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Aims

and results

Compared with adult patients, clinical manifestations of children’s coronavirus disease-2019 (COVID-19) are
generally perceived as less severe. The objective of this study was to evaluate cardiac involvement in previously
healthy children with asymptomatic or mildly symptomatic severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) infection.

We analysed a cohort of 53 paediatric patients (29 males, 55%), mean age 7.5+ 4.7 years, who had a confirmed
diagnosis of SARS-CoV-2 infection and were asymptomatic or only mildly symptomatic for COVID-19. Patients
underwent standard transthoracic echocardiogram and speckle tracking echocardiographic study at least 3 months
after diagnosis. Thirty-two age, sex, and body surface area comparable healthy subjects were used as control group.
Left ventricular ejection fraction was within normal limits but significantly lower in the cases group compared to
controls (62.4+4.1% vs. 652+55%; P=0.012). Tricuspid annular plane systolic excursion (20.1£3 mm vs.
19.8 £3.4mm; P=0.822) and left ventricular (LV) global longitudinal strain (-21.9 £2.4% vs. -22.6 + 2.5%; P=0.208)
were comparable between the two groups. Regional LV strain analysis showed a significant reduction of the
LV mid-wall segments strain among cases compared to controls. Furthermore, in the cases group, there were
14 subjects (26%) with a regional peak systolic strain below -16% (-2.5 Z score in our healthy cohort) in at least
two segments. These subjects did not show any difference regarding symptoms or serological findings.

Conclusion SARS-CoV-2 infection may affect left ventricular deformation in 26% of children despite an asymptomatic or only
mildly symptomatic acute illness. A follow-up is needed to verify the reversibility of these alterations and their
impact on long-term outcomes.

Keywords paediatric cardiology ® SARS-CoV-2 e COVID-19 e speckle tracking echocardiography e longitudinal strain

|ntr0ducti0n * concern for healthcare providers." SARS-CoV-2 infects host cells

. through ACE2 receptors, which are largely expressed in the lungs

The severe acute respiratory syndrome coronavirus-2 (SARS- - and heart. Furthermore, cardiac involvement seems to be the result

CoV-2), responsible for the coronavirus disease-2019 (COVID-19) of either direct viral damage or indirect effect, secondary to virus

pandemic, has rapidly spread worldwide and represents a major ! infection’s immunological response. COVID-19 has been able to
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induce myocardial injury, myocardial infarction, myocarditis, and
Takotsubo syndrome in a relevant number of adult patients.”™
While most children with COVID-19 present with mild symptoms
and generally have a good prognosis,”® data about the role of cardio-
vascular involvement in children with COVID-19 is still scarce.
Growing evidence shows that some children, following COVID-19
recovery, may develop a severe multisystem inflammatory syndrome
(MIS-C) with cardiac involvement in up to 80% of cases,” such as
reduced left ventricular (LV) systolic function, heart failure, and cor-
onary artery abnormalities.®'® However, little is known regarding
cardiac involvement in paediatric patients with asymptomatic or mild-
ly symptomatic SARS-CoV-2 infection.

Thus, this study aims to perform a detailed cardiac assessment,
including standard echocardiography and speckle tracking echocardi-
ography (STE), in previously healthy children who had an asymptom-
atic or mildly symptomatic SARS-CoV-2 infection.

Methods

Study design and population

A single-centre, retro-prospective observational study has been con-
ducted on Italian family clusters of SARS-CoV-2 infection evaluated be-
tween 1 March and 10 September 2020. The study was carried out by
the COVID-19 Family Cluster Follow-up Outpatient Clinic (CovFC), set
up at the Department for Women’s and Children’s Health (W&CHD) of
Padua University Hospital, in Veneto region, Italy. The CovFC pro-
gramme included a clinical assessment provided by either Paediatrician
trained on infectious diseases and/or by an Infectious Diseases specialist,
an immunological assay for SARS-CoV-2 in both children and parents,
and an echocardiographic evaluation only for children younger than
18 years old who had got infected. The study protocol was approved by
the Institutional Review Board.

Families were enrolled 1-3 months after COVID-19 infection, through
different institutional channels: (i) after hospitalization or after isolation
upon diagnosis in the COVID-19 emergency room of the W&CHD; (ii)
after receiving a home-based evaluation provided by family paediatricians
in the Veneto Region. Inclusion criteria were as follows: (i) having children
of paediatric age (0—18 years old); (i) having a history of at least one con-
firmed intra-family COVID-19 case; and (iii) providing written informed
consent.

The first evaluation included: (i) patient-based data collection; (i) clin-
ical evaluation of all children; (iii) collection of a blood sample for sero-
logical assessment for SARS-CoV-2 for all children/older siblings and
their parents; and (iv) standard transthoracic echocardiogram (TTE) for
only children with COVID-19 infection confirmed by either a positive
SARS-CoV-2 molecular assay at nasal-pharyngeal swab (NPS) or a posi-
tive serology.

Data collection and definitions
All information concerning the past and recent history were col-
lected retrospectively at first evaluation through both patients’
interviews and clinical file revision. Data were prospectively col-
lected from enrolment according to a case report form and entered
into a web-based database using the REDCap platform (Vanderbilt
University, Tennessee). Patient-based data collection included
demographic information (sex, date of birth), comorbidities and vac-
cination history, data on COVID-19-related diagnosis (such as clinic-
al features, management infection details, time and result of SARS-
CoV-2 molecular assays at NPS), and follow-up (serological assays,
cardiac evaluations including echocardiogram). Authorized staff
involved in data entry were provided with passwords for secure ac-
cess to data. All data were collected, maintaining confidentiality, and
were anonymized for statistical analysis.

Subjects who had previously tested positive for SARS-CoV-2 by
RT-PCR were considered ‘confirmed COVID-19’ cases, together
with patients with no record of virological positivity SARS-CoV-2

Full cardiac
evaluation

n=67

WHO stage <2

Control Group
n=32

n=64

Inadequate
ultrasound quality
n=11

Cases Group
n=53

Figure | Patient inclusion flowchart. The flowchart shows patients enrolment from the COVID-19 Family Cluster Follow-up Outpatient Clinic
(CovFC), with mild or no symptoms and full echocardiogram to perform speckle tracking analysis.
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but showed evidence of seroconversion by either of the two
serological tests adopted in this study, explained below. Subjects
who had no record of infection or seroconversion were considered
‘non-COVID-19 cases’; therefore, they were excluded from the ana-
lysis. For all COVID-19 cases, a ‘baseline time’ was defined as the
most likely onset of infection, based on either symptoms outset or
time of first virological positivity at molecular assay. Furthermore,
for subjects with an asymptomatic infection and negative/not done
NPS but with a serologically confirmed COVID-19, a baseline time
was derived by the family outbreak temporal sequence.

The severity of COVID-19 was scored as mild, moderate, severe,
and critical following the WHO classification based on clinical fea-
tures, laboratory testing, and chest radiograph imaging (when
available)."”

Control group

Thirty-two healthy controls, comparable for age, sex, and weight, were
consecutively recruited from the Pediatric Cardiology Outpatient Clinic
of the W&CHD. Controls were enrolled among subjects referred for
atypical chest pain or innocent murmur, otherwise healthy, not on any
medication, and with normal cardiac evaluation, EKG, and echocardio-
gram. Specifically, we retrospectively selected only the subject with ad-
equate quality and suitable views of 2D TTE in order to perform
longitudinal strain (LS) analysis.

Serological assays

Subjects were sampled to collect sera and detect IgG and IgM targeting a
recombinant nucleocapsid (N)-spike (S) protein of SARS-CoV-2, with
the chemiluminescence immunoassay MAGLUMI™ 2019-nCoV IgM/IgG
on the analytical system MAGLUMI™ 2000 Plus (New Industries
Biomedical Engineering Co., Ltd [Snibe], Shenzhen, China). According to
the manufacturer’s inserts (271 2019-nCoV IgM, V2.0, 2020-03 and 272
2019-nCoV IgG, V1.2, 2020-02), the 2019-nCoV IgM cut-off is 1.0 AU/
mL, while the 2019-nCoV IgG cut-off is 1.1 AU/mL. From the same sub-
jects, plasma samples were taken to perform a 50% plaque reduction
neutralization test (PRNT50). The neutralization titer was defined as the
reciprocal of the highest dilution resulting in a reduction of the control
plaque count >50% (PRNTS50). Samples recording titers equal to or
above 1:10 (or 1 on a logqg scale) were considered positive according to
a previous validation conducted on a panel of archive samples collected
in 2020 in Italy."

Cardiac evaluation

Children recognized as COVID-19 cases underwent standard cardiac
evaluation within 6 months from baseline time, including electrocardio-
gram (ECG) and TTE. Standard TTE study was performed using the GE
Vivid E9 Ultrasound System (GE Healthcare, USA) following the recom-
mendations for cardiovascular imaging during COVID-19 pandemic.">"
Left ventricular ejection fraction (LVEF) was calculated by TTE using the
modified Simpson method (biplane method of disks), while LS analysis of
the left ventricle, through 2D STE analysis, was performed offline using
GE EchoPac Software (GE Healthcare, USA). Our methodology for STE
study has been previously described.'>'® Briefly, the best apical four-,
two- and three-chamber views to visualize the LV segments were
selected. Afterward, three points (two annular and one apical) were posi-
tioned, enabling the software to track the myocardium semi-
automatically throughout the heart cycle. The region of interest was
adjusted with careful inspection of the endocardial border, and manual
correction was performed if needed. The automated algorithm allowed
global longitudinal strain (GLS) to be calculated. Left ventricular LS by
speckle tracking was defined as the average peak negative value on the

strain curve during the systole (end of T-wave on the ECG) of all the
studied segments.”” The peak negative systolic strain value for each re-
gional LV segment was also analysed. Analysis of the standard TTE and
STE was performed by an experienced echocardiographer blind to the
clinical data. Therefore, we compared echocardiographic results with the
control group. Coronary arteries diameter was measured on 2D TTE
and the respective z-scores were estimated based on previous reported
data."®

Reproducibility
The data of reproducibility of our Echo Lab for standard TTE parameters
as well as for STE has been already published.'

Statistical analysis

Categorical variables were presented as percentage (%), and con-
tinuous variables as mean + standard deviation. Shapiro-Wilk test
and histogram were used to test normality for each variable.
Student’s t-test was performed for normally distributed continuous
variables and Mann—-Whitney U test for non-parametric continuous
variables. Chi-square test was performed for categorical variables to
examine if there were significant differences between the groups. In
multiple hypothesis testing, the Bonferroni correction test was used

Table I Cases and Controls demographical
characteristics
Cases Controls P-value
(n=53) (n=32)
Gender (males) 29 (55%) 18 (56%) X*=0.019;P=089
Age (years) 75+47 849 0.673
BSA (m2) 0.98+0.3 08+04 017

BSA, body surface area.

Table 2 Clinical features of children with COVID-19

N (%)
Asymptomatic patients (WHO =0) 12 (23)
Mildly symptomatic patients (WHO = 1) 41(77)
Fever 28 (53)
Congestion or runny nose 8 (15)
Cough 9 (17)
Myalgia 2 (4)
Arthralgia 1(2)
Sore throat 4 (8)
Smell and taste changes 2 (4)
Abdominal pain 2 (4)
Fatigue 4 (8)
Headache 4(8)
Nausea or vomiting 3 (6)
Diarrhoea 5(10)
Loss of appetite 1(2)
Cutaneous rash 3 (6)
Two or more symptoms 22 (42)
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to control the occurrence of false positives. Statistical analysis was
performed using STATA 14.0 MP (StataCorp LP, TX, USA).

Results

From 1 March to 10 September 2020, we enrolled 67 children
among the COVID-19 cases who had a full cardiac evaluation.
Among these, 64 had asymptomatic or only mildly symptomatic
COVID-19 infection (WHO stages 0 or 1), while the remaining
three patients had an infection with more than mild symptoms
(WHO >2). Therefore, they were excluded from our analysis.
All 64 included children were previously healthy, without evi-
dence of previous cardiac disorders. A cardiac evaluation, includ-
ing ECG and echocardiography, was performed after a mean
time of 3.7 £ 1.6 months since COVID-19 disease’s onset (base-
line time). ECG showed sinus rhythm in all cases. Only five
patients (9%) presented an abnormal ECG (four cases presented
anomalies in the repolarization phase and one patient sinus
bradycardia). Interestingly, there was no significant difference in
the prevalence of ECG abnormalities among the two groups of
patients with different degree of LV LS impairment. In the offline
echocardiogram review, 11 patients were excluded because of
inadequate quality of 2D scans (>2 segments not visualized) to
perform STE analysis (Figure 7). The remaining 53 patients
formed our cases group.

Cases (n=53) and controls (n=32) were comparable for age
(7.5£4.7 years vs. 8+ 4.9 years; P=0.673), gender (29 males—55%
vs. 18 males—b56%; X? = 0.019; P=0.89), and body surface area
(0.98+0.3 m* vs. 0.8+ 0.4 m% P=0.17) (Table 1). Among the cases,
12 patients (23%) had asymptomatic COVID-19 infection
(WHO =0), while the remaining 41 (77%) showed only mild symp-
toms (WHO =1) (Table 2). According to SARS-CoV-2 serological
assays performed after a mean time of 96 £ 41 days from baseline,
2019-nCoV IgM mean value was 0.7 + 0.54 AU/mL, 2019-nCoV IgG
mean value was 5.3 + 6.45 AU/mL, and PRNT Log;o mean value was
47+1.71.

Standard echocardiographic study

Left ventricular end-diastolic diameter was similar among cases
and controls (35.9£7.6 mm vs. 35.8 £7.7mm; P=0.964) (Table
3). LVEF was significantly lower in the cases group than controls
(62.4£4.1% vs. 65.2 £ 5.5%; P=0.012), although both in the nor-
mal range. All cases showed an LVEF>55%. Among cases, we
could not appreciate a correlation between LVEF value and time
from infection diagnosis (Ro -0.19, P=0.17). Furthermore, the
cases group showed no LV diastolic dysfunction with a mean E/A
ratio of 1.9 £0.55 and mean E/E’ ratio of 6.4+ 1.3. We did not
appreciate any significant coronary artery dilation (z scores all
<+2) or pericardial effusion among cases. Finally, right ventricu-
lar longitudinal function, measured using tricuspid annular plane
systolic excursion parameter, was comparable among the two
groups (20.1 £3mmvs. 19.8 £ 3.4 mm; P=0.822).

Table 3 Cases and Controls standard echo
characteristics

Cases (n=53) Controls (n=32) P-value

LVEDd (mm) 359+76 35877 0.96
LVEDd (z-score) -0.87+£145 -07£14 0.63
LVESd (mm) 229+40 23.8+6.1 0.68
LVESd (z-score) -020£1.68 -022+£12 0.95
E/A ratio 1.82£0.31 17£03 0.62
Dec time 140+ 38.8 139.9+£275 0.99
E/E' ratio 58+1.6 58+14 0.93
TAPSE (mm) 201+3 198+34 0.82
LVEF (%) 62441 652+55 0.01*
GLS (%) -219+£24 -226£25 0.21

GLS, global longitudinal strain; LVEDd, left ventricular end-diastolic diameter;
LVEF, left ventricular ejection fraction; LVESd, left ventricular end-systolic diam-
eter; TAPSE, tricuspid annular plane systolic excursion.

*P-value < 0.05.

Table4 Regional LV longitudinal strain deformation
analysis

LV segmental LS Cases Controls P-value
(n=53) (n=32)

LV GLS (%) 219124 -226+25 0.208
LV basal septum -187+2.6 -211+63 0.021
LV mid septum -21.6+38 -255+6.1 <0.001%*
LV apical septum -26.1+4.8 -20.7+51  <0.001%
LV apical lateral 245+53 218429 0048
LV mid antero-lateral ~ -20.7 +3.7 -254+84  <0.001*

LV basal antero-lateral -19.6 + 6.1 203162 <0617

LV A4C LS (%) -219+29 -222+28 0.582
LV basal inferior -214+33 -21.5+48 0.846
LV mid inferior -229+29 -255+5.0 0.005
LV apical inferior -26.5+4.1 -20.6+11.3 0.002%
LV apical anterior -234+52 -194+50 0.011
LV mid anterior 213%43 27488  <0.001"
LV basal anterior -21.2+37 -252+83 0.006

LV A2C LS (%) -228+29 -229+48 0.923
LV basal posterior -19.1+59 -22.2+49 0.027
LV mid posterior -205+34 -250+5.6  <0.001%
LV apical posterior -23.3+45 -215+£29 0.086
LV apical septal -242+58 -20.7+55 0.020
LV mid antero-septal ~ -21.5+4.0 -273+8.6  <0.001%

-203+55 0.225
-22.8+24 0.014

LV basal antero-septal  -19.1+3.4
LV A3CLS (%) -212+30

A2C, apical 2 chamber; A3C, apical 3 chamber; A4C, apical 4 chamber; GLS,
global longitudinal strain.
*P-value < 0.002 (Bonferroni correction).

Speckle tracking echocardiographic
analysis

LV global longitudinal strain (LV-GLS) did not show any difference
between the two groups (-21.9 £2.4% vs. -22.6 +2.5%; P=0.208).
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Similar to LVEF, we did not highlight a correlation between LV-GLS
and time from infection diagnosis (Ro 0.21, P=0.13). However, strain
segmental analysis of the LV showed significant strain reduction of
the LV mid-wall segments among cases, compared to controls. On
the other hand, two apical segments displayed higher deformation in
cases compared to controls (Table 4). Thus, there was a higher base
to apex gradient in our patients’ cohort than in controls (Figure 2).
Furthermore, in the cases group, there were 14 subjects (26.4%)
with a strain lower than -16% (corresponding to the mean strain
value minus 2.5 SD in our studied healthy cohort) in >2 segments.
COVID-19 subjects with more compromised LV regional LS (i.e. >2
segments below -16%) did not show any difference compared to the
remaining cases regarding the presence of symptoms, serological
findings (IgM, 1gG, and PRNT logqo), or age. For the latter, a not statis-
tically significant trend was documented towards older age in the
most affected sub-group (9.4 £ 4.9 vs. 6.9 £ 4.5, P=0.09) (Table 5).

Discussion

Our study provides new insights on the cardiac impact of COVID-19
among paediatric patients, showing for the first time that 26% of chil-
dren recovered from an asymptomatic or mildly symptomatic

ANT-SEPT

SEPT

INF

POST
Cases better O
Controls better .
No difference O

Figure 2 Left ventricular longitudinal strain Bull's Eye plot. Bull’s
eye representation of segmental LV longitudinal strain differences
between cases and controls. In red, the segments with reduced de-
formation in cases compared to controls. In green, the segments
with increased strain values among cases compared to controls. In
grey, the segments with no statistical difference between the two
groups.

COVID-19 present a mild subclinical cardiac involvement at 3
months after the infection. This finding is of great interest as the car-
diac involvement does not correlate to the severity of COVID-19
clinical manifestations.

In contrast to adults, SARS-CoV-2 usually leads to a mild illness in
children.2%?" However, it has been described that MIS-C associated
with SARS-CoV-2 infection may occur, presenting with significant
cardiac involvement in up to 80% of cases’ and often leading to myo-
cardial abnormalities with a significant reduced LVEF, and abnormal
LV regional LS, valve regurgitation and coronary arteries dila-
tion.'®*22° On the other side, lack of knowledge still regards the car-
diovascular involvement in children with asymptomatic and/or mildly
symptomatic COVID-19.

Recent evidence suggests myocardial and pericardial involvement
in young athletes after COVID-19 recovery, with a significant propor-
tion of them showing pericardial enhancement on CMR.2**’ In our
population, we did not find signs of pericardial effusion on TTE, how-
ever, the shorter timing of imaging in respect to active viral disease
and different sensitivity of used imaging modalities might explain this
only apparent difference. In our paediatric COVID-19 cohort, stand-
ard echocardiography showed preserved LVEF, although significantly
lower than controls, and normal LV diastolic function. Despite mean
LV GLS in COVID-19 children did not differ significantly from that of
the control group, we found differences regarding regional strain ana-
lysis of the left ventricle, with the most affected segments in the
COVID-19 group being the mid-wall ones and the basal anterior,
posterior and septal inferior ones compared with the control group.
Conversely, the apical segments showed higher deformation in the
COVID-19 group. This finding is in agreement with the distribution
of affected areas of the left ventricle in MIS-C patients, which does
not follow coronary distribution.?® Our data are of particular interest
since we demonstrated subclinical cardiac involvement even in chil-
dren who had an asymptomatic or mildly symptomatic COVID-19,
persisting at least 3 months after the infection. In accordance with
Piccinelli et al®’
showed increased deformation, increasing the base to apex gradient.
This pattern has already been described in another cardiac diseases
like systemic hypertension.*®

In COVID-19 adult patients, Croft et al>" reported a lower mean
LV GLS than in healthy populations, even in the presence of pre-
served LVEF. Moreover, a recent study observed significantly
increased mortality alongside with decrease in LV GLS in adult
patients with COVID-19.3? Interestingly, we found a good propor-

we found that apical segments were spared or even

tion of our cohort (26.4%) having a regional strain value <-16% in at
least two LV segments. Due to the significant inter-vendor variation
in normal values, this cut-off value was calculated based on our con-
trol group mean LV GLS value minus 2.5 SD. This value was signifi-
cantly below the normality range proposed in a large meta-analysis in
children by Levy et al,¥ and significantly lower than the 5th percent-
ile for LS proposed for healthy children by Cantinotti et al*
Although abnormal systemic inflammatory response following infec-
tion is a described mechanism of indirect myocardial injury, in our
subset of patients with reduced LS we could not demonstrate any dif-
ference regarding symptoms or levels of SARS-CoV-2 antibodies.
These data suggest that COVID-19 clinical features and the degree of
the immune system response following the infection may not predict
the subclinical myocardial injury’s extension. Thereafter, the virus, per
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Table 5 Clinical and serological characteristics of COVID-19 cases

>2 LV segments abnormal <2 LV segments abnormal P-value

(n=14) (n=39)
Age (years) 9.4+49 6.9+45 0.09
Symptoms (WHO = 1) (%) 11 (79%) 30 (77%) X*=0.016; P=0.89
Time from diagnosis (days) 118 £39 104 £ 41 0.27
LVEF (%) 61+34 63143 0.14
GLS (%) -19.6+1.6 22721 <0.001"
Positive NPS (%) 11 (79%) 30 (77%) X*=0.016; P=0.89
IgM (AU/mL) 0.617+0.58 0.76 £0.52 0.44
lgG (AU/mL) 478 £8.56 5.46+5.72 0.75
PRNT log1o 41+£18 49+17 0.17

COVID-19 patients divided in two subgroups according to the number of LV segments with reduced LV longitudinal strain (below -16%).
GLS, global longitudinal strain; LVEF, left ventricular ejection fraction; NPS, nasal-pharyngeal swab; PRNT, plaque reduction neutralization test.

*P-value < 0.05.

se, could directly affect the heart in a significant proportion of
patients. Our study may suggest the need to implement a
cardiac evaluation for virtually all children affected by COVID-19,
irrespectively from their initial clinical presentation. Besides, the
clinical value and reversibility of the abnormal longitudinal myocardial
deformation properties should be further investigated in order to
evaluate the necessity of an extended cardiac follow-up of this cohort
of patients.

The single-centre nature of our study may constitute a major
limitation. However, we believe that this should be considered a
pilot study enhancing further research, including larger cohorts,
on this topic. COVID-19 cases were enrolled at least three
months after SARS-CoV2 infection. This delay may have influ-
enced the proportion with an abnormal regional strain of the left
ventricle. Nevertheless, one-quarter of our cohort presented LV
deformation abnormalities late after infection. Unfortunately, we
were not able to enroll a higher number of control subject due
to the nature of our Institution (tertiary care hospital), the time
constrains of COVID-19 and the very limited access to elective
cases during the COVID pandemic. Finally, the control group
was not matched with cases but resulted in comparable demo-
graphic characteristics.

Conclusion

SARS-CoV-2 infection may affect LV cardiac mechanics in a quarter
of asymptomatic or mildly symptomatic children, with persistence at
least three months after the infection. The cardiac involvement does
not seem to be related to the SARS-CoV-2 humoral response nor
the clinical presentation of COVID-19.

The clinical significance of these findings is unclear and should be
further investigated. Moreover, the development of dedicated paedi-
atric follow-up programmes would be able to verify the reversibility
of these alterations.
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