post-COVID-19
condition in the final analysis, without missing data
imputation. In order to control for recall bias at
12-month follow-up, we considered post-COVID-19
condition manifestations only amongst those mani-
festations which were reported at 6-months and satis-
fied the WHO definition of post-COVID-19 condition.
Only patients completing both 6-month and 12-month
follow-up were included in this study analysis similarly
to previously published large cohort studies [15].

Multivariable logistic regression analysis was per-
formed separately for adults and children to investigate
associations of demographic characteristics and comor-
bidities at hospital admission with COVID-19 (limited
to those variables reported in > 3% of study participants)
and severity of COVID-19 with post-COVID-19 condi-
tion prevalence at the time of the follow-up interviews.
Selection of the variables was the following: “COVID-
19 severity” variable as exposure, “post-COVID-19
condition” as an outcome, comorbidities as covariates,
gender, and age as effect modifiers. Twelve variables in
adults and seven in children were tested as potential risk
factors based on data availability and previous research
[10, 11, 15-18]. We included all participants for whom
the variables of interest were available in the final analy-
sis, without imputing missing data. Odds ratios were
calculated together with 95% Cls.
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Two-sided p-values were reported for all statistical
tests, a p-value below 0.05 was considered to be statis-
tically significant. Statistical analysis was performed in
R version 4.0.2 using libraries dplyr, foreign, forestplot,
ograph, and ggraph [19].

Results

Out of 2509 eligible adults and 849 eligible children with
laboratory confirmed COVID-19 discharged between
April and August 2020, 1994 (79%) and 832 (98%) had
contact information, and of these, 1013 (40% of dis-
charged, 51% of those with contact information) adults
and 360 children (42% of discharged, 43% of those
with contact information) participated in both follow-
up interviews and were included in the final analysis
(Fig. 1). The 6-month follow-up interviews were con-
ducted between November 2020 and March 2021 and
the 12-month follow-up between April 2021 and August
2021.

Table 1 shows the demographic and clinical charac-
teristics of the study participants. For adults the median
time, after hospital discharge, to the 6- and 12-month
assessments was 215days (IQR 196-235) and 383 days
(IQR 376-390). The median age of adult patients was
56.8years (IQR 47.0-65.8), and 49% (500/1013) were
male. The most common pre-existing comorbidity in
adults at admission was hypertension (45%, 458/1013),
followed by chronic cardiac disease and excessive weight
and obesity (20% each, 198/1013) and type II diabetes
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(15%, 148/1013). Three percent of patients (27/1013)
required non-invasive ventilation, invasive ventilation, or
ICU care during hospitalisation.

For children, the median time to the 6-month follow-
up was 255days (IQR 223-270) and to the 12-month
follow-up 367days (IQR 351-379). The median paedi-
atric patient age was 9.5years (IQR 2.4-14.8), and 48%
(174/360) were male. Three percent of children (12/360)
required non-invasive ventilation, invasive ventilation,
or treatment in the ICU during hospitalisation. The most
common comorbidities in children were allergic rhinitis
(7%, 26/360) and intestinal problems (7%, 25/360).

Figure 2 shows the temporal trend in post-COVID-19
condition manifestations prevalence. Prevalence was sig-
nificantly higher in adults compared with children at both
6-month and 12-month follow-up (p <0-001): relative risk
of any manifestation 2.51 (2.02 to 3.11) at 6 months and
3.07 (2.26 to 4.16) at 12 months. The difference in preva-
lence of each specific manifestation between adults and
children is shown in tables S2 and S3. The proportion of
individuals with at least one post-COVID-19 condition
manifestation decreased from 50% (95% CI 47-53) at
6 months to 34% (95% CI 31-37) at 12months in adults
and from 20% (95% CI 16-24) to 11% (95% CI 8—14),
respectively, in children. A decline in prevalence was
observed across all manifestations.

In adults, the most common post-COVID-19 con-
dition features at 6-month follow-up included fatigue
25% (95% CI 22-28), respiratory 22% (95%CI 20-25),
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Table 1 Demographic characteristics of adults admitted to the Sechenov University Hospital Network and children admitted to the
Z.A.Bashlyaeva Children’s Municipal Clinical Hospital. Data are n (%) or median (IQR) excluding missing values. ICU, intensive care unit

Variable Adults Children
Number of participants 1013 360
Median age (IQR) at hospital admission, years 56.8 (47.0-65.8) 9.5(24-14.8)

Median time from the hospital discharge to the 1st follow-up point (IQR), days
Median time from the hospital discharge to the 2nd follow-up point (IQR), days

Gender (female)

Severe COVID-19 (requiring non-invasive ventilation or invasive ventilation or ICU)

Heart diseases

Chronic cardiac disease

Hypertension

History of peripheral or cardiac revascularisation
Respiratory diseases (not including asthma)
Allergic respiratory diseases

Asthma (physician diagnosed)

Allergic rhinitis/hay fever

Kidney disease

Overweight and obesity (as defined by clinical staff)
Neurological disorder

Malignancy

Haematological conditions

Diabetes Mellitus

Rheumatologic disorder

Tuberculosis

Malnutrition

Intestinal (gut) problems

215 (196-235)
383 (376-390)

255 (223-270)
367 (351-379)

513/1013 (51%) 186/360 (52%)
27/1013 (3%) 12/360 (3%)
502/1013 (49%) 12/360 (3%)
198/1013 (20%) N/A
458/1013 (45%) N/A
51/1013 (5%) N/A
79/1013 (8%) 5/360 (1%)
N/A 29/360 (8%)
48/1013 (5%) 5/360 (1%)
N/A 26/360 (7%)
51/1013 (5%) 6/360 (2%)
198/1013 (20%) 10/360 (3%)
53/1013 (5%) 11/360 (3%)
42/1013 (4%) 0/360 (0%)
12/1013 (1%) 9/360 (3%)
148/1013 (15%) 0/360 (0%)
27/1013 (3%) 2/360 (1%)
1/1013 (0%) 3/360 (1%)
1/1013 (0%) 10/360 (3%)
N/A 25/360 (7%)

neuro-cognitive 19% (95% CI 17-21), and dermatological
13% (95% CI 11-15) manifestations. At 12 months after
the hospital discharge, the prevalence decreased to 12%
(95% CI 10-14), 10% (95% CI 8-11), 9% (95% CI 7-11),
and 4% (95% CI 3-5) respectively.

In children, the most common post-COVID-19 con-
dition features at 6-month follow-up were fatigue 9%
(95% CI 6-13), dermatological 5% (95% CI 3-7), neuro-
cognitive 4% (95% CI 2—6), and sleep-related 4% (95% CI
2-6) manifestations. At the 12-month follow-up, these
decreased to 4% (95% CI 2-6), 2% (95% CI 1-4), 2% (95%
CI1-3), and 1% (95% CI 0-1) respectively.

We investigated the phenotypes of post-COVID-19
condition in adults and children, defined as a report of
two or more different manifestations at 6-month assess-
ment (Figs. 3 and 4). Amongst adults, 28% (287/1013)
reported at least two manifestations. We differenti-
ated three prevalent phenotypes at 6 months, namely
(a) fatigue/respiratory without neurological manifesta-
tions (10%, 29/287); (b) fatigue/respiratory with neu-
rological manifestations (7%, 19/287); and (c) fatigue/
neurological without respiratory manifestations (6%,
17/287), regardless of other manifestations reported. By

12 months, 41% (12/29) of people with fatigue/respira-
tory without neurological manifestations fully recov-
ered, while only 21% (4/19) of fatigue/respiratory with
neurological manifestations and 24% (4/17) of fatigue/
neurological without respiratory manifestations were
symptom-free (Additional file 1: Figure S1).

In children, phenotypes were less feasible to assess
due to a smaller case count of post-COVID-19 condi-
tion. Seven percent (25/360) of children had a combi-
nation of manifestations at 6-month follow-up. The
only characteristic phenotype amongst individuals
with coexisting manifestations was fatigue/neurologi-
cal (24%, 6/25), with 50% (3/6) of these having fully
resolved by 12 months.

Risk factors association with post-COVID-19 con-
dition 6- and 12-months after hospital discharge were
assessed in multivariable regression analysis separately
for adults and children (Fig. 5).

In adults, female sex was the only statistically signifi-
cant risk factor of post-COVID-19 condition at both
6-month (odds ratio of 2.04 (95% CI 1.57 to 2.65) and
12-month (2.04, 1.54 to 2.69) follow-up. Pre-existing
hypertension was also (1.42, 1.04 to 1.94) independently
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Fig. 2 Forest plots demonstrating the prevalence of post-COVID-19 condition manifestations in adults and children 6 and 12 months after hospital
discharge. Sixth-month prevalence is coloured in red, and 12-month prevalence is coloured in blue. Estimates of the prevalence 95% confidence
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associated with post-COVID-19 condition at 12 months
only.

In children, pre-existing neurological comorbidities
were associated with post-COVID-19 condition at both
6-months (4.38, 1.36 to 15.67) and 12months (8.96,
2.55 to 34.82). History of allergic respiratory diseases
was a risk factor (2.66, 1.04 to 6.47) for post-COVID-19
condition at 12 months only.

Discussion

This prospective cohort study with 1013 adults and 360
children, who were previously hospitalised with labo-
ratory confirmed SARS-CoV-2 infection, assessed the
6- and 12-month prevalence of post-COVID-19 condi-
tion, according to the WHO case definition, along with
phenotypes and risk factors. We found that half of adults
and one of five children had post-COVID-19 condition at
6 months follow-up, with fatigue being the most common
manifestation. Although prevalence of post-COVID-19
condition declined between 6- and 12-month assessment,
one in three adults and one in ten children still had seque-
lae. Post-COVID-19 condition was experienced by both
sexes, with a higher risk amongst adult women. Pre-exist-
ing hypertension (adults) and pre-existing neurological
comorbidities and allergic respiratory diseases (children)
were associated with post-COVID-19 condition.

The prevalence of post-COVID-19 condition was sig-
nificantly higher in adults and the risk of post-COVID-19
condition was 2.5 and 3 times higher in adults relative
to children 6 and 12 months post-hospital discharge,

respectively. This was true also for individual symptom
groups, except gastrointestinal at 6 months, and cardiovas-
cular, dermatological, and gastrointestinal at 12 months.
Although persistent symptoms of COVID-19 have been
assessed in many studies [5], most published research was
performed prior to the WHO post-COVID-19 case defi-
nition [9] in absence of agreed terminology and associ-
ated data heterogeneity. With differences in methodology,
outcome definitions, and absence of symptom duration
measurement across cohorts, it is difficult to evaluate the
prevalence of post-COVID-19 condition. Another limi-
tation in the existing literature is the inadequate knowl-
edge of COVID-19 sequelae in children [6] and the lack of
direct head-to-head comparison of its features and preva-
lence in adults and children, which do not allow for com-
plete understanding if manifestations behave differently
based on age.

Persistence of symptoms is a worrisome issue, with
half of the adults in our study reported post-COVID-19
condition at 6 months, and 34% still experiencing one
or more manifestations 12months after discharge.
This finding is consistent with data from China, which
reported a high rate of single sequelae symptom prev-
alence and decrease from 68% at 6 months to 49% at
12 months [15]. Difference in prevalence may be related
differences in post-COVID condition definitions, as
the Chinese study was published before the WHO
case definition announcement. We found a twofold
decrease in the prevalence of post-COVID-19 condi-
tion from 20% between 6 and 12months in children.
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Fig. 3 Interrelations between the post-COVID-19 condition manifestations in adults and children 6 and 12 months since hospital discharge. Bubble
diameter is proportional to the proportion of individuals with the symptom category reported. Line thickness is proportional to the number of
individuals with the coexisting manifestations. Cardiovascular, CRD; dermatological, DRM; fatigue, FTG; gastrointestinal, GST, musculoskeletal, MSC;

Adults, 12 months
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To our knowledge, this is the first study reporting con-
sequences of COVID-19 in children 1 year after acute
episode, though we did detect persistent symptoms
6 months after hospital discharge in children in a pre-
vious study especially in older children and those with
allergic disease [11]. Fatigue was the most common
manifestation in both children and adults, regardless of
the follow-up time point, though proportionally more
adults than children reported fatigue. This finding is
consistent with prior data [5, 6]. In adults and chil-
dren, respiratory manifestations were reported in 20%
and 2%, respectively. This difference may be related to

greater severity of viral pneumonia in adults, as well as
greater baseline respiratory comorbidity [20]. More fre-
quent incidental infection rates may also confer some
degree of non-specific immunological protection but
the association with pre-existing respiratory allergy
suggests that allergic hypersensitivity and/or auto-
immune responses are involved. More research into
pathophysiology and immune mechanisms is required
to establish the cause of described association.

One third of individuals with post-COVID-19 con-
dition can be classified by a phenotypes, of combined
manifestations. One in five can be characterised by a
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SNS; sleep, SLP

Fig.4 A Radial plots representing post-COVID-19 condition phenotypes in adults at 6 months after discharge and 12 months after discharge.
Manifestations are shown for each patient; each segment represents a single patient. Thick black lines are used to distinct phenotypes.
Cardiovascular, CRD; dermatological, DRM,; fatigue, FTG; gastrointestinal, GST; musculoskeletal, MSC; neurocognitive, NRL; respiratory, RSP; sensory,
SNS; sleep, SLP. B Radial plots representing post-COVID-19 condition phenotypes in children at 6 months after discharge and 12 months after
discharge. Manifestations are shown for each patient; each segment represents a single patient. Thick black lines are used to distinct phenotypes.
Cardiovascular, CRD; dermatological, DRM,; fatigue, FTG; gastrointestinal, GST; musculoskeletal, MSC; neurocognitive, NRL; respiratory, RSP; sensory,

Symptom groups

- Fatigue

- Respiratory
Neurocognitive

Dermatological
- Sleep
- Cardiovascular

Symptom groups

| ] Fatigue

[ Respiratory
Neurocognitive
Dermatological
Sleep
Musculoskeletal

I Gastrointestinal

M Cardiovascular

Il Sensory

combination of fatigue and respiratory with or without
neurological manifestations. These results are simi-
lar to those reported by Taquet and colleagues [21].
We found that people without neurological manifes-
tations become asymptomatic by 12months more
frequently than those reporting neurological manifesta-
tions at 6 months. However, due to a limited number of

individuals available for phenotyping, it is premature to
make any definitive conclusions.

The risk of post-COVID-19 condition was twice as
high in female as in male adult patient at both time
points, in line with previous studies assessing persistent
symptoms [15, 17, 22]. Pre-existing hypertension was
associated with post-COVID-19 condition at 12 months
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A Fig. 5 A Multivariable logistic regression model demonstrating
risk factors associated with post-COVID-19 condition in adults
Variable N| Odds ratio
° at 6-month follow-up. Odds ratios and 95% Cls are presented. B
Severe COVID-19 1013| ——— [1.08 (0.49, 2.43) 085 X K L . . .
- SR A Multivariable logistic regression model demonstrating risk factors
associated with post-COVID-19 condition in adults at 12-month
F 513 HEH|2.04 (1.57, 2.65) <0.001 . . .
aae o5l b liowssron s follow-up. Odds ratios and 95% Cls are presented. C Multivariable
o logistic regression model demonstrating risk factors associated with
Chronic cardiac disease 1013 B [1.44(0.99, 2.10) 0.06
) post-COVID-19 condition in children at 6-month follow-up. Odds
Hypertension 1013 HEH 1.18 (0.87, 1.58) 0.29 . . . . ) .
History of peripheral or cardiac revascularization 1013 |——— 0.65 (0.34, 1.21) 0.18 ratios aﬂd 95% Cls ?re Preseﬂted, D MU‘.tIVarlab‘e |Og|5t\C fegreSSlOﬂ
chronic pulmanary disease (vt asthma) 15| e |12 077,200 . model demonstrating risk factors associated with post-COVID-19
Asthma (physician diagnosed) 103 i |108(059, 199 o1 condition in children at 12-month follow-up. Odds ratios and 95% Cls
Chronic kidney disease 1013|  —— [1.13(062,2.07) 0.69 are presented
Chronic neurological disorder 1013 —-— 0.73(0.41,1.32) 0.30
Malignant neoplasm 1013| —m—  [0.86(0.45,1.63) 0.64
Diabetes Mellitus 1013 i [1.04(0.71,151) 0.85 . . . ..
S in adults. The association between pre-existing hyper-
B . o oo tension and higher risk of post-COVID-19 condition
oo ol liensae  om 12months after hospital discharge in adults has not
conder u o Fotooco been previously reported [23], which may be explained
PG| colaedeem by the difference in outcome definition. Pre-existing
Age 1013, [ 1.00 (0.98, 1.01) 0.40 . o Jeype . . .
neurological comorbidities and allergic respiratory dis-
Chronic cardiac disease 1013 = = 1.16 (0.79, 1.70) 0.45 . . . .
yprtonsion ws|  bme |ienonisy  os eases were associated with post-COVID-19 in children.
T ——— o3| s |10s0se 1o o While allergic diseases are felt to be protective of devel-
Chronic pulmonary disease (not asthma) 1013 - [1.32(0.80, 2.16) 027 Oping COVID’19, this may beCome a risk factor for the
fema phsicandagnosed) ) TR e o sequelae development and merits further consideration.
Chronic kidney disease 1013 +—#— [1.03 (056, 188) 091 . Iv h th . d th t 1 . dt
Chronic neurological disorder 1013 [—m—— 0.70 (037, 1.29) 0.27 It was preVIOUS Y ypo esise at a erglc conditions
algnant neopsem | e 1500219 s may increase the risk of long-term consequences follow-
Oisbetes lius G I i L ing COVID-19 and that eosinophils, mast cells, or Th-2
C responses may be potentially involved in the immuno-
— W oddsratie > pathology of post-COVID-19 condition [24], but large
s com ol o omem o prospective studies with biological material collection
are required to confirm this.
Gender M7 W Reference . . . .
This study has both strengths and limitations.
= S oz Strengths include the following: (1) using of stand-
Age 360 1.02 (0.98, 1.07) 030 ardised ISARIC Long’term FOllOW—up Study CRPS
, for adults and children; (2) using the WHO post-
Heart diseases 360 |———— 1.58 (0.37, 5.60) 0.50
COVID-19 condition definition; (3) enrolling both
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P— w| —imt |100mam 050 ing both the 6- and 12-month follow-up visits, one
D T of the longest follow-up assessments of hospitalised
patients to-date. Limitations include the following: (1)
Variable N Odds ratio P . ..
questions about spectrum composition, as we enrolled
sevemcono @l R preen o only patients from Moscow (which may limit generalis-
Gonder o Retererca ability), a low proportion of whom had severe COVID-
S N S e 19—issues shared with most major COVID-19 cohort
studies. This limitation is balanced by their otherwise
Age 360 I 1.05(0.99, 1.12) o010 . . .
being a paucity of data from eastern Europe regarding
Hert isoses = e o any COVID-19 outcomes, which becomes a novelty;
Aleric resprtorycseases w0 bmi [2eston6n o0 (2) acute data were collected from the electronic medi-
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Gut problems 360 ‘@  |226(071,639) 014 .. . . .
i notes—we mitigated potential inaccuracies of demo-
graphic information reported by the patients/par-

ents/carers at the time of the hospital admission with



Pazukhina et al. BMC Medicine (2022) 20:244

subsequent verification during follow-up telephone
interviews. This is an accepted and common limitation
of cohorts assembled using this methodology; (3) a low
proportion of patients with severe COVID-19 patients
amongst both adults and children in our cohort limits
the generalisability of the study findings to hospitalised
patients with more mild to moderate COVID-19; (4)
parents/caregivers were interviewed in this study and
not children themselves, which is an accepted limita-
tion of paediatric research conducted in children of a
particular age; (5) a risk of potential selection bias, for
instance with those with symptoms more likely to agree
to survey and thus overestimating the prevalence of
post-COVID-19 condition [25], as only 68% of adults
and 62% of children for whom we had contact infor-
mation agreed to participate in our study, and 51%
and 42% respectively completing both visits—although
retention of over 40% is generally considered good and
rates here are comparable or higher than in the recent
similar cohort studies [15, 26]. Any attrition from a
cohort may result in a substantial overestimation of the
prevalence of post-COVID-19 condition as those who
do remain in the cohort may represent a biased sample
[25]. However, we did not find significant differences
between respondents and non-respondents (Table S4);
(6) telephone interviews were used in this study, and we
acknowledge that face-to-face interviews and/or objec-
tive measurements would deliver more robust results.
However, financial and pandemic restrictions did not
allow for this; (7) the study used hospitalised patients’
data. Interpretation of the data gathered from such
sample may be prone to collider bias, as the sample is
non-random as is conditions on hospital admission.

We used the ISARIC/WHO Clinical Characterisation
Protocol, a prospective pandemic preparedness protocol
which is agnostic to disease and has a pragmatic design
to allow recruitment during pandemic conditions. As
we already underlined in previous publications, the real-
ity of conducting research in outbreak conditions is such
that appropriate co-enrolment of a control group is prac-
tically challenging, primarily because COVID-19 has
overshadowed other infections which could be used as
comparators, and because of the lack of agreement on a
commonly accepted control group [10].

Conclusions

This study has shown that half of adults and one of five
children have post-COVID-19 condition, as per WHO
case definition, 6 months after hospital discharge, with
fatigue being the most common manifestation. Respira-
tory manifestations also were a major problem in adults.
Although the prevalence of post-COVID-19 condition
declined, one in three adults and one in ten children
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still had manifestations at 12months follow-up. Post-
COVID-19 condition was more common adult women
and amongst adults with pre-existing hypertension. In
children, pre-existing neurological comorbidities and
allergic respiratory diseases were associated with post-
COVID-19 condition. Future studies should define
COVID-19 as per the new WHO case definition to allow
for a better comparability. Further investigation of risk
factors and underlying physiological and immunological
mechanisms merit further consideration.
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