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Abstract
Background Immunocompromised patients are at
high risk of complicated severe acute respiratory
coronavirus 2 infection. The aim of this retrospective
study was to describe the characteristics and out-
comes of heart transplantation (HTx) recipients with
coronavirus disease 2019 (COVID-19) in the Nether-
lands.
Methods HTx patients from one of the three HTx cen-
tres in the Netherlands with COVID-19 (proven by
positive reverse-transcription polymerase chain reac-
tion or serology test result) between February 2020
and June 2021 were included. The primary endpoint
was all-cause mortality and the secondary endpoint
was disease severity.
Results COVID-19 was diagnosed in 54/665 HTx pa-
tients (8%), with a mean (±standard deviation (SD))
time after HTx of 11± 8 years. Mean (±SD) age was
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53± 14 years and 39% were female. Immunosup-
pressive therapy dosage was reduced in 37% patients
(20/54). Hospitalisation was required in 39% patients
(21/54), and 13% patients (7/54) had severe COVID-
19 (leading to intensive care unit (ICU) admission
or death). In-hospital mortality was 14% (3/21), and
all-cause mortality was 6%. Compared with patients
with moderate COVID-19 (hospitalised without ICU
indication), severe COVID-19 patients tended to be
transplanted earlier and had a significantly higher
mean (±SD) body mass index (26± 3 vs 30± 3kg/m2,
p= 0.01). Myocardial infarction, cellular rejection and
pulmonary embolism were observed once in three
different HTx patients.
Conclusion HTx patients were at increased risk of
complicated COVID-19 with frequent hospitalisation,
but the all-cause mortality was substantially lower
than previously described (7–33%).

Keywords Heart transplantation · HTx · COVID-19 ·
Coronavirus disease 2019

What’s new?

� Heart transplantation (HTx) recipients were at
increased risk of complicated COVID-19 with fre-
quent hospitalisation.

� HTx patients with severe COVID-19 were older,
more often had underlying ischaemic heart fail-
ure and more often presented with fever.

� In our cohort, the all-cause mortality rate (6%)
was substantially lower than previously reported
(7–33%), which could be explained by the avail-
ability of routine COVID-19 testing in the Nether-
lands and contact tracing provided by the Dutch
Municipal Health Service.
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Introduction

Coronavirus disease 2019 (COVID-19) has caused
a pandemic for over 2 years, affecting nearly 2 million
people in the Netherlands, with an overall mortality
rate of 0.3% as of 10 May 2022 [1]. Multiple patient
populations have been identified as having a high risk
of developing complicated severe acute respiratory
coronavirus 2 (SARS-CoV-2) infection, resulting in
a higher rate of hospitalisation, increased need for
mechanical ventilation support and higher risk of all-
cause mortality.

Although it has been hypothesised that immuno-
compromised patients are protected from cytokine
storm, both immunocompromised patients and pa-
tients with pre-existing cardiovascular diseases are
considered to be at high risk of complicated COVID-
19 [2, 3]. Heart transplantation (HTx) recipients are
part of both groups, having multiple cardiovascular
risk factors, such as hypertension and cardiac allo-
graft vasculopathy (CAV), as well as being immuno-
compromised to avoid rejection. Moreover, increasing
evidence suggests that the humoral and cellular re-
sponses after COVID-19 vaccination in patients after
solid organ transplantation are significantly impaired,
leading to a reduced antibody response [4–6]. There-
fore, even in the COVID-19 vaccination era, HTx
patients are considered a high-risk population [4–6].

Previous studies have shown COVID-19-related
mortality rates of up to 7–33% in HTx patients [2,
7–15]. However, these studies mainly consisted of
HTx patients requiring hospitalisation as patients
were included after consultation in the emergency
department. Patients with COVID-19 not requiring
hospitalisation might therefore have been missed,
which could have led to overestimation of the mor-
tality rate. In the Netherlands, routine testing and
contact tracing are available, allowing for identifica-
tion of COVID-19 patients who are not necessarily in
need of hospitalisation.

In this study, we aimed to describe the character-
istics and outcomes of COVID-19 in HTx patients in
a situation where routine testing and contact tracing
were available.

Methods

Study population

In this multicentre, retrospective, observational study,
we included HTx patients from all three HTx centres
in the Netherlands with proven COVID-19 between
27 February 2020 and 1 June 2021. Proven COVID-19
was defined as a positive reverse-transcription poly-
merase chain reaction (RT-PCR) test result or a posi-
tive serology test result.

Data collection and stratification

Data were extracted from electronic health records
and included information on cardiovascular risk fac-
tors, medication, aetiology of heart failure, time after
HTx, CAV and history of cellular rejection one year or
longer prior to COVID-19. Cardiovascular risk factors
were defined according to the corresponding guide-
lines [16–18]. Furthermore, data on symptoms dur-
ing COVID-19, laboratory results at presentation, im-
munosuppressive regiment during COVID-19, admin-
istration of dexamethasone, nadroparin and/or antivi-
ral medication, and duration of hospitalisation were
collected.

The study was approved by the local medical ethics
committees of the three transplant centres. Further-
more, all HTx recipients provided written informed
consent for collection of clinical data as part of a na-
tional ongoing quality improvement programme.

Endpoints

The primary endpoint of this study was all-cause
mortality, and the secondary endpoint was severity of
COVID-19.

Statistical analysis

For descriptive statistics, data were stratified by sever-
ity of COVID-19, defined as mild (not hospitalised),
moderate (hospitalised, no indication for intensive
care unit (ICU) admission) and severe (hospitalised
with ICU admission or death). Nominal variables were
expressed as number and percentage, whereas con-
tinuous variables were expressed as mean± standard
deviation (SD) or median and interquartile range
(IQR) depending on distribution.

Statistical analyses of binary variables were per-
formed using Pearson’s chi-square test to compare
three groups and chi-square test, or Fisher’s exact test
as appropriate, to compare two groups. For contin-
uous variables, one-way ANOVA or, if not normally
distributed, Kruskal-Wallis test was carried out to
compare three groups, and an independent t-test or
a Mann-Whitney U test, depending on distribution,
was use to compare two groups.

Data were analysed using SPSS Statistics for Mac,
version 27 (IBM Corp., Armonk, NY, USA). A p-value
<0.05 was considered statistically significant.

Results

Patient characteristics

Of the 665 HTx patients included between 27 Febru-
ary 2020 and 1 June 2021, 54 (8%) had proven COVID-
19. Fig. 1 shows the number of COVID-19 patients
by month and vaccination status. Characteristics of
the 54 patients during COVID-19 are shown in Tab. 1.

520 Characteristics and outcomes of COVID-19 in heart transplantation recipients in the Netherlands



Original Article

Mean (±SD) age was 53± 14 years, mean (±SD) time
after HTx was 11± 8 years and 39% were female. RT-
PCR and serology test results were positive for SARS-
CoV-2 in 52 and 2 patients, respectively. The two pa-
tients with positive serology had symptoms indicative
of prior COVID-19 and were not vaccinated at the time
of the test. Symptoms at presentation were upper air-
way complaints (63%), fatigue (61%), declined exer-
cise tolerance (52%), fever (48%), muscle ache (39%),
gastro-intestinal symptoms (22%) and anosmia (15%)
(see Table S1 in Electronic Supplementary Material).
Mild, moderate and severe COVID-19 occurred in 33
(61%), 14 (26%) and 7 patients (13%), respectively
(Tab. 1). Of all included HTx patients, 5 patients (9%)
were (partially) vaccinated against COVID-19 at the
time of diagnosis, of whom 4 required hospitalisation.

Compared with patients with less severe COVID-
19, those with severe disease were older at time of
infection (p=0.007), more often had ischaemic heart
failure as underlying cause prior to HTx (p=0.004) and
more often presented with fever (p=0.047). Although
not statistically significantly different, patients with
a history of cellular rejection one year or longer prior
to COVID-19, tended to more frequently suffer from
a more severe COVID-19 (p= 0.078) (Tab. 1).

As expected, the dosage of immunosuppressive
medication was lowered more frequently in hos-
pitalised patients (moderate or severe COVID-19)
compared with non-hospitalised patients with mild
COVID-19 (76% vs 18%, p<0.001), to stimulate vi-
ral clearance. The immunosuppressive mediation
dosage was gradually increased to normal towards
the end of hospitalisation or in the outpatient clinic
during the first week after discharge, depending on
the white blood cell count. Cardiovascular risk fac-
tors (Tab. 1), immunosuppressive medication use
(Tab. 1), cardiovascular medication (see Table S1 in
Electronic Supplementary Material) and laboratory
findings at presentation (see Table S1 in Electronic
Supplementary Material) were not different between
the subgroups (p>0.05).

Fig. 1 Number of heart
transplantation (HTx) pa-
tients with COVID-19 by
month and vaccination sta-
tus

In-hospital characteristics

Hospitalisation was required in 21 HTx patients
(38.9%), of whom 7 (33%) had an indication for ICU
admission. All hospitalised patients required oxygen
suppletion, and ICU admission was indicated in case
of respiratory insufficiency despite oxygen suppletion.
Median length of hospital stay was 8 days (IQR 4–14)
and this was significantly different for the group with
moderate COVID-19 (median 6 days, IQR 3–10) and
the group with severe disease (median 15 days, IQR
8–22) (p= 0.038). Critically ill patients requiring ICU
admission were admitted to the ICU for a median
duration of 8 days (IQR 6–17), after which they could
be transferred to the ward. One patient was not ac-
cepted for ICU admission due to comorbidities and
therefore stayed in the general ward with conservative
treatment.

In-hospital characteristics are also shown in Tab. 1.
Body mass index (BMI) (p=0.01) and ischaemic heart
failure as underlying cause prior to HTx (p= 0.017)
were more prevalent in patients with severe COVID-
19 compared with patients with moderate disease;
the same was true for fever at initial presentation
(See Table S1 in Electronic Supplementary Material)
(p= 0.024). Moreover, although not statistically differ-
ent, patients with severe COVID-19 tended to be older
and time from HTx was longer compared with those
with moderate disease. Not surprisingly, lowering
of immunosuppressive medication dosage occurred
more frequently in severely affected patients com-
pared with patients with moderate COVID-19 (86%
vs 71%). Antiviral medication was significantly more
frequently prescribed in patients with severe disease
compared with those in the moderate disease group
(p= 0.017).

Outcomes including post-COVID-19 symptoms

During the 15-month study period, 3 patients (6%)
died, all due to COVID-19 (Tab. 2). This accounted for
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an in-hospital mortality of 14% and an ICU-related
mortality rate of 43%. None of the ambulant patients
died from COVID-19.

All three deceased patients had severe COVID-19
and died within 10 days after hospital admission. Only
one patient was not admitted to the ICU due to severe

Table 1 Patient characteristics during COVID-19, overall and stratified by severity of COVID-19
Total Severity of COVID-19

Variable Patients (n= 54) Mild (n= 33) Moderate (n= 14) Severe (n= 7)

Age, yearsa 53± 14 48± 13 58± 13 63± 13

Time after HTx, years 11± 8 10± 8 9.1± 5 16± 9

Female 21 (39) 15 (45) 4 (29) 2 (29)

BMI, kg/m2b 26± 5 26± 5 26± 3 30± 3

Aetiology heart failure

– DCM 20 (37) 13 (39) 6 (43) 1 (14)

– HCM 7 (13) 6 (18) 1 (7) 0

– Ischaemica,b 12 (22) 5 (15) 2 (14) 5 (71)

– Congenital 4 (7) 1 (3) 3 (21) 0

– Myocarditis 2 (4) 2 (6) 0 0

– Genetic 2 (4) 2 (6) 0 0

– Sarcoidosis 2 (4) 1 (3) 1 (7) 0

– Toxic 2 (4) 2 (6) 0 0

– ARVC 3 (6) 1 (3) 1 (7) 1 (14)

Cardiovascular risk factors

– Diabetes mellitus 14 (26) 6 (18) 5 (36) 3 (43)

– Hypertension 45 (83) 27 (81) 11 (79) 7 (100)

– Hypercholesterolaemia 48 (89) 28 (85) 13 (93) 7 (100)

– COPD 3 (6) 1 (3) 1 (7) 1 (14)

– Dialysis 4 (7) 2 (6) 2 (14) 0

– CAV 20 (37) 12 (36) 3 (21) 5 (71)

– Rejection in the past 20 (37) 9 (27) 6 (43) 5 (71)

Immunosuppressive medication

– Mycophenolic acid 32 (59) 19 (58) 9 (64) 4 (57)

– Tacrolimus 46 (85) 30 (91) 12 (86) 4 (57)

– Ciclosporin 8 (15) 3 (9) 2 (14) 3 (43)

– Azathioprine 2 (4) 0 1 (7) 1 (14)

– Prednisone 25 (46) 14 (42) 6 (43) 5 (71)

– Everolimus 9 (17) 7 (21) 2 (14) 0

– Sirolimus 1 (2) 1 (3) 0 0

Dosage of immunosuppressive medication loweredc 22 (41) 6 (18) 10 (71) 6 (86)

COVID-specific medication

– Dexamethasone 8/21 (38) – 5/14 (36) 3/7 (43)

– Nadroparin 8/21 (38) – 5/14 (36) 3/7 (43)

– Antiviral medicationb 7/21 (33) – 2/14 (14) 5/7 (71)

– Interleukin-6 antagonist 1/21 (5) – 0 1/7 (14)

Hospitalisation characteristics

– Time in hospital, daysb 8.0 (3.5–14.0) – 6 (3.0–10.0) 15 (8.0–22.0)

– Time in clinical ward, days 6.5 (3.3–10.8) – 6 (3.0–10.0) 10 (5.5–16.5)

– Time in ICU, days 8.0 (5.5–16.5) – – 8.0 (5.5–16.5)

Data are mean ± standard deviation, n (%) or median (interquartile range)
HTx heart transplantation, BMI body mass index, DCM dilated cardiomyopathy, HCM hypertrophic cardiomyopathy, ARVC arrhythmogenic right ventricular car-
diomyopathy, COPD chronic obstructive pulmonary disease, CAV cardiac allograft vasculopathy, ICU intensive care unit
a0.01> p≥ 0.001 (comparison between mild, moderate and severe disease groups)
b0.05> p≥ 0.01 (comparison between moderate and severe disease groups)
cp< 0.001 (comparison between mild, moderate and severe disease groups)

comorbidities and died in the ward. Another patient
who was partially vaccinated died of COVID-19 in the
ICU.

Furthermore, during COVID-19 the following com-
plications occurred in three other patients: pul-
monary embolism, cellular rejection and myocar-
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Table 2 Outcomes stratified by severity of COVID-19
Total Severity of COVID-19

Outcome Patients
(n= 54)

Mild
(n= 33)

Moderate
(n= 14)

Severe
(n= 7)

Death 3 (6) 0 0 3 (43)

Deep venous thrombo-
sis

0 0 0 0

Pulmonary embolism 1 (2) 0 1 (7) 0

Transplant rejection 1 (2) 0 0 1 (14)

Myocardial infarction 1 (2) 1 (3) 0 0

Data are n (%)

Table 3 Post-COVID-19 symptoms
Severity of COVID-19

Symptom Patients
(n= 41)

Mild
(n= 26)

Moderate
(n= 12)

Severe
(n= 3)

P-
valuea

Fatigue 8 (20) 5 (19) 3 (25) 0 0.393

Declined exercise
tolerance

5 (12) 3 (12) 2 (17) 0 0.574

Anosmia 1 (2) 0 1 (6) 0 –

Agitation 1 (2) 0 0 1 (33) –

Data are n (%)
aP-value for difference between mild and moderate disease groups

dial infarction (MI) (Tab. 2). One patient developed
a pulmonary embolism after admittance to the ward,
despite treatment with low-molecular-weight heparin.
After 6 days in the ward, the patient was successfully
discharged and was switched from low-molecular-
weight heparin to an oral factor Xa inhibitor. The
patient who showed signs of transplant rejection suf-
fered from severe COVID-19 for which low levels of
immunosuppression were required; this was prob-
ably the cause of the observed transplant rejection
episode. Finally, the patient who suffered from MI
had a known history of CAV. As the MI occurred after
COVID-19, this was thought to be a ‘bystander effect’.

With regard to post-COVID-19 symptoms, data
were available for 41 cases, of whom 16 (39%) had
persistent symptoms of COVID-19, with a median
duration of 30 days (IQR 30–83). All post-COVID-19
symptoms are shown in Tab. 3.

Discussion

In this retrospective observational study, we examined
the characteristics and outcomes of 54 HTx patients
with COVID-19 in the Netherlands, where routine test-
ing for SARS-CoV-2 and contact tracing are available.
Compared with the general population, we found that
HTx patients were at increased risk of complicated
COVID-19, illustrated by a large need for hospitalisa-
tion (1.6% vs 38.9%) [1]. Although our ICU admission
rate (33%) was in line with those in previous studies
on HTx patients, our hospitalisation (39%), in-hospi-
tal mortality (14%) and all-cause mortality rates (6%)
were substantially lower than most that have been

previously described (see Table S2 in Electronic Sup-
plementary Material) [2, 7–15].

A possible explanation for the lower hospitalisation
and all-cause mortality rates is the nationwide avail-
ability of routine COVID-19 testing in the Netherlands.
At least 32 patients (59%) in our study did not present
in an emergency department but contacted the cardi-
ology department to notify they had been tested pos-
itive for SARS-CoV-2 by the Dutch Municipal Health
Service (GGD) per protocol. This suggests that previ-
ously reported mortality rates are an overestimation
due to selection bias, as those patients were mostly
included upon presentation in the emergency depart-
ment. Another explanation could be that during the
COVID-19 pandemic, the Municipal Health Service in
the Netherlands provided contact tracing. This led
to diagnosing mild COVID-19 cases that may have
gone undiagnosed in previous studies. Furthermore,
in comparison with other studies, our cohort was
younger, had a longer time since transplant, included
fewer cases of diabetes mellitus and had a lower BMI
[8, 11], which indicated a more favourable risk profile
and could further explain the lower mortality rate
we observed. Lastly, our population predominantly
consisted of COVID-19 during the second wave of
the COVID-19 pandemic in the Netherlands (Fig. 1),
which might be associated with a lower mortality rate
compared with infected transplant recipients during
the first wave [13].

Recent studies investigating organ transplant recip-
ients have established that HTx recipients have sim-
ilar COVID-19 outcomes as the overall transplanta-
tion population [2, 11–14]. Additionally, lung trans-
plantation recipients have the highest overall mor-
tality rate compared with other transplant recipients
(see Table S3 in Electronic Supplementary Material)
[2, 11–14]. Moreover, our data suggested that the
prevalence of post-COVID-19 symptoms is compara-
ble with that seen in the general population (61% vs
55–64%) [19, 20].

When comparing non-hospitalised with hospi-
talised HTx patients with COVID-19, older age and
ischaemic heart failure as underlying cause prior to
HTx were seen more frequently in case of a more
severe COVID-19. Furthermore, higher BMI and is-
chaemic heart failure as underlying cause prior to HTx
were more prevalent in patients with severe COVID-
19 compared with patients with moderate COVID-
19. Age at time of infection has been a widely de-
scribed risk factor for a complicated infection, which
could indicate that ‘common’ risk factors for a com-
plicated SARS-CoV-2 infection also apply to the HTx
population [21]. It has been proposed that ischaemic
heart failure as underlying cause prior to HTx is more
prevalent in patients with more severe disease pro-
gression because of the vasculopathies and additional
comorbidities seen in these patients [22].

Interestingly, we observed a trend towards more se-
vere COVID-19 in patients with a history of transplant
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rejection. Differences in HLA subset or medication
compliance could play a role, as well as variation in
immunosuppressive therapeutic levels beyond rou-
tine measurements during outpatient consultations.
Up till now, the precise immunological processes in-
volved remain a matter of debate [23].

Although vaccination against COVID-19 has been
available in the Netherlands since March 2021, hos-
pitalisation was required in 4 out of 5 HTx patients
whom had been (partially) vaccinated. This is in line
with the growing body of evidence showing that both
humoral and cellular immune responses are signifi-
cantly impaired in solid-organ transplant recipients
[4–6].

Study limitations

The main limitations of our study are its retrospective
nature and the lack of a standard approach or for-
mal guidelines for HTx patients, making differences
in clinical practice between the Dutch transplant cen-
tres inevitable. Nevertheless, these potential differ-
ences are at the same time a strength of the current
analysis, as it is a real-world study including all HTx
recipients with proven COVID-19 in the Netherlands.

Furthermore, although we tried to limit selection
bias as much as possible by including patients outside
of hospital, asymptomatic HTx patients with COVID-
19 could have remained undetected. Since hospitals
are required to contact the transplantation centre
in case of admission of a transplant recipient, it is
unlikely that additional HTx patients with hospitali-
sation- or COVID-19-related mortality were missed.
Importantly, if asymptomatic SARS-CoV-2-positive
transplant recipients were included in the current
analysis, this would have led to even lower hospital-
isation and mortality rates. Of note, the assumption
was made that all HTx patients informed their treating
physician correctly when they had a positive SARS-
CoV-2 test result.

Conclusion

This multicentre, retrospective, observational study
showed that HTx patients comprise a high-risk pop-
ulation for developing complicated COVID-19. Com-
pared with previous studies, the all-cause mortality
rate in our cohort was substantially lower.

Funding No funding was received for this study.

Conflict of interest L.W. van Laake has received consultancy
fees from Abbott, Medtronic, Vifor and Novartis, which were
paid to the University Medical Centre Utrecht. M.I.F.J. Oerle-
mans has received consultancy fees from Abbott, Medtronic,
Vifor, Novartis, Pfizer and Alnylam which were paid to the
University Medical Centre Utrecht. S.A. Muller, O.C. Man-
intveld, M.K. Szymanski, K. Damman, M.G. van der Meer
and K. Caliskan declare that they have no competing inter-
ests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
anymedium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
are included in the article’sCreativeCommons licence, unless
indicated otherwise in a credit line to thematerial. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Rijksinstituut voor Volksgezondheid en Milieu. Epidemi-
ologische situatie van SARS-CoV-2 in Nederland.. www.
rivm.nl/sites/default/files/2022-05/COVID-19_WebSite_
rapport_wekelijks_20220510_1259_final.pdf. Accessed 11
May2022.

2. CollE,Fernández-RuizM,Sánchez-ÁlvarezJE,etal. COVID-
19 in transplant recipients: the Spanish experience. Am J
Transplant. 2021;21:1825–37.

3. Azevedo RB, Botelho BP, de Hollanda JVG, et al. Covid-19
and the cardiovascular system: a comprehensive review.
JHumHypertens. 2020;27:1–8.

4. NarasimhanM,MahimainathanL,ClarkAE,etal. Serologi-
cal response in lung transplant recipientsafter twodosesof
SARS-CoV-2mRNAvaccines. Vaccines. 2021;9:708.

5. PeledY,RamE, Lavee J, et al. BNT162bvaccination inheart
transplant recipients: clinical experience and antibody
response. JHeartLungTransplant. 2021;40:759–62.

6. GianellaM,PierrottiLC,HelanteräI,ManuelO.SARS-CoV-2
vaccination in solid-organ transplant recipients: what the
clinicianneedstoknow. Transpl Int. 2021;34:1776–88.

7. Latif F, Farr MA, Clerkin KJ, et al. Characteristics and
outcomesofrecipientsofhearttransplantwithcoronavirus
disease. JAMACardiol. 2019;2020:1165–9.

8. GenuardiMV,MossN,Najjar SS, et al. Coronavirusdisease
2019 in heart transplant recipients: risk factors, immuno-
suppression, and outcomes. J Heart Lung Transplant.
2021;40:926–35.

9. Bottio T, Bagozzi L, Fiocco A, et al. COVID-19 in heart
transplantrecipients: amulticenteranalysisofthenorthern
Italianoutbreak. JACCHeartFail. 2021;9:52–61.

10. Marcondes-Braga FG,Murad CM, BelfortDSP, et al. Char-
acteristicsandoutcomesofhearttransplantrecipientswith
coronavirus-19disease inahigh-volumetransplantcenter.
Transplantation. 2021;106:641–7.

11. Hadi YB, Naqvi SFZ, Kupec JT, Sofka S, Sarwari A. Out-
comes of COVID-19 in solid organ transplant recipients: a
propensity-matched analysis of a large research network.
Transplantation. 2021;105:1365–71.

12. Felldin M, Søfteland JM, Magnusson J, et al. Initial report
from a Swedish high-volume transplant center after the
first wave of the COVID-19 pandemic. Transplantation.
2021;105:108–14.

13. Coll E, Fernández-Ruiz M, Padilla M, et al. COVID-19 in
solidorgan transplant recipients inSpain throughout2020:
catchingthewave? Transplantation. 2021;105:2146–55.

14. KatesOS,HaydelBM,FlormanSS,etal. Coronavirusdisease
2019 in solid organ transplant: amulticenter cohort study.
ClinInfectDis. 2021;73:e4090–9.

524 Characteristics and outcomes of COVID-19 in heart transplantation recipients in the Netherlands

http://creativecommons.org/licenses/by/4.0/
http://www.rivm.nl/sites/default/files/2022-05/COVID-19_WebSite_rapport_wekelijks_20220510_1259_final.pdf
http://www.rivm.nl/sites/default/files/2022-05/COVID-19_WebSite_rapport_wekelijks_20220510_1259_final.pdf
http://www.rivm.nl/sites/default/files/2022-05/COVID-19_WebSite_rapport_wekelijks_20220510_1259_final.pdf


Original Article

15. Rivinius R, Kaya Z, Schramm R, et al. COVID-19 among
heart transplant recipients in Germany: a multicenter
survey. ClinResCardiol. 2020;109:1531–9.

16. Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH
Guidelines for the management of arterial hypertension:
the Task Force for the management of arterial hyperten-
sion of the European Society of Cardiology (ESC) and the
European Society of Hypertension (ESH). Eur Heart J.
2018;39:3021–104.

17. The Task Force for the management of dyslipidaemias of
the European Society of Cardiology (ESC) and the Eu-
ropean Atherosclerosis Society (EAS). ESC/EAS Guide-
lines for the management of dyslipidaemias. Eur Heart J.
2011;32:1769–818.

18. Rydén L, Grant PJ, Anker SD, et al. ESC Guidelines on dia-
betes,pre-diabetes,andcardiovasculardiseasesdeveloped
in collaborationwith theEASD: theTaskForceondiabetes,
pre-diabetes, and cardiovascular diseases of the European
SocietyofCardiology (ESC)anddeveloped incollaboration

with the European Association for the Study of Diabetes
(EASD). EurHeartJ.2013;34:3035–87.

19. Garrigues E, Janvier P, Kherabi Y, et al. Post-discharge
persistent symptomsandhealth-relatedquality of life after
hospitalizationforCOVID-19. J Infect. 2020;81:e4–6.

20. Halpin SJ, McIvor C, Whyatt G, et al. Postdischarge symp-
toms and rehabilitation needs in survivors of COVID-
19 infection: a cross-sectional evaluation. J Med Virol.
2021;93:1013–22.

21. Gao YD, Ding M, Dong X, et al. Risk factors for severe
and critically ill COVID-19 patients: a review. Allergy.
2021;76:428–55.

22. Shore S, Grau-Sepulveda MV, Bhatt DL, et al. Characteris-
tics, treatments, andoutcomesofhospitalizedheart failure
patients stratified by etiologies of cardiomyopathy. JACC
HeartFail. 2015;3:906–16.
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