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IMPORTANCE Recipients of heart transplant (HT) may be at increased risk of adverse
outcomes attributable to infection with coronavirus disease 2019 (COVID-19) because of
multiple comorbidities and clinically significant immunosuppression.

OBJECTIVE To describe the characteristics, treatment, and outcomes of recipients of HT with
COVID-19.

DESIGN, SETTING, AND PARTICIPANTS This case series from a single large academic heart
transplant program in New York, New York, incorporates data from between March 1, 2020,
and April 24, 2020. All recipients of HT followed up by this center who were infected with
COVID-19 were included.

INTERVENTIONS Heart transplant and a confirmed diagnosis of COVID-19.

MAIN OUTCOMES AND MEASURES The primary measure was vital status at end of study
follow-up. Secondary measures included patient characteristics, laboratory analyses, changes
to immunosuppression, and treatment administered for COVID-19.

RESULTS Twenty-eight patients with HT received a confirmed diagnosis of COVID-19. The
median age was 64.0 (interquartile range [IQR], 53.5-70.5) years, 22 (79%) were men, and
the median time from HT was 8.6 (IQR, 4.2-14.5) years. Comorbid conditions included
hypertension in 20 patients (71%), diabetes in 17 patients (61%), and cardiac allograft
vasculopathy in 16 patients (57%). Twenty-two participants (79%) were admitted for
treatment, and 7 (25%) required mechanical ventilation. Most (13 of 17 [76%]) had evidence
of myocardial injury (median high-sensitivity troponin T, 0.055 [IQR, 0.0205-0.1345] ng/mL)
and elevated inflammatory biomarkers (median peak high-sensitivity C-reactive protein, 11.83
[IQR, 7.44-19.26] mg/dL; median peak interleukin 6, 105 [IQR, 38-296] pg/mL). Among
patients managed at the study institution, mycophenolate mofetil was discontinued in 16
patients (70%), and 6 (26%) had a reduction in the dose of their calcineurin inhibitor.
Treatment of COVID-19 included hydroxychloroquine (18 patients [78%]), high-dose
corticosteroids (8 patients [47%]), and interleukin 6 receptor antagonists (6 patients [26%]).
Overall, 7 patients (25%) died. Among 22 patients (79%) who were admitted, 11 (50%) were
discharged home, 4 (18%) remain hospitalized at the end of the study, and 7 (32%) died
during hospitalization.

CONCLUSIONS AND RELEVANCE In this single-center case series, COVID-19 infection was
associated with a case fatality rate of 25% in recipients of HT. Immunosuppression was
reduced in most of this group of patients. Further study is required to evaluate the optimal
approach to management of COVID-19 infection in the HT population.
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C oronavirus disease 2019 (COVID-19) is a pandemic af-
fecting more than 3 million people worldwide and car-
rying a case fatality rate exceeding 7% as of early May

2020.1 New York, New York, has emerged as the most recent
epicenter of the disease, with more than 150 000 confirmed
cases and nearly 11 000 fatalities (as of April 26, 2020).1 Pre-
existing cardiovascular diseases, such as hypertension, coro-
nary artery disease, and diabetes, have been associated with
an increased risk for COVID-19.2-4 Disease severity appears to
be driven not only by viral invasion and proliferation but also
by an intense immune response marked by cytokine storm,
myocardial injury, and death.5,6 Recipients of heart trans-
plant (HT) may be at an increased risk for infection and ad-
verse outcomes with COVID-19 infection because of a num-
ber of comorbidities that are common following heart
transplant, including hypertension, diabetes, and cardiac al-
lograft vasculopathy. Moreover, while all require mainte-
nance immunosuppression that predisposes recipients to a
greater infectious risk, immunosuppression has also been theo-
rized to be protective from cytokine storm. Preliminary case
reports7,8 have not indicated a disproportionate outcome of
COVID-19 on the posttransplant population, and a survey9 from
China did not find an increased risk of infection among recipi-
ents of HT. In this article, we present a large case series of re-
cipients of HT with COVID-19 and describe their presenta-
tion, disease course, outcomes, and immunosuppression
management. The aim of this case series is to describe the out-
comes of recipients of HT who are chronically immunosup-
pressed and develop COVID-19 and raise important questions
about the role of the immune system in the disease process.

Methods
We retrospectively reviewed all adult recipients of HT (>18 years
of age) followed at a large academic center in New York, New
York. Those who received a laboratory diagnosis of COVID-19
were included in the study. Laboratory data were collected for
patients hospitalized in our health system. Treatment data were
collected for those admitted to our hospital or managed by our
program as outpatients. Outcomes and follow-up were re-
corded for all patients through April 24, 2020. All continuous
data are presented as medians with interquartile ranges (IQRs).
Analyses were performed using SAS version 9.4 (SAS Insti-
tute Inc). This study was approved by the Columbia Univer-
sity Irving Medical Center institutional review board. A waiver
of consent was granted to protect the safety of the staff, since
consent would have required direct exposure while patients
were actively infected with COVID-19. All data were deiden-
tified following collection.

Results
In this cohort of recipients of HT (N = 803), we identified 28
who had presented for acute care for COVID-19 disease over a
6-week period. The median age of patients with COVID-19 was
64.0 (IQR, 53.5-70.5) years, 22 (79%) were men, and the me-

dian time from transplant was 8.6 (IQR, 4.2-14.5) years (Table 1).
Twenty patients (71%) had hypertension, 17 of 28 (61%) had
diabetes mellitus, 7 of 28 (25%) were obese (body mass index
[calculated as weight in kilograms divided by height in me-
ters squared] >30), 10 of 28 (36%) had stage IV or greater chronic
kidney disease (with 5 [18%] on hemodialysis), 16 of 28 (57%)
had cardiac allograft vasculopathy, and 4 of 28 (14%) had pre-
existing allograft dysfunction. Disease presentation included
fever (19 [83%]), dyspnea or cough (21 [91%]), and gastroin-
testinal symptoms (11 [48%]).

Twenty-two patients (79%) were admitted, and 6 (21%)
were managed as outpatients. Among the inpatients, 7 re-
quired admission to the intensive care unit. Seventeen were
admitted to the study hospital and thus had complete labora-
tory data for analysis. Laboratory results are summarized in
Table 2. The median (IQR) white blood cell count was 4900
(3000-8900) per microliter (to convert to ×109/L, multiply by
0.001), with a median (IQR) absolute lymphocyte count of 600
(300-800) per microliter (to convert to ×109/L, multiply by
0.001). Evidence of myocardial injury was present in 13 pa-
tients (77%), and the median peak high-sensitivity troponin
T level was 0.055 (0.0205-0.1345) nanograms per milliliter (to
convert to micrograms per liter, multiply by 1.0). Inflamma-
tory parameters were markedly elevated, in that high-
sensitivity C-reactive protein was greater than normal in all pa-
tients, with a median (IQR) peak of 11.83 (7.44-19.26) milligrams
per deciliter (to convert to milligrams per liter, multiply by 10);
interleukin 6 was elevated in 15 patients (88%), with a me-
dian (IQR) peak of 105 (38-296) picograms per milliliter; and
D-dimer was greater than 1 microgram per milliliter in 14 pa-
tients (82%). Seven patients had an echocardiogram during
hospitalization. When compared with the most recent echo-
cardiogram, left ventricular ejection fraction was unchanged
in 5 patients, improved in 1 patient, and decreased in 1 pa-
tient. Notably, both patients with changes from baseline had
preexisting allograft dysfunction.

Supplemental oxygen was required in 20 of the hospital-
ized patients (91%), 7 of these patients required intubation (5
at outside hospitals and 2 at our institution), and de novo di-
alysis was required in 3 patients. Baseline immunosuppres-
sive medications included calcineurin inhibitors in 27 patients
(96%), mycophenolate mofetil in 19 (68%), proliferation signal

Key Points
Question What are the characteristics and outcomes of patients
with heart transplant who are infected with coronavirus disease
2019 (COVID-19)?

Findings In this case series of 28 patients who had received heart
transplant in a large academic center, the case fatality rate among
patients infected with COVID-19 was 25%. Cardiovascular
comorbidities were frequent in this population, and
immunosuppressive therapy was reduced in most patients.

Meaning Recipients of heart transplant are at high risk for severe
complications from coronavirus disease 2019 infection;
management of this population is complex and should take place
in a transplant center.

Research Brief Report Characteristics and Outcomes of Recipients of Heart Transplant With Coronavirus Disease 2019

1166 JAMA Cardiology October 2020 Volume 5, Number 10 (Reprinted) jamacardiology.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2020.2159


inhibitors in 5 (18%), and corticosteroids in 19 (68%). During in-
fection with COVID-19, mycophenolate mofetil was discontin-
ued in 16 of 23 patients (70%) and the calcineurin inhibitor dos-
age was reduced in 6 patients (26%). Twenty-three patients
(87%) received treatments directed at COVID-19: high-dose cor-
ticosteroids (8 of 23 [47%]), hydroxychloroquine (18 of 23 [78%]),
or an interleukin 6 receptor antagonist (6 of 23 [26%]) (Figure).

None of the patients in our cohort experienced an episode of
clinically overt rejection during this period.

Among all patients with HT diagnosed with COVID-19, 22
(79%) were hospitalized and 7 (25%) died (Table 1). Of the hos-
pitalized patients, 11 (50%) were discharged, 4 (18%) remain
hospitalized at the end of the study, and 7 (50%) died in the
hospital. Six patients (21%) were treated as outpatients. The
mortality rate of the patients admitted to the study center with
COVID-19 was 11.2% (2 of 17 patients), while all 5 patients ad-
mitted to outside institutions died.

Discussion
In this case series of recipients with HT who had confirmed
COVID-19 infection, we report a high case fatality rate of 25%,
which was much higher than currently reported in other pa-
tient populations. Of note, we did not routinely test patients
who were asymptomatic, and there were limitations on test-
ing patients with mild symptoms at the earliest phases of the

Table 1. Patient Characteristics, Symptoms, Treatment, and Outcomes

Demographics No. (%)
Total, No. 28

Age, median (IQR), y 64 (53.5-70.5)

Male 22 (79)

Time posttransplant, median (IQR), y 8.6 (4.2-14.5)

BMI, median (IQR) 26.0 (23.5-30.7)

Hypertension 20 (71)

Diabetes 17 (61)

Lung disease 10 (36)

Malignant condition 5 (18)

Chronic kidney diseasea 10 (36)

Maintenance immunosuppression

Total, No. 28

Tacrolimus 22 (79)

Cyclosporine 5 (18)

Mycophenolate mofetil 19 (68)

Proliferation signal inhibitor 5 (18)

Prednisone 19 (68)

No. of immunosuppressive medications

1 3 (11)

2 8 (29)

3 16 (57)

4 1 (3)

Symptoms

Total, No. 23

Fever 19 (83)

Chest pain 5 (22)

Shortness of breath or cough 21 (91)

Gastrointestinal symptoms 11 (48)

Treatment

Total inpatients and outpatients, No. 23

Hydroxychloroquine 18 (78)

Tocilizumab 6 (26)

Glucocorticoids 8 (47)

Reduction in immunosuppression medications 19 (83)

Mycophenolate mofetil held 16 (70)

Outcome

Total, No. 28

Overall mortality 7 (25)

Overall survival 21 (75)

Hospitalized 22 (79)

In-hospital mortality 7 (32)

Discharged 11 (50)

Remain hospitalized 4 (18)

Managed as outpatient 6 (21)

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared).
a Defined by a glomerular filtration rate less than 30 and presence of

hemodialysis.

Table 2. Laboratory Data of 17 Patients of Heart Transplant Admitted
at the Study Institution With Coronavirus Disease 2019 Infection

Laboratory data Median (IQR)
Total, No. 17

Creatinine, mg/dL

Admission 3.3 (1.5-4.8)

Peak 4.7 (1.5-8.3)

High-sensitivity troponin T, ng/mL

Peak 0.055
(0.0205-0.1345)

Peak >0.022 ng/mL, No. (%) 13 (77)

D-dimer

Admission, μg/mL 1.0 (0.7-1.7)

Admission >1.0 μg/mL, No. (%) 10 (59)

Peak, μg/mL 2.0 (1.3-4.8)

Peak >1.0 μg/mL, No. (%) 14 (82)

High-sensitivity C-reactive protein, mg/dL

Admission 9.9 (4.78-11.74)

Peak 11.83 (7.44-19.26)

Erythrocyte sedimentation rate, mm/h

Admission 60 (50-75)

Peak 59 (80-101)

Interleukin 6

Admission, pg/mL 33 (9-84)

Admission >5 pg/mL, No. (%) 13 (76)

Peak 105 (38-296)

Peak >5 pg/mL, No. (%) 15 (88)

Peak procalcitonin, ng/mL 0.6 (0.2-2.7)

Ferritin, ng/mL

Peak 1079 (622-2719)

Peak >1000 ng/mL, No. (%) 9 (53)

White blood cells on admission, cells/μL 4900 (3000-8900)

Absolute lymphocyte count on admission, cells/μL 600 (300-800)

SI conversion factors: To convert creatinine to μmol/liter, multiply by 88.4;
troponin T to μg/L, multiply by 1.0; D-dimer to nmol/L, multiply by 5.476;
C-reactive protein to mg/L, multiply by 10; ferritin to μg/L, multiply by 1.0;
lymphocytes and white blood cell count to ×109/L, multiply by 0.001.
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pandemic. Therefore, we may have underestimated the preva-
lence of COVID-19 infection in this transplant population.
Furthermore, we were unable to address whether cardiovas-
cular risk factors, immunosuppression, or HT status itself in-
creased the risk of mortality among this population. The ef-
fect of immunosuppression on the course of this disease
remains unclear. While in vitro evidence suggests that immu-
nosuppressive medications may inhibit viral replication,10-14

long-term immunosuppression nonetheless increases suscep-
tibility to infection, dampening the ability to mount an effec-
tive response. Most patients in this case series had their im-
munosuppression medications reduced following diagnosis,
although the population size is too small to evaluate the ef-
fectiveness of this strategy. Whether immunosuppression can
temper the immune dysregulation seen in cases of severe dis-
ease remains unknown. The high case fatality rate in this co-
hort does not suggest a protective benefit from immuno-
suppression; however, randomized studies to assess each
individual immunosuppressive agent would be needed to
provide a definitive answer.

Managing recipients of HT with COVID-19 has increased
complexity because they have more intense immunosuppres-
sion than many other solid organ transplant recipients, com-
bined with the potential for the virus to cause both primary
and secondary myocardial injury.15 Although our cohort is
small, we recommend that patients who have received HT are
treated at a transplant center while infected with COVID-19.
Furthermore, these patients will require ongoing monitoring
in the recovery phase as an immunosuppression regimen is re-
introduced and the consequences to the allograft itself be-
come apparent. The high case fatality rate in this cohort calls
for close monitoring of recipients of HT and a low threshold
for hospitalization during acute infection with COVID-19.
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