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Abstract

The impact of SARS-CoV-2 infection on heart transplant recipients is unknown. Literature is limited to case reports and
series. The purpose of this study is to identify the clinical features, outcomes, and immunosuppression strategies of heart
transplant recipients with COVID-19 infection. A systematic review was conducted using the search term “Coronavirus”
or COVID,” “SARS-CoV-2,” “cardiac transplantation,” and “heart transplant.” Case reports and retrospective studies were
gathered by searching Medline/PubMed, Google Scholar, CINAHL, Cochrane CENTRAL, and Web of Science. Thirty-three
articles were selected for review. We identified 74 cases of SARS-CoV-2 infection in heart transplant and heart-kidney trans-
plant recipients. The mean age was 60.5 +15.8 years, and 82.4% were males with median time from transplant of 6.5 years.
Commonest symptoms were fever, cough, and dyspnea, but new left ventricular (LV) dysfunction was rare. Leukocytosis,
lymphopenia, elevated inflammatory markers, and bilateral ground-glass opacities were common. Mortality was high, with
particularly poor survival in patients who required intensive care unit (ICU) admission and older patients. Immunosuppression
involved discontinuation of antimetabolites and steroids. COVID-19 infection in heart transplant (HT) recipients presents
similarly to the general population, but new onset of LV dysfunction is uncommon. Immunosuppression strategies include
increase in corticosteroids and discontinuation of antimetabolites.
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Introduction

The first case of coronavirus disease 2019 (COVID-19)
was diagnosed in December 2019 in Wuhan, China. This
novel infectious disease, which is caused by the severe
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acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has grown into a pandemic with devastating consequences
globally [1]. There is a wide variance in clinical manifesta-
tions of the disease ranging from asymptomatic, mild upper
respiratory symptoms to acute respiratory distress syndrome,
multiorgan failure, and death.

Solid organ transplant recipients are perceived to be
at greater risk for severe COVID-19 infection because of
their chronically immunosuppressed state. However, there
are suggestions that severe COVID-19 results from a sys-
temic hyper-inflammatory state and that immunosuppressive
therapy may even be beneficial in selected cases as it may
mitigate systemic inflammation [2].

Previous reports analyzed all solid organ transplant
recipients with COVID-19 together without making any
distinction as to which organ transplant was received by
the patient [3]. Recipients of other organs may have dif-
ferent clinical course and outcomes than heart transplant
(HT) and heart-kidney transplant (HKT) recipients based
on differential survival or immunosuppression strategies.
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Existing single-center reports on SARS-CoV-2 infection
tend to lump all the patients and do not account for individ-
ual patient differences, neither do they provide granular data
on the individual immunosuppression strategies employed
[4]. Cardiac damage of varying severity, from mild tro-
ponin elevation to fulminant myocarditis, is not uncommon
in COVID-19, but it is unclear how these manifest in the
transplanted heart.

Lack of a clear strategy for immunosuppression manage-
ment in HT and HKT recipients infected with SARS-CoV-2
may predispose them to a worse outcome. Optimal manage-
ment of immunosuppression in HT recipients infected with
SARS-CoV-2 remains unclear.

To address some of these concerns, we analyzed the lit-
erature on COVID-19 and systematically reviewed the case
reports and series where individual patient data were pre-
sented. Papers were limited to 2020 and 2021 to reflect the
changes in patterns of management during the pandemic,
geography heterogeneity with subsequent differentials in dis-
ease and immunosuppression management strategies, and
which could reflect more of a real-world experience than
being limited to single-center registries.

Our objectives were to include a broader number of HT
recipients to better characterize their clinical characteristics,
modes of presentation, and, importantly, immunosuppres-
sion strategies and clinical outcomes.

Materials and methods

Protocol and registration

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist was adhered to for this
systematic review [5]. The protocol was not registered.
Eligibility criteria

Inclusion criteria

Case reports and case review articles that reported on HT
and HKT recipients in association with COVID-19 were
included.

Exclusion criteria

Studies were excluded if (1) articles were not case reports,
case series of observational studies; (2) articles were reviews
or editorials; or (3) articles were single-center case series

without individual-level patient data. Only articles in the
English language were selected.
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Information sources and search strategies

A comprehensive literature search was completed using Med-
line/PubMed, Google Scholar, CINAHL, Cochrane CEN-
TRAL, and Web of Science databases up to and including
27 August 2021, using the terms “Coronavirus,” COVID-19,
SARS-CoV-2 in combination with “cardiac transplantation,”
“heart transplant,” and “heart-kidney transplant.” We analyzed
the literature on COVID-19 (from January 1, 2020, to August
27,2021) and systematically reviewed the case reports and
series with complete individual patient data were presented.
Patient demographics, clinical characteristics, laboratory data,
management of immunosuppression, and treatment were col-
lected. Outcomes were recorded for all patients. Categorical
variables are presented as counts with percentages.

Study selection

Articles were triaged based on whether titles or abstracts met
the inclusion criteria. Full-text articles were then read, and
those that did not satisfy the inclusion criteria or fit exclu-
sion criteria were excluded. After removing publications that
met the exclusion criteria, the remaining publications were
further screened for inclusion and exclusion criteria by read-
ing the full-text publications.

Data collection process and data items

Data extracted from articles included the name of first
author, year and country of publication, and study design.
Patient variables including age, sex, duration of transplant,
and presenting complaints on admission were obtained from
all studies. Laboratory tests and diagnostic studies, as well
as general and immunosuppression management strategies
and patient outcomes, were obtained.

Synthesis of results and summary of measures

Information was assessed directly from the case articles.
Data were tabulated, evaluated, and summarized.

Risk of bias of the included studies

Potential biases of the included studies were analyzed utilizing
the study characteristics. The first author evaluated the meth-
odological quality of the eligible studies. The Joanna Briggs
Institute critical appraisal tool for case reports was selected for
use in this systematic review [6]. The presence of bias was
determined for each article using a checklist the eight ques-
tions included in Table 1. The articles received scores to indi-
cate their degree of biases; low (included), high (excluded),
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or uncertain (more information is required). For this study, if
“yes” was answered for half or more of the eight questions on
the checklist, the study was at low risk of bias. Similarly, an
answer of “no” to half or more of the eight questions meant
the study was determined to be at high risk of bias, whereas
“unclear” answers were equal to or greater than 50% response.

Results
Study selection

Five databases were used to find 2818 articles related to
COVID-19 infection in HT and heart-kidney transplant recipi-
ents. Thirty-three studies were then deemed eligible for inclu-
sion in this review [7-39]. A PRISMA flow diagram detailing
the process of identification, inclusion, and exclusion of stud-
ies is shown in Fig. 1.

Study characteristics

Of the thirty-three studies, eleven were retrospective case
series [7, 11, 14, 19, 20, 26, 29-33, 38, 39], while twenty-
two were case reports [8—10, 12, 13, 15-18, 21-25, 27, 28,
34-37]. All were peer-reviewed. All articles were published
in 2020 and 2021. The total number of patients included in
the review is 74.

Risk of bias within the studies

In comparison of the case reports, all the articles were deter-
mined to have a very low risk of bias. All the retrospec-
tive studies were rated as having low risk of bias. One case
report had an intermediate risk of bias [13]. These results are
included in Table 1.

Results of individual studies

Categorical variables were described as number (%) and con-
tinuous variables were described with mean + standard devia-
tion or median (IQR), as appropriate.

The search identified 2818 publications. After removing
duplicates and screening for exclusion and inclusion criteria,
33 publications were included in the analysis (Fig. 1). A sum-
mary of findings from all studies is presented in Table 2.

Synthesis of results

Patient profiles

We identified 74 cases of SARS-CoV-2 infection in heart
transplant recipients with data available on individual

patients. The mean age was 60.5 +15.8 years, and 82.4%
were males.

The reports came from 9 countries, including 27 (36.4%)
from North America, 27 (36.4%) from Europe, 18 (24.3%) from
South America, and 2 (2.7%) from Asia. In total, 68 (91.8%)
were HT recipients, while 6 (8.1%) were HKT recipients and 55
(74.3%) were > 1-year post-transplant. The youngest HT recipi-
ent infected with COVID-19 who deteriorated and underwent
retransplantation was a 22-year-old woman in France [21].

Patients were identified based on testing positive for
COVID-19, having a prior HT or HKT. Immunosuppression
was assessed based on (1) background immunosuppression;
(2) changes in immunosuppression while admitted and then
selected clinical outcomes were evaluated.

Presenting complaints

The median time from symptom onset to presentation was
3.5 (2.75-7) days, and fever (59.4%) and cough (59.4%)
were the most prevalent symptoms, followed by dyspnea
(47.2%), diarrhea (33.8%), and myalgia (25.6%). Fatigue
(12.2%), anosmia (12.2%), anorexia (9.4%), and rigors
(8.1%) were less common. Bilateral pulmonary infiltrates
were seen on chest X-ray in 44 (59.4%) of patients, absent
or not, reported in the rest.

The mean temperature recorded was 38.2+0.8 °C, and
the mean blood pressure was 123/79 +15.6/11.1 mmHg. The
distribution of presenting complaints and associated symp-
toms is found in Table 3.

Past medical history

Of the cohort with fully reported comorbidities, the dis-
tribution of comorbidities was as expected from a post-
transplant population. Hypertension was reported in 50%,
diabetes mellitus in 36.4%, and chronic kidney disease in
31.1% patients and there was significant overlap of these
comorbidities in the same patients. The list of comorbidities
is also found in Table 3.

Laboratory tests

A summary of laboratory tests is found in Table 4. Mean
white blood cell (WBC) count was normal at 6027 + 3383
cells/mm?>, and C-reactive protein (CRP) levels were increased
at 42.6 +£48.2 mg/L. Oxygen saturation and arterial blood gas
was unavailable for most studies. Some studies reported either
increased troponin-T [7, 9, 14, 19, 24, 25, 27] and/or NT-pro
brain natriuretic peptide (NTproBNP) [11, 25].

Diagnostic studies

A list of the diagnostic tests and imaging techniques uti-
lized in the studies is provided in Table 5. All patients were
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Table 1 (continued)

Total score

Does the case
report provide

take away
lessons?

Were adverse

Was the post-
intervention

Were diagnostic ~ Was the

Was the patient’s

Were the patient’s Was the patient’s

demographic

Reference, publi-
cation year

events (harms)
or unanticipated

intervention
or treatment
procedure(s)

tests or assessment
methods and

clearly described? results clearly

clinical condition
on presentation

history clearly

clinical condition

described and

characteristics

clearly described? events identified

clearly described? presented as a

and described?

clearly described?

described?

timeline?

100%

v

Soriano et al. [38]

62.5%
50%

v
v
v

Soquet et al. [21]

Sperry et al. [22]

100%

Tchana-Sato et al.

[39]
Vaidya et al. [23]

Vilaro et al. [24]

100%
100%

v
v

confirmed COVID-19 positive. In patients who underwent
chest imaging with computed tomography (CT) scans or
chest X-rays (CXR), bilateral infiltrates and ground-glass
opacities were discovered in 59.4% of patients.

In five of the studies, 2-D echocardiography revealed
decreased LV ejection fraction (EF) [11, 14, 24, 28, 32].
Of the five studies, one did not undergo repeat endo-
myocardial biopsies due to a recent negative biopsy and
the other who had severe biventricular dysfunction that
required retransplantation had an endomyocardial biopsy
that ruled out acute humoral rejection and no mention
was made of viral particles within the myocardium or
inflammation [21]. The last case [28] had no evidence of
acute cellular rejection (grade OR) or antibody-mediated
rejection and ejection fraction and recovered after 4 days
spontaneously.

General management strategies

In terms of anti-inflammatory, antiviral therapies, and
immunomodulators, steroids were used most (39.2%),
hydroxychloroquine was given to 37.8% and remdesivir
t0 9.4%, and other anti-viral agents such as lopinavir/rito-
navir (5.4%), favipiravir (1.3%), and ganciclovir (2.7%)
were rarely used. The use of interleukin 6 (IL-6 inhibi-
tors) mainly tocilizumab and clazakizumab was infrequent
occurring in only 9.4% of the cohort. The utilization of
antibiotics was common in 25.6% of patients.

The use of vasopressors, human immunoglobulin, renal
replacement therapy (excluding long term dialysis) (4%),
and venoarterial extracorporeal membrane oxygenation (VA
ECMO) (2.7%) was rare. An outline of the management and
immunosuppressive therapies used is outlined in Table 6.

Immunosuppressive management strategies

In a majority of patients, 40 (54.1%) were on triple regi-
men of immunosuppression with either an anti-metabolite
(mycophenolate mofetil (MMF), mycophenolic acid (MPA)
or azathioprine), calcineurin inhibitor (CNI) (tacrolimus or
cyclosporine), steroid, or mammalian target of rapamycin
inhibitor (mTOR1) (sirolimus or everolimus). Single agent
for immunosuppression was rare. Of the patients on triple
regimen, the commonest combination was an anti-metabolite,
CNI, and steroid combination (48.6%) of the patient.

A 2-drug immunosuppression regimen of anti-metabolite
and CNI was seen in 59.4% of patients.

The commonest strategy of managing immunosuppres-
sion while admitted was discontinuing or reducing the dose
of the anti-metabolite in 36 out of the 63 patients (57.1%) on
anti-metabolites. Anti-metabolite dose was reduced in 12 of
the 63 patients (19%) and held while admitted in 24 of the 36

@ Springer
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Fig.1 Flow diagram of literature search and selection criteria adapted from the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA)

patients (38.1%). There was no change in immunosuppres-
sion in 20 of the 74 patients (27%) on immunosuppression.
The CNI was decreased or stopped at some point in the man-
agement course in 11 out of the 64 patients (17.4%) on CNI.

Outcomes

Patient outcomes were included in most of the case reports
and case series. Among cases with fully reported data, the
median length of stay was 13 days.

Most patients (n =68, 91.8%) were hospitalized and 5
(6.7%) were categorized as having mild COVID-19 and
treated as outpatients. Three patients (4.1%) remained inpa-
tient with uncertain outcome at the time of publication.

Fourteen deaths were reported—two patients died from
progressive ARDS and vasoplegic shock that progressed to
multiorgan system failure; the third patient had a signifi-
cant history of multiple cellular and humoral rejection, pre-
sented with cardiac arrest, and died. The fourth patient had
a hospital course complicated by ischemic cerebrovascular
accident and died. Other listed causes of death were sep-
tic shock, cardiogenic shock and acute respiratory failure,
cardiac arrest, and multi-system organ failure. Two patients

@ Springer

were inpatient at the time of case publication [19], while
55 patients were discharged home. Twelve patients required
ICU admission (16.2%) of the cohort. Survival in hospital-
ized patients was 80.2%, while that in patients admitted to
the ICU was very poor at 25%.

Outcomes were known for 69 patients: 55 survived, 14
died (mortality was 20.2%).

Risk of bias across the studies

Due to the nature of the descriptive studies, the results pre-
sented are liable to investigator bias, selection procedure
bias, and selection bias.

Limitation of the study

Most of the reports were observational in nature. Statistical
analyses were not performed as there were no control/com-
parison groups in the included studies. All the desired data-
sets were not available in all the reports and case series. The
therapies for COVID-19 were also changing rapidly during
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Table 2 Summary of included articles of transplant recipients infected with SARS-CoV-2

Reference number and publi- Country Type of study Patient profile (age in years, = Diagnosis
cation year sex)
Ahluwalia et al. [11] USA Retrospective study, single 26 M, 49 M, 50 M, 58 M, 61 F  Heart transplant

center
Ammirati et al. [12] Italy Case report 61 M Heart kidney transplant
Berg et al. [28] USA Case report 66 M Heart transplant
Ballout et al. [29] USA Retrospective study, single 21 M,23M,32M Heart kidney transplant, Heart

center transplant
Bosch et al. [13] Germany Case report 48 M Heart transplant
Carraffa et al. [14] Italy Retrospective study, single 50F, 62M,65M,69M, 71 M, Heart transplant

center 82 M
Decker et al. [15] Germany Case report 62 M Heart transplant
Felldin et al. [30] Sweden  Retrospective study, multiple 22M,50M, 62 F, 64 M, 65M, Heart kidney transplant, Heart

centers 67 M transplant
Fernandez-Ruiz et al. [31] Spain Retrospective study, single 38M, 63 M, 64 M, 67M Heart transplant

center
Fried et al. [25] USA Case report 51 M Heart kidney transplant
Fung et al. [16] USA Case report 42M Heart transplant
Gozzi-Silva et al. [32] Brazil Retrospective study, single 55F,62M Heart transplant

center
Guerreiro et al. [33] Brazil Retrospective study, single 22F,31M,55M Heart transplant

center
Holzhauser et al. [7] USA Retrospective study, single S9F,75M Heart transplant

center
Hsu et al. [27] USA Case report 39M Heart kidney transplant
Isik et al. [34] Turkey Case report 55M Heart transplant
Jang et al. [17] USA Case report 67M Heart transplant
Kadosh et al. [18] USA Case report 56 M Heart transplant
Kates et al. [10] USA Case report 73 M Heart transplant
Liet al. [26] China Retrospective study, single 43 M, 51 M Heart transplant

center
Lima et al. [19] USA Retrospective study, single 45M,62M, 67M, 68 M, 68 F, Heart transplant

center
Mangiameli et al. [35] France Case report 55M Heart transplant
Martens et al. [36] Belgium  Case report 60 M Heart transplant
Mathies et al. [9] Germany Case report 7TM Heart transplant
Mattioli et al. [8] Italy Case report 62 M Heart transplant
Schreiber et al. [37] USA Case report 67F Heart transplant
Schtruk et al. [20] Brazil Retrospective study, single 47M, 54 M Heart transplant

center
Soriano et al. [38] Brazil Retrospective study, single 35F,37M,44M,50M, 51 M, Heart transplant

center 52F, 67M,69M, 73 M, 74

M, 79, M

Soquet et al. [21] France Case report 23 F Heart transplant
Sperry et al. [22] USA Case report 37TM Heart transplant
Tchana-Sato et al. [39] Belgium  Retrospective study, single 56 F,59M Heart transplant

center
Vaidya et al. [23] USA Case report 61 M Heart transplant
Vilaro et al. [24] USA Case report 50 M Heart kidney transplant
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Table 3 Most common clinical manifestations among patients with
heart and heart-kidney transplant and SARS-CoV-2 infection

Table 5 Common findings on diagnostic tests of COVID-19 infection
in heart and heart-kidney transplant recipients

Symptom N (%)
Fever 44/74 (59.4)
Cough 44/74 (59.4)
Dyspnea 35/74 (47.2)
Diarrhea 25/74 (33.8)
Fatigue 9/74 (12.2)
Anosmia/nasal congestion 9(12.2)
Time from symptom onset to presentation, days, 3.5 (2.75-7)

median (IQR)
Comorbidities and transplantation-related compli-
cations
Hypertension 37/75 (50.0)
27/74 (36.4)

23/74 (31.1)

Diabetes mellitus
CKD stage > 111

the first 9 months of the pandemic and could have impacted
management patterns and outcomes.

Discussion
Outcomes

Our review involves the first 20 months of the COVID-19
pandemic, geography heterogeneity with underlying differ-
entials of disease management, which could reflect more of
a real-world experience than being limited to single-center
registries.

We found that SARS-CoV-2 infection in HT and HKT
recipients in our cohort had a worse mortality (20.2%) than
SARS-CoV-2 infection in the general US population [40].
Pulmonary involvement and severe infection correlated with
the need for ICU admission and portended a low risk of sur-
vival. Despite being immunosuppressed, 80.8% of patients

Tests Proportion recorded

from articles reviewed

Imaging (chest X-ray, CT)
Bilateral infiltrates/ground-glass opacities 59.4%
Echocardiography

Decreased LVEF 6.7% [11, 14, 24, 28, 32]

with at least moderately severe disease requiring hospitaliza-
tion survived SARS-CoV-2 infection.

Bottio et al. [4] in the Northern Italy series and Granger
et al. [41] from France have recently published multi-
center registries documenting outcomes of HT recipients
with SARS-CoV-2 infection. Older age, diabetes mellitus,
peripheral vascular disease, previous percutaneous coro-
nary intervention, lower eGFR, and higher NYHA func-
tional class were significantly associated with in-hospital
mortality and immunosuppressive drugs were reduced in
all hospitalized patients. The French series [41] observed an
overall 56% excess year over year (from March-June 2019
to March—June 2020) excess mortality during the early out-
break of COVID among HT recipients. Diabetes mellitus
or chronic kidney disease stage > I1I was associated with
greater risk of mortality.

A propensity score-matched analysis of mortality in solid
organ transplants with COVID-19 found that older age, higher
CRP, and serum creatinine levels were associated with higher
mortality but the observed mortality and clinical outcomes
were similar in transplant recipients to those seen in the non-
transplant population [42]. While most of the therapies were
considered experimental in the early days of the pandemic,
randomized data has subsequently confirmed the efficacy of
intravenous steroids [43], tocilizumab [44], and remdesivir
[45] and the inefficacy of hydroxychloroquine [46, 47].

Table 4 Trends of laboratory

. Vital signs Trends (Standard
values of COVID-19 patients range)
with heart and heart-kidney
transplants Temperature Elevated [7, 10, 14-16, 19, 20, 23, 26] (<37.5)

Systolic blood pressure, mmHg Decreased (90-120)
Diastolic blood pressure, mmHg Decreased [19] (60-80)

Inflammatory markers
WBC, cells/mm®

CRP, mg/L

ESR, mm/h

Cardiac biomarkers
Troponin-T, ng/mL
BNP, pg/mL
NT-proBNP, pg/mL

Elevated [19] (4500-11,000)

Elevated [7, 8, 11, 14-16, 18, 19, 23-26] (<8.0)
Elevated [9, 11, 23] (<20)
Elevated [7, 9, 14, 19, 24, 25, 27)] (<0.04)
Elevated (<125)
Elevated [11, 25] (<125)
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Table 6 Strategies for
immunosuppression

N (%)

Maintenance immunosuppression
Anti-metabolites (mycophenolate mofetil/mycophenolic acid/azathioprine)
Calcineurin inhibitors (tacrolimus/cyclosporine)

mTOR inhibitor

Prednisone

Number of immunosuppressive medications on admission

1
2
3

Immunosuppression combinations

Anti-metabolite + calcineurin inhibitor

Anti-metabolite + calcineurin inhibitor + glucocorticoid
Immunosuppression strategies while admitted
Anti-metabolite dose reduction or dose held

Anti-metabolite dose held
Anti-metabolite dose reduction
mTOR inhibitor held

Calcineurin Inhibitors decreased or stopped
No change in immunosuppression

63/74 (85.1)
64/74 (86.4)
14/74 (18.9)
44174 (59.4)
N (%)

3/74 (4.1)
30/74 (40.5)
40/74 (54.1)

44/74 (59.4)
36/74 (48.6)
N (%)

36/63 (57.1)
24/63 (38.1)
12/63 (19)
2/14 (14.2%)
11/64 (17.4)
20/74 (27)

Importantly, left ventricular (LV) systolic dysfunction
was a presentation in 6.7% of patients and reassuringly
rejection was not seen in any of the cases, and this likely
represents COVID myocarditis.

It is important to compare our findings with other similar
analyses earlier during the pandemic. Latif et al. [48] in New
York had a report on HT recipients with COVID-19 within
the first 6 weeks of the pandemic. Most of the patients were
admitted for and (25%) required mechanical ventilation.
Most (76%) had evidence of myocardial injury and elevated
inflammatory biomarkers but none reported cardiac allograft
or LV dysfunction. Among patients managed at the study
institution, mycophenolate mofetil was discontinued in most
patients (70%), and only a minority (26%) had a reduction
in the dose of their calcineurin inhibitor. Iacovoni et al. [49]
had a similar report in Italy on HT recipients with COVID-
19 within the first 4 weeks of the pandemic and found that
seven out of 26 (27%) admitted patients died, while 17 (65%)
were admitted. Discontinuation of immunosuppression was
associated with death (71 vs. 21%, p=0.02) and patients
who died were older than survivors, had a longer time from
transplant, and a worse clinical presentation at diagnosis.

Implications forimmunosuppression strategies

In our case series, the reduction or cessation of anti-metabolites
and use of corticosteroids were a commonly used strategy. Cal-
cineurin inhibitors (CNI) were reduced in a minority of patients.
Despite the potential for mTOR inhibitors to worsen pneumonia,

it was only held in two out of five patients that were on it prior
to admission.

Practical consideration exists in management of immuno-
suppression in immunosuppressed HT and HKT recipients.

Firstly, severe immunosuppression can lead to greater
propensity to infection and worse outcomes. Holding
immunosuppressants can alleviate leucopenia and lympho-
penia and allow the body to mount a more robust immune
response.

Secondly, the cytokine storm syndrome associated with
SARS-CoV-2 infection is associated with higher levels of
inflammatory markers. Attenuation of the inflammation with
corticosteroids with reduction of inflammatory markers can
lessen the morbidity from SARS-CoV-2 infection.

Another third consideration will be the duration from
time of transplant and history of rejection. There may be
less flexibility with reduction of baseline immunosuppres-
sion in patients who are less than 1 year from HT with sig-
nificant rejection history. Sperry et al. [22] reported on the
potential for cell-free DNA to assess for allograft injury
and inflammatory markers, and to guide further decisions
on adjustment of immunosuppression therapy.

Although most programs maintained CNI at therapeutic
levels given the known risk of rejection from CNI with-
drawal, it is also important to note that protease inhibitors
such as ritonavir are potent inhibitors of the metabolism of
immunosuppressive drugs including CNI and must be used
with caution in transplant patients [50]. CNI are known to
affect kidney function; hence, close monitoring is impera-
tive when given concomitantly with lopinavir/ritonavir,
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especially in light of observed acute kidney injury in
COVID-19 patients and adverse effects on mortality [51].

Pneumonitis, a well-known side effect, should prompt
the cessation of mTORI in patients with pneumonia or
progressing to ARDS. Additionally, the metabolism of
mTORi and CNIs may be altered by anti-retroviral agents,
hydroxychloroquine, and IL-6 inhibitors, necessitating
dose reductions and drug level monitoring.

Although increasing corticosteroids and discontinued
antimetabolites is a strategy for immunosuppression in HT
patients with COVID-19 infection, the current evidence is
anecdotal only. A significant drawback of this strategy is
the possibility of developing allograft rejection.

Summarily, our immunosuppressive strategies are in
line with the International Society of Heart and Lung
Transplant (ISHLT) recommendations which recommend
considering holding mycophenolate mofetil, mMTOR inhibi-
tors, or azathioprine while admitted with moderate/severe
illness [52], although the guidelines were developed
after some of the cases were reported. Common drug-
drug interactions exist between medications used to treat
COVID-19 and transplant medications.

An important direction for designing future studies
of SARS-CoV-2 infection in organ transplant recipients
should include investigating the role of monoclonal anti-
bodies to COVID-19 which may play a significant role in
outcomes for HT patients with COVID-19.

Conclusion

Heart transplant (HT) recipients and heart-kidney (HKT)
recipients with COVID-19 infection have a worse survival
when compared to the general population, but a new onset
of LV dysfunction is rare and needs to be differentiated from
acute rejection. Most used alterations to immunosuppres-
sion strategies include corticosteroids and discontinuation
of antimetabolites. Further research is needed to advance
our understanding of COVID-19 infection in heart trans-
plant and heart-kidney transplant recipients especially with
regard to the use of monoclonal antibodies for COVID-19.
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