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BACKGROUND: COVID-19 continues to inflict significant morbidity and mortality, particularly on
patients with preexisting health conditions. The clinical course, outcomes, and significance of immuno-
suppression regimen in heart transplant recipients with COVID-19 remains unclear.

METHODS: We included the first 99 heart transplant recipients at participating centers with COVID-19
and followed patients until resolution. We collected baseline information, symptoms, laboratory stud-
ies, vital signs, and outcomes for included patients. The association of immunosuppression regimens at
baseline with severe disease were compared using logistic regression, adjusting for age and time since
transplant.

RESULTS: The median age was 60 years, 25% were female, and 44% were white. The median time post-
transplant to infection was 5.6 years. Overall, 15% died, 64% required hospital admission, and 7%
remained asymptomatic. During the course of illness, only 57% of patients had a fever, and gastrointes-
tinal symptoms were common. Tachypnea, oxygen requirement, elevated creatinine and inflammatory
markers were predictive of severe course. Age > 60 was associated with higher risk of death and the
use of the combination of calcineurin inhibitor, antimetabolite, and prednisone was associated with
more severe disease compared to the combination of calcineurin inhibitor and antimetabolite alone
(adjusted OR = 7.3, 95% CI 1.8-36.2). Among hospitalized patients, 30% were treated for secondary
infection, acute kidney injury was common and 17% required new renal replacement therapy.
CONCLUSIONS: We present the largest study to date of heart transplant patients with COVID-19 show-
ing common atypical presentations and a high case fatality rate of 24% among hospitalized patients

and 16% among symptomatic patients.
J Heart Lung Transplant 2021;40:926—935
© 2021 International Society for Heart and Lung Transplantation. All rights reserved.

Patients with history of solid organ transplantation are
potentially at higher risk of severe disease and mortality
due to coronavirus disease 2019 (COVID-19) given com-
plex comorbidities and concomitant immunosuppression
therapy. To date, only a few case series have been published
on heart transplant recipients with COVID-19 infection. A
large single center series, published by Latif and colleagues
from the early phase of the pandemic in the United States,
reported a mortality rate of 25% among 28 heart transplant
patients with COVID-19." Another case series described 26
transplant patients in Italy with a 27% overall mortality.
Interestingly, glucocorticoid use as part of an immunosup-
pressive regimen was associated with improved survival,
with all 8 of 26 patients using steroids pre-infection surviv-
ing.” A second, more recent, series from Italy of 47 patients
showed a similar 30% case fatality rate.’

In this current large multi-center series, we explored the
clinical course and outcomes of heart transplant recipients
with confirmed COVID-19 infection, and the association
between immunosuppressive regimen and outcomes.

Material and methods
Advanced heart failure programs and patients

Established in April 2020, the Trans-CoV-VAD registry is a multi-
center registry of left ventricular assist device and heart transplant
patients with confirmed severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection. Eleven advanced heart failure
programs in the United States participated in this registry: The
University of Pennsylvania (Philadelphia, PA), Ascension St. Vin-
cent Heart Center (Indianapolis, IN), the Cleveland Clinic (Cleve-
land, OH), the Medical University of South Carolina (Charleston,
SC), MedStar Washington Hospital Center (Washington, DC),
Mount Sinai Hospital (New York City, NY), Northwestern Uni-
versity (Chicago, IL), the University of Michigan (Ann Arbor,

MI), Stanford University (Stanford, CA), the University of Pitts-
burgh (Pittsburgh, PA) and the University of Rochester (Roches-
ter, NY). Each site obtained approval from the local Institutional
Review Board. Specific informed consent was waived due to the
determination of minimal risk to included patients.

All heart transplant recipients age > 18 years at participating
institutions with a confirmed diagnosis of COVID-19 through
October 31, 2020 were included in this study. The first case among
a heart transplant recipient at a member institution was diagnosed
in mid-March 2020. All patients were diagnosed with either a
polymerase chain reaction (rt-PCR) test (n = 95) or an antibody
test specific to SARS-CoV-2 (n = 4). Antibody testing was not
routine but was used sporadically for clinical suspicion of recov-
ered prior infection. Data were collected via review of the
patients’ electronic records, and anonymized data were transmit-
ted for collation and storage at a centralized repository maintained
by the University of Pennsylvania. Patients were followed until
recovery or death, with last patient status updates collected in Jan-
uary 2021.

Clinical variables

Patient demographics, medical history, medications, laboratories,
and details of course of COVID-19 were obtained from the elec-
tronic record. Hospitalization, whether at a patient’s primary trans-
plant institution or an outside hospital, was noted. Severe disease
was defined as requiring any of the following: mechanical ventila-
tion, de novo renal replacement therapy, use of vasopressors, or
death occurring during the patient’s primary hospital admission or
episode of care for COVID-19. Proximate cause of death was
recorded after review of the chart by the investigators.

Statistical analysis

Demographics, patient characteristics, symptoms, and details of
presentation were compared for patients with severe and non-
severe disease, excluding patients who were asymptomatic
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Table 1  Demographics of Heart Transplant Recipients with Symptomatic COVID-19 by Disease Severity

Not severen = 68 Severen = 24 p value
Age, years* 58 (45-67) 66 (49-74) 0.07
Female 19 (25%) 6 (25%) 1.0
Body mass index, kg/m,? 28.5 (6.1) 30.2 (5.6) 0.24
Race 0.70
Asian 4 (6%) 0 (0%)
Black 30 (44%) 10 (42%)
White 29 (43%) 12 (50%)
Other or missing 5 (7%) 2 (8%)
Hispanic/Latino 8 (12%) 3 (13%) 1.0
Ischemic cardiomyopathy 9 (13%) 7 (29%) 0.11
Hypertension 54 (79%) 24 (100%) 0.02
Diabetes 33 (49%) 18 (75%) 0.03
Obstructive sleep apnea 11 (16%) 10 (42%) 0.02
Chronic obstructive pulmonary disease 6 (9%) 7 (29%) 0.04
On dialysis prior to infection 5 (7%) 3 (12%) 0.43
Home 02 use 2 (3%) 2 (8%) 0.28
Time since transplant, years* 4.9 (2.0-13.5) 10.9 (4.0-16.2) 0.20
Coronary allograft vasculopathy 15 (22%) 9 (38%) 0.18
History of acute cellular rejection 17 (25%) 5 (21%) 0.79
Time since acute cellular rejection, months** 15 (1-238) 15 (1-181) 0.82
History of antibody mediated rejection 6 (9%) 2 (8%) 1.0
Time since antibody mediated rejection, months** 17 (0-75) 45 (18-72) 0.64

COVID-19, coronavirus disease 2019.
Values are mean (SD) or n (%) unless otherwise specified.

*Values shown are median (IQR); p value is the result of a Wilcoxon test.Values shown are median (range).

**p value is the result of a Wilcoxon test.

throughout their course. Comparisons were made with student’s #-
test, x°, or Fisher’s test as appropriate. Categorized age and time
since transplant were examined as predictors of severe disease
using logistic regression. We then created two additional models
to examine the association of specific immunosuppression agents
(the first model) and regimens (second model) with severe disease
using logistic regression adjusting for patient age and time since
transplant, both considered as continuous variables. For immuno-
suppression regimens, we selected the most common combina-
tions in the cohort: calcineurin inhibitor (CNI) + antimetabolite
(reference), CNI + prednisone, CNI + antimetabolite + prednisone,
and CNI + proliferation signal inhibitor (PSI). The latter regimen
could be with or without prednisone (combined due to low num-
bers). As a supplemental analysis, all models were repeated using
death as the outcome, rather than severe disease.

All analyses were performed using R v4.0.3 (R Foundation for
Statistical Computing, Vienna, Austria) with a two-sided o = 0.05.

Results

Patients

A total of 99 patients with a history of heart transplantation
were diagnosed with COVID-19 during the study period
and were included in this series (Table S1). The median age
was 60 years (IQR, 46-69), 25 (25%) were female and 44
(44%) were white. The median time post-transplant to
infection was 5.6 (IQR, 2.0-13.7) years.

Of the 99 patients included, 35% remained in the ambu-
latory setting and were never hospitalized, including 7
patients who remained asymptomatic during their illness.

In total, 11 patients were tested while asymptomatic, 3 for
definite viral exposures, 7 as part of routine clinical care
per individual hospital protocols, and 1 for unknown rea-
sons. Four later developed symptoms (including 2 who
were ultimately hospitalized, 1 of whom died). Severe ill-
ness developed in 24 patients, with criteria met by: need for
mechanical ventilation (20 patients), new renal replacement
therapy (11), and use of vasopressors (13). Fifteen patients
died of COVID-19.

Compared to patients who had more mild disease,
patients with severe COVID-19 were more likely to have
chronic comorbidities such as hypertension, diabetes, and
chronic obstructive pulmonary disease (Table 1). Specifi-
cally, while hypertension was common overall (84/99,
85%), all patients with severe COVID-19 had hypertension.
While both the median age at diagnosis and time from
transplant to diagnosis were greater in patients with severe
disease compared to patients with less severe disease, nei-
ther difference was statistically significant (66 vs 58,
p = 0.07, and 10.9 vs 4.9 years, p = 0.20, respectively).
Included transplant centers reported a total of 4,841 living
heart transplant recipients under management in 2020, for a
COVID-19 incidence rate of 20.5 cases per 1,000 persons
through October 31.

Clinical presentation

Figure 1 shows the cumulative incidence of select symp-
toms for severe and non-severe disease. Despite fever being
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Figure 1 Course of COVID-19 in heart transplant recipients.

Cumulative incidence of select symptoms, need for supplemental
oxygen, and hospital admission relative to date of diagnosis or first
medical attention for COVID-19, shown for (A) Patients with non-
severe disease, (B) patients with severe disease, and (C) all
patients.

the most common symptom of SARS-CoV-2 infection, with
51% having a measured or reported fever at or before initial
presentation, 43/99 patients (43%) remained without either
a subjective or objective fever throughout their illness.
Other common symptoms included cough (present in 49%
upon presentation and 55% by the end of illness) and dys-
pnea (41% upon presentation and 50% by the end of ill-
ness). Gastrointestinal complaints (abdominal pain, nausea,
vomiting, or diarrhea) were also common, present in 46%
of patients during illness; in particular, diarrhea was present
in 36%. Among hospitalized patients, the median symptom
onset was 5 days prior to admission; 95% of patients ulti-
mately requiring admission were admitted within 8 days of
first symptom onset.

Vital signs at time of presentation were available for
88% of patients with severe disease and 66% of patients
with symptomatic non-severe disease. Of patients with
available vital signs, there were no significant differences

Table 2 Vital signs at Diagnosis Among Heart Transplant
Recipients with Symptomatic COVID-19 by Disease Severity

Not severe  Severe
n=68 n=24 p value

Heart rate, bpm 0.29
<60 0 (0%) 1 (5%)
60-99 21 (47%) 10 (50%)
>100 24 (53%) 9 (45%)
Systolic blood pressure, 0.62

mmHg
<90 2 (5%) 0 (0%)
90-139 29 (66%) 14 (70%)
>140 13 (30%) 6 (30%)
Respiratory rate, min™* 0.009
<20 22 (54%) 3 (15%)
>20 19 (46%) 17 (85%)
Temperature, °F 0.50
<100.4 33(77%) 13 (65%)
>100.4 10 (23%) 7 (35%)
Sa02, % 0.48
<92% 6 (13%) 5 (24%)
>92% 39 (87%) 16 (76%)
Hypoxia <92% or supple- 10 (22%) 14 (67%) 0.001

mental 02

COVID-19, coronavirus disease 2019.
Values are n (%). Data were not available in all cases; p values and
percentages consider patients with non-missing values only.

between patients who ultimately had severe and non-severe
disease, with the exception of respiratory rate, which was
more likely to be > 20 min ' in patients with severe disease
(85% vs 46%, p = 0.009). In particular, hypotension at pre-
sentation was not predictive of disease severity, however
requiring supplemental oxygen was strongly associated
with severe outcomes (Table 2).

Table 3 shows select laboratory studies available upon
presentation. Most patients presented with normal white
blood cell counts or leukopenia; most (74%) had lymphope-
nia. Mild elevations in aspartate aminotransferase and ala-
nine aminotransferase were present in 50% and 38% of
patients, respectively. Elevated inflammatory markers such
as C-reactive protein and ferritin were common as well.
Compared to patients with non-severe disease, patients with
severe disease were more likely to present with elevated
serum creatinine, blood urea nitrogen, aspartate aminotrans-
ferase, and neutrophil count. They were also more likely to
have high ferritin on admission; none of the patients with
severe disease had a normal ferritin on admission (range,
308-5981 ng/mL). Elevation in troponin was present in
about one-third of patients, more commonly among patients
who would later go on to have more severe disease courses.

Transplant recipients often have baseline laboratory
abnormalities and are prone to chronic renal disease.
Among the 46 included patients not on dialysis and with
available serum creatinine values on days 1 and 3 of hospi-
talization, 23 had acute kidney injury, defined as rise in cre-
atinine of > 0.3 mg/dL or 50%. Six (26%) of these patients
died and 6 (26%) otherwise met criteria for severe illness.
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Table 3

Laboratory Values in Heart Transplant Recipients

with Symptomatic COVID-19 Upon Presentation

Not severe  Severe
n=68 n=24 p value
White blood cell count, 0.31
10°/L
<4.0 7(16%) 4 (19%)
4.0-10.0 33(77%) 13 (62%)
>10.0 3 (7%) 4 (19%)
Neutrophil count, 10°/L 0.03
<2.0 1 (2%) 2 (11%)
2.0-7.9 40 (93%) 12 (67%)
>8.0 2 (5%) 4 (22%)
Lymphocyte count, 10°/L 0.44
<1 30 (70%) 15 (83%)
1-3.9 13 (30%) 3 (17%)
Hemoglobin g/dL 0.79
<12.0 15 (36%) 8 (40%)
12.0-15.9 26 (62%) 11 (55%)
>16.0 1 (2%) 1 (5%)
Platelets, 1000/uL 0.60
<150 11(27%) 6 (30%)
150-399 28 (68%) 14 (70%)
>400 2 (5%) 0 (0%)
Creatinine, mg/dL 0.006
<1.4 16 (37%) 1 (5%)
1.4-2.4 17 (40%) 8 (38%)
>2.5 10 (23%) 12 (57%)
Blood urea nitrogen, 0.01
mg/dL
<20 17 (40%) 1 (5%)
20-59 21 (49%) 14 (67%)
>60 5(12%) 6 (29%)
Aspartate aminotransfer- 0.03
ase, U/L
<30 22 (56%) 6 (35%)
30-89 16 (41%) 7 (41%)
>90 1 (3%) 4 (24%)
Alanine aminotransferase, 0.09
u/L
<30 28 (70%) 8 (44%)
30-89 12 (30%) 9 (50%)
>90 0 (0%) 1 (6%)
Total bilirubin, mg/dL 0.39
<1.2 35(90%) 18 (100%)
>1.2 4(10%) 0 (0%)
Lactate dehydrogenase, 0.26
u/L
<150 1 (4%) 1 (8%)
150-299 10 (42%) 2 (15%)
>300 13 (54%) 10 (77%)
C-reactive peptide, mg/L 0.03
<5 5(20%) 0 (0%)
5-10 1 (4%) 5 (33%)
>10 19 (76%) 10 (67%)
Ferritin, ng/mL 0.03
<300 8(32%) 0 (0%)
300-899 9(36%) 5 (33%)
>900 8(32%) 10 (67%)
18 (58%) 10 (83%)  0.23

(continued on next page)

Table 3 (Continued)

Not severe Severe
n=68 n=24 p value
BNP > 100 pg/mL, or
nt-proBNP > 300 pg/mL
Troponin 0.003
Within normal 26 (79%) 4 (29%)
1-3x ULN 2 (6%) 5 (36%)
>3x ULN 5(15%) 5 (36%)

BNP, B-type natriuretic peptide; COVID-19, coronavirus disease
2019; ULN, upper limit of normal.

Values are n (%). Data were not available in all cases; p values and
percentages consider patients with non-missing values only.

This compares to only 1 death and no other critically ill
patients among the 13 patients with baseline normal renal
function who did not have acute kidney injury.

Disease course and outcomes

Including one patient who died in the emergency depart-
ment, 63 patients (64%) were hospitalized. Indications for
admission included (not mutually exclusive): abnormal
chest imaging (51 patients), hypoxia within 24 hours of ini-
tial assessment (38), troponin elevation > 3x upper limit of
normal (10), and systolic blood pressure < 90 mmHg (2).
The most common chest imaging finding was diffuse or
focal pneumonia, consolidation, or groundglass opacity—
present in all but 4 of the 51 patients with abnormal imag-
ing. The remaining 4 patients had effusion or edema alone
without clear pneumonia, consolidation, or groundglass
opacities. Fifteen patients died, 14 of whom had proximate
causes of death which could be fully adjudicated by the
investigators: hypoxic respiratory failure (6 patients),
multi-organ system failure (3), septic shock (2), undifferen-
tiated shock (1), uncontrolled gastrointestinal hemorrhage
(1), and catastrophic intracranial bleed (1). Deaths occurred
a median of 19 days after diagnosis (range 0-155). One
additional death occurred unexpectedly after a collapse at
home over 100 days post recovery from an ambulatory case
of COVID-19; autopsy revealed an acute right coronary
artery thrombosis; we did not attribute this death to
COVID-19 in our analysis. Two of the 15 deaths occurred
within 3 years of transplant; one occurred in the first year.

Several major complications were noteworthy: 19
patients were treated for confirmed or suspected secondary
infection, 11 had de novo renal replacement therapy started,
and 2 patients suffered new venous thromboembolism,
although data on the latter was only available on 77 patients
due to this question’s later addition into the collection
forms; thus, our estimated prevalence was 3% (2/77).
Despite the high frequency of elevations in troponin and B-
type natriuretic peptide (Table 3), only 1 patient had new
heart failure during their disease course. Selected SARS-
CoV-2 treatment and other hospital outcomes are shown in
Table 4. Over half of symptomatic patients had immuno-
suppression regimens reduced at diagnosis.
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Table 4 Selected Illness Course Details and Outcomes

Ambulatory patients

Hospitalized patients All symptomatic patients

n=29 n=63 n=292
Severe disease criteria met = 24 (38%) 24 (26%)
Mechanical ventilation — 20 (32%) 20 (22%)
New renal replacement therapy = 11 (17%) 11 (12%)
Use of vasopressors = 13 (21%) 13 (14%)
Died — 15 (24%) 15 (16%)
Immunosuppression reduced 4 (14%) 48 (76%) 52 (57%)
Selected treatments
Remdesivir 0 (0%) 11 (17%) 11 (12%)
Convalescent plasma 0 (0%) 11 (17%) 11 (12%)
Tocilizumab 0 (0%) 6 (10%) 6 (7%)
Dexamethasone or other pulsed steroid 0 (0%) 19 (30%) 19 (21%)
Values are n (%).
Immunosuppression Discussion

The most common immunosuppression regimen was the
combination of a CNI with an antimetabolite, used by
37% of patients. An additional 21% used a CNI, an anti-
metabolite, and prednisone at baseline; 16% used a CNI
with prednisone, and 13% used a CNI with a PSI (7
with prednisone and 6 without). Other regimens
accounted for the other 13%, including 5 patients (5%)
not using a CNI at baseline. In total, 47 patients were
taking prednisone at the time of diagnosis; 33/47 (70%)
were taking 5 mg/day or less, 43/47 (91%) were taking
10 mg/day or less, and the remaining 4/47 (9%) were
taking > 10 mg/day. Among these patients on predni-
sone, 33 (70%) were admitted and 13 had severe dis-
ease. Among the 52 patients who were not on
prednisone, 29 (56%) were admitted and 11 had a severe
disease. Prednisone use was not associated with a signif-
icant increase in either admission (p = 0.20) or severe
disease (p = 0.60). Dichotomizing on high dose (> 10
mg/day) did not meaningfully change our findings. Use
of tacrolimus was less common among patients with
severe disease (88% vs 67%, p = 0.03).

While both age > 60 years and time since transplant
were not statistically associated with more severe dis-
ease, confidence intervals were wide and did not exclude
large positive associations between both risk factors and
poor outcomes (Figure 2). Age >60, adjusted for time
since transplant, was associated with an over 7-fold
increase in odds of death, (odds ratio [OR] 7.6, 95%
confidence interval [CI] 1.9-51) (Figure S1). Adjusted
for age and time since transplant, use of a PSI (n = 15
patients) was significantly associated with a more severe
COVID-19 course (OR 6.8, 95% CI 1.3-41). Compared
to the most common drug regimen of CNI and antime-
tabolite, a “triple therapy” regimen of CNI with antime-
tabolite and prednisone was associated with increased
odds of severe COVID-19 (OR 7.3, 95% CI 1.8-36) and
death (OR 17.8, 95% CI 2.1-245) after adjustment for
age and time since transplant.

This multi-center registry represents the largest descriptive
series of heart transplant recipients with COVID-19. We
describe the clinical characteristics and outcomes of this
patient population, finding a high mortality among heart
transplant recipients with COVID-19 of 15%. Contrary to a
previous report which suggested that baseline prednisone
use was associated with more mild disease,2 we did not find
evidence of a protective effect of prednisone therapy in our
cohort. We found that older age is strongly associated with
death from COVID-19, and that both PSI-based immuno-
suppression regimens and “triple therapy” regimens with
CNI, antimetabolite, and prednisone were both associated
with more severe COVID-19 courses compared with stan-
dard immunosuppression with CNI and antimetabolite
alone. Finally, some clinical and laboratory factors on pre-
sentation, such as tachypnea, elevated ferritin, troponin,
and aspartate aminotransferase were associated with
increased odds of severe clinical course.

Death or severe illness, defined as vasopressor therapy,
new renal replacement therapy, or mechanical ventilation,
were observed in 24% of patients and well over half (64%)
of patients required hospitalization. This hospitalization
rate was far higher than the 14.0% hospitalization rate
observed among U.S. adults (median case age 48 years)
during a time period mostly contemporaneous with our
study. Our overall case fatality rate of 15% was also consid-
erably higher than the 5.4% quoted in that study. However,
our asymptomatic case rate was almost double (7% vs 4%),
suggesting that this difference was not due to underdiagno-
sis of mild cases in our population.® Data published later in
the course of the pandemic suggests a true infection fatality
rate in the general population significantly lower, under
1%, depending on case age mix, providing a more dramatic
contrast with our data.’ However, because disease inci-
dence rates, testing and other resource availability varied
considerably across the county during the early phases of
COVID-19 in 2020, direct comparisons to other reports
should be considered in context. For example, estimates of
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Risk Factor
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Calcineurin inhibitor L
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Immunosuppression Regimens
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< Less severe

OR [95% CI] P-value
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Figure 2

Association of immunosuppressive regimen with odds of severe COVID-19.0dds ratios (OR) for severe disease (vs non-severe

disease) among heart transplant recipients diagnosed with COVID-19. Figure shows the result of three different models, one for risk factors
of age and time since transplant, a second for individual immunosuppression agents (adjusted for age and time since transplant), and a final
for combination regimens (again adjusted for age and time since transplant). CNI = calcineurin inhibitor; AM = antimetabolite;
PSI = proliferation signal inhibitor. Patients on the combination of CNI and PSI were grouped together whether or not they also took predni-

sone due to low numbers.

mortality among hospitalized patients ranges considerably,
and is dependent on hospital resources and threshold for
admission. In a meta-analysis, mortality among hospitalized
COVID-19 cases in North America was 21%, slightly lower
than our estimate of 24%.°

Deaths were usually due to complications of COVID-19
infection, including secondary infection, hypoxic respira-
tory failure, shock and multi-organ failure. One patient died
unexpectedly of acute coronary thrombosis over 3 months
after a symptomatic infection with SARS-CoV-2 which did
not require hospitalization. Despite a pro-thrombotic milieu
which is known to be one of the consequences of COVID-
19,7 we could not confidently attribute this death to the
virus, and did not include this death in our mortality figures
or other analyses.

Epidemiology

Included transplant centers reported a total of 4,841 living
heart transplant recipients under management in 2020, for a

COVID-19 incidence rate of 20.5 cases per 1,000 persons
through October 31. This is below the U.S. national cumu-
lative incidence of 27.9 cases per 1,000 persons during the
same period.” However, care should be taken in interpreting
this figure as although participating sites were distributed
across the U.S., the sex, age, and specific geographic break-
down of the transplant recipient population at risk would
not be expected to reflect that of the entire country.

We noted a high proportion of COVID-19 cases among
persons self-identified as Black race (42% of cases). Con-
versely, data from the Organ Procurement and Transplanta-
tion Network showed that at the 11 participating centers
from 2013 to 2019, transplant recipients were 74% white,
15% Black, 4% Asian, and 7% other, markedly different
from the racial composition of infected persons of 44%
white, 42% Black, 4% Asian, and 9% other (p < 0.0001). To
account for geographic variation in intensity of the pandemic
during the study period, we re-ran the comparison with
weighting for case incidence at each center and found
the result unchanged. Such a finding mirrors that of the
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pandemic in the U.S. at large, where Blacks face a dispropor-
tionate share of disease burden, a reflection of underlying
economic and societal inequities.”'” We note that severe out-
comes or death in our cohort were not associated with race.

The current literature published on COVID-19 in heart
transplant recipients consists of single center or relatively
smaller series, with mortality ranging from 10% to 35%,
and mortality among the hospitalized ranging from 32% to
41%.">""'? Rivinius et al. published a multicenter survey
of all heart transplant patients with COVID-19 infection in
Germany, reporting 38% rate of severe disease and 33%
mortality.'” Tacovoni et al. described the Italian experience
of 26 heart transplant patients, with mortality rate as high
as 27%.” A second Italian case series of 47 patients reported
a 30% mortality.” Latif and colleagues described the experi-
ence of an academic center in New York, with total of 28
patients with mortality rate of 25%." We note that our
cohort, comprised of less than 50% self-identified white
race, is considerably more diverse than that described in the
Asian and European reports. Compared to the previous larg-
est report (Bottio, et al., 47 Italian patients), our cohort is
slightly younger (57 vs 62 years) and has a slightly shorter
mean time since transplant (8.6 vs 10.5 years).

The variability in the mortality rate is likely to be multi-
factorial, and may reflect the timing of the COVID-19 dis-
ease and evolution in management strategies and therapies.
Although our registry’s current mortality rate is at the lower
end of previous publications of heart transplant patients, it
is clearly higher than the mortality rate of the general popu-
lation. This may be secondary to the rate of comorbidities
in this patient population, but may also reflect the immuno-
compromised physiology of these patients. Another consid-
eration is that 70% of the hospitalized patients in our cohort
were treated entirely at the primary transplant institution, a
number which increases if patients transferred in from out-
side hospitals are included. Along with the number of
asymptomatic patients included here, this likely reflects
that our study was conducted during the early and mid-
phases of the epidemic in the U.S., where resources such as
tertiary care beds and testing supplies were not as con-
strained as during the hyperacute surge captured in the
Northern Italian cohorts, for example.

We found that older patients were more likely to die
from COVID-19, and that patients who were over five years
post-transplant, independent of age, had a trend toward
increased disease severity, although the latter was not statis-
tically significant. This suggests that in a post-transplant
population, similar to the non-transplant patients, accumu-
lated comorbidities and complications, frailty, or other
unmeasured factors may predispose to morbidity and mor-
tality from COVID-19. We observed higher prevalence of
comorbidities among patients with severe illness, congruent
with previous reports,” however relativity small numbers
may have limited overall statistical power.

Clinical presentation

The clinical presentation of heart transplant recipients may
be challenging, with only 51% of the patients presenting

with a history of subjective or objective fever. Tachypnea
and oxygen requirement at presentation were associated
with severe clinical course, however hypotension at presen-
tation was not predictive of disease severity. Importantly,
88% of patients with respiratory rate < 20 on presentation
had mild disease, which may play a role in the risk stratifi-
cation of this patient population. Like in the general patient
population, lymphopenia was very common, although it
was not associated with severe clinical course. Elevated
creatinine, troponin and ferritin levels at presentation were
associated with severe clinical course. This finding supports
the theory that like in the general population, severe clinical
course in heart transplant recipients may reflect an inflam-
matory state, or cytokine storm, despite chronic immuno-
suppression therapy.

Contrary to a prior report, we show that systemic ste-
roids (i.e. chronic therapy with prednisone) was not protec-
tive from severe COVID-19 disease. This may be
secondary to the fact that most of the patients were on
chronic low dose prednisone dose, which may not suffice to
suppress the immune system and to prevent cytokine storm.
However, as a sensitivity analysis, we stratified prednisone
dose (none, 1-5 mg/day, and > 6 mg/day) and found similar
results. We did find, however, that patients taking “triple
therapy” with a CNI, antimetabolite and prednisone were
significantly more likely to have a severe disease course,
even after adjustment for age and time since transplant. It is
possible that this more intensive immunosuppression regi-
men may predispose to increased risk of secondary infec-
tion, although we do not have adequate power to detect
this. As an alternate theory, in the modern immunosuppres-
sion era, 80% of patients are maintained on CNI and anti-
metabolite (without prednisone),'” making the use of triple
therapy a possible marker for unmeasured confounding
patient factors. A similar explanation is likely to account
for our finding of an association between PSI-based regi-
mens and severe disease. However, care should be taken
not to over-generalize associations between baseline immu-
nosuppression and outcomes as practice patterns are hetero-
geneous and there were limited numbers of patients taking
certain regimens in our cohort.

As expected, most of the transplant recipients (64%)
were admitted at presentation. Given that 7% of the patients
were asymptomatic, the vast majority of the symptomatic
heart transplant patients with COVID-19 were admitted.
This reflects the appropriate concerns of physicians regard-
ing the unfavorable outcomes of this patient population, as
is reflected by the high mortality rate of our registry.

Limitations and conclusions

Our study has limitations that align with its retrospective
characteristics as well as to the different clinical practice of
different programs in the registry. Moreover, 4 patients in
our cohort were diagnosed retrospectively via antibody test-
ing, and 11 other patients had a positive rt-PCR test for
screening purposes; both of these considerations make it
difficult to determine the true incidence of disease among
all transplant recipients under the care of participating
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centers. Practice patterns of testing and screening were sim-
ilar across participating centers: all sites in our registry
used pre-procedure (surgery, endoscopy, or catheterization)
rt-PCR screening in all or most patients. Nine of 11 rou-
tinely tested all patients on hospital or emergency depart-
ment admission and none used routine in-office testing for
asymptomatic patients. No centers used antibody testing in
transplant patients except in cases with high clinical suspi-
cion. Our work is not intended to determine the true inci-
dence of disease among transplant recipients. However, our
experience of COVID-19 among heart transplant recipients
at 11 high-volume centers in the U.S. would likely general-
ize widely.

In conclusion, we present the largest case series of heart
transplant recipients with COVID-19 infection and describe
the main clinical, laboratory findings, and associations of
immunosuppression regimen with outcome. Our findings
suggest that heart transplant recipients are at high risk of
morbidity and mortality from COVID-19 compared to the
general population. Understanding the unique clinical
course of COVID-19 among heart transplant recipients is
essential in an effort to improve their outcomes and may
help motivate continued vigilance to mitigation measures
and spur vaccination efforts for this vulnerable patient pop-
ulation.
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