cambridge.org/cty

Cite this article: Erol N, Alpinar A, Erol C, Sari E,
and Alkan K (2021). Intriguing new faces of
Covid-19: persisting clinical symptoms and
cardiac effects in children. Cardiology in the
Young, page 1 of 7. doi: 10.1017/
$1047951121003693

Received: 22 July 2021
Revised: 11 August 2021
Accepted: 13 August 2021

Keywords:

Covid-19; long Covid; echocardiography;
myocarditis; cardiac involvement; systolic
blood pressure

Author for correspondence:

N. Erol, Health Sciences University Zeynep
Kamil Gynecology and Pediatrics Training
and Research Hospital, Pediatric Clinics,
Dr. Burhanettin Ustunel Sokagi

No:10, Uskudar, Istanbul 34668, Turkey.
Tel: +902163910680; Fax: +902163910690.
E-mail: nurdaneroltr6l@gmail.com

© The Author(s), 2021. Published by Cambridge
University Press.

CAMBRIDGE

UNIVERSITY PRESS

Nurdan Erol!®, Abdullah Alpinar!, Cigdem Erol?, Erdal Sari* and Kubra Alkan!

'Health Sciences University, Zeynep Kamil Gynecology and Pediatrics Training and Research Hospital, Pediatric
Clinics, Uskudar, Istanbul 34668, Turkey and Z2Istanbul University Informatics Department, Beyazit, Fatih,
Istanbul 34452, Turkey

Abstract

Objective: This study was conducted to evaluate the persisting Covid-19-related symptoms of
the cases included in our study and to assess their cardiac findings to determine the impact of
Covid-19 on children’s cardiovascular health. Methods: In this study, 121 children between the
ages of 0- and 18 with Covid-19 were evaluated based on their history, blood pressure values,
and electrocardiography and echocardiography results. These findings were compared with the
findings of the control group which consisted of 95 healthy cases who were in the same age
range as the study group and did not have Covid-19. The results were evaluated using the sta-
tistics program, SPSS 21. Results: There was no significant difference between the study group
and the control group in terms of age, weight, and body mass index. The clinical symptoms
(chest and back pain, dizziness, headache, palpitation, fatigue, shortness of breath, loss of
balance, coughing) of 37.2% of the cases persisted for at least 1 month after Covid-19 recovery.
Statistically significant differences were found in systolic blood pressure, left ventricular ejection
fraction, relative wall thickness, and tricuspid annular plane systolic excursion. Conclusion:
The continuation of some cases’ clinical symptoms post-recovery indicates that long Covid
infection can be observed in children. The fact that statistically significant differences were
observed between the echocardiographic parameters of the study and control groups suggests
that Covid-19 may have effects on the cardiovascular system. To shed light on the long Covid
cases among children and the infection’s cardiac impacts, it would be beneficial to conduct
more comprehensive studies on this matter.

The Covid-19 outbreak, caused by the SARS-CoV-2 virus, has been on the world agenda ever
since the first infection case was reported in Wuhan, China, in December, 2019 and then
declared a pandemic by the WHO in March, 2020.'~* Initially, it was thought that children were
in the lower risk category for Covid-19 and experienced milder symptoms than adults.
However, this was soon proven to be inaccurate as severe cases were observed in children as
well.> Although Covid-19 in children mostly affects the upper respiratory tract and the gastro-
intestinal system, it was also observed to have an impact on various other organs and systems,
such as in the case of multisystemic inflammatory syndrome related Covid (MIS-C) which
presents itself with Kawasaki-like symptoms and affects the entire body.®” Another interesting
aspect of the infection is that in some cases the clinical symptoms may persist even months after
recovery.3!* This form of the infection, defined either as long Covid or post-Covid-19
syndrome,’ is known to affect children!! as well as adults, and has only recently begun to be
understood. Given this, there currently is not much research on this subject. Furthermore,
Covid-19 is also known to affect the cardiovascular system.!>"!® In cases with Covid-19, myo-
carditis may occur, either directly as a result of the virus itself or due to the cytokines that are
released during the infection; cardiac problems such as heart failure and arrhythmia may occur
as a result of hypoxia due to severe lung infection or as a side effect of the medication used.!>!
Although it is reported that most of these effects are temporary, it is not known for certain
whether any cardiac pathologies might develop during the follow-up period of Covid-19 cases.
Although many studies have been done on the cardiac effects of Covid-19 in adults there are
quite few studies on children. Hence, this study was conducted to evaluate the clinical picture of
the long Covid cases in our study group and to assess the cardiac findings of children with
Covid-19 to determine the impact of this infection on children’s cardiovascular health.

This study was conducted in one center, between 17 March, 2021, and 10 June, 2021, on children
who had Covid-19. The study group consisted of 121 cases between the ages of 0 and 18, who
tested positive for Covid-19. In addition, cases who had a history of Covid-19 but applied to our
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Table 1. The distribution of cases by age (month) and sex
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Group Sex 0-12 13-60 61-120 121-180 181-240 Total
Covid 19 Male 9 14 9 23 10 65
Female 6 11 13 14 12 56
Control Male 4 10 19 12 5 50
Female 5 9 10 10 11 45
Total Male 13 24 28 35 15 115
Female 11 20 23 24 23 101

hospital’s ward for different reasons during the time in which this
study was conducted were also included in the study group. All the
cases included in the study group have had the infection for at least
1 month and at most 1 year ago. Cases that were in the acute period
of the infection were not included in the study. The control group
was randomly selected among the cases who applied to our ward
with various complaints such as innocent murmur, non-specific
chest pain, and for sports examinations and had an age and sex
distribution similar to the study group.

The cases were questioned on whether they had any
contact with Covid-19 and any diseases that might cause cardiac
pathologies. Cases that did not have any Covid-19 positive family
members or acquaintances and any contact with Covid-19 were
selected for the control group.

All cases in both the study and the control group were examined
based on height, weight, body mass index, blood pressure values,
and electrocardiography and echocardiography findings. Medical
history was taken from both the cases themselves and their
families. Among the cases in the study group, 11 were asympto-
matic, 83 received out-patient treatment, and 27 received in-patient
treatment.

The blood pressures of the cases were taken with an oscillomet-
ric blood pressure device (Mindray, PM 9000) using a cuff suitable
for their age, and their electrocardiograms were taken with the
Cardiovit AT-102 plus (Schiller) device. Because infants mostly
do not stay calm during these measurements, only the blood pres-
sure values of cases over the age of 2 were taken into consideration
to prevent any inaccurate measurements.

The cases’” echocardiograms were taken by two paediatric car-
diologists using the Vivid S6 (GE Healthcare Systems) and Philips
Affiniti 50 echocardiography device (Philips Medical Systems
Andover, USA). The echocardiography findings were evaluated
as structural and functional cardiac pathologies. The evaluations
were done according to the guidelines of the American Society
of Echocardiography. The conventional measurements and tricus-
pid annular plane systolic excursion were taken with M mode,
mitral inflow peak velocities were taken with spectral Doppler,
and early diastolic septal and lateral mitral annular peak velocities
were taken with tissue Doppler.

All statistical analyses and tests were performed using SPSS
version 21 (IBM SPSS Statistics, IBM Corporation, Armonk,
NY, USA) on a personal computer. Normality of variable distribu-
tion was assessed with the Kolmogorov-Smirnov test, histogram,
coefficient of variation, Detrended Q-Q Plot, and by analysis of
skewness and kurtosis. p values <0.05 were considered statistically
significant. Group comparisons were performed with the
Independent-Samples T-test and Mann-Whitney U-test (distribu-
tion of data was non-Gaussian). A Chi-squared test was used to
analyse the frequency data. The charts were produced using MS
Excel 2016.

Figure 1. The distribution of cases according to BMI percentiles.

A report was taken from the Ethics Committee for our
Hospital (17.03.2021/N0:74) and Ministry of Health, General
Directorate of Health Services Scientific Research Platform
(2021-04-20T18_01_49). During the study, the Helsinki Declaration
was adhered to.

In this study, 216 cases were evaluated. In total, 121 of these cases
had Covid-19, whereas 95 were in the control group. The distribu-
tion of the cases by age and sex is presented in Table 1, and the
distribution according to BMI percentiles is given in Figure 1.

The statistical data of the cases that had Covid-19 and the
control group is presented in Table 2.

There was no statistically significant difference between the
groups in terms of age, weight, and BMI.

All the cases in the study group had at least one PCR positive
individual in their family and contact with Covid-19. In all 27 of
the cases had received in-patient treatment. There were approxi-
mately 5.6 months (min. 1, max. 12) between the time when the
cases had Covid-19 and the time the study was conducted. The
clinical findings of the cases related to Covid-19 that were reported
by their families are presented in Table 3.

As can be seen in Table 3, fever, fatigue, headache, myalgia, sore
throat, coughing, shortness of breath, stomach ache, vomiting,
diarrhoea, and taste and smell disorders were the symptoms that
were observed in the cases in the study group based on what
their families have reported. The number and percentage of each
symptom are given in Table 3.

In addition to the findings of the cases given in Table 3, the
distribution of asymptomatic cases, cases who received in-patient
and out-patient treatment according to their age and sex is
presented in Table 4.

In all, 45 of the patients (37.19%) with Covid-19 had the symp-
toms given in Table 5 when the study was done. Among these
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Table 2. The distribution of the cases by age, weight, and BMI

Covid-19 (n=121)

Control (n=95) Control versus Covid-19

Median (interquartile range-range) Median (interquartile range-range) p value*
Age 9.16 (10.88-17.92) 8.42 (8.67-17.42) > 0.05 (0.704)
Weight 35.6 (38.2-85) 31 (31-75.5) > 0.05 (0.694)
BMI 18.38 (5.12-20.31) 18.05 (5.03-15.56) > 0.05 (0.377)

BMI = body mass index.
*Mann-Whitney U test.

Table 3. Covid-19-related clinical findings of the cases

Finding Number of cases (%)

Fever 73 63.33
Fatigue 72 59.50
Headache, myalgia 61 52.24
Sore throat 31 25.62
Cough 33 27.27
Shortness of breath 10 8.26
Stomach ache, vomiting 27 22.31
Diarrhoea 22 18.18
Ocular findings 11 9.09
Skin rash 14 11.57
Taste and smell disorders 13 10.74
Neurological 7 5,79

symptoms were headache, dizziness, syncope, loss of balance, pal-
pitation, chest and backache, shortness of breath, coughing, and
fatigue. The number and percentage of the cases that had these
symptoms are presented in Table 5. There was no correlation
between the severity of Covid-19 and the infection’s persisting
symptoms. The rest of the patients did not have any symptoms
at the time of the study.

The distribution of the cases that had symptoms at the time
of the study and the cases that did not have any symptoms is
presented in Table 6.

A statistically significant difference (p=0.005<0.05) was
found between the cases who had and did not have Covid-19
symptoms at the time of the study in terms of being asymptomatic
or receiving either out-patient or in-patient treatment.

The distribution of the number of months between the time at
which the cases had Covid-19 and when the study was conducted is
presented in Figure 2.

The basal rhythm in the electrocardiographic examinations
of the cases was sinus rhythm. Arrhythmia was not observed.
There was no significant difference in terms of heart rates in
ECG, PR intervals, and Qtc values between the study and
control groups (Table 7). Although there was no significant differ-
ence in terms of diastolic blood pressure, a statistically significant
difference was found in terms of systolic blood pressure values
(Table 7).

Both the study and control groups were similar in echocardio-
graphical examinations (Table 8). In all, 99 of the 121 cases
that had Covid-19 (81.82%) did not have any structural cardiac
pathologies. Six of the cases had patent foramen ovale (PFO), seven
cases had trivial mitral valve insufficiency, one case had mitral

valve prolapse (MVP), three cases had bicuspid aortic valve
(BAV), one case had a small ventricular septal defect (VSD) and
one case had a spontaneously closed VSD, and one case had thin
patent ductus arteriosus (PDA), two cases had persistent left supe-
rior vena cava. A total of 80 cases in the control group (84.21%) had
no structural cardiac pathologies. Seven cases had patent foramen
ovale, two cases had trivial aortic valve insufficiency, three cases
had trivial mitral valve insufficiency, one case had mitral valve
prolapse, one case had thin patent ductus arteriosus, and one case
had a small ventricular septal defect.

When the echocardiographical M mode and tissue Doppler
results were compared, a statistically significant difference was
found in terms of left ventricular posterior wall diameter, relative
wall thickness, and tricuspid annular plane systolic excursion
values between the control and study groups. No significant
differences were observed in the other parameters given in Table 8.

There was no significant difference between the groups based
on sex in any of the parameters that were evaluated in this study
(p=0.874 - Pearson Chi-Square).

During the course of the past one and a half years since the
Covid-19 pandemic began many studies have been done on the dif-
ferent effects of the virus and our understanding of the virus has
improved significantly, various strains and forms of the virus have
been identified, and various methods of controlling the virus have
been devised.? With these improvements, our understanding of
Covid-19’s impact on children has progressed. Although it was ini-
tially thought that the infection was mostly milder in children than
in adults,” this was soon seen to be inaccurate in many cases. In the
studies conducted in the first days of the Covid-19 pandemic, it was
stated that the rate of Covid-19 infection in children was only 1-5%
and that it caused less severe symptoms than in adults.*!” Despite
this common belief, in later studies a similar rate of seroconversion
was found in adults and children, suggesting that both groups had
similar levels of sensitivity for the infection.!®

In addition, as more patients were examined, it was observed
that in some cases symptoms such as fatigue, joint and muscle pain
and weakness, respiratory problems, heart palpitations, sleep dis-
orders, anxiety, depression, and lung problems persisted in the
long-term even after recovery,® bringing up a type of Covid-19
infection referred to as long Covid or post-Covid-19 syndrome.’
This case can also be seen among children,'® as supported by a
paediatric cohort study done in Russia, in which fatigue, sleep dis-
turbance, sensory, gastrointestinal, dermatological, neurological,
respiratory, cardiovascular, and musculoskeletal problems were
observed in children with Covid-19 in the long term.'® Our find-
ings were also in line with these, as shown in Figure 2, evoking long
Covid in our study group. Though it is not known for certain, the
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Table 4. The distribution of asymptomatic, out-patient, and in-patient cases with Covid-19 according to age and sex

Male Female
Age (Month) Asymptomatic Out-patient In-patient Total Asymptomatic Out-patient In-patient Total
0-12 0 2 7 9 1 1 4 6
13-60 1 12 1 14 0 7 4 11
61-120 2 6 1 9 2 9 2 13
121-180 3 19 1 23 1 11 2 14
181-240 0 7 3 10 1 9 2 12
Total 6 46 13 65 5 37 14 56
Table 5. The number and percentage of the cases with Covid-19 symptoms at the time of the study distributed according to the severity of infection

Symptom Number of cases % Asymptomatic Out-patient In-patient
Chest and backache 23 51.11 3 20 0
Dizziness * syncope 7 15.56 1 6 0
Headache, dizziness 3 6.67 0 3 0
Palpitationtchest pain 5 11.11 1 4 0
Shortness of breath 4 8.89 1 2 1
Fatigue 1 222 0 1 0
Loss of balance 1 2.22 0 1 0
Coughing 1 222 0 1 0
Total 45 100 6 38 1

Table 6. The distribution of the cases that had symptoms at the time of the
study and the cases with no symptoms present

No symptoms Symptoms present Total
Asymptomatic 5 6 11
Out-patient 47 36 83
In-patient 24 3 27
Total 76 45 121
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Figure 2. The distribution of the number of months between the time at which the
cases had Covid-19 and when the study was conducted according to the presence of
symptoms at the time of the study.

continuation of such symptoms in the long term raises the question
of whether the Covid-19 virus can cause chronic disease or not.
Besides the aforementioned symptoms, in a study, it has been
observed that Covid-19 related cardiac symptoms such as chest
pain, heart palpitation, and tachycardia have continued up to
6 months among Covid-19 survivors,®~'? indicating that long-term

cardiac symptoms may develop in long Covid cases. In another
study done by Huang et al, the cardiac MR scans of more than
50% of Covid-19 survivors in recovery after the acute period have
shown myocardial oedema and late gadolinium enhancement and
disorders in the right ventricle functions in 31%.%° In yet another
study done by Moody et al, on hospitalised children with pneumo-
nia due to Covid-19, it was observed in 79 cases that although the
acute anomalies and function and size changes in the ventricles
have improved throughout the 3-month ECHO follow-up period,
adverse ventricular remodeling persisted in 29% of the cases,”!
once again indicating the long-term cardiac effects of Covid-19.
Likewise, in our study group, at the time of the study - at least
1 month after the patients recovered from Covid-19 - chest pain
persisted in 23 of the cases, whereas heart palpitations along with
chest pain persisted in 5, as shown in Table 5. Similarly, in a recent
case report done in Italy, it was observed that a 14-year-old
girl who previously did not have any cardiorespiratory problems
developed persistent chest pain and tachycardia after Covid-19’s
acute phase.” For this reason, with this study, we have examined
whether cardiac symptoms developed as a result of Covid-19 both
in cases whose symptoms disappeared after recovery and long
Covid cases whose symptoms persisted.

The studies done on Covid-19’s cardiovascular effects and the
cardiac pathologies that might develop as a result of the infection
are mostly focused on adults, severe cases in the acute period, and
cardiac-related morbidities due to Covid-19. In the studies done on
adults with Covid-19, arrhythmia was found in 16.7% of the cases,
whereas myocardial damage was found in 7.2%;?* when troponin
levels, ECHO, and ECG findings were examined, cardiac involve-
ment was observed in 12.5% of the cases;?* and it was even stated
that 40% of the Covid-19 related deaths in Wuhan were caused by
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Table 7. Blood pressure and ECG values

Covid-19 Control Control versus Covid -19
Mean (Min-Max) n p value* n p value
Systolic BP 111.51 (92-139) 91 106.64 (85-137) 78 <0.05 (0.005)*
Diastolic BP 70.75 (47-89) 91 68.58 (39-98) 78 >0.05*(0.161)*
PR 119.18 (68-172) 108 119.09 (75-160) 87 >0.05 (0.972)*
QTC 415.94 (349-460) 119 417.16 (380-451) 95 >0.05 (0.616)*
HR 97 (29-98)*** 113 97 (24.75-92)*** 92 >0.05 0.895**

BP = blood pressure; HR = Heart Rate; PR = Interval of PR; QTC = Corrected QT Interval.
*: Independent t-test.

**: Mann-Whitney U test.

***: Values are median (interquartile range).

Table 8. The statistical evaluation of the echocardiographic parameters of the study and control groups

Covid-19 (n=121)
Mean (Min-Max)

Control (n=95) Control versus Covid-19

Mean (Min-Max) p-value

LVEDD (MM) 37.35 (20.5-52.5) 36.8 (21-52) >0.05 (0.608)*
IVSD (MM) 7.55 (4-12.4) 7.27 (4.5-12) >0.05 (0.231)*
LVPWD (MM) 7.22 (4.1-12.1) 6.74 (3.5-11) <0.05 (0.038)*
RWT 0.38 (0.27-0.53) 0.37 (0.26-0.54) <0.05 (0.04)*
LVEF (%) 66.99 (36-80) 68.25 (60-76) >0.05 (0.07)*
LVSF (%) 36 (5.75-36)*** 38 (6-13)*** >0.05 (0.085)**
LA /AO 1.17 (1-1.68) 1.19 (0.96-1.40) >0.05 (0.538) *
TAPSE (mm) 22 (4.9-23.2)*** 20 (4-17) <0.05 (0.004)**
E/A ratio 1.6 (0.4-2)*** 1.6 (0.5-1.9) *** >0.05 (0.527)**
Mitral septal E/E‘, M/S ratio 8.3 (2.55-25.6)*** 8.6 (2.1-9.9) *** >0.05 (0.625)**
Lateral E/E‘ ratio 6.6 (2.05-9.3) *** 6.1 (1.9-7.7)*** >0.05 (0.052)**

IVSD = Interventricular septal diameter; LVEDD = left ventricular end diastolic diameter; LVPWD = left ventricular posterior wall diameter; LVEF = left ventricular ejection fraction; LVFS = left
ventricular fractional shortening; LA/Ao = left atrial to aortic ratio; RWT = Relative Wall thickness; TAPSE = tricuspid annular plane systolic excursion.

*: Independent t-test.
**: Mann-Whitney U test.
***: Values are median (interquartile range).

myocardial damage.?® The studies done on the infection’s cardiac
effects on children are mostly centred on severe cases such as
patients with MIS-C.2® In such studies, it was stated that cardiac
involvement develops in 53% of children with MIS-C* and that
an increase in troponin levels and disorders in systolic functions
tend to occur in most MIS-C cases during the infection’s acute
period.”

Contrarily, our current understanding of the cardiovascular
impact of Covid-19 on asymptomatic or mild cases - which make
up a majority of all Covid-19 cases - is quite limited as there are not
nearly enough studies done on this group. Another factor that
contributes to this uncertainty is the fact that echocardiographic
measurements and cardiac enzyme tests are not routinely checked
if there are no symptoms of cardiac disorders, making it difficult to
assess the infection’s cardiac effects. Considering this, clinical and
echocardiographic examinations would be beneficial to follow the
long-term cardiac effects of Covid-19 and hence to shed light on
this matter.'? Accordingly, in this study, we have used clinical mea-
surements such as height, weight, BMI, and blood pressure values,
as well as echocardiographic measurements such as M-mode, 2D,
tissue Doppler, and spectral Doppler to evaluate asymptomatic and
mild Covid-19 cases among children.

In our study, neither the echocardiographic measurements of
both the study and control groups have revealed any structural
or functional anomalies nor has a comparison between the
echocardiograms of the patients with mild structural pathologies
in both groups and their echocardiograms prior to getting
Covid-19 shown any significant difference. However, once the
results of the study and control groups were compared with each
other, a statistically significant difference was detected in the left
ventricular posterior wall diameter, relative wall thickness, and
tricuspid annular plane systolic excursion values, as presented in
Table 8. We could not compare the echocardiographic measure-
ments of the cases in the study group taken at the time of the
study with their previous echocardiographic findings from the
time when they had Covid-19 since there were no records.
Nevertheless, the fact that right ventricle hypertrophy and remod-
elling were observed due to Covid-19 in the previously mentioned
study done by Moody et al*! supports this statistical difference
between our study and control groups. In addition, myocardial
oedema may have contributed to this statistical difference, as
observed in the post-Covid-19 MR imaging findings in the study
done by Huang et al?® These possible changes in the myocardial
tissue may also be factors that might cause the persisting clinical



symptoms in long Covid cases. On the other hand, the statistical
difference in the systolic blood pressure findings of the study
and control groups may be associated with autonomous nervous
system dysfunction,?® an increase in sympathetic activity, and left
or right ventricle hypertrophy and remodelling that might develop
consequently.

Though it is also possible that these findings may be the result of
different factors besides Covid-19. To clear any uncertainties on
this topic, more extensive and multi-centred studies should be
conducted on Covid-19’s cardiac effects and the cases where the
infection’s symptoms persist in the long term.

Covid-19 is an infection that has reached a pandemic status and
has taken the entire world by storm over the past one and a half
years. New aspects of the infection are unravelled each day as more
cases are examined and more studies are conducted. Some of these
newly understood aspects are the infection’s impact on the cardio-
vascular system and long Covid that manifests itself with persisting
clinical symptoms. Currently, there are not many on the cardiac
effects of Covid-19 and long Covid, especially in children.
Hence, it is necessary to conduct more numerous and extensive
studies on this matter.

This study encompasses electrocardiography, conventional echo-
cardiography, and tissue Doppler findings for the evaluation of
myocardial functions, yet does not include echocardiographic
modalities such as strain and speckle, and further examinations
such as cardiac MR imaging. We could not compare the
echocardiographic measurements of the cases in the study group
taken at the time of the study with their previous echocardio-
graphic findings from the time when they had Covid-19 since there
were no records, as most of the cases were either asymptomatic
or mild.

This study was dedicated to all the brave and altruistic
healthcare professionals who lost their lives in the fight with Covid-19. I express
my sincere thanks to Zeynep Eyliil Erol for her support in the preparation and
translation process of this article and Birsen Karakutuk for her contributions in
the recording of the cases and data.
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