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One-year follow-up of children hospitalized
with COVID-19: a prospective cohort study

Caroline Jacoby Schmidt'®, Giovana Morin Casassola’®,
Guilherme Hoff Affeldt'®, Debora Sana Morais*®,
Leticia Kras Borges Alvarenga*®, Cristina Miller>®, Bruna Ziegler"

ABSTRACT

Objective: Currently, little is known about the long-term outcomes of COVID-19 in
the pediatric population. The aim of this study was to investigate the long-term clinical
outcomes of pediatric patients hospitalized with COVID-19. Methods: This was a
prospective cohort study involving unvaccinated children and adolescents admitted to
a tertiary hospital in southern Brazil with a COVID-19 diagnosis. Data were collected
from electronic medical records for one year after the diagnosis. Results: A total of 66
children were included: the median age was 2.9 years; 63.6% were male; and 48.5%
were under 2 years of age. Over 70% had at least one comorbidity prior to the COVID-19
diagnosis. During the one-year follow-up period, 59.1% of the children revisited the
emergency department, 50% required readmission, and 15.2% died. Younger children
with longer hospital stays were found to be at greater risk of readmission. Having
cancer and impaired functionality were found to increase the risk of death within one
year. Conclusions: Our findings indicate that most children hospitalized with COVID-19
have comorbidities. Younger age at admission and a longer hospital stay seem to be risk
factors for readmission. In addition, the presence of cancer and impaired functionality
are apparently associated with the poor outcome of death within the first year after the
diagnosis of COVID-19.
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INTRODUCTION database showed that 7.6% of children hospitalized for
COVID-19 died during their hospital stay.”” Among pediatric
patients, mortality rates are higher for those under 2
years of age and for those between 12 and 19 years,
as well as for those with preexisting comorbidities.(©”

The new coronavirus was first identified in November
2019 in the city of Wuhan, China, after a series of
unspecified pneumonia cases occurred in the city. Since
then, SARS-CoV-2 infection, which can lead to COVID-19,

has been widely studied worldwide.® After hospital discharge, adult and pediatric patients may

still have COVID-19 symptoms, a phenomenon known as
long COVID or post-acute sequelae of COVID-19.® Studies
show that, among children and adolescents with COVID-19,
requiring ICU admission and having more comorbidities
are associated with presenting more symptoms in the
long term, the most common symptoms being fatigue,
exercise intolerance, and dyspnea.®'® However, few
studies have addressed the long-term clinical outcomes
in children who were hospitalized with COVID-19.

It is known that the rates of contamination are lower
and the symptoms of COVID-19 are milder in the pediatric
population than in the adult population.®® In addition,
the rates of hospitalization for COVID-19 are lower in the
pediatric population, and most children hospitalized for
COVID-19, on wards or in ICUs, have had preexisting
comorbidities. (>

Because of the milder presentation of the disease and

lower hospitalization rates, COVID-19-related mortality is
also significantly lower in the pediatric population.®® In a
multicenter study, conducted mostly in the United States,
mortality rates of approximately 1.8% were reported.(®
A study conducted with a Brazilian national COVID-19

A recent multicenter study conducted in the United
States showed that 11% of pediatric patients hospitalized
with COVID-19 were readmitted to the hospital within
four months after discharge.*® However, there have been
few studies evaluating readmissions and late mortality
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among pediatric patients hospitalized with a diagnosis
of COVID-19. Therefore, the aim of this study was to
investigate the long-term clinical outcomes of pediatric
patients hospitalized with COVID-19.

METHODS

This was a prospective cohort study involving
unvaccinated children diagnosed with COVID-19 and
admitted to the Hospital de Clinicas de Porto Alegre
(HCPA) between March 2020 and July 2021. Patients
were followed by monitoring of their electronic medical
records for one year after the diagnosis. This research
was approved by the HCPA Research Ethics Committee
(Reference no. 57286822000005327), and the study
protocol was in accordance with the ethical precepts
on research involving humans outlined in Brazilian
National Health Council Resolution no. 466/2012.

Sociodemographic data and laboratory test results
were collected from electronic medical records.
Data regarding hospital admission, including the
date of admission, nutritional status, prematurity,
signs and symptoms of the disease, and presence
of comorbidities, were collected, as were the results
of laboratory tests, such as arterial blood gases and
C-reactive protein. During hospitalization, the need
for ventilatory support—such as oxygen therapy,
high-flow nasal cannula use, and noninvasive/invasive
ventilation—and for admission to the pediatric ICU
(PICU) were recorded. After hospital discharge, follow-up
was carried out by reviewing electronic medical records,
and information on emergency room visits, hospital
admissions, and death was recorded for one year after
the diagnosis of COVID-19. All patients admitted to
the HCPA Department of Pediatrics with a diagnosis
of COVID-19, as confirmed by a positive RT-PCR for
SARS-CoV-2,(12) were included in the study.

For each of the children included in the study, the
level of functionality was assessed in the first 24 h
after hospital admission by applying the Functional
Status Scale (FSS), which has been translated and
validated for use in the pediatric population of Brazil (**)
The FSS assesses six domains of functionality, and the
total score ranges from 6 to 30 points, a higher score
indicating worse functionality.*3-*>) The individuals
were stratified into two groups for analysis: those
with an FSS score < 9 (preserved functioning or mild
dysfunction); and those with an FSS score > 10 points
(moderate, severe, or very severe dysfunction).

Variables are expressed as absolute values and
percentages or as medians and interquartile ranges.
To assess the normality of continuous variables, the
Shapiro-Wilk test was used. Univariate and multivariate
Cox regression analyses were performed, the dependent
variable being death within the first year after diagnosis.
We also performed univariate and multivariate Poisson
regression analyses with robust variance, in which the
dependent variable was hospital readmission within
one year. Data were stored in Microsoft Office Excel
and analyzed with the Predictive Analytics Software
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package, version 18.0 (SPSS Inc., Chicago, IL, USA).
The level of statistical significance adopted was 5%
(p < 0.05).

RESULTS

The study included 66 unvaccinated children diagnosed
with COVID-19: 42 (63.6%) were male; 32 (48.5%)
were under 2 years of age; and the median age was
2.9 years (IQR, 0.4-9.5 years). The most common
symptoms were fever (in 75.8%), cough (in 50.0%),
hypoxemia (in 40.9%), rhinorrhea (in 37.9%), and
diarrhea (in 25.8%). Of the 66 children evaluated,
48 (72.7%) had at least one comorbidity prior to
being diagnosed with COVID-19. The most common
comorbidities were cancer (in 21.2%) and respiratory
disease (in 19.7%). More than 18% of the children in
the sample had been born prematurely. The median
length of hospital stay was 10 days (IQR, 6.0-24.5
days). Ventilatory support was required for 27 patients
(40.9%), and 23 patients (34.8%) were admitted to the
PICU. Table 1 shows the characteristics of the patients.

Premature birth was significantly more common
among the patients under 2 years of age (p = 0.008).
However, C-reactive protein levels were significantly
higher among the patients over 2 years of age (p =
0.000), who also had significantly more comorbidities
(p = 0.004), mainly cancer.

By the end of the one-year follow-up period, 39
(59.1%) of the children had revisited the HCPA
Emergency Department and 33 (50.0%) had been
readmitted to the hospital. Of the 33 readmissions, 4
(12.1%) were caused by a new SARS-CoV-2 infection
and 27 (81.8%) were caused by complications of an
underlying disease (preexisting comorbidity): cancer,
in 36%; metabolic disorders, in 18%; neurological
disorders, in 18%; respiratory diseases, in 15%;
cardiovascular diseases, in 9%; and gastrointestinal
disorders, in 6%. Of the 33 children who required
readmission, only 6 (18.2%) were previously healthy.
Of those 6 children, 4 were readmitted for respiratory
problems, due to acute viral bronchiolitis in all four
cases. One child was readmitted eight times during
the one-year follow-up period because of sequelae
and respiratory complications, requiring mechanical
ventilation and failing ventilator weaning repeatedly,
which led to the need for a tracheostomy during the
fourth hospital stay. Readmission for nonrespiratory
causes was identified in two children: one had a urinary
tract infection, and the other had gastrointestinal
symptoms.

By the end of the one-year follow-up period, 10
(15.2%) of the children had died. All of the deaths
were in children who had had at least one preexisting
comorbidity at the initial hospital admission, the most
common comorbidity being cancer, which was present
in 8 of those 10. Two deaths (20%) were due to acute
respiratory distress syndrome caused by COVID-19,
and seven (70%) were due to progression of the
underlying disease: four due to ventilatory failure
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Table 1. Characteristics of children hospitalized with COVID-19, overall and by age.?

Characteristic

Male 42 (63.6)
White 56 (84.8)
Age (years) 2.9 [0.4-9.5]
Hospital stay (days) 10.0 [6.0-24.7]
Comorbidities 48 (72.7)
Respiratory disease 13 (19.7)
Cancer 14 (21.2)
Prematurity 12 (18.2)
Asymptomatic 6(9.1)
Fever 50 (75.8)
Cough 33 (50.0)
Hypoxemia 27 (40.9)
Rhinorrhea 25 (37.9)
Diarrhea 17 (25.8)
C-reactive protein (mg/L) 23.5 (3.5-77.8)
Ventilatory support required 27 (40.9)
PICU admission 23 (34.8)
IMV required 12 (18.2)
FSS score 8 (6-10)
Adequate functionality 46 (69.7)
Death during first hospitalization 5(7.5)
Readmission 33 (50.0)
Death within one year 10 (15.2)

< 2 years of age

= 2 years of age

(n = 32) (n = 34)
20 (62.5) 22 (64.7) 0.835
27 (84.4) 29 (85.3) 0.918
0.4[0.2-1.2] 9.2 [6.0-11.2] 0.000
8.0 [5.0-31.0] 12.5 [7.0-25.2] 0.277
18 (56.2) 30 (88.2) 0.004
4(12.5)) 9 (26.5) 0.157
4 (12.5) 10 (29.4) 0.96
10 (31.2) 2 (5.9) 0.008
3(9.7) 3(9.7) 0.968
23 (71.9) 27 (79.4) 0.479
16 (50.0) 17 (50.0) 1.000
10 (33.3) 17 (56.7) 0.072
13 (40.6) 12 (35.3) 0.658
10 (31.2) 7 (20.6) 0.326
2 (1-17) 63 (28-139) 0.000
14 (43.8) 13 (38.2) 0.651
8 (25) 15 (44.1) 0.106
5 (15.6) 7 (20.6) 0.604
7 (6-10) 8 (6.2-10) 0.922
22 (68.8) 24 (70.6) 0.872
2 (3.0) 3 (4.5) 0.97
19 (59.4) 14 (41.2) 0.143
2 (6.2) 8 (23.5) 0.052

PICU: pediatric ICU; IMV: invasive mechanical ventilation; and FSS: Functional Status Scale. 2Values expressed as

n (%) or as median [IQR].

and three due to septic shock. One death (10%)
was associated with septic shock after bone marrow
transplantation. Five deaths (50%) occurred during
the first hospitalization after the COVID-19 diagnosis
(3 children had cancer, 1 had a respiratory disease,
and 1 had a metabolic disorder). The five other deaths
occurred during readmissions (4 children had cancer,
and 1 had a metabolic disorder).

Table 2 shows the results of the univariate and
multivariate linear regression analyses in which the
dependent variable was readmission within one year.
In the multivariate analysis, the dependent variable
was found to be significantly associated with age
(B =0.589; p = 0.036) and with the length of hospital
stay during the first admission (g = 1.004; p = 0.007).

Table 3 shows the results of the univariate and
multivariate linear regression analyses in which the
dependent variable was death within the first year after
diagnosis. In the multivariate analysis, the dependent
variable was found to be significantly associated with
the FSS score (B = 1.235, p = 0.001) and with a
diagnosis of cancer (B = 33.516, p < 0.001).

DISCUSSION

In the present study, pediatric patients hospitalized
with COVID-19 were evaluated and over 70% were
found to have had at least one comorbidity, cancer
having been the most common. During the one-year

follow-up period after the diagnosis of COVID-19,
approximately 59% of the children revisited the pediatric
emergency room and 50% required readmission. In
addition, approximately 15% of the children died during
that period, and all of those children had at least one
comorbidity prior to being diagnosed with COVID-19.
We demonstrated that the younger children and those
with longer hospital stays were at a higher risk for
readmission during the first year after a COVID-19
diagnosis, as well as that children with cancer and
children with impaired functionality were at a higher
risk of death within one year after the diagnosis.

A multicenter study conducted in the United States
showed lower rates of hospital readmission than those
found in the present study. Maddux et al. observed
that 11% of patients were readmitted within a period
of 2-4 months after the initial discharge, and only one
patient was healthy before prior to COVID-19 diagnosis.
In their study, readmissions were associated with
exacerbations of underlying diseases.* In our study,
most patients requiring readmission had at least one
preexisting comorbidity. Therefore, we can assume that
the readmissions of our patients were also associated
with exacerbations of the underlying diseases. These
data corroborate previous findings in the literature.

In the present study, the risk of readmission within
one year after the diagnosis of COVID-19 was found
to be higher among the younger patients. We believe
that to be a novel finding. However, it is known that
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Table 2. Univariate and multivariate Poisson regression analyses with robust variance with readmission within one year

as the dependent variable.
Characteristic

PR 95% ClI
Age (years) 0.664 0.498-0.885
Length of hospital stay 1.005 1.002-1.008
Prematurity 1.687 1.084-2.626

Univariate analysis

Multivariate analysis

PR 95% ClI
0.30 0.589 0.892-0.996 0.036
0.001 1.004 1.001-1.007 0.007
0.020

PR: prevalence ratio.

Table 3. Univariate and multivariate Cox regression analyses with death within one year as the dependent variable.

Characteristic

HR 95% ClI
FSS score 1.133 1.022-1.257
Cancer 16.749 3.536-79.332
Age (years 1.183 1.042-1.343
C-reactive protein 1.007 1.002-1.013
PICU admission 4.847 1.252-18.770

Univariate analysis

Multivariate analysis

HR 95% ClI
0.017 1.235 1.095-1.391 0.001
0.000 33.516 5.747-195.456 < 0.001
0.009
0.005
0.022

HR: hazard ratio; FSS: Functional Status Scale; and PICU:

the disease is more severe in infants, and being under
one month of age is considered an important risk factor
for admission to the PICU.('®) Being under 2 years of
age has also been identified as a risk factor for death
from COVID-19.0:17:1®)

The results of our analyses also indicate that a longer
hospital stay after admission for COVID-19 increases
the risk of a second hospitalization within one year after
the first. The median length of hospital stay observed
in our study was 10 days, considerably longer than the
3-6 days reported in previous studies.(:0:17:19.20) That
difference may be related to the heterogeneity of the
studies and the different levels of complexity of the
children included in the study samples.

To date, there have been few follow-up and mortality
studies in the pediatric population with COVID-19.(®
In our study sample, the one-year mortality rate
was 15.2%, which is considerably higher than the
rates reported elsewhere. In a multicenter study that
evaluated a sample of children hospitalized with COVID-
19, Bhalala et al. demonstrated a 0.3% mortality rate
at 28 days after discharge.(® However, the median age
was higher in their sample than in ours and the rates of
preexisting comorbidities were lower in their sample,
both of which could have influenced the differences
between the results of the two studies. Notably,
none of our patients had been immunized against
COVID-19 and only two died from acute respiratory
distress syndrome caused by COVID-19; all of the
other deaths were associated with exacerbation of the
underlying disease, which may have been related to
COVID-19 sequelae.

Approximately 7.5% of the children in our sample
died during hospitalization, which is similar to the
outcome reported by Oliveira et al.”? However, studies
conducted in high-income countries have reported lower
mortality rates.®¢141% In a systematic review involving
a collective sample of approximately 3,800 children who
died from COVID-19, Kitano et al. demonstrated that the
mortality rates were higher in low- and middle-income
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pediatric ICU.

countries than in high-income countries, the former
group accounting for over 90% of the deaths from
COVID-19 in the pediatric population.®*® Notably, the
hospital where the present study was carried out is
a referral center for the treatment of highly complex
chronic diseases in southern Brazil and regularly
receives critically ill patients, a fact that could explain
the higher mortality rate in our sample.

In our study sample, the risk of death within one
year after the diagnosis of COVID-19 was found to
be higher among the children with cancer. Previous
studies have shown that the rates of COVID-19-related
mortality are higher for children with cancer than
for healthy children or even for children with other
comorbidities.?:>¥ However, to our knowledge, there
have been no studies evaluating the association
between cancer and death within one year after the
diagnosis of COVID-19 in pediatric patients. Despite
the fact that patients with cancer are at a greater risk
of developing the more severe forms of COVID-19,(??
Wectawek-Tompol et al. observed that children with
cancer have a 97.3% probability of survival to 100
days after a diagnosis of COVID-19.(%

In the present study, impaired functionality at hospital
admission was also identified as a risk factor for death
within one year after the diagnosis of COVID-19.
Casassola et al. demonstrated that over half of children
hospitalized with COVID-19 have impaired functionality,
which they found to be associated with a longer hospital
stay and a greater likelihood of requiring ventilatory
support.@® Their findings suggest that pediatric patients
with reduced functionality tend to develop the more
severe forms of COVID-19 and that one-year mortality
rates would therefore be higher among such patients,
thus corroborating our findings.

The study conducted by Maddux et al.(*9 also
underscored the importance of assessing the
functionality of pediatric patients with COVID-19
during hospitalization. The authors found that 9% of
their patients presented a deterioration in functionality



Schmidt CJ, Casassola GM, Affeldt GH, Morais DS, Alvarenga LKB, Miller C, Ziegler B

by the end of the hospital stay and that 3% had an
even worse FSS score at the end of the follow-up,
demonstrating that the functionality of pediatric
patients may change even up to four months after
discharge.*® On the basis of these findings, we can
assume that pediatric patients will continue to develop
post-COVID-19 sequelae in the long term, resulting in
a loss of functionality, which may be associated with
death within one year after diagnosis.

Finally, over 70% of the patients in our study sample
had at least one preexisting comorbidity and all of the
patients who died during the one-year follow-up period
were in that group. Similar data can be found in the
literature.*7:29) Most of the children hospitalized with
COVID-19 have preexisting comorbidities.”1%11) The
presence of comorbidities is considered a risk factor
for the development of more severe COVID-19 and for
unfavorable outcomes such as death.?>7:10.17)

Our study has some limitations. The data were
obtained from local electronic medical records, which
made it impossible to monitor readmissions at other
health facilities. In addition, our study sample was
heterogeneous, including patients with a variety of
preexisting comorbidities, which could have influenced
the mortality rates. Furthermore, only severe cases
(those requiring hospitalization) were included, so
our findings cannot be extrapolated to the pediatric
population at large. Moreover, this was a single-center
study and the sample size was small. Despite these
limitations, our study has the longest follow-up of
pediatric patients with COVID-19 to date.

We reiterate that most of the children diagnosed with
COVID-19 had comorbidities, and that this characteristic
was present in all of the cases with a fatal outcome.

Younger age and longer hospital stays appear to be
related to a higher risk of readmission. The presence
of cancer and impaired functionality were associated
with a greater risk of death within the first year after
the diagnosis of COVID-19. Currently, little is known
about the long-term consequences of COVID-19 in the
pediatric population, which underscores the importance
of our results. Our study adds to the literature some
important risk factors to be monitored and emphasizes
the importance of long-term follow-up, especially
in pediatric patients who require hospitalization for
COVID-19.
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