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Objective: To determine the reasons why pulmonary hypertension (PH) children
refused vaccination against COVID-19, evaluate the safety and efficacy of
COVID-19 vaccine in PH children.

Study design: This retrospective cohort study included congenital heart disease-
associated pulmonary arterial hypertension (CHD-PAH) and bronchopulmonary
dysplasia associated PH (BPD-PH) children who were divided into vaccinated
group and non-vaccinated group. Univariate logistic regression analysis and
multivariate logistic regression analysis were conducted to explore the reasons
why PH children refused COVID-19 vaccine. Then, the prevalence, the number
of symptoms, and the severity of COVID-19 disease were compared between
the vaccinated and unvaccinated groups.

Result: We included 73 children and 61 children (83.6%) were unvaccinated. The
main reasons for not being vaccinated were fear of worsening of existing
diseases (31%). Age <36 months (RR: 0.012; P<0.001) and the presence of
comorbidities (RR =0.06; P=0.023) were risk factors influencing willingness to
vaccinate. The most common adverse events (AEs) were injection site pain
(29.6%). COVID-19 vaccines are safe for PH children. The prevalence of COVID-
19 disease decreased in PH children after vaccination (RR=0.51; P=0.009). 1
month after negative nucleic acid test or negative antigen test, PH children in
the vaccinated group had fewer symptoms (P = 0.049).

Conclusions: The vaccination rate of COVID-19 vaccine is low in CHD-PAH and
BPD-PH children while COVID-19 vaccines are safe. Vaccination can reduce the
prevalence of COVID-19 disease and the number of symptoms 1 month after
negative nucleic acid or antigen tests.
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1. Introduction

In the context of COVID-19 global pandemic, patients with cardiovascular and
pulmonary comorbidities are at high risk of adverse COVID-19 disease outcomes (1-3).
Underlying chronic respiratory disease increased COVID-19 disease mortality (4). PH is a
pathophysiological state of abnormally elevated pulmonary blood pressure and pulmonary

Abbreviations

PH, pulmonary hypertension; AEs, adverse events; mPAP, mean pulmonary artery pressure; RR, respiratory
rate; ICU, Intensive Care Unit; MISC, Multisystem inflammatory syndrome in children; IQR, interquartile
range; PAH, pulmonary arterial hypertensi.
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vascular resistance, which eventually leads to right heart
hypertrophy, right heart failure and death (5). The hemodynamic
definition of PH is: mean pulmonary artery pressure (mPAP)>
20 mmHg measured by right heart catheterization at sea level
and at rest (6). Referring to the 6th WSPH (world symposium
on pulmonary hypertension) guidelines in 2018 (7), the clinical
classification of PH is: (1) pulmonary arterial hypertension, (2)
PH caused by left heart disease; (3) PH caused by pulmonary
disease and/or hypoxia; (4) PH caused by pulmonary artery
obstructive disease; (5) unknown mechanism and/or multiple
factor-induced PH. As with other cardiorespiratory disorders,
patients with PH are at particularly high risk for clinical
8, 9).
Reciprocally, COVID-19 disease can also cause short-term or

exacerbations associated with respiratory infections

long-term adverse cardiovascular effects (10). COVID-19 disease,
as a severe pulmonary infection, causes right ventricular systolic
dysfunction (11, 12). This may be detrimental in patients with
PH and chronic right ventricular dysfunction. Indeed, the
incidence of COVID-19 disease in PH patients was similar to
that of the general population, but disease severity and prognosis
were much worse in these patients (9, 13).

COVID-19 vaccination not only enhances the protective effect of
the general population and comorbidities against COVID-19 infection
and COVID-19 severity, but also reduces mortality (14-16). COVID-
19 vaccination reduces the prevalence of COVID-19 disease in adults
with PH (17). COVID-19 vaccines are advocated in adult patients
with PH. The global COVID-19 pandemic is of particular concern
to PH children due to immature systems and
developmental (18). However, data on the
effectiveness and safety of COVID-19 vaccination in PH children
are unclear. The purpose of this single-center retrospective cohort

immune

comorbidities

study was to determine COVID-19 vaccination status and explore
the effectiveness and safety of vaccination in PH children.

2. Materials and methods
2.1. Study group

This retrospective observational study was conducted at a
single PH center in China. Inclusion criteria: (1) hospitalization
in Hunan Children’s Hospital since May 2022; (2) age < 18 years;
(3) diagnosed with PH according to the diagnostic criteria of
current guidelines for PH (6). Exclusion criteria: children who
had been infected with COVID-19 before the vaccination date.
The date of confirmed COVID-19 disease was determined as the
date of the first positive nucleic acid test or antigen test. All
children or their guardians gave written consent to participate in
the study. In accordance with the Declaration of Helsinki, the
Ethics Committee of Hunan Children’s Hospital approved the
research protocol (KS2023-76). Written informed consent has
been obtained from the parent or guardian of the child subject of
the investigation and, where appropriate, the consent of the
subject himself. The manuscript does not contain natural and
identifiable information, including the patient’s image, name, or
hospital number.
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PH-related
information, and COVID-19 disease-related information was
obtained from the children’s medical records (Table 1). Through
the designed questionnaire, the data of the children and their

Information about patient demographics,

families about COVID-19 disease were investigated, including
vaccination (vaccination date, dose, vaccine manufacturer and
local or systemic AEs after vaccination), prevalence, symptoms,
severity and duration, COVID-19 disease -related treatment
measures, and symptoms pessenting after 1 month when nucleic
acid test or antigen test turn negative. Vaccination doses were
calculated on the date of the questionnaire. The severity of PH in
children is determined according to mPAP: (1) Mild: 20-
40 mmHg; (2) Moderate: 40-70 mmHg; (3) Severe: >70 mmHg.
The risk classification criteria were determined in accordance
with the 2019 Guidelines for the Diagnosis and Treatment of PH
in Children (6). Children who could not be included in the lower
or higher risk PH subgroup were placed in the intermediate-risk
subgroup. Evidence for the diagnosis of COVID-19 disease (19):
(1) Etiological test: take nasal, oropharyngeal swabs or lower
respiratory tract secretions for COVID-19 nucleic acid test, and
the result is positive; (2) Serological test: IgM of COVID-19 The
antibody test was positive. Clinical classification of COVID-19
disease (19): (1) Mild: upper respiratory tract infection symptoms
are the main manifestations, such as dry throat, sore throat, cough,
fever, etc. (2) Moderate: persistent high fever >3 days or (and)
cough, shortness of breath, etc, but respiratory rate (RR)<30
breaths/min, oxygen saturation >93% when inhaling air in a resting
state. Imaging examinations showed characteristic pulmonary
manifestations of COVID-19 disease. (3) Severe: ultra-high fever or
persistent high fever for more than 3 days; shortness of breath (<2
months old, RR > 60 times/min; 2-12 months old, RR > 50 times/
min; 1-5 years old, RR>40 times/min /min; >5 years old, RR >
30 times/min); in resting state, oxygen saturation <93% when
inhaling air; nasal flapping, three-concave sign or wheezing;
disturbance of consciousness or convulsions; refusal to eat or feed
difficult, with signs of dehydration. 4) Critical: One of the following
situations occurs. Respiratory failure requiring mechanical
ventilation; shock; combined with other organ failure requiring
intensive care unit (ICU) treatment. The severity of COVID-19
disease in this study is graded using 4 levels of serial numbers: (1)
(2) Hospitalization without oxygen; (3)
Hospitalization with oxygen; (4) ICU. Multisystem inflammatory

Not hospitalization;

syndrome in children (MISC) refers to persistent fever and a range
of symptoms, including hypotension, involvement of multiple
organs such as the heart, gastrointestinal, haematology, dermatology,
and neurology, and elevated markers of inflammation. Pulmonary
imaging changes refer to multiple small patchy shadows and
interstitial changes or multiple ground-glass opacities by chest X-ray
or CT scan. Myocardial damage refers to the increase of blood
myocardial enzymes.

2.2. Statistical analysis

Standard descriptive statistics were used to present the
demographic characteristics of the individuals included in the

frontiersin.org
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TABLE 1 Characteristics of included patients groups according to their decisions about vaccination against COVID-19.

Total study group

Vaccinated n (%) or

Unvaccinated n (%)

n (%) or Median (IQR)

Median (IQR)

or Median (IQR)

Number of patients 73 (100) 12 (16.4) 61 (83.6)

Age, months 25.6 (37.9) 82.7 (48.4) 22.6 (15.5) <0.001*

Sex, male 48 (64.9) 8 (66.7) 40 (65.6) 1.000

BMI, kg/m2 14.8 (2.6) 14.7 (4.1) 14.8 (2.7) 0.794

Place of residence, city 49 (67.1) 7 (58.3) 42 (68.9) 0.709

Duration of PH, months 17.0 (18.5) 41.5 (35.0) 15.0 (15.0) 0.004*

PH clinical group 0.112
CHD-PAH 25 (34.2) 7 (58.3) 18 (29.5)

BPD-PH 48 (65.8) 5 (41.7) 43 (70.5)

Severity of PH 0.759
Mild 23 (31.5) 3 (25.0) 20 (32.8)

Moderate 26 (35.6) 4 (33.3) 22 (36.1)
Severe 24 (32.9) 5(41.7) 19 (31.1)

Risk classification of PH 0.304
Lower 16 (21.9) 3 (25.0) 13 (21.3)

Intermediate 38 (52.1) 8 (66.7) 30 (49.2)
Higher 19 (26.0) 1(8.3) 18 (29.5)

Target drugs 0.826
None 4 (6.6) 0 (0) 4 (6.6)

Monotherapy 25 (34.2) 4 (33.3) 21 (34.4)
Dual therapy 38 (52.1) 7 (58.3) 31 (50.8)
Triple therapy 6 (8.2) 1(8.3) 5(8.2)

Other drugs 67 (90.4) 12 (100.0) 55 (90.2) 0.581
Digoxin 48 (65.8) 4 (33.3) 44 (72.1) 0.024**
Furosemide 24 (32.9) 5 (41.7) 19 (31.1) 0.709
Spironolactone 27 (37.0) 6 (50.0) 21 (34.4) 0.307
Potassium chloride 13 (17.8) 3 (25.0) 10 (16.1) 0.764
Chalybeate 32 (43.8) 3 (25.0) 29 (47.5) 0.263

Comorbid conditions 26 (35.6) 1(8.3) 25 (40.1) 0.046**
Hypothyroidism 5(19.2) 0 (0) 5(8.2) 0.583
Asthma 8 (30.8) 1(8.3) 7 (11.5) >0.9999
Thrombocytopenia 2(7.7) 0 (0) 2 (3.3) >0.9999
Trisomy 21 syndrome 1(3.8) 0 (0) 1(1.6) >0.9999
Food allergies 5(19.2) 0 (0) 5(8.2) 0.583
Secondary epilepsy 1(3.8) 0 (0) 1(1.6) >0.9999
Adenoid hypertrophy 2(7.7) 0 (0) 2 (3.3) >0.9999
Pharyngomalacia 1(3.8) 0 (0) 1 (1.6) >0.9999
Growth retardation 1(3.8) 0 (0) 1 (1.6) >0.9999

PH family history 2 (7.7) 1(8.3) 1(1.6) 0.740

Family COVID-19 disease 62 (84.9) 9 (75.0) 53 (86.9) 0.541

BMI, body mass index; PH, pulmonary hypertension; monotherapy: bosentan or sildenafil; dual therapy: bosentan + sildenafil or bosentan + tadalafil; triple therapy:

bosentan + sildenafil + treprostinil or bosentan + tadalafil + treprostinil.
*Mann-Whitney U-test.
**Chi-square test or chi-square correction test.

study cohort. Continuous data are expressed as median
[interquartile range (IQR)] and categorical data as percentages.
The included patients were divided into 2 groups, namely
vaccinated and non-vaccinated, according to whether they were
vaccinated or not. Demographic, clinical features, and COVID-19
related data were compared between vaccinated and non-
vaccinated groups, either by chi-square test, Fisher exact test, or
rank-sum test (Mann-Whitney test). Univariate logistic
regression analysis and multivariate logistic regression analysis
methods were carried out to analyze the risk factors of
vaccination intention. Factors with a P-value of <0.1 in
univariate logistics regression analysis were included in the
multivariate logistics regression analysis model. All statistical

Frontiers in Pediatrics

analyses were performed using SPSS 25.0 software (IBM). A P
value less than 0.05 is considered statistically significant.

3. Results
3.1. Study groups

A total of 73 PH children were included in the study. The
median age of participants was 25.6 months (IQR 37.9 months).
Males predominate (48 cases, 67.9%). The study group included
25 (34.2%) children with CHD-PAH and 48 (65.8%) children
with BPD-PH. 12 children (16.4%) were vaccinated against
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COVID-19, and 61 patients (83.6%) did not get vaccinated. All
vaccinated patients completed a two-dose inactivated vaccines
schedule. In the vaccinated group, 75 patients (58.3%) had CHD-
PAH and 5 (41.7%) had BPD-PH. In the unvaccinated group, 18
(29.5%) patients had CHD-PAH and 43 (70.5%) had BPD-PH.
The age of the vaccinated group was greater than that of the
unvaccinated group (median age 82.4 months, IRQ: 48.4 years
vs. 22.6 months, IQR: 15.5 months; P=0.000). There was no
significant difference in the proportion of male patients between
the two groups (vaccinated group: 8 cases, 66.7%; unvaccinated
group: 40 cases, 65.6%). More people in the unvaccinated group
used digoxin than in the vaccinated group (the vaccinated group:
4, 33.3% vs. unvaccinated group: 44, 72.1%, P=0.024). The
number of included patients with comorbidities in the vaccinated
group was smaller than that in the unvaccinated group (the
vaccinated group: 1, 8.3% vs. the unvaccinated group: 25, 40.1%;
P =0.046). Other clinical factors (BMI, place of residence, clinical
group of PH, severity and risk degree of PH, PH-targeted
therapy, family history of PH) were not statistically significant
between the vaccinated and unvaccinated groups. The baseline
characteristics of the study groups and individual subgroups are
shown in Table 1.

3.2. Reasons for not being vaccinated

61 (86.3%) PH children with refused to receive COVID-19
vaccine. The main reason for refusing to receive the COVID-19
vaccine was the fear of worsening the child’s pre-existing
conditions (n=19; 31% of unvaccinated patients; Figure 1). The
second reason is that there is no COVID-19 vaccine supply at a
nearby medical institution or the address of the medical
institution that supplies the COVID-19 vaccine is not known,

10.3389/fped.2023.1259753

although the child’s family wants to be vaccinated (n=12; 20%
of patients). Third, the child’s family believes that the age is too
young to be vaccinated against COVID-19 disease (n=10; 17%).
Fourth, family members were concerned about possible AEs after
vaccination (n=9; 15%). The fifth reason is that COVID-19
vaccines are not considered effective in preventing COVID-19
infection (n=4; 6%). Sixth, the child’s family believes that the
child is not susceptible to the COVID-19 (n=3; 4%). The
seventh reason was the fear of receiving fake vaccines (n=3;
4%). The last reason was contraindications to vaccination (n = 1;
2%). Clinical and demographic factors that may influence the
decision not to vaccinate are attempted to identify. Age <36
months, PH clinical group of PAH, PH duration, digoxin use,
and presence of comorbidities in univariate logistics regression
analysis were included in multivariate logistics regression
analysis. In multivariate logistic regression analysis, age <36.0
months (RR=0.012, 95% CI: 0.001-0.016; P=0.000) decreased
willingness to receive COVID-19 vaccines. PH children with
comorbidities (RR =0.06, 95% CI: 0.01-0.68, P=0.023) were less
willing to receive COVID-19 vaccine. The results of the logistics
regression analysis are shown in Table 2.

3.3. Vaccination AEs

12 PH children (16.4%) were vaccinated against COVID-19.
There are 2 types of vaccination, namely Beijing Biotech (66.7%)
and Beijing Sinovac vaccine (33.3%), which are both inactivated
vaccines. 66.7% of vaccinated PH children reported at least one
post-vaccination AEs. The most common AEs were local
injection pain (29.6%), myalgia (18.5%), chills (14.8%), fever
(7.4%) and fatigue (7.4%). 3 patients developed bruising or
flushing at the vaccination site after vaccination. 2 patients

4%

Contraindications to vaccination
2%

I am worried about the deterioration of pre-
existing conditions
31%

I don't know where to get vaccinated
20%

FIGURE 1

I'm worried about getting a fake vaccine

The reason for the unwillingness of children patients with PH to vaccinate against COVID-19.

I believe that children are non-susceptible and
do not need to be vaccinated
4%

T am concerned about the effectiveness
of vaccines against covid
6%

T am concerned about the possible side
effects of the vaccine
15%

I think the child is too young to be
vaccinated
17%
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TABLE 2 Impact of demographic and clinical factors on the willingness to vaccinate against COVID-19 in PH children patients: results of the univariate
and multivariate regression analyses.

Univariate analysis P-value (LR) Multivariate analysis P-value (Wald, Back)
RR (95%(Cl) RR (95%(Cl)
Age < 36 months 0.02 (0.00-0.15) <0.001* 0.012 (0.001-0.016) <0.001**
Male gender 1.0 (0.3-3.9) 0.942
BMI 1.0 (0.9-1.2) 0.883
Place of residence, city 1.4 (0.2-12.8) 0.751
CHD-PAH 3.3 (0.9-11.9) 0.063*
Duration of PH 1.1 (1.1-1.2) 0.004*
PAH family history 0.2 (0.0-3.2) 0.243
Severity of PH (relative to mild) 0.762
Moderate 0.6 (0.1-2.7) 0.481
Severe 0.7 (0.2-2.9) 0.617
PH risk classification (relative to mild) 0.362
Moderate 4.2 (0.4-44.6) 0.240
Severe 4.8 (0.6-41.6) 0.155
Target drugs (relative to none target drug) 0.996
Monotherapy - 0.999
Dual therapy 1.0 (0.1-10.5) 0.968
Triple therapy 1.1 (0.1-11.2) 0.918
Use of other drugs - 0.999
Digoxin 0.2 (0.1-0.7) 0.015*
Presence of comorbid conditions 0.1 (0.0-1.1) 0.059* 0.063 (0.01-0.68) 0.023**
Family members COVID-19 disease 2.2 (0.5-9.9) 0.302

BMI, body mass index; PAH, pulmonary arterial hypertension; PH, pulmonary hypertension; monotherapy: bosentan or sildenafil; dual therapy: bosentan + sildenafil or
bosentan + tadalafil; triple therapy: bosentan + sildenafil + treprostinil or bosentan + tadalafil + treprostinil; Use of other drugs: the use of anyone drug of digoxin,
furosemide, spironolactone, potassium chloride and chalybeate; Presence of comorbid conditions: the occurrence of anyone conditions of hypothyroidism, asthma,
thrombocytopenia, trisomy 21 syndrome, food allergies, secondary epilepsy, adenoid hypertrophy, pharyngomalacia, and growth retardation.

*P<0.1.

**P<0.05.

developed palpitations after vaccination. Only 1
experienced insomnia after vaccination. No serious AEs were
detected. The number and frequency of AEs of PH children after

vaccination are shown in Figure 2.

patient
Insomnia
3.7%

Pain at the
mjection site
29.6%

3.4. COVID-19 prevalence, symptoms and
severity

The prevalence of COVID-19 disease in PH children was lower
in the vaccinated group than in the non-vaccinated group

Myalgia
18.5%

(vaccinated group: 5 cases, 41.7%; Non-vaccination group: 50
82.0%; RR=0.51; P=0.009; Supplementary Table).
However, there was no significant difference in the duration
(P=0.898) and severity (P =0.434) of COVID-19 disease between
the two groups. The proportion of PH children in the vaccinated
group with MISC (P=0.762) and myocardial injury (P =0.558)
was also not lower than that in the unvaccinated group. Patients

cases,

FIGURE 2
Side effects
vaccination.

were divided into 3 classes according to the number of reported by PH children patients after COVID-19

symptoms presented. There was no significant difference in the

number of symptoms of COVID-19 disease between the
vaccinated and non-vaccinated groups (P =0.399). There was also

no statistically significant difference in the distribution of
symptoms of COVID-19 disease between the two groups
(Supplementary Table). The most common symptoms of PH
children infected with COVID-19 disease were fever (P=0.09)

Frontiers in Pediatrics

and cough (P=0.693). The statistical results of the remaining

symptoms are shown in Supplementary Table and Figure 3A.
The most common symptom in PH children 1 month after

COVID-19 nucleic acid or antigen test negative was fatigue
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Distribution of COVID-infection symptoms of vaccinated and unvaccinated PH children. (A) Distribution of COVID-infection symptoms during infection in
vaccinated and unvaccinated PH children; (B) distribution of COVID-infection symptoms during convalescence in vaccinated and unvaccinated PH

(vaccination group: 1 case, 20.0%; non-vaccination group: 28 cases,
56.0%; P=0.286) and cough (vaccinated group: O cases, 0.0%;
Non-vaccination group: 18 cases, 36.0%; P =0.160). Patients were
divided into 3 classes according to the number of symptoms. 1
month after negative nucleic acid test or negative antigen test, PH
children in the vaccinated group had fewer symptoms than those
in the unvaccinated group (P =0.049, Figure 3B and Table 3).

4. Discussion

To our best knowledge, this study describes for the first time
the reasons why PH children are reluctant to receive COVID-19
vaccines, as well as the factors that influence the willingness of
PH children to receive COVID-19 vaccines. This
confidence in the vaccine for PH children and their families and

increases

helps promote the development of public health policies related
to vaccination.

The reasons for opting against the COVID-19 vaccination are
diverse. The most common reason was fear of deterioration of
pre-existing conditions. This is probabaly based on the fact that
the childhood population has a weakened immune system due
to the presence of hypoplasia of the immune system and
comorbidities. The second common reason is not knowing the
premises of the medical facility that provides the vaccination.
This suggests that COVID-19 vaccine availability and advocacy
should be increased. Another important reason is concern
about AEs of vaccines. Similarly, in adults with PH or in
children with BPD, fear of vaccine AEs is the most common
reason for refusal to vaccinate against COVID-19 (20, 21).

Frontiers in Pediatrics

Therefore, when expanding vaccine policies, it is important to
pay attention to promoting the confidence of vaccinated people
in vaccines.

COVID-19 vaccination is safe in PH children without the
presence of severe AEs. The presence of comorbidities can affect
the severity of COVID-19 disease (3). Multiple studies have

TABLE 3 Post-COVID-19 conditions reported by PH children patients or
parents in vaccinated and unvaccinated groups.

Total | Vaccinated | Unvaccinated | P-value
study n (%) n (%)
group n
(%)

Number of 0.049*
symptoms in
convalescence

0 36 (72.0) 4 (80.0) 14 (28.0)

1 5 (10.0) 1 (20.0) 15 (30.0)

>2 4 (8.0) 0 (0) 21 (42.0)
Symptoms
Weak 8 (14.5) 0 (0) 8 (16.0) >0.999
Fatigue 29 (52.7) 1 (20.0) 28 (56.0) 0.286
Sleep 3 (5.5) 0 (0) 3 (6.0) >0.999
disturbances
Emotional 3 (5.5) 0 (0) 3 (6.0) >0.999
instability
Hoarseness 3 (5.5) 0 (0) 3 (6.0) >0.999
Chest tightness 3 (5.5) 0 (0) 3 (6.0) >0.999
Dyspnea 7 (12.7) 0 (0) 7 (14.0) >0.999
Cough 18 (32.7) 0 (0) 18 (36.0) 0.160
Stuffy nose 5(9.1) 0 (0) 5 (10.0) >0.999
Runny nose 3 (5.5) 0 (0) 3 (6.0) >0.999

*Chi-square test, P<0.05.
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demonstrated the safety of COVID-19 vaccines in common or
(14-16, 20). In the
multivariate logistics regression model, PH children aged <36

disease adult and child populations

months and the presence of comorbidities was factors that
prevented PH children from receiving COVID-19 vaccination.
This is the same as the influencing factor of COVID-19
vaccination in adult PH (22). Other similar studies have also
revealed the impact of factors such as parental education and
household economic income on COVID-19 vaccination (20).
Although our study did not address this, it gives direction to
public health officials and future research to develop strategies.
COVID-19 vaccination is safe and no serious AEs occur after
COVID-19 vaccination. The most common AEs were pain at the
vaccination site (8,66.7%), fever (7,58.3%), and fatigue (7,58.3%).
None of the organ-specific damages, such as vascular damage or
respiratory complications, occurred. Due to the use of inactivated
vaccines, there were no breakthrough infectious events.
COVID-19 vaccination reduced the prevalence of COVID-19
disease. One study in February 2023 showed that the COVID-19
inactivated vaccine helped protect against symptomatic infection and
halved the risk of moderate/severe disease in symptomatic patients
(15). Booster doses of vaccines in the general population and in
comorbid patients enhance protection against COVID-19 infection
and COVID-19 disease severity (16). Although the prevalence of
COVID-19 can be reduced, COVID-19 vaccination in PH children
does not reduce the severity, number and distribution of symptoms
in COVID-19 disease. Several studies have explored factors
influencing the severity of COVID-19 disease (2, 23, 24). The most
important influencing factor is the presence of severe comorbidities.
However, of all the PH children included in this study, fewer had
diabetes,
immunodeficiency. On the other hand, none of the deaths in this
study also reflect the mildness of the overall COVID-19 disease in
the included PH children (25). In particular, PH children in the
COVID-19 vaccine group had a reduction in the number of

serious comorbidities, such as hypertension, and

symptoms 1 month after a negative nucleic acid test or antigen test.
This suggests a possible lag in the efficacy of COVID-19 vaccines. At
the same time, the number of symptoms may also be related to the
time point of follow-up and the population (26). 1/3 adults and 1/10
children still experience persistent sequelae after 1 year (26).

There are some advantages. First, the effectiveness and safety of
COVID-19 vaccination was investigated in the population of
children with PH. This increases confidence in the vaccine for
children with PH and their families, which can promote
willingness to vaccinate. Second, it reveals the most common
reasons why children with PH and their families refuse to receive
COVID-19 vaccines. This can help promote the development of
public health policies related to vaccination.

There were several limitation in this study. First, this study is a
single-center retrospective design and recall bias may occur. The
subjects could be more representative if they were selected from
more sources. Second, sample size should be larger which make
the conclusion more reliable. Finally, socioeconomic factors of
COVID-19 vaccination among children with PH should also be
further household
educational attainment and health policy promotion.

into consideration, such as income,
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5. Conclusions

In conclusion, The vaccination rate of COVID-19 vaccine is
low in CHD-PAH and BPD-PH children while safe. The most
common reason for refusing vaccinations in PH children is fear
of exacerbation of existing disease. Vaccination against COVID-
19 can reduce the proportion of COVID-19 disease and the
number of uncomfortable symptoms after negative nucleic acid
or antigen tests in PH children.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of Hunan Children’s Hospital. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this
study was provided by the participants’ legal guardians/next of kin.

Author contributions

Data
Project administration,

77: Conceptualization, curation,
Methodology, Software,
Writing - original draft. DW: Conceptualization, Data curation,

Investigation,
Visualization,

Investigation, Methodology, Project administration, Supervision,
draft. WZ: Conceptualization,
acquisition, Investigation, Methodology, Software, Writing -
draft.
Investigation, Methodology, Software, Writing — original draft. FY:

Writing - original Funding

original XW:  Conceptualization, Formal Analysis,
Conceptualization, Data curation, Formal Analysis, Investigation,
Methodology,  Software, original draft. HL:

Conceptualization, acquisition,

Writing -
Funding Investigation,
Methodology, Software, Supervision, Writing — review & editing.
ZX:  Conceptualization,
Methodology, Software, Supervision, Validation, Writing — review
& editing. QL:
Investigation, Software, Supervision, Writing - review & editing.

Funding acquisition,  Investigation,

Conceptualization, Funding acquisition,

YX: Conceptualization, Funding acquisition, Investigation,

Methodology, Supervision, Validation, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

All phases of this study were supported by grants from Hunan
Province Major Special Project (No. 2020SK1013), Hunan

frontiersin.org


https://doi.org/10.3389/fped.2023.1259753
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Zhang et al.

Provincial Health Commission Project (No. 20200483), the
National Natural Sciences Foundation of China (No. 81500041)
and Changsha Natural Science Foundation (No. KQ220239).

Acknowledgment

We sincerely thank all the children and their families who were
provided with the questionnaire.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Gasmi A, Peana M, Pivina L, Srinath S, Benahmed AG, Semenova Y, et al.
Interrelations between COVID-19 and other disorders. Clin Immunol. (2021)
224:108651. doi: 10.1016/j.clim.2020.108651

2. Castilla J, Guevara M, Miqueleiz A, Baigorria F, Ibero-Esparza C, Navascués A, et al.
Risk factors of infection, hospitalization and death from SARS-CoV-2: a population-based
cohort study. J Clin Med. (2021) 10(12):2608. doi: 10.3390/jcm10122608

3. Ge E, Li Y, Wu S, Candido E, Wei X. Association of pre-existing comorbidities
with mortality and disease severity among 167,500 individuals with COVID-19 in
Canada: a population-based cohort study. PloS Omne. (2021) 16(10):¢0258154.
doi: 10.1371/journal.pone.0258154

4. Oh TK, Song IA. Impact of coronavirus disease-2019 on chronic respiratory
disease in South Korea: an NHIS COVID-19 database cohort study. BMC Pulm
Med. (2021) 21(1):12. doi: 10.1186/s12890-020-01387-1

5. Humbert M, Kovacs G, Hoeper MM, Badagliacca R, Berger RMF, Brida M, et al.
2022 ESC/ERS guidelines for the diagnosis and treatment of pulmonary hypertension.
Eur Heart J. (2022) 43(38):3618-731. doi: 10.1093/eurheartj/ehac237

6. Hansmann G, Koestenberger M, Alastalo TP, Apitz C, Austin ED, Bonnet D, et al.
2019 Updated consensus statement on the diagnosis and treatment of pediatric
pulmonary hypertension: the European pediatric pulmonary vascular disease
network (EPPVDN), endorsed by AEPC, ESPR and ISHLT. ] Heart Lung
Transplant. (2019) 38(9):879-901. doi: 10.1016/j.healun.2019.06.022

7. Simonneau G, Montani D, Celermajer DS, Denton CP, Gatzoulis MA, Krowka M,
et al. Haemodynamic definitions and updated clinical classification of pulmonary
hypertension. Eur Respir J. (2019) 53(1):1801913. doi: 10.1183/13993003.01913-2018

8. Mickael C, Lee MH, Graham BB. The COVID-19 pandemic and pulmonary
arterial hypertension in Italy: adaptation, outcomes and valuable lessons learned.
Eur Respir J. (2022) 60(4):2200796. doi: 10.1183/13993003.00796-2022

9. Lee JD, Burger CD, Delossantos GB, Grinnan D, Ralph DD, Rayner SG, et al. A
survey-based estimate of COVID-19 incidence and outcomes among patients with
pulmonary arterial hypertension or chronic thromboembolic ~pulmonary
hypertension and impact on the process of care. Ann Am Thorac Soc. (2020) 17
(12):1576-82. doi: 10.1513/AnnalsATS.202005-5210C

10. Tobler DL, Pruzansky AJ, Naderi S, Ambrosy AP, Slade JJ. Long-Term
cardiovascular effects of COVID-19: emerging data relevant to the cardiovascular
clinician. Curr Atheroscler Rep. (2022) 24(7):563-70. doi: 10.1007/s11883-022-01032-8

11. Pagnesi M, Baldetti L, Beneduce A, Calvo F, Gramegna M, Pazzanese V, et al.
Pulmonary hypertension and right ventricular involvement in hospitalised patients
with COVID-19. Heart (British Cardiac Society). (2020) 106(17):1324-31. doi: 10.
1136/heartjnl-2020-317355

12. Nuzzi V, Castrichini M, Collini V, Roman-Pognuz E, Bella SD, Luzzati R, et al.
Impaired right ventricular longitudinal strain without pulmonary hypertension in
patients who have recovered from COVID-19. Circ Cardiovasc Imaging. (2021) 14
(4):e012166. doi: 10.1161/circimaging.120.012166

13. Belge C, Quarck R, Godinas L, Montani D, Subias PE, Vachiéry JL, et al.
COVID-19 in pulmonary arterial hypertension and chronic thromboembolic
pulmonary hypertension: a reference centre survey. ERJ Open Res. (2020) 6
(4):00520-2020. doi: 10.1183/23120541.00520-2020

Frontiers in Pediatrics

10.3389/fped.2023.1259753

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.2023.
1259753 /full#supplementary-material

14. Taghioff SM, Slavin BR, Holton T, Singh D. Examining the potential benefits of
the influenza vaccine against SARS-CoV-2: a retrospective cohort analysis of 74,754
patients. PloS One. (2021) 16(8):¢0255541. doi: 10.1371/journal.pone.0255541

15. Yang D, Weng H, Wang R, Li Y, Zhang H, Shao S, et al. Evaluation of COVID-
19 vaccines in primary prevention against infections and reduction in severity of
illness following the outbreak of SARS-CoV-2 omicron variant in Shanghai. Front
Med (Lausanne). (2023) 10:1079165. doi: 10.3389/fmed.2023.1079165

16. Mallah N, Pardo-Seco J, Lopez-Pérez LR, Gonzalez-Pérez JM, Rosén B, Otero-
Barr6s MT, et al. Effectiveness of COVID-19 vaccine booster in the general population
and in subjects with comorbidities. A population-based study in Spain. Environ Res.
(2022) 215(Pt 2):114252. doi: 10.1016/j.envres.2022.114252

17. Wieteska-Mitek M, Ku$mierczyk-Droszcz B, Ryczek R, Szmit S, Florczyk M,
Manczak R, et al. Outcomes of COVID-19 in patients vaccinated and unvaccinated
against SARS-CoV-2 and suffering from pulmonary arterial hypertension and chronic
thromboembolic pulmonary hypertension. Pol Arch Intern Med. (2023) 133(5):16406.
doi: 10.20452/pamw.16406

18. Morales-Demori R, Mallory GB, Chartan C, Coleman R, Ruiz F, Villafranco N,
et al. Outcomes of COVID-19 infection in pediatric pulmonary hypertension: a single-
center experience. Pediatr Pulmonol. (2021) 56(12):3960-5. doi: 10.1002/ppul.25650

19. National Health Commission; State Administration of Traditional Chinese
Medicine. Guideline on diagnosis and treatment of novel coronavirus pneumonia
(interim 10th edition). Infect Dis info. (2023) 36(01):18-25.

20. Wang D, Li L, Cao J, Hu S, Liu C, Feng Z, et al. Acceptability of COVID-19
vaccination in Chinese children aged 3-7 years with bronchopulmonary dysplasia.
Pediatr Pulmonol. (2023) 58(5):1417-26. doi: 10.1002/ppul.26336

21. Willis DE, Schootman M, Shah SK, Reece S, Selig JP, Andersen JA, et al. Parent/
guardian intentions to vaccinate children against COVID-19 in the United States.
Hum Vaccin Immunother. (2022) 18(5):2071078. doi: 10.1080/21645515.2022.2071078

22. Wieteska-Mitek M, Szmit S, Florczyk M, Ku$mierczyk-Droszcz B, Ryczek R,
Kurzyna M. COVID-19 Vaccination in patients with pulmonary arterial
hypertension and chronic thromboembolic pulmonary hypertension: safety profile
and reasons for opting against vaccination. Vaccines (Basel). (2021) 9(12):1395.
doi: 10.3390/vaccines9121395

23. Wolff D, Nee S, Hickey NS, Marschollek M. Risk factors for COVID-19 severity
and fatality: a structured literature review. Infection. (2021) 49(1):15-28. doi: 10.1007/
s15010-020-01509-1

24. Alharbi AM, Rabbani SI, Halim Mohamed AA, Almushayti BK, Aldhwayan NI,
Almohaimeed AT, et al. Analysis of potential risk factors associated with COVID-19
and hospitalization. Front Public Health. (2022) 10:921953. doi: 10.3389/fpubh.2022.
921953

25. Lyu J, Miao T, Dong J, Cao R, Li Y, Chen Q. Reflection on lower rates of
COVID-19 in children: does childhood immunizations offer unexpected protection?
Med Hypotheses. (2020) 143:109842. doi: 10.1016/j.mehy.2020.109842

26. Pazukhina E, Andreeva M, Spiridonova E, Bobkova P, Shikhaleva A, El-Taravi Y,
et al. Prevalence and risk factors of post-COVID-19 condition in adults and children
at 6 and 12 months after hospital discharge: a prospective, cohort study in Moscow
(StopCOVID). BMC Med. (2022) 20(1):244. doi: 10.1186/s12916-022-02448-4

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fped.2023.1259753/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2023.1259753/full#supplementary-material
https://doi.org/10.1016/j.clim.2020.108651
https://doi.org/10.3390/jcm10122608
https://doi.org/10.1371/journal.pone.0258154
https://doi.org/10.1186/s12890-020-01387-1
https://doi.org/10.1093/eurheartj/ehac237
https://doi.org/10.1016/j.healun.2019.06.022
https://doi.org/10.1183/13993003.01913-2018
https://doi.org/10.1183/13993003.00796-2022
https://doi.org/10.1513/AnnalsATS.202005-521OC
https://doi.org/10.1007/s11883-022-01032-8
https://doi.org/10.1136/heartjnl-2020-317355
https://doi.org/10.1136/heartjnl-2020-317355
https://doi.org/10.1161/circimaging.120.012166
https://doi.org/10.1183/23120541.00520-2020
https://doi.org/10.1371/journal.pone.0255541
https://doi.org/10.3389/fmed.2023.1079165
https://doi.org/10.1016/j.envres.2022.114252
https://doi.org/10.20452/pamw.16406
https://doi.org/10.1002/ppul.25650
https://doi.org/10.1002/ppul.26336
https://doi.org/10.1080/21645515.2022.2071078
https://doi.org/10.3390/vaccines9121395
https://doi.org/10.1007/s15010-020-01509-1
https://doi.org/10.1007/s15010-020-01509-1
https://doi.org/10.3389/fpubh.2022.921953
https://doi.org/10.3389/fpubh.2022.921953
https://doi.org/10.1016/j.mehy.2020.109842
https://doi.org/10.1186/s12916-022-02448-4
https://doi.org/10.3389/fped.2023.1259753
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	COVID-19 vaccination for children with pulmonary hypertension: efficacy, safety and reasons for opting against vaccination
	Introduction
	Materials and methods
	Study group
	Statistical analysis

	Results
	Study groups
	Reasons for not being vaccinated
	Vaccination AEs
	COVID-19 prevalence, symptoms and severity

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgment
	Conflict of interest
	Publisher's note
	Supplementary material
	References


