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BACKGROUND: Reports focused on adult heart transplant (HTx) recipients with COVID-19 suggest an

increased risk of severe disease, however; it is unclear if this holds true for pediatric HTx patients,

given the typically milder course of illness in children in general with COVID-19. We sought to rapidly

implement a system for multi-center data collection on pediatric HTx candidates and recipients, with

the aim of describing the patient population and infection related outcomes.

METHODS: The Pediatric Heart Transplant Society (PHTS) is a multi-center collaboration that seeks to

improve the outcomes of children who are listed and undergo HTx. The society consists of pediatric

HTx centers in North America (n = 53), UK (n = 2), and Brazil (n = 1). In response to the pandemic,

PHTS developed a web-based platform to collect COVID-19 specific data on pediatric HTx candidates

and recipients. Non-PHTS centers were also invited to submit data. Data fields included pre-and post-

HTx patient characteristics, presumed versus documented infection, need for hospitalization (including

ICU and ventilator use), treatments administered, and 30-day outcome (resolution, death, sequelae, and

or unresolved)

RESULTS: Data collection was initiated on 4/30/20. As of 03/15/21 there were 225 patients [19 pre-HTx
and 206 post-HTx, median age 14 years (IQR 7, 18)] reported from 41 centers. Hospitalization

occurred in 42% (n = 8) of the pre-HTx and 21% (n=43) of the post-HTx patients. Among the patients

listed for HTx, 21% (n = 4) required ICU and 10.5% (n = 2) were mechanically ventilated. Among

post-HTx patients, 7% (n = 14) required ICU and 1% (n = 3) were mechanically ventilated. At 30 days,
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the majority of patients had resolution of symptoms (94.7% pre-HTx, 95.6% post-HTx). One death was

reported in a post-HTx patient prior to 30 days from onset of COVID-19 illness.

CONCLUSIONS: These data demonstrate the ability to rapidly adapt the PHTS data collection infrastruc-

ture in response to a novel infection and represent the first known multi-center report of characteristics

and early outcomes for patients listed and following pediatric HTx with COVID-19. Hospitalization

appears to be more common for both candidates and recipients due to COVID-19 than for the general

pediatric population though stays were short and mortality minimal.

J Heart Lung Transplant 000;000:1−7
� 2021 International Society for Heart and Lung Transplantation. All rights reserved.
Coronavirus disease (COVID-19) secondary to the

SARS-CoV-2 infection was declared a pandemic by the

World Health Organization on March 11, 2020. Since that

time, there has been a dramatic surge of cases worldwide

with increasing reports of disease in children. A number of

systemic reviews have revealed that the most common pre-

senting symptoms in children are respiratory and that the

majority of children have mild symptoms with a low mor-

tality rate.1,2,3−6 Potential risk factors for severe disease in

children are not clear but those under 1 year of age may be

at higher risk.7

Risk factors for a more severe course with a COVID-19

infection have been better elucidated in adults, with cardio-

vascular disease being a common comorbidity.8−10 How-

ever, whether heart transplantation (HTx) can be added to

this category is somewhat unclear. In patients with solid

organ transplant (SOT) a case series11 and a case control

study12 have suggested a mild course with no increased risk

compared to non-SOT patients. However, a large study in

Italy that focused on adults with SOT revealed that the

cumulative incidence of COVID-19 infections and 60-day

mortality were almost double that of non-SOT individuals.9

Furthermore, a systematic review of SOT adult recipients

with 2,772 unique patients reported that 80% of patients

were hospitalized, with one-third requiring admission to an

intensive care unit with an overall mortality of 18.6%.13

In children there is even less information available for

both patients with SOT and more specifically those patients

who have undergone heart transplantation. Goss et al.

(2021) published a multi-center collaboration focusing on

children with SOTs who acquired a COVID-19 infection.14

They identified 26 patients, six of whom had a HTx, none

of the patients required respiratory support, a third were

hospitalized and there were no deaths. Therefore, in

response to the pandemic the Pediatric Heart Transplant

Society launched an initiative to understand the impact of

COVID-19 in heart transplant candidates and recipients.

The aim of this report is to share the outcomes of these chil-

dren to help further understanding of the impact of COVID-

19 in this vulnerable patient population.
Methods

PHTS description

The Pediatric Heart Transplant Society (PHTS) is a multi-center

collaboration whose main goal is to improve the outcomes of chil-

dren who are listed and undergo HTx. The PHTS collects
prospective, event driven data on patients <18 years of age at the

time of transplant listing. The society consists of 56 pediatric HTx

centers across North America (n = 53), UK (n = 2), and Brazil

(n = 1). Institutional review board approval was obtained at each

institute and patient consent to participate was left to the discretion

of each institution as the registry serves as a quality improvement

resource for centers. Analysis was performed at the Kirklin Insti-

tute for Research in Surgical Outcomes, located at the University

of Alabama at Birmingham. The indications for listing and deci-

sion for transplant were made at the discretion of the primary med-

ical team on the basis of individual institutional clinical practice.
COVID-19 platform

In response to the pandemic, PHTS developed a web-based

platform to collect COVID-19 specific data in pediatric HTx

candidates and recipients for PHTS enrolled patients. In addi-

tion, the system was designed to also allow for non-PHTS

enrolled patient’s data to be submitted. For this analysis, the

data fields included pre-and post-HTx patient characteristics,

mode of diagnosis, need for hospitalization and intensive care

and 30-day outcome (death, resolution, sequelae, unresolved).

Data collection for non-patients or non-PHTS centers was sup-

ported by the limited HIPPA waiver granted by the US Depart-

ment of Health and Human Services in response to the

COVID-19 pandemic (https://www.hhs.gov/sites/default/files/

hipaa-and-covid-19-limited-hipaa-waiver-bulletin-508.pdf).
COVID-19 platform

Definition of a COVID-19 illness included patients who: 1) were

positive for SARS-CoV-2 by PCR based test and/or had symptoms

of COVID-19 with a known exposure, or 2) had suspected

COVID-19 illness due to symptoms but no exposure or test. To

align with other infection data that is collected in the PHTS regis-

try, only system-based involvement was collected, with no infor-

mation on specific presenting symptoms.

Only patients with fully completed and submitted forms to the

Web-based data entry system were considered validated results

and therefore included in this study. Patients with multi-system

inflammatory disorder were not included in this analysis. Data col-

lection was started on April 30, 2020 and centers were encouraged

enter patients who were diagnosed before April 30th. The end date

for this analysis was March 15, 2021 (Figure 1).
Statistical analysis

Descriptive statistics for continuous variables were presented as

mean with standard deviation or median with interquartile range



Figure 1 Enrollment of patients in PHTS with COVID-19 infection.
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(IQR). Categorical variables were presented as frequency with

percentages.
Results

There were 225 patients with adequate data submitted for

analysis of 30-day outcomes from 43 different sites within

the PHTS. Of the 225 patients, 198 (88%) were previous

enrolled in PHTS and 27 were patients not enrolled in

PHTS but cared for at a PHTS site. Nineteen patients (8%)

were HTx candidates and 206 (92%) were HTx recipients.

Of the patients that were documented to be listed or trans-

planted during the study period, 3.5% (n=19/544) of trans-

plant candidates and 4.7% (179/3831) of the transplanted

recipients were reported to have a COVID infection. The

median age of COVID-19 infection was 14 years (IQR 7,

18) with half being male (50%) (Table 1). The vast majority

of patients had a positive PCR test (92%, n=208/225) with

10 patients diagnosed based on known exposure and 7 pre-

sumed due to symptoms (Table 2). The most common loca-

tion of exposure to COVID-19 was in the home (n = 142,

63.1%), followed by in the community (n = 38, 17%).

Thirty-one patients (14%) had an unknown exposure.

Table 1 outlines medications the patients were on at the

time of diagnosis of the infection. Major organ system

involvement was only reported in a minority of patients

including: 32% (n = 71) had fever, 27% (n =61) had respira-

tory involvement, 16% (n = 37) had gastrointestinal

involvement, and 1% (n = 3) cardiac involvement.
The clinical course following COVID-19 infection is

shown in Table 3. Following infection, 23% (n = 51/225)

were admitted to hospital with a median stay of 8 days (IQR

2, 18). Intensive care was required in 8% (n = 18) with a

median ICU duration of 9 days (IQR 5, 22). Advanced thera-

pies included the need for mechanical ventilation occurred

in 2% (n = 5) and inotropic therapy in 4% (n = 9) of the

patients. Need for ECMO (n = 1, 0.9%) was rare.
Transplant candidates

For the 19 pre-HTx patients, the median duration of listing

was 250 days (IQR 32, 452) prior to onset of COVID-19 ill-

ness. There was an equal distribution of patients with cardio-

myopathy and congenital heart disease in this cohort

(Table 1). The majority acquired the infection at home or in

their community with a smaller proportion (15.8%) having

been exposed in a hospital environment (Table 2). Hospital

admission occurred in 42.1% of the pre-HTx patients

(Table 3) with 21% requiring ICU admission. Two candi-

dates (11%), required mechanical ventilation (for 22 and

32 days respectively) and both had underlying dilated cardio-

myopathy. One required ECMO support after intubation.
Transplant recipients

Among 206 post-HTx patients with COVID-19, the median

time after HTx was 6 years (IQR 3, 10), though 10% were

<12 months from transplantation. Table 1 reviews the



Table 1 Clinical Characteristics and Demographics

Overall (n = 225) Candidates (n = 19) Recipients (n = 206)

Age at COVID (y) 14 (7,18) 9 (4,16) 14 (8,18)
Race
White 141 (62.7%) 11 (57.9%) 130 (63.1%)
Black 43 (19.1%) 3 (15.8%) 40 (19.4%)
Other / Multiple 41 (18.2%) 5 (26.3%) 36 (17.5%)

Male 112 (49.8%) 7 (36.8%) 105 (51%)
Diagnosis (Primary Etiology)
CM 115 (51.1%) 9 (47.4%) 106 (51.5%)
CHD 103 (45.8%) 10 (52.6%) 93 (45.1%)
Single Ventricle* 68 (66.0%) 8 (80.0%) 60 (64.5%)
Other 7 (3.1%) 7 (3.4%)

Drug Therapy at time of Infection
Acyclovir 2 (0.9%) 2 (1%)
Azathioprine 13 (5.8%) 13 (6.3%)
Basiliximab 1 (0.4%) 1 (0.5%)
Cyclosporine 10 (4.4%) 10 (4.9%)
Dapsone 1 (0.4%) 1 (0.5%)
Everolimus 9 (4%) 9 (4.4%)
Fluconazole 1 (0.4%) 1 (0.5%)
Ganciclovir or Valganciclovir 16 (7.1%) 1 (5.3%) 15 (7.3%)
Immunoglobulin, IV Ig 5 (2.2%) 5 (2.4%)
Mycophenylate, MMF 67 (29.8%) 67 (32.5%)
Nystatin 4 (1.8%) 4 (1.9%)
Oseltamivir 1 (0.4%) 1 (0.5%)
Prednisone 33 (14.7%) 33 (16%)
Rituximab 1 (0.4%) 1 (0.5%)
Sirolimus 45 (20%) 45 (21.8%)
Tacrolimus 111 (49.3%) 111 (53.9%)
Trimethaprim-sulfamethoxazole 18 (8%) 18 (8.7%)
Valacyclovir 1 (0.4%) 1 (0.5%)
Other 16 (7.1%) 14 (6.8%)
ACEI 9 (4%) 8 (3.9%)
Hydroxychloroquine 1 (0.4%) 1 (0.5%)

n (%) or median (IQR).

*Single Ventricle report as n (%) of CHD.

ARTICLE IN PRESS
4 The Journal of Heart and Lung Transplantation, Vol 00, No 00, Month 2021
clinical characteristics and demographics for these patients.

Most exposures occurred in either the home or community

(80%). Hospitalization occurred in 21% of the recipients,

with 7% requiring ICU care. Three recipients (1.5%)
Table 2 Mode of Diagnosis and Location of Exposure

Overall (n = 225)

COVID Diagnosis Mode
Test Positive 208 (92.4%)
Known Exposure 10 (4.4%)
Presumed Positive 7 (3.1%)

Location of Exposure
Home 142 (63.1%)
Community 38 (16.9%)
Out of Hospital 8 (3.6%)
In Hospital / Long Term Care Facility 6 (2.7%)
Unknown 31 (13.8%)

n(%).
required mechanical ventilation and one of these patienst

continued on chronic hemodialysis. Duration of mechanical

ventilation ranged from 6 to 22 days. None of the patients

required ECMO support.
Candidates (n = 19) Recipients (n = 206)

18 (94.7%) 190 (92.2%)
1 (5.3%) 9 (4.4%)

7 (3.4%)

8 (42.1%) 134 (65%)
4 (21.1%) 34 (16.5%)

8 (3.9%)
3 (15.8%) 3 (1.5%)
4 (21.1%) 27 (13.1%)



Table 3 Clinical Course Following COVID-19 Infection

Overall (n = 225) Candidates (n = 19) Recipients (n = 206)

Hospitalized 51 (22.7%) 8 (42.1%) 43 (20.9%)
Days Hospitalizeda 8 (2, 18) 25 (17, 205) 7 (2, 11)

ICU 18 (8.0%) 4 (21.0%) 14 (6.8%)
Days in ICUa 9 (5, 22) 110 (14, 209)b 8 (5, 16)

Ventilator 5 (2.2%) 2 (10.5%) 3 (1.4%)
Days on Ventilatora 22 (13, 22) 27 (22, 32)b 13 (6, 22)b

Inotropic Support 9 (4.0%) 4 (21.1%) 5 (2.4%)
ECMO 1 (0.4%) 1 (5.3%)
Dialysis 0 (0%) 0 (0%)

n (%) or median (IQR).
aonly patients who meet criteria were included in the calculations for the mean or median days.
bCells with <5 patients.
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Outcomes

At 30 days, 96% of candidates and recipients had resolution

of their symptoms, 3% (n = 7) had an unresolved course,

and 1% (n = 2) of the patients were reported to have signifi-

cant long-term sequelae (Table 4). Ongoing sequelae post

30 days included one candidate who required ongoing

mechanical ventilation and one recipient with acute on

chronic renal insufficiency and need for ongoing mechani-

cal ventilation. Two recipients died after COVID-19 illness:

only one was directly secondary to COVID-19 who was

61 days post re-transplantation and 13 days post COVID-19

infection diagnosis, and the other from non-adherence and

rejection who was 5 years post-HTx and one-month post

COVID-19 illness. There were no deaths in the candidate

group. Overall mortality for the entire cohort with COVID-

19 was 0.4% and for transplant recipients was 0.49%.

Discussion

In this largest cohort of pediatric HTx candidates and recip-

ients with COVID-19 reported to date we found that the

majority had quick resolution of their illness with no long-

term sequelae. Relative to reporting for adult heart trans-

plant recipients, mortality was much lower in this cohort of

patients (0.5% vs. 15-30%).13,15−17 Rates of hospitalization

(21 vs. 4.7%) and death (0.5 vs. 0.19%) were higher as

compared to other children in the United States without

SOT.18 However, the hospitalization rate was similar to

reports focused on other pediatric SOT patients (21 vs.
Table 4 30 Day Outcomes

Overall (n = 225)

COVID Infection Outcome (30d)
Resolution 214 (95.5%)
Death 1 (0.4%)
Significant Long Term Sequelae 2 (0.9%)
Unresolved at 30 days 7 (3.1%)
Unknown 1 (0.4%)

n (%).
31%)14 but lower than published literature on adult SOT

(21 vs. 30%-78%).11,17

Although the number of listed patients was small com-

pared to the number of post HTx patients, our analysis sug-

gested that these patients had a more severe degree of

illness with a higher proportion of patients hospitalized and

requiring ICU care including mechanical ventilation and

inotropic support. Despite these patients being a sicker

cohort, there was no reported mortality. This finding sug-

gests that close and vigilant monitoring of these patients

listed for HTx who acquire COVID is imperative given the

potential for deterioration and that recovery from the illness

is possible with supportive care.

In pediatric heart transplant the true incidence of

COVID-19 infections is unknown. A recently published

single center study where patients underwent COVID-19

testing prior to admission, anesthesia, office visits or for

symptoms, found that 21% (n = 20/94) of their patients

were diagnosed with COVID-19 based on PCR or antibody

testing.19 In this patient population 5% of patients were

admitted from home with no mortality reported. These

results differ from ours due to the fact that over half (55%)

of these patients were asymptomatic and undergoing rou-

tine testing, which likely underestimated the impact of dis-

ease in symptomatic patients. Our study was also not able

to accurately report the true incidence of COVID-19 infec-

tions, as we are unable to ensure all symptomatic patients

were included in the registry and we did not collect data on

asymptomatic patients who underwent routine testing. In

addition, the numbers we did provide might not have an
Candidates (n = 19) Recipients (n = 206)

18 (94.7%) 194 (95.6%)
1 (0.5%)

1 (5.3%) 1 (0.5%)
7 (3.4%)
1 (0.49%)
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accurate denominator with respect to patients at risk, as

there can be a delay between when a patient is listed or

transplanted and when their information is entered into the

web-based data system. Lastly, for the 27 patients that had

COVID-19 but were not part of the registry, they were not

counted in the calculation. All of these potential issues align

above raise concerns for reporting bias.

While the literature for adult patients with heart trans-

plants is limited to case reports and small case series, there

is some suggestion that infection early after transplant may

have an impact on outcomes.20−22 A US cohort of 28 adult

heart transplant patients reported a 25% case fatality rate.15

Furthermore, in an Italian cohort of 47 patients who tested

positive for SARS-CoV-2 at seven different centers, 38

were hospitalized and 14 patients died.16 These results indi-

cate an almost doubling of the prevalence and case fatality

rate when compared to the general population. Specific risk

factors for mortality identified by univariate analysis

included: older age, diabetes, arteriopathy, lower GFR and

higher New York Heart Association classification.16

In this PHTS cohort many patients were transplanted

more than one year before contracting COVID-19. How-

ever, one-fifth of the patients were <1 year post transplant

with one death in this group. This is an important group of

patients to continue to monitor, given the reports of adults

experiencing worse outcomes in the early phase post

HTx.20−22 Whether reduction in immunosuppression is

warranted in this specific group of patients is unclear.

Among both pediatric HTx candidates and recipients, the

most common exposures were in the home and in the com-

munity. While we did not examine adherence to recom-

mended public health measures undertaken by individual

patients and families, these findings suggest that attention

to exposures inside of the home, including behaviors of

other household members, may be of importance to mitigat-

ing the risk of transmission to pediatric HTx candidates and

recipients.

Limitations

This analysis is limited to the patients reported in the regis-

try and therefore there is a potential for selection bias in the

data. In addition to under reporting, asymptomatic cases or

cases that were unknown to the heart transplant centers

would not be accounted for in this data collection. Further-

more, hospitalization rates may not reflect the need for sup-

portive care but may be inflated as a proportion of patients

could have been admitted for observation only. Subsequent,

analysis examining the rate of hospitalization over time as

practitioners has become more familiar with the manage-

ment of pediatric HTx candidates and recipients will be

needed to address this potential limitation. This same limi-

tation applies to intensive care admissions as well. The

terms “required ICU admission’ was the wording used in

the web-based data system, instruction were given to cen-

ters to only include patients admitted specifically for

COVID-19 infections, however we cannot take into account

the variability in practice across centers with threshold for
ICU admissions. This initial report also had a low number

of patients experience certain events, therefore estimates of

the median ICU and ventilator time might change as new

data is added to the registry. In addition, this analysis was

limited to acute presentation of COVID-19 and does not

include those with M-ISC and therefore results cannot be

extrapolated to this group of patients. Lastly, due to the lim-

ited number of patients and mortality events, statistical

comparison between groups and risk factor analyses was

not performed.
Conclusion

Pediatric heart transplant candidates and recipients who

acquire COVID-19 are hospitalized at higher rates than

have been reported for the general pediatric population but

long-term sequelae and mortality remain low. Ongoing col-

lection of data will allow for further understanding of which

patients are at risk for more severe disease, potential treat-

ment strategies and longer term complications in this

unique patient population.
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