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A B S T R A C T

Background. Coronavirus disease 2019 (COVID-19) has ex-
posed haemodialysis (HD) patients and kidney transplant (KT)
recipients to an unprecedented life-threatening infectious dis-
ease, raising concerns about kidney replacement therapy (KRT)
strategy during the pandemic. This study investigated the asso-
ciation of the type of KRT with COVID-19 severity, adjusting
for differences in individual characteristics.
Methods. Data on KT recipients and HD patients diagnosed
with COVID-19 between 1 February 2020 and 1 December
2020 were retrieved from the European Renal Association
COVID-19 Database. Cox regression models adjusted for age,
sex, frailty and comorbidities were used to estimate hazard ra-
tios (HRs) for 28-day mortality risk in all patients and in the
subsets that were tested because of symptoms.
Results. A total of 1670 patients (496 functional KT and 1174
HD) were included; 16.9% of KT and 23.9% of HD patients
died within 28 days of presentation. The unadjusted 28-day
mortality risk was 33% lower in KT recipients compared with
HD patients fHR 0.67 [95% confidence interval (CI) 0.52–
0.85]g. In a fully adjusted model, the risk was 78% higher in KT

recipients [HR 1.78 (95% CI 1.22–2.61)] compared with HD
patients. This association was similar in patients tested because
of symptoms [fully adjusted model HR 2.00 (95% CI 1.31–
3.06)]. This risk was dramatically increased during the first
post-transplant year. Results were similar for other endpoints
(e.g. hospitalization, intensive care unit admission and mortality
>28 days) and across subgroups.
Conclusions. KT recipients had a greater risk of a more severe
course of COVID-19 compared with HD patients, therefore
they require specific infection mitigation strategies.
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I N T R O D U C T I O N

Since the start of the pandemic in December 2019, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has ex-
posed patients treated with kidney replacement therapy (KRT)
to an unprecedented life-threatening infectious disease, corona-
virus disease 2019 (COVID-19) [1, 2]. In-centre haemodialysis
(HD) patients are at higher risk for COVID-19-related mortal-
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ity, independent from known risk factors such as
obesity, ischaemic heart disease and lung disease [2]. Kidney
transplant (KT) recipients also represent a vulnerable popula-
tion for viral diseases, because of their immunosuppressive
agents, and specifically are at high risk for COVID-19-related
mortality [3].

Reported case fatality rates for COVID-19 vary greatly by
country, owing to differences in public health policy, case ascer-
tainment and testing capacity [4, 5]. In the European Renal
Association COVID-19 Database (ERACODA), which in-
cluded 4298 kidney failure patients, 28-day mortality was 20.0%
in 3285 patients receiving dialysis and 19.9% in 1013 recipients
of a transplant [6]. The ERACODA database (1073 patients)
reported a 28-day case fatality rate of 25.0% in 768 dialysis
patients and 21.3% in 305 KT recipients during the first wave
[7]. Other reports based on regional or national registries have
also suggested lower mortality in KT versus HD patients [8, 9].
These data raise the question of whether there is an effect of the
type of KRT in COVID-19-related outcomes. It should be noted
that dialysis patients in general are older and have a higher
prevalence of comorbid conditions than KT recipients. When
analysing the association of the type of KRT with outcome,
analyses should be adjusted for such differences in baseline
characteristics.

When comparing COVID-19 mortality rates in dialysis
patients versus KT recipients, another complicating factor is
how patients were diagnosed to have COVID-19. In HD units,
screening for COVID-19 may rely not only on symptoms, but
also as part of routine surveillance or screening after contact,
whereas transplant patients are most often tested because they
present with symptoms.

Given these considerations, we aimed in this study to deter-
mine whether HD or kidney transplantation is associated with
mortality in kidney failure patients with COVID-19 while ac-
counting for comorbidities and the reason for COVID-19
testing.

M A T E R I A L S A N D M E T H O D S

Study design and participants

For this study we used data from the ERACODA [10]. This
database was established in March 2020 and currently involves
cooperation of �200 physicians representing >130 centres in
31 countries, mostly in Europe. Data were collected on adult
(>18 years of age) patients with kidney failure, either on HD or
living with a functioning kidney allograft, who were diagnosed
with COVID-19 based on a positive result on a real-time poly-
merase chain reaction assay of nasal and/or pharyngeal swab
specimens and/or compatible findings on a computed tomogra-
phy scan or chest X-ray of the lungs. Data are voluntarily
reported from outpatients and hospitalized patients by physi-
cians responsible for the care of these patients.

The ERACODA is hosted at the University Medical Centre
Groningen, Groningen, The Netherlands. Data are recorded us-
ing REDCap software (Research Electronic Data Capture,
Vanderbilt University Medical Centre, Nashville, TN, USA)
for data collection [11]. Patient information is stored pseudony-
mized. The study was approved by the Institutional
Review Board of the University Medical Centre Groningen,
who deemed the collection and analysis of data exempt from
ethics review in accordance with the Medical Research
Involving Human Subjects Act.

Data collection

Detailed information was collected on patient (age, sex, eth-
nicity, frailty, comorbidities, hospitalization and medication
use) and COVID-19-related characteristics (reason for
COVID-19 screening, symptoms, vital signs and laboratory test
results) at presentation. Frailty was assessed using the Clinical
Frailty Scale developed by Rockwood et al. [12]. This score is
widely used in non-COVID-19 epidemiological studies and
ranges from a score of 1, representing very fit, to 9, representing
terminally ill. Comorbidities were recorded from patient charts

KEY LEARNING POINTS

What is already known about this subject?

• Kidney failure patients represent a vulnerable population for coronavirus disease 2019 (COVID-19), raising concerns
about kidney replacement therapy strategies during the pandemic.

What this study adds?

• This study demonstrates that the mortality risk is higher in kidney transplant (KT) after adjustment for comorbidities
compared with haemodialysis patients. The mortality risk is dramatically increased during the first post-transplant
year.

What impact this may have on practice or policy?

• KT recipients with COVID-19 should be closely monitored; they need intensification of infection mitigation strategies
and prioritization in effective and safe COVID vaccine distribution. Postponing transplantations may be justified in
some instances, especially during the highly active phase of the pandemic.
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and obesity was defined as a body mass index >30 kg/m2.
Kidney function was assessed by the estimated glomerular fil-
tration rate (eGFR) from serum creatinine at presentation using
the Chronic Kidney Disease Epidemiology Collaboration equa-
tion. Among dialysis patients, eGFR was assumed to be 0 for
those with residual diuresis �200 mL/day and 5 mL/min/
1.73 m2 for those with residual diuresis >200 mL/day. The pri-
mary outcome was vital status at Day 28 and the secondary out-
comes were hospitalization, intensive care unit (ICU)
admission and in-hospital mortality within 28 days after
presentation.

Statistical analysis

Baseline characteristics are presented for the total popula-
tion, for transplant recipients and dialysis patients separately
and by reason for COVID-19 testing, i.e. the presence of symp-
toms versus contact with a COVID-19-positive person/routine
screening of patients who may have been asymptomatic.
Continuous data are presented as mean [standard deviation
(SD)] or as median and interquartile range (IQR) in case of a
non-normal distribution of data. Categorical data are presented
as percentages. Characteristics were compared between groups
using Student’s t-test for continuous variables (Mann–Whitney
U-test for non-normally distributed data) and Pearson chi-
square test for categorical variables.

The associations of the type of KRT (kidney transplantation
versus HD) with the primary and secondary outcomes were ex-
amined in the total population and by reason for COVID-19
testing. Hazard ratios (HRs) and 95% confidence intervals (CIs)
were estimated using Cox proportional hazards regression
models. To account for the competing risk of mortality, cause-
specific hazards were calculated for hospitalization and ICU
admission.

Multiple models were constructed to account for potential
confounders in a stepwise manner. Model 1 is a crude (unad-
justed) model. In Model 2 we adjusted for age (continuous) and
sex (male/female) and in Model 3 we additionally adjusted for
clinical frailty score. In Model 4 we additionally adjusted for
factors known to be associated with COVID-19 outcome, i.e.
smoking (never, current and former), obesity (yes/no), hyper-
tension (yes/no), diabetes (yes/no), heart failure (yes/no) and
chronic lung disease (yes/no). In the final model (Model 5) we
further adjusted for time since the start of any KRT (continu-
ous) and kidney function. The proportional hazards assump-
tion was investigated by testing the interaction of log(time) with
individual covariates.

All multivariable models were based on datasets constructed
using multiple imputations to account for missing data. For 210
patients (13%), information was missing on the clinical frailty
score, for 235 (14%) on obesity, for 249 (15%) on serum creati-
nine (required to calculate eGFR) and for 73 (4%) on duration
of kidney failure. The proportion of missingness for the clinical
frailty score (13.1% versus 11.3%; P¼ 0.30) and obesity (13.0%
versus 16.5%; P¼ 0.06) was similar for HD patients and KT
recipients, while serum creatinine was missing more often in
HD patients (16.5% versus 11.1%; P¼ 0.004) and duration of
kidney disease was missing more often in transplant recipients

(2.5% versus 8.9%; P< 0.001). To account for missing informa-
tion, multiple imputations were performed with the method of
chained equations using all variables included in Model 4. Fully
conditional specification was employed, meaning that data
from available cases were used and that each variable with miss-
ing values was imputed using a regression model conditional on
all of the other variables specified in the imputation model [13,
14]. In total, 10 imputed datasets were created with 100 interac-
tions. For the pooled coefficient and standard error, Rubin’s
rule was used [15].

To examine the robustness of our findings, we performed
several sensitivity analyses, which are described in the
Supplementary material.

All analyses were performed using Stata version 14.0
(StataCorp, College Station, TX, USA). Two-sided P-values
<0.05 indicated statistical significance.

R E S U L T S

A total of 2575 KRT patients who were diagnosed with
COVID-19 between 1 February 2020 and 1 December 2020
were included. After excluding patients on peritoneal dialysis
due to their low number (n¼ 99) and patients with missing in-
formation on the type of KRT (n¼ 83), Day 28 vital status (115
KT recipients and 221 dialysis patients) and/or the reason for
COVID-19 screening (156 KT recipients and 433 dialysis
patients), there were 1670 patients left for the analyses. Of these,
496 were KT recipients and 1174 HD patients (Supplementary
data, Figure S1).

Patient characteristics

The mean age of KT recipients was 56 years, which was
10 years younger than those on HD (Table 1). Overall, 62%
were male and 85% were white/Caucasian, which was not dif-
ferent for the two groups. The prevalence of diabetes mellitus,
coronary artery disease, heart failure, chronic lung disease and
current or former smoking was higher in HD patients, who also
had a higher clinical frailty score. Eighty-five percent of the KT
recipients were diagnosed with COVID-19 after being tested
because of symptoms, whereas this was the case in 61% of the
HD patients. HD patients were more frequently diagnosed with
COVID-19 as a result of a routine screening or because of a
COVID-19 contact while being asymptomatic. Consequently,
more KT recipients than HD patients presented with symptoms
like cough, shortness of breath, headache, nausea or vomiting,
diarrhoea, myalgia or arthralgia and fever. Although their oxy-
gen (O2) saturation at presentation was similar to that of HD
patients, KT recipients had a higher temperature, respiration
rate, pulse rate and C-reactive protein (CRP) levels. KT recipi-
ents more often used renin–angiotensin–aldosterone system
(RAAS) inhibitors than HD patients and all of them were on
immunosuppression (Table 1).

Among patients tested because of symptoms, transplant
recipients generally had a higher prevalence of COVID-19-
related symptoms compared with HD patients (Table 2).
Compared with those identified by routine screening, HD
patients with COVID-19 identified by testing because of symp-
toms were older and had more comorbidities, whereas
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Table 1. Baseline characteristics of the study population by type of KRT

Type of KRT

Characteristics Overall (N¼ 1670) KT (n¼ 496) HD (n¼ 1174) P-value

Sex (male), % 62 59 63 0.16
Age (years), mean 6 SD 63 6 15 56 6 14 66 6 15 <0.001
BMI (kg/m2), mean 6 SD 26.6 6 5.5 26.9 6 5.0 26.6 6 5.7 0.34
Race, % 0.24

Asian 3 3 3
Black or African descent 6 7 5
White or Caucasian 85 85 85
Other or unknown 6 5 7

Tobacco use, % 0.03
Current 7 5 8
Prior 24 20 25
Never 46 50 45
Unknown 23 25 22

Clinical frailty score (AU), mean 6 SD 3.6 6 1.8 2.9 6 1.6 3.9 6 1.7 <0.001
Comorbidities, %

Obesity 22 23 22 0.69
Hypertension 84 86 83 0.14
Diabetes mellitus 39 29 43 <0.001
Coronary artery disease 29 17 35 <0.001
Heart failure 21 8 26 <0.001
Chronic lung disease 13 9 15 0.003
Active malignancy 6 5 7 0.12
Autoimmune disease 4 5 4 0.73

Primary kidney disease, %
Primary glomerulonephritis 18 20 17 0.14
Pyelonephritis 2 4 1 0.003
Interstitial nephritis 3 4 3 0.37
Hereditary kidney disease 9 14 7 <0.001
Congenital diseases 2 4 2 0.002
Vascular diseases 12 8 14 0.001
Secondary glomerular disease 5 4 6 0.05
Diabetic kidney disease 21 9 26 <0.001
Other 17 16 17 0.70
Unknown 11 18 8 <0.001

Residual diuresis �200 mL/day, % 32 – 32 –
Transplant waiting list status, % –

Active on waiting list 10 NA 10 –
In preparation 10 NA 10 –
Temporarily not on list 9 NA 9 –
Not transplantable 67 NA 67 –
Unknown 4 NA 4 –

Time since transplantation (years), % –
<1 6 6 NA –
1–5 31 31 NA –
>5 63 63 NA –

Medication
Use of RAAS inhibition, %

ACE inhibitors 16 24 14 <0.001
ARB 15 20 12 <0.001

Use of immunosuppressive medication, %
Prednisone 31 87 7 <0.001
Tacrolimus 24 79 1 <0.001
Cyclosporine 3 10 0.7 <0.001
Mycophenolate 21 70 0.5 <0.001
Azathioprine 2 6 0.3 <0.001
mTOR inhibitor 4 12 0.2 <0.001

Disease characteristics
Reason for COVID-19 screening, % <0.001

Symptoms 69 85 61 –
Due to contact 23 12 28 –
Routine 8 3 11 –

Continued
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symptomatic KT recipients had similar comorbidities. In both
patient groups, those with symptoms had higher CRP levels
(Supplementary data, Table S1).

Patient survival

The 28-day probability of death in KT recipients was 16.9%
(95% CI 13.9–20.5), which was lower than the 23.9% (95% CI
21.6–26.5) in the HD patients. Supplementary data, Figure S2
shows the survival for the overall group and for the subgroup of
patients identified by screening because of symptoms.

Table 3 and the upper part of Figure 1 show that after adjust-
ment for age and sex, the risk for COVID-19-related mortality
was higher in KT recipients compared with dialysis patients.
When additionally adjusting for differences in clinical frailty
score, ‘classical’ determinants for COVID-19 mortality (obesity,
hypertension, diabetes, heart failure, chronic lung disease and
smoking) and duration of kidney failure, mortality risk in KT
recipients was significantly higher when compared with
patients on HD [fully adjusted HR (aHR) 1.78 (95% CI 1.22–
2.61)]. In the subgroup of patients who were diagnosed with
COVID-19 because they were tested based on having symp-
toms, the risk of death was similarly higher in KT recipients
[aHR 2.00 (95% CI 1.31–3.06)]. Analysis of complete data with-
out multiple imputation confirmed the main results [aHR 2.42
(95% CI 1.52–3.86)] for transplant recipients compared with di-
alysis patients (Supplementary data, Table S2).

Risk of hospitalization, ICU admission and in-hospital
mortality

The risk of hospitalization was higher in KT recipients com-
pared with HD patients in the total population [aHR 1.20 (95%
CI 1.00–1.47)] as well as in the subgroup of symptomatic
patients [aHR 1.28 (95% CI 1.03–1.60)] (Supplementary data,

Table S3). Similarly, the adjusted risk of ICU admission was
higher in KT recipients compared with HD patients in the total
population [aHR 2.09 (95% CI 1.33–3.29)] and in symptomatic
patients [aHR 2.10 (95% CI 1.28–3.45)] (Supplementary data,
Table S4). For the association of KT versus HD with in-hospital
mortality, the aHR was 1.81 (95% CI 1.19–2.75) in the total
population and 2.16 (95% CI 1.37–3.43) in symptomatic
patients (Supplementary data, Table S5). Only �6% of the
deaths (n¼ 23) were reported not to be caused by COVID-19.
An analysis restricted to COVID-19-related deaths showed
results similar to the main results.

Sensitivity analyses

After excluding HD patients using immunosuppressive
agents and/or who previously received a KT, the aHR for the as-
sociation of being a KT recipient (versus HD patient) with
28-day mortality was 1.62 (95% CI 1.09–2.41) in the total popu-
lation (n¼ 1541) and 1.68 (95% CI 1.06–2.65) in the symptom-
atic group (n¼ 1051) (Supplementary data, Table S6). In an
analysis comparing KT recipients with HD patients on the KT
waiting list or in preparation to be listed, the aHR for KT recipi-
ents was 4.81 (95% CI 2.25–10.29) in the total population
(n¼ 703) and 5.48 (95% CI 2.26–13.27) in the symptomatic
group (n¼ 553; Supplementary data, Table S7). Taking into ac-
count kidney recipients within their first post-transplant year,
the HR for 28-day mortality was 10.27 (95% CI 2.40–43.94)
compared with dialysis patients who were on the waiting list or
in preparation for KT (Supplementary data, Table S8). The HR
for kidney recipients in the first year of transplantation was 2.17
(95% CI 0.98–4.82) and was 1.72 (95% CI 1.17–2.53) after the
first post-transplant year compared with all HD patients
(Supplementary data, Table S9). Results were also similar to the
overall results when analysing hospitalized patients only [aHR

Table 1. Continued

Type of KRT

Characteristics Overall (N¼ 1670) KT (n¼ 496) HD (n¼ 1174) P-value

Presenting symptoms, %
Sore throat 13 16 12 0.02
Cough 52 63 47 <0.001
Shortness of breath 35 41 33 0.002
Fever 60 70 56 <0.001
Headache 12 19 9 <0.001
Nausea or vomiting 11 15 9 <0.001
Diarrhoea 16 28 11 <0.001
Myalgia or arthralgia 24 34 20 <0.001

Vital signs, mean 6 SD
Temperature (�C) 37.5 6 1.1 37.6 6 1.1 37.4 6 1.0 0.01
Respiration rate/min 19 6 6 21 6 7 19 6 5 <0.001
O2 saturation room air (%) 94 6 6 94 6 7 94 6 5 0.41
Systolic BP (mmHg) 135 6 24 132 6 22 136 6 25 0.01
Diastolic BP (mmHg) 76 6 15 78 6 14 75 6 15 <0.001
Pulse rate (bpm) 83 6 16 87 6 17 82 6 15 <0.001

Laboratory test results
Creatinine increase (>25%), % – 26 – –
Lymphocytes (�1000/mL), median (IQR) 0.9 (0.6–1.3) 0.8 (0.5–1.4) 0.9 (0.6–1.3) 0.52
CRP (mg/L), median (IQR) 25 (6–76) 40 (8–88) 22 (6–67) 0.001

KT/dialysis groups were compared using one-wayanalysis of variance, Kruskal–Wallis test or chi-square test as appropriate. Obesity is defined as BMI>30 kg/m2. ACE, angiotensin-
converting enzyme; ARB, angiotensin II receptor blocker; mTOR, mammalian target of rapamycin; BMI, body mass index; BP, blood pressure.
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Table 2. Baseline characteristics of study population by reason for COVID-19 screening and type of KRT, i.e. KT or HD

Symptoms (n¼ 1145) Contact/routine screening(n¼ 525)

Characteristics KT [37% (n¼ 424)] HD [63% (n¼ 721)] P-value KT [14% (n¼ 72)] HD [86% (n¼ 453)] P-value

Sex (male), % 58 64 0.03 68 61 0.25
Age (years), mean 6 SD 57 6 14 68 6 15 <0.001 56 6 15 64 6 14 <0.001
BMI (kg/m2), mean 6 SD 26.9 6 4.9 26.9 6 6.2 0.99 26.4 6 5.6 26.0 6 4.8 0.48
Race, % 0.31 0.76

Asian 3 3 1 2
Black or African descent 7 6 7 5
White or Caucasian 85 84 85 87
Other or unknown 4 7 7 6

Tobacco use, % 0.01 0.53
Current 5 7 6 10
Prior 20 26 21 23
Never 50 41 51 50
Unknown 25 25 22 17

Clinical frailty score (AU), mean 6 SD 2.9 6 1.5 4.1 6 1.8 <0.001 3.0 6 1.6 3.8 6 1.7 0.001
Comorbidities, %

Obesity 23 25 0.53 22 17 0.35
Hypertension 86 83 0.18 83 82 0.84
Diabetes mellitus 28 47 <0.001 32 36 0.55
Coronary artery disease 17 39 <0.001 17 29 0.03
Heart failure 8 28 <0.001 10 22 0.02
Chronic lung disease 10 16 0.002 7 12 0.20
Active malignancy 4 8 0.02 8 5 0.26
Autoimmune disease 5 4 0.53 3 4 0.52

Primary kidney disease, %
Primary glomerulonephritis 20 9 <0.001 22 29 0.23
Pyelonephritis 4 2 0.06 3 1 0.04
Interstitial nephritis 4 3 0.58 3 2 0.78
Hereditary kidney disease 13 6 <0.001 18 7 0.003
Congenital diseases 4 1 0.001 4 2 0.33
Vascular diseases 8 15 <0.001 10 13 0.50
Secondary glomerular disease 3 6 0.05 6 6 0.88
Diabetic kidney disease 8 25 <0.001 15 28 0.03
Other 18 25 0.01 6 4 0.62
Unknown 18 7 <0.001 14 8 0.12

Residual diuresis �200 mL/day, % NA 30 – NA 35 –
Transplant waiting list status, % – –

Active on waiting list NA 11 – NA 9 –
In preparation NA 12 – NA 9 –
Temporarily not on list NA 7 – NA 11 –
Not transplantable NA 68 – NA 65 –
Unknown NA 3 – NA 6 –

Time since transplantation (years), % – –
<1 5 NA – 14 NA –
1–5 32 NA – 31 NA –
>5 64 NA – 56 NA –

Medication use
Use of RAAS inhibition, %

ACE inhibitors 24 12 <0.001 24 14 0.05
ARB 20 15 0.01 22 8 <0.001

Use of immunosuppressive medication, %
Prednisone 88 9 <0.001 82 4 <0.001
Tacrolimus 78 2 <0.001 88 1 <0.001
Cyclosporine 11 1 <0.001 3 0 <0.001
Mycophenolate 70 1 <0.001 69 0.2 <0.001
Azathioprine 6 0.1 <0.001 3 1 0.09
mTOR inhibitor 13 0.1 <0.001 10 0.2 <0.001

Disease-related characteristics
Presenting symptoms, %

Sore throat 17 16 0.70 15 6 0.01
Cough 68 61 0.03 36 25 0.07
Shortness of breath 44 41 0.23 19 20 0.80

Continued
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1.82 (95% CI 1.20–2.74) in the total population and 2.20 (95%
CI 1.39–3.47) in the symptomatic group] or when including
those with missing information on the reason for COVID-19
screening [aHR 1.74 (95% CI 1.26–2.42) in the total population
and 1.89 (95% CI 1.24–2.89) in the symptomatic group]
(Supplementary data, Table S11).

Overall, crude mortality (i.e. mortality not limited to the 28-
day window) was 19.9% and 27.7% in KT recipients and HD
patients, respectively. For the risk of overall mortality in KT
recipients (versus HD patients), the aHR was 1.87 (95% CI
1.31–2.67) in the total population and 2.04 (95% CI 1.37–3.06)
in the symptomatic group (Supplementary data, Table S12). No
significant interactions in the risk associated with KT compared
with being on HD were found between subgroups except for
subgroups defined by age (<65 and �65 years) (P¼ 0.02) (Sup
plementary data, Table S13).

D I S C U S S I O N

Since the start of the COVID-19 outbreak, it has been a topic of
discussion in the nephrology community whether HD or KT
patients are more affected by COVID-19-related mortality.
Here we present analyses derived from the ERACODA, the
largest database with comprehensive individual-level data of
patients on dialysis or living with a KT infected by SARS-CoV-
2 in Europe. Our data indicate that 28-day mortality is higher
for KT recipients compared with HD patients after adequate
adjustment for age, sex, frailty and comorbidities. Stratified
analyses limiting the dataset to patients tested because of symp-
toms confirmed that KT recipients have a higher mortality risk.
Finally, we show that only very few HD patients were admitted
to the ICU, less than patients with a KT.

COVID-19 is particularly life-threatening in patients on
KRT, suggesting that kidney failure creates an environment for
a more severe course of disease [3]. In our study, the unadjusted
COVID-19-related 28-day mortality rate was 16.9% in

transplant recipients and 23.9% in HD patients. These findings
are in line with data from other regional and national registries
[6, 9, 16–18]. These studies also show lower, or a trend towards
lower, mortality in KT patients in a crude analysis compared
with HD patients. This finding is not unexpected, because in
our study HD patients were on average 10 years older and had
more comorbidities. In a region-wide registry study from the
Flanders region of Belgium, cumulative mortality was 29.6%
versus 14.0% among patients on HD and KT recipients, respec-
tively. Adjustment for age decreased cumulative mortality for
dialysis patients (19.9%) but increased mortality for transplant
patients (23%) [19]. This study demonstrates that adjustment
for age is the first step towards obtaining a more reliable com-
parison of the mortality burden in patients on various modali-
ties of kidney function replacement. In addition, it should be
accounted for in burden differences of comorbidities. Diabetes,
obesity, respiratory and cardiovascular disease are all well-iden-
tified predictors of COVID-19-related death in the general pop-
ulation [2, 5] as well as in kidney failure patients [8, 16, 18],
albeit to a lesser extent in these latter patient groups [20]. In a
recent study, Hilbrands et al. [7] showed that the clinical frailty
score at presentation was the strongest predictor of COVID-19-
related mortality in dialysis patients, an important patient char-
acteristic that is unfortunately underreported in most studies.

Taking all these data into account, multivariable analysis for
mortality was performed in our study with adjustment for age,
sex, frailty and other classic determinants of COVID-19 mortal-
ity (diabetes, obesity, heart failure, chronic obstructive pulmo-
nary disease, smoking, hypertension, kidney function and
duration of kidney disease). Doing so, we documented a signifi-
cantly higher risk of mortality [HR 1.78 (95% CI 1.22–2.61)] in
KT recipients compared with HD patients. Several previous
studies showed similar outcomes in transplant [21] and dialysis
patients [22] compared with non-transplant/non-dialysis
patients, but these were small studies. In this study, the main
finding was robust in the various sensitivity analyses that we

Table 2. Continued

Symptoms (n¼ 1145) Contact/routine screening(n¼ 525)

Characteristics KT [37% (n¼ 424)] HD [63% (n¼ 721)] P-value KT [14% (n¼ 72)] HD [86% (n¼ 453)] P-value

Fever 74 69 0.09 48 36 0.06
Headache 20 9 <0.001 13 10 0.32
Nausea or vomiting 17 13 0.05 3 3 0.91
Diarrhoea 29 14 <0.001 25 7 <0.001
Myalgia or arthralgia 36 23 <0.001 18 14 0.40

Vital signs, mean 6 SD
Temperature (�C) 37.6 6 1.1 37.7 6 1.0 0.20 37.2 6 0.9 37.0 6 1.0 0.17
Respiration rate/min 21 6 7 20 6 5 <0.001 17 6 4 18 6 3 0.23
O2 saturation room air, % 94 6 7 93 6 6 0.02 96 6 4 95 6 4 0.37
Systolic BP (mmHg) 131 6 21 136 6 26 0.02 133 6 23 136 6 23 0.38
Diastolic BP (mmHg) 79 6 14 73 6 15 <0.001 76 6 15 77 6 14 0.59
Pulse rate (bpm) 88 6 17 83 6 17 <0.001 82 6 14 80 6 12 0.37

Laboratory test results
Creatinine increase (>25%), % 27 – – 15 – –
Lymphocytes (�1000/mL), mendian (IQR) 0.8 (0.5–1.3) 0.8 (0.5–1.3) 0.20 0.9 (0.6–1.4) 1.0 (0.7–1.4) 0.38
CRP (mg/L), median (IQR) 45 (10–91) 30 (10–94) 0.35 10 (3–39) 12 (3–37) 0.83

KT/dialysis groups were compared using one-way analysis of variance, Kruskal–Wallis test or chi-square test as appropriate. Obesity is defined as BMI>30 kg/m2. ACE, angiotensin-
converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; BP, blood pressure; mTOR, mammalian target of rapamycin.
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performed. Analysis of overall instead of Day 28 mortality
showed similar results, as did exclusion of the very few dialysis
patients using immunosuppressive treatments and/or who had
a KT previously. To account for potential selection bias, we pro-
vide an analysis of symptomatic and asymptomatic (contact or
routine testing) patients separately; however, due to their small
number, we were not confident that we could draw statistically
well-founded conclusions for the latter.

We observed that the risk of death associated with being a
transplant recipient was considerably higher in patients
>65 years of age. This may reflect longer kidney disease dura-
tion and longer chronic exposure to immunosuppressive
agents. However, adjustment for the duration of kidney failure
did not materially affect our results. It may therefore well be
that elderly subjects are more vulnerable to the risk-enhancing
effect of immunosuppressive agents, just as in the general
population.

Under non-COVID-19 circumstances, KT recipients exhibit
lower mortality rates than waitlisted dialysis patients after ad-
justment for age, sex, race and cause of renal disease [23].
Similarly, a report of 56 waitlisted dialysis patients and 80 KT
recipients in New York found that waitlist status was indepen-
dently associated with COVID-19-related mortality [odds ratio
2.65 (95% CI 1.18–5.96); P¼ 0.02] and that waitlisted dialysis
patients were more likely to require hospitalization (82% versus
65%) than KT recipients [8]. The French nationwide registry
noticed similar findings [24]. The risk of contracting SARS-
CoV-2 infection is higher in HD patients, consistent with the
difficulties in achieving social distancing while travelling to and
from dialysis units. It should therefore be noted that the overall
risk of mortality could be the same or lower in KT recipients if
the risk of getting infected is lower in these patients. Previous
studies have also reported that although the incidence of
COVID-19 was higher in waitlisted dialysis patients as

Table 3. Association of type of KRT (KT versus HD) with incidence of 28-day COVID-19-related mortality, overall and by reason for COVID-19 screening,
presented as HRs with 95% CIs

Total, events (n) Symptoms, events (n) Contact/routine, events (n)

Model HD 281 (1174) KT 84 (496) P-value HD 205 (721) KT 75 (424) P-value HD 76 (453) KT 9 (72) P-value

Model 1 Ref. 0.67 (0.52–0.85) 0.001 Ref. 0.57 (0.44–0.75) <0.001 Ref. 0.71 (0.36–1.43) 0.34
Model 2 Ref. 1.14 (0.88–1.47) 0.33 Ref. 1.07 (0.80–1.43) 0.65 Ref. 0.99 (0.49–1.99) 0.97
Model 3 Ref. 1.30 (1.00–1.68) 0.05 Ref. 1.21 (0.90–1.61) 0.21 Ref. 1.15 (0.57–2.34) 0.69
Model 4 Ref. 1.39 (1.07–1.81) 0.02 Ref. 1.32 (0.98–1.77) 0.07 Ref. 1.19 (0.58–2.46) 0.63
Model 5 Ref. 1.78 (1.22–2.61) 0.003 Ref. 2.00 (1.31–3.06) 0.001 Ref. 0.57 (0.17–1.91) 0.36

Model 1: crude; Model 2: age and sex; Model 3: Model 2þ frailty; Model 4: Model 3þ obesity, hypertension, diabetes, heart failure, chronic lung disease and smoking; Model 5: Model
4þ duration of kidney failure and kidney function.

FIGURE 1: Forest plot showing HRs for association of type of KRT (KT versus HD) with 28-day mortality in the total study population
and in the subgroup of those patients tested for COVID-19 based on symptoms only. Model 1: crude; Model 2: age, sex; Model 3: Model
2þ frailty; Model 4: Model 3þ obesity, hypertension, diabetes, heart failure, chronic lung disease and smoking; Model 5: Model 4þ duration
of kidney failure and kidney function.
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compared with KT recipients, the mortality rate remained lower
[24–26]. This can be accounted for by the fact that many
COVID-19 cases in dialysis patients are detected by a general
screening policy, even in asymptomatic patients. In this
study, adequate adjusted analysis documents that KT recipients
exhibit a higher mortality rate compared with waitlisted
patients.

KRT patients have a frail immunological system. Chronic
exposure to uraemia alters the immune response in dialysis and
KT recipients. In addition, a KT recipient requires lifelong im-
munosuppression, which affects both innate and adaptive im-
munity. Therefore, in KT recipients, viral infections are
frequent [27] and lead to higher morbidity and mortality when
compared with dialysis patients [28]. A role for immunosup-
pressive agents as the cause for the higher risk for COVID-19
mortality in KT recipients may be suspected. Indeed, when fur-
ther examined in our data, patients during the first post-
transplant year, i.e. when they are given the strongest immuno-
suppression, experience dramatically increased COVID-19-re-
lated mortality compared with waitlisted patients, a finding
consistent with other studies [7, 29]. We also investigated the
association of intensity and type of immunosuppressant use
with mortality in KT recipients. Patients on dual therapy (ver-
sus triple therapy) and immunosuppression excluding cortico-
steroids (versus immunosuppression including corticosteroids)
tended to have a lower risk of mortality, but these associations
were not statistically significant (Supplementary data, Tables
S14 and S15, respectively). Therefore we are unable to confirm
the role of immunosuppressant use in the observed excess risk
of mortality in KT recipients. However, future studies with
larger sample sizes should examine the impact of immunosup-
pressive treatments on mortality in KT recipients.

Remarkably, the RECOVERY (Randomised Evaluation of
COVID-19 Therapy) trial showed that corticosteroids would de-
crease COVID-19 mortality [30]. However, this concerns a rela-
tively high dose to mitigate the cytokine storm related to a late stage
of COVID-19 when ventilator support is needed [30], whereas it
has been shown that chronic low-dose corticosteroid exposure is as-
sociated with higher influenza-related mortality in patients not only
with various comorbidities [31], but also with COVID-19-related
mortality in patients with rheumatoid arthritis [32–34].

Supportive care remains the mainstay of treatment for
COVID-19. Despite hospitalization and ICU admission thresh-
olds consistent across the centres, KT recipients were more of-
ten hospitalized and admitted to an ICU than HD patients. HD
allows facilities to monitor these patients three times a week
and may delay or avoid hospitalization. Nevertheless, patients
frequently develop symptoms that require admission and inten-
sive care management. In our study, substantial mortality oc-
curred in dialysis patients who were not offered ICU admission
compared with KT recipients (71.1% versus 56.1%; P¼ 0.01).
This finding could be explained by advanced care being more
frequently planned in HD patients, but speculatively could also
be explained by an expected high risk of death in these patients
leading to a restrictive policy for ICU admission. Such a policy
of limiting care may have disserved the group of dialysis
patients.

The strengths of this study are the completeness of data re-
trieved from the largest European database of KRT patients
with COVID-19. This database encompasses detailed informa-
tion on demographics, disease characteristics, hospital and ICU
admission and mortality. The ERACODA also includes infor-
mation on comorbidities, frailty, time from onset of kidney fail-
ure, reason for COVID-19 screening and mode of COVID-19
diagnosis, all factors important in determining whether a spe-
cific KRT impacts mortality risk in kidney failure patients with
COVID-19.

Our study also has limitations. First, due to our study de-
sign, we may not have captured enough asymptomatic cases of
COVID-19, especially among KT recipients. Moreover, the
database might not include all patients in all participating
centres. Testing policies may vary between centres and over
time, but in general leads to reporting fewer cases in asymp-
tomatic patients. Despite the rapid implementation of telemed-
icine or scheduled calls in most centres during the pandemic,
underreporting of cases is still possible, particularly for trans-
plant recipients. For these reasons, we also present the results
of sensitivity analyses limited to the subset of transplant and
HD patients who were identified in a similar manner (testing
because of symptoms or hospitalization). We additionally
accounted for any potential centre effect. These analyses con-
firm our main findings. Second, the ERACODA does not
gather information on in-hospital patient management >48 h
after admission. Change over time in recommendations for
supportive care, immunosuppressive treatment and availability
of specific therapies may have impacted outcome. Also, analy-
sis taking into account a potential centre effect did not show
discordant results. Differences in in-hospital patient manage-
ment between groups are therefore not likely to have had a ma-
jor impact on our comparative results.

In conclusion, this large European study demonstrates that
kidney transplantation dramatically impacts mortality in kid-
ney failure patients with COVID-19. Thus KT recipients with
COVID-19 should be closely monitored and need intensifica-
tion of infection mitigation strategies and prioritization of ef-
fective and safe COVID-19 vaccine distribution. In addition,
these findings suggest that postponing transplantations may be
justified, especially during the highly active phase of the pan-
demic. Investigation of the potential effect of immunosuppres-
sion on outcomes is also urgently needed. Finally, our data
indicate that intensive care management should be considered
for kidney failure patients based on demographics, comorbid-
ities and disease characteristics and that the mere fact of being
an HD patient should not discourage physicians from admit-
ting such patients to an ICU.

S U P P L E M E N T A R Y D A T A

Supplementary data are available at ndt online.

A C K N O W L E D G E M E N T S

The ERACODA collaboration is an initiative to study prog-
nosis and risk factors for mortality due to COVID-19 in
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patients with a KT or on dialysis that is endorsed by the ERA-
EDTA. The organizational structure contains a working
group assisted by a management team and advisory board.
The ERACODA Working Group members: C.F.M. Franssen,
R.T. Gansevoort (coordinator), M.H. Hemmelder, L.B.
Hilbrands and K.J.Jager. The ERACODA Management Team
members: R. Duivenvoorden, M. Noordzij, P. Vart. The
ERACODA Advisory Board members: D. Abramowicz, C.
Basile, A. Covic, M. Crespo, Z.A. Massy, S. Mitra, E. Petridou,
J.E. Sanchez and C. White. We thank all the people who en-
tered information in the ERACODA database for their partic-
ipation and especially all healthcare workers who have taken
care of the included COVID-19 patients.

D A T A A V A I L A B I L I T Y S T A T E M E N T

Collaborators that entered data in the ERACODA remain
owner of these data. The database can therefore not be dis-
closed to any third party without the prior written consent of
all data providers, but the database will be made available to
the editorial offices of medical journals when requested.
Research proposals can be submitted to the Working Group
via COVID.19.KRT@umcg.nl. If deemed of interest and
methodologically sound by the Working Group and Advisory
Board, the analyses needed for the proposal will be carried
out by the Management Team.
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Barcelona, Spain: Cristina Canal and Carme Facundo;
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Carla Burballa Tàrrega, Dolores Redondo-Pachon and Maria
Dolores Arenas Jimenez; Hospital Gelderse Vallei, Ede, The
Netherlands: Julia M. Hofstra; Hospital General of Alicante,
Alicante, Spain: Antonio Franco; Hospital General
Universitario Gregorio Mara~nón, Madrid, Spain: David Arroyo
and Maria Luisa Rodrı́guez-Ferrero; Hospital Obispo Polanco,
Salud Aragón, Spain: Sagrario Balda Manzanos; Hospital
Universitario Ramón y Cajal, Madrid, Spain: R. Haridian Sosa
Barrios; Hospital de Santa Cruz, Centro Hospitalar de Lisboa
Ocidental, Lisboa, Portugal: Gonçalo Ávila, Ivo Laranjinha and
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Aydin Turkmen; Jeroen Bosch Ziekenhuis, Den Bosch, The
Netherlands: Daan A.M.J. Hollander; Klinikum Aschaffenburg-
Alzenau, Aschaffenburg, Germany: Stefan Büttner; Leiden
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