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A B S T R A C T

Background. Patients on kidney replacement therapy comprise
a vulnerable population and may be at increased risk of death
from coronavirus disease 2019 (COVID-19). Currently, only
limited data are available on outcomes in this patient
population.
Methods. We set up the ERACODA (European Renal
Association COVID-19 Database) database, which is specifi-
cally designed to prospectively collect detailed data on kidney
transplant and dialysis patients with COVID-19. For this analy-
sis, patients were included who presented between 1 February
and 1 May 2020 and had complete information available on
the primary outcome parameter, 28-day mortality.
Results. Of the 1073 patients enrolled, 305 (28%) were kidney
transplant and 768 (72%) dialysis patients with a mean age of
60 6 13 and 67 6 14 years, respectively. The 28-day probability
of death was 21.3% [95% confidence interval (95% CI) 14.3–
30.2%] in kidney transplant and 25.0% (95% CI 20.2–30.0%) in

dialysis patients. Mortality was primarily associated with ad-
vanced age in kidney transplant patients, and with age and
frailty in dialysis patients. After adjusting for sex, age and frailty,
in-hospital mortality did not significantly differ between trans-
plant and dialysis patients [hazard ratio (HR) 0.81, 95% CI
0.59–1.10, P¼ 0.18]. In the subset of dialysis patients who were
a candidate for transplantation (n¼ 148), 8 patients died within
28 days, as compared with 7 deaths in 23 patients who under-
went a kidney transplantation <1 year before presentation (HR
adjusted for sex, age and frailty 0.20, 95% CI 0.07–0.56,
P< 0.01).
Conclusions. The 28-day case-fatality rate is high in patients on
kidney replacement therapy with COVID-19 and is primarily
driven by the risk factors age and frailty. Furthermore, in the
first year after kidney transplantation, patients may be at in-
creased risk of COVID-19-related mortality as compared with
dialysis patients on the waiting list for transplantation. This in-
formation is important in guiding clinical decision-making,
and for informing the public and healthcare authorities on the
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COVID-19-related mortality risk in kidney transplant and dial-
ysis patients.

Keywords: COVID-19, dialysis, kidney, mortality,
transplantation

I N T R O D U C T I O N

Since the start of the outbreak in China in December 2019, the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) has spread throughout the world at an alarming pace [1].

The severity of coronavirus disease 2019 (COVID-19) symp-
toms varies from mild complaints to serious life-threatening ill-
ness [2]. In the report of the Chinese Center for Disease
Control on 44 672 confirmed COVID-19 patients, 19% of
patients were found to develop severe symptoms and the case-
fatality rate was 2.3% [2]. Reported case-fatality rates vary
greatly per region owing to differences in demographics and
case ascertainment [3].

Several studies have indicated that advanced age is the most
important risk factor for mortality [4–8]. Patients older than
70 years have an >10-fold increased risk of death when com-
pared with patients under 50 years of age [8]. Across all age
groups, male sex was found to be associated with increased risk
of mortality [4–8]. Furthermore, a number of underlying
comorbidities and conditions have been associated with mortal-
ity, including obesity, hypertension, cardiovascular disease, dia-
betes mellitus, chronic lung disease and cancer [8–14]. Also,
chronic kidney disease has been associated with increased risk
of mortality [8, 9, 13].

Currently, only limited data are available on outcomes in
patients treated with kidney replacement therapy [8, 9, 15–19].
Patients who have a kidney transplant or are on dialysis may be
at particularly high risk of mortality as they are generally older
and often have chronic underlying conditions such as hyperten-
sion, cardiovascular disease and diabetes mellitus [20]. In
addition, kidney transplant patients are treated with immuno-
suppressive drugs, which may increase the risk of contracting
SARS-CoV-2 infection and developing severe symptoms [8, 9,
15–19]. In response to the COVID-19 pandemic, a large
European database (ERACODA, the European Renal
Association COVID-19 Database) has been constructed to spe-
cifically investigate the course and outcome of COVID-19
in patients living with a kidney transplant or on maintenance
dialysis therapy. Here we present the 28-day outcome in terms
of hospital admission, intensive care unit (ICU) admission
and mortality. We furthermore report associations of patient,
disease and treatment characteristics with mortality and com-
pare outcome in kidney transplant and dialysis patients where
relevant.

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

Data source

For the present study, we analysed information from the
ERACODA database, which was established on 21 March 2020
and at present involves the cooperation of 170 physicians repre-
senting 98 centres in 26 countries, mainly in Europe and the
northern part of the Mediterranean (Supplementary data, Table
S1). This database is endorsed by the ERA-EDTA. It gathers
data on adult (�18 years old) patients with a functioning kidney
allograft or on long-term dialysis treatment who are diagnosed
to have COVID-19 based on a positive result on a real-time po-
lymerase chain reaction (PCR) assay of nasal or pharyngeal
swab specimens, and/or compatible findings on a computed to-
mography scan (CT scan) of the lungs. Data from outpatients
as well as hospitalized patients are collected. Physicians respon-
sible for the care of these patients can register voluntarily and

KEY LEARNING POINTS

What is already known about this subject?

• studies in the general population have identified
several risk factors for coronavirus disease 2019
(COVID-19)-related mortality, including age, male
gender, obesity, hypertension, cardiovascular disease,
diabetes mellitus, chronic lung disease, cancer and
chronic kidney disease;

• limited data are available on COVID-19-related mor-
tality in dialysis and renal transplant patients, which
are particularly vulnerable populations; and

• we set up the ERACODA (European Renal
Association COVID-19 Database) database to inform
clinician, the public and healthcare authorities on the
COVID-19-related mortality risk in kidney transplant
and dialysis patients.

What this study adds?

• the 28-day COVID-19-related mortality is 21.3% in
kidney transplant and 25.0% in dialysis patients,
which is markedly higher than what is observed in
other populations;

• age is the predominant risk factor in transplant
patients, whereas in dialysis patients especially frailty
is associated with mortality; and

• the risk of mortality due to COVID-19 may be lower
in dialysis patients on the waiting list for kidney
transplantation than in patients who received a kid-
ney transplant less than a year before. This finding
needs confirmation in additional studies.

What impact this may have on practice or policy?

• our data inform clinicians, patients, the general public
and healthcare authorities that renal transplant and
dialysis patients are at significant risk of death if they
contract COVID-19. Preventive measures are there-
fore of great importance in these populations; and

• we identified age and frailty as important risk factors
for COVID-19-related mortality. We therefore pro-
pose that an assessment of frailty should be an essen-
tial part of risk assessment and clinical decision-mak-
ing in transplant and dialysis patients with COVID-
19.
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are asked to enter data of all consecutive kidney transplant and
long-term dialysis patients from their centre with COVID-19.

The ERACODA database is hosted at the University
Medical Center Groningen, the Netherlands, and uses REDCap
software (Research Electronic Data Capture, Vanderbilt
University Medical Center, Nashville, TN, USA). Missing data
are recovered and inconsistencies are corrected through online
interaction. All patient identifiable information is stripped from
each record and data are stored pseudonymized. The study was
assessed by the Institutional Review Board of the University
Medical Center Groningen, the Netherlands, which deemed the
collection and analysis of data exempt from ethics review in the
context of the Medical Research Involving Human Subjects Act
(WMO). The database is compliant with European Union
General Data Protection Regulation (GDPR, 2016/679).

Data collection

To be included for the present analysis, the date of presenta-
tion for evaluation of COVID-19 should be between 1 February
and 1 May 2020, and information on vital status at Day 28 after
presentation should be available. The primary outcome is mor-
tality. Secondary outcomes are ICU admission, need for inva-
sive ventilation, and need for kidney replacement therapy.
Outcomes were recorded with the end of follow-up at Day 28,
with the last follow-up data entered on 1 June 2020.
Information is collected on patient characteristics (including
demographics, frailty score referring to the clinical situation be-
fore the COVID-19 episode, comorbidities, primary kidney dis-
ease and medication use) and COVID-19-related
characteristics (presenting symptoms, vital signs and laboratory
test results) at presentation. Furthermore, the use of renin–an-
giotensin–aldosterone system (RAAS) inhibitors and immuno-
suppressive drugs, as well as changes in the dosing of these
drugs during the first 48 h after hospital admission, and the start
of anti-viral or anti-inflammatory therapy were recorded. In
case subjects were initially not admitted but were on a second
occasion, characteristics and treatment (changes) at second pre-
sentation were used for the present analyses. Tobacco use was
scored as never, prior or current use, or unknown.
Comorbidities were registered as derived from patient records,
with obesity defined as a body mass index (BMI) >30 kg/m2.
Frailty was scored on a scale of 1–9 according to the Clinical
Frailty Scale (CFS), an easily applicable tool to stratify patients
according to the level of vulnerability [21–23]. The CFS uses
functional descriptors and pictographs. A score of 1 represents
very fit, and 9 terminally ill [21–23]. Primary kidney disease
was registered using the ERA-EDTA coding system [24].

Study oversight

Our observational study was designed by the ERACODA
Working Group, which also runs the database assisted by a
Management Team and an Advisory Board (members listed in
the Acknowledgements). Details of authors’ contributions are
provided at the end of the article.

Statistical analysis

Continuous data are presented as mean with standard devia-
tion (SD) or as median and interquartile range (IQR) in case of
non-normal distribution. Categorical data are presented as per-
centages. Mortality was assessed as the probability of death us-
ing the Kaplan–Meier method or as a case-fatality rate. Because
we had complete follow-up for all included patients, the
Kaplan–Meier curves have no censoring for missing data. The
28-day case-fatality rate was calculated as the proportion of
deaths from COVID-19 at Day 28 after presentation compared
with the total number of people diagnosed with COVID-19
who had complete 28-day follow-up information available,
expressed as a percentage. To identify independent risk factors
for mortality, the associations of patient, disease and treatment
variables with death were examined using Cox proportional
hazard regression analysis. Hazard ratios (HRs) and corre-
sponding 95% confidence intervals (95% CIs) refer to a per unit
increase in a continuous variable. First, we tested the strength of
univariable associations of characteristics with outcome, and
secondly the strengths of these associations adjusted for age and
sex. Thirdly, a multivariable regression model was obtained using
a backward elimination procedure and excluding missing data
list-wise. Variables associated with mortality after age and sex ad-
justment with a P-value <0.1 were entered in this model. The
least significant variables were removed stepwise, until none met
the criterion of P-value>0.05. Associations of patient and disease
characteristics with mortality were tested in all patients. Since
antiviral and anti-inflammatory treatments were started predomi-
nantly in patients admitted to hospital, we restricted testing of
associations of treatment (changes) with mortality to the subset of
patients admitted to hospital to minimize bias by indication. Cox
proportional hazards assumptions were tested with Schoenfeld
residuals, and no violations were detected. In the multivariable
models, we assessed the significance of interactions of the remain-
ing significant terms. The tables show only data for variables for
which the association with mortality had a P-value<0.05.

To examine the robustness of the initial estimates, we per-
formed a sensitivity analysis in which we repeated all tests in a
subset of patients that is likely representative for all patients on
kidney replacement therapy with COVID-19 by analysing data
entered by physicians who responded in the questionnaire that
they had completed records of all consecutive kidney transplant
and dialysis patients with COVID-19 cared for by their centre.

Lastly, we were interested in mortality in patients who suf-
fered from COVID-19 shortly after kidney transplantation.
Therefore, we studied mortality risk separately for patients with
an interval after transplantation of <1, 1–5 and >5 years, re-
spectively, and compared the results with the mortality risk in
dialysis patients who were on the waiting list for a transplanta-
tion or in preparation to be placed on the waiting list.

All analyses were performed with the statistical software SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA). A two-sided P-
value<0.05 indicated statistical significance. Because we judged
Type 2 error to be a greater concern, the Type 1 error rate was
quantified without adjustment for multiplicity of comparisons,
implying that these results should be interpreted as exploratory.
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R E S U L T S

Demographics and disease characteristics

As of 1 June 2020, a total of 1073 patients with COVID-19
and complete 28-day follow-up had been entered in the
ERACODA database. Of the 1073 patients enrolled, 305 (28%)
were kidney transplant patients and 768 (72%) were on dialysis,
with a vast majority (96%) on haemodialysis and only 4% on
peritoneal dialysis. The demographic and clinical characteristics
according to the type of kidney replacement therapy and vital
status at Day 28 are listed in Table 1 for the overall populations.
Sex-specific data are shown in the Supplementary data, Table
S2. Mean age was 60 6 13 years in kidney transplant patients
and 67 6 14 years in dialysis patients, with a preponderance of
males in both groups. The majority of patients suffered from
one or more comorbidities, especially hypertension, diabetes
mellitus and coronary artery disease. Frailty scores were
3.0 6 1.6 AU in kidney transplant and 4.0 6 1.8 AU in dialysis
patients. The most commonly used immunosuppressive drugs
in transplant patients were prednisone (84%), tacrolimus (77%)
and mycophenolate (69%).

Ninety-three per cent of transplant patients and 96% of dial-
ysis patients had a positive result on the SARS-CoV-2 PCR as-
say. The proportions of patients with a CT scan or X-ray
showing COVID-19 compatible abnormalities were 92% and
88% in transplant patients and 74% and 69% in dialysis
patients, respectively.

Hospital admission and treatment

Of the 305 transplant patients and 768 dialysis patients pre-
senting with COVID-19, 89% and 70% were admitted to the
hospital, respectively (Table 2). Six per cent of transplant and
4% of dialysis patients who were not admitted on initial presen-
tation required hospital admission on a subsequent presenta-
tion. The mean time between onset of symptoms and hospital
admission was 7 days in transplant patients and 3 days in dialy-
sis patients. Of the admitted patients, 10% of transplant and
14% of dialysis patients were still admitted after 28 days of
follow-up. A higher proportion of transplant than of dialysis
patients was admitted to ICU and treated with invasive ventila-
tion (21% versus 12% and 18% versus 10%, respectively)
(Table 2; Supplementary data, Figure S1A). Patients admitted
to the ICU had more severe signs of disease at presentation
than those not requiring ICU admission (Supplementary data,
Table S3).

More than 70% of hospitalized kidney transplant and dialy-
sis patients received anti-viral treatment, which most often con-
sisted of (hydroxy) chloroquine (Supplementary data, Table
S4). While high-dose steroids were used in 18% of transplant
patients and 11% of dialysis patients, the use of anti-
inflammatory therapy with tocilizumab or anakinra was
infrequent.

We documented changes in the doses of immunosuppres-
sive drugs during the first 48 h after presentation in hospitalized
kidney transplant patients (Supplementary data, Table S4). The
dose of calcineurin inhibitors was reduced in 14%, with com-
plete discontinuation in 15% of users. Mycophenolate was

withdrawn in 54% of cases, whereas azathioprine and mecha-
nistic target of rapamycin (mTOR) inhibitors were only infre-
quently reduced or withdrawn. The dose of prednisone was
most often not changed or increased. Cessation of immunosup-
pressive medication occurred especially in patients with severe
disease who required ICU admission.

Mortality

Probability of death within 28 days was 21.3% (95% CI 14.3–
30.2%) in kidney transplant patients and 25.0% (95% CI 20.2–
30.0%) in dialysis patients [Supplementary data, Figure S1B;
unadjusted HR for the association of dialysis (versus transplant)
with 28-day mortality was 1.23 (95% CI 0.93–1.63), P¼ 0.14].
To account for differences in disease severity, reflected in a
higher admission rate in transplant patients and more COVID-
19-related symptoms, the probability of death was separately
analysed in hospitalized patients. In hospitalized transplant and
dialysis patients, the 28-day probabilities of death were 23.6%
(95% CI 15.8–32.3%) and 33.5% (95% CI 28.2–38.9%), respec-
tively (HR 1.56, 95% CI 1.17–2.07, P¼ 0.002). However, after
adjusting for sex, age and frailty, in-hospital mortality was
similar in transplant and dialysis patients (HR 0.81, 95% CI
0.59–1.10, P¼ 0.18). Death rates in patients who required
admission to the ICU were even higher (45% and 53%), respec-
tively (Figure 1; Supplementary data, Table S3). The 28-day
probability of death in patients who required mechanical
ventilation was 53% and 59% in transplant and dialysis patients,
respectively. Mortality in patients who were not admitted was
low, with a 28-day case-fatality rate of 3% and 5% in kidney
transplant and dialysis patients, respectively. Supplementary
data, Figure S2 shows that the case-fatality rates increase
sharply with higher age and frailty scores in kidney transplant
as well as dialysis patients.

By univariable and multivariable analyses, we identified age
as the most important risk factor for mortality in kidney trans-
plant patients, and age and frailty in dialysis patients (Table 3).
In Figure 2, we show the association between age, frailty and
case-fatality rates, indicating that when these risk factors accu-
mulate, mortality increases. In dialysis patients �75 years with
a frailty score of 5 or higher, the 28-day case-fatality rate was
44%. In transplant patients, other risk factors remaining signifi-
cant in multivariable analysis were higher respiration rate, de-
creased kidney function and use of prednisone (all at
presentation). For dialysis patients, a higher risk of death was
found for obesity, dyspnoea, high body temperature, high pulse
rate and elevated liver enzymes at presentation. We did not find
male sex, hypertension, chronic lung disease, coronary artery
disease or diabetes mellitus to be major risk factors for mortality
in transplant and dialysis patients (Figure 3). Repeating
our analyses in hospitalized patients only and in a subset of
patients that was likely representative for all patients on kidney
replacement therapy with COVID-19 yielded similar results
(Supplementary data, Tables S5 and S6).

In kidney transplant recipients, we specifically addressed the
incidence of severe forms of acute kidney injury. Loss of kidney
function, necessitating the start of dialysis or continuous
haemo(dia)filtration, occurred in 11% of hospitalized
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Table 1. Characteristics of kidney transplant and dialysis patients with COVID-19, overall and according to vital status at Day 28

Kidney transplant patients Dialysis patients

Vital status at Day 28 Vital status at Day 28

All
n¼ 305

Alive
n¼ 240

Deceased
n¼ 65

All
n¼ 768

Alive
n¼ 576

Deceased
n¼ 192

Characteristics

Male sex, % 62 64 54 60 59 64
Age, years 60 6 13 56 6 13 68 6 11 67 6 14 65 6 14 72 6 12
BMI, kg/m2 27.0 6 4.7 27.0 6 4.8 27.0 6 4.5 26.6 6 5.7 26.5 6 5.6 27.2 6 5.9
Race

Asian, % 3 2 5 4 4 5
Black or African descent, % 7 8 3 5 6 3
White or Caucasian, % 81 81 78 82 80 85
Other or unknown, % 9 9 14 9 10 7

Tobacco use
Current, % 3 4 2 8 8 6
Prior, % 26 26 29 19 18 25
Never, % 52 50 57 39 41 31
Unknown, % 19 20 12 34 33 38

CFS, AU 3.0 6 1.6 2.7 6 1.4 3.8 6 1.7 4.0 6 1.8 3.6 6 1.7 5.1 6 1.8
Comorbidities

Obesity, % 23 22 25 23 21 28
Hypertension, % 83 84 80 82 85 77
Diabetes mellitus, % 32 28 45 42 42 48
Coronary artery disease, % 21 18 31 30 29 32
Heart failure, % 8 5 18 22 20 32
Chronic lung disease, % 9 8 14 13 13 16
Active malignancy, % 7 4 17 6 5 9
Autoimmune disease, % 5 5 3 4 4 4

Primary kidney disease
Prim. glomerulonephritis, % 20 22 10 16 17 10
Pyelonephritis, % 4 4 6 1 2 1
Interstitial nephritis, % 6 7 3 4 4 5
Hereditary renal disease, % 15 16 11 9 11 6
Congenital diseases, % 4 5 2 1 2 1
Vascular diseases, % 10 7 19 17 14 26
Sec. glomerular disease, % 5 6 2 10 10 10
Diabetic kidney disease, % 16 14 24 26 25 30
Other, % 5 3 10 5 5 5
Unknown, % 12 15 13 10 11 6

Haemodialysis, % NA NA NA 96 96 95
Peritoneal dialysis, % NA NA NA 4 4 5
Residual diuresis �200 mL/day NA NA NA 33 36 26
Transplant waiting list status

Active on waiting list, % NA NA NA 11 14 1
In preparation, % NA NA NA 8 10 3
Temporarily not on list, % NA NA NA 7 8 4
Not transplantable, % NA NA NA 56 51 72
Unknown, % NA NA NA 8 7 9

Time since transplantation
<1 year, % 7 7 11 NA NA NA
1–5 years, % 31 34 21 NA NA NA
>5 years, % 60 58 66 NA NA NA

Medication use
Use of RAAS inhibition

ACE inhibitors, % 21 21 25 11 13 8
ARB, % 20 21 15 10 10 10

Use of immunosuppressive medication
Prednisone, % 84 83 88 NA NA NA
Tacrolimus, % 77 77 80 NA NA NA
Cyclosporine, % 10 10 12 NA NA NA
Mycophenolate, % 69 68 71 NA NA NA
Azathioprine, % 5 6 2 NA NA NA
mTOR inhibitor, % 14 15 12 NA NA NA

Continued
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transplant patients (Table 2). Although mortality was not in-
creased in patients within 1 year after transplantation (n¼ 23)
as compared with those who were between 1 and 5 years after
transplantation (n¼ 96), we explored how this risk relates to
mortality in dialysis patients who were eligible for transplanta-
tion. The risk of mortality in dialysis patients who were on the
waiting list for kidney transplantation (n¼ 85), or in work-up
to be placed on the waiting list for transplantation (n¼ 63), was
significantly lower compared with that in transplant patients
who were in the first year after transplantation. In the subset of
hospitalized patients, similar results were obtained (Table 4).

D I S C U S S I O N

The ERACODA database is a large European data set contain-
ing detailed individual patient data, facilitating well-powered
analyses of risk factors for mortality in dialysis and transplant
patients with COVID-19. The results of our study show that
mortality in kidney transplant and dialysis patients with
COVID-19 is high and primarily associated with advanced age
and frailty, while hypertension, diabetes mellitus, coronary ar-
tery disease, heart failure and chronic lung disease did not
emerge as independent risk factors in our analysis. After adjust-
ing for age, sex and frailty, we observed no significant difference
in in-hospital mortality between kidney transplant and dialysis
patients.

For kidney transplant patients, our study shows a 28-day
probability of death of 21.3%. Several small case series with

varying patient selection and duration of follow-up reported
case-fatality rates in kidney transplant patients ranging from
6% to 28% [15–17]. Previous studies of COVID-19 in the gen-
eral population have also reported a wide range of death rates
due to differences in demographics and selection of patients [4–
8]. Reported in-hospital case-fatality rates were 10.2%, 15.6%
and 20.3% in cohorts from the general population with median
ages of 62, 61 and 63 years, respectively [4–6]. In comparison,
our finding of 23.6% in-hospital case-fatality rate in a cohort
with a mean age of 60 6 13 years suggests that the COVID-19-
related mortality rate of transplant patients is higher than in the
general population. A similar view emerges when we compare
our data to age-group-specific case-fatality rates reported in
European countries. For all age groups, mortality is substan-
tially higher in transplant and dialysis patients as compared
with the general population (Table 5). It is important to note
that case-fatality rates of the general population and our cohort
must be compared with caution, since demographics, case
ascertainment as well as follow-up periods differ. We noticed
that mortality was very low in transplant and dialysis patients
who were not hospitalized, indicating that clinical judgment at
presentation correctly identified those patients who could be
safely managed at home.

A potential explanation for the relatively high mortality in
kidney transplant patients is the high prevalence of impaired
kidney function, which has been demonstrated to be a strong
risk factor for mortality in patients with COVID-19 [7–9, 12].
In accordance with a previous study, we found that also a

Table 1. Continued

Kidney transplant patients Dialysis patients

Vital status at Day 28 Vital status at Day 28

All
n¼ 305

Alive
n¼ 240

Deceased
n¼ 65

All
n¼ 768

Alive
n¼ 576

Deceased
n¼ 192

Characteristics

Presenting symptoms
Sore throat, % 15 16 11 11 11 10
Cough, % 67 65 77 45 43 50
Shortness of breath, % 46 39 72 32 26 49
Fever, % 75 74 81 54 49 67
Headache, % 15 17 10 8 8 8
Nausea or vomiting, % 17 17 17 9 9 11
Diarrhea, % 31 32 25 11 10 12
Myalgia or arthralgia, % 28 28 32 20 19 25

Vital signs
Temperature, �C 37.5 6 1.1 37.5 6 1.1 37.5 6 1.0 37.5 6 1.0 37.3 6 1.0 37.8 6 1.0
Respiration rate, /min 20.9 6 7.0 19.7 6 6.1 25.4 6 8.1 18.8 6 4.9 18.3 6 4.5 20.5 6 5.5
O2 saturation room air, % 93.6 6 7.6 94.3 6 6.9 91.0 6 9.3 93.8 6 5.1 94.4 6 4.5 92.0 6 5.1
SBP, mmHg 131 6 20 130 6 18 136 6 24 137 6 26 138 6 24 133 6 30
DBP, mmHg 76 6 14 76 6 13 77 6 15 75 6 15 76 6 14 70 6 17
Pulse rate, BPM 86 6 17 86 6 17 86 6 16 83 6 16 82 6 15 88 6 17

Laboratory test results
Lymphocytes, �1000/mL 0.8 (0.5–1.3) 0.9 (0.5–1.3) 0.7 (0.4–1.0) 0.9 (0.6–1.2) 0.9 (0.6–1.3) 0.7 (0.5–1.1)
eGFR, mL/min/1.73 m2 37 (21–51) 39 (25–55) 27 (18–43) NA NA NA
CRP, mg/L 52 (14-100) 41 (10-89) 85 (38-147) 21 (5-70) 19 (4–57) 34 (12–114)

Continuous variables are reported as mean 6 SD or median (IQR). eGFR is calculated with the creatinine-based Chronic Kidney Disease Epidemiology Collaboration formula. Obesity
is defined as BMI >30 kg/m2.
ACE, angiotensin-converting enzyme; ARB, angiotensin-II receptor blocker; AU, arbitrary units; CRP, C-reactive protein; DBP, diastolic blood pressure; eGFR, estimated glomerular
filtration rate; NA, not applicable; O2, oxygen; prim., primary; SBP, systolic blood pressure; sec., secondary.
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worsening of kidney function at presentation was indepen-
dently associated with mortality [12]. Other factors at presenta-
tion associated with 28-day case-fatality in kidney transplant
patients were age, respiration rate and use of prednisone prior
to admission. The association between prednisone use prior
to admission and outcome should be more closely examined in
future studies.

We observed that in the hospitalized kidney transplant
patients in our cohort, mycophenolate and tacrolimus were
often reduced or discontinued and prednisone was often in-
creased, in accordance with published opinion-based guidelines
[24]. Our data did not allow evaluation of whether higher doses
of corticosteroids had beneficial effects, as was recently demon-
strated for short-term dexamethasone treatment in patients
with COVID-19 receiving oxygen with or without invasive me-
chanical ventilation [25]. Cessation of immunosuppressive

medication occurred especially in patients with severe disease
who required ICU admission. Future studies should evaluate
whether this strategy is effective for improving outcomes in
COVID-19 and whether it is safe with respect to graft function
and transplant rejection.

We observed that the 28-day mortality of kidney transplant
patients within their first year after transplantation was higher
than that of dialysis patients who were on the kidney transplant
waiting list or in preparation for placement on the waiting list.
While this might impact the decision to undergo transplanta-
tion during the COVID-19 pandemic, several aspects need con-
sideration when interpreting this observation. First, this
observation was based on a relatively small subset of patients
with only 15 events. Secondly, the risk of dying from COVID-
19 largely depends on the risk of contracting a SARS-CoV-2 in-
fection, which can vary widely at different stages of the pan-
demic and across regions, and may differ between transplant
and dialysis patients. Thirdly, long-term outcomes have to be
taken into account since chronic dialysis treatment is associated
with an increased risk of morbidity and mortality. Finally, the
availability of resources to provide adequate care to transplant
and dialysis patients and individual patient factors such as age,
frailty, the need for lymphocyte depleting induction therapy
and the urgency of a kidney transplantation should be assessed.
In our opinion, the risk for mortality in the first year after
kidney transplantation may not exceed the risk associated
with the continuation of dialysis when the prevalence of SARS-
CoV-2 infection in the general population is low.

Table 2. Follow-up data of kidney transplant and dialysis patients with
COVID-19

Characteristics Kidney
transplant

patients

Dialysis
patients

All patients n¼ 305 n¼ 768
Hospitalization, % 89 70
Reason for no hospital admission

No indication, % 97 86
Logistical reasons related to

COVID-19, %
0 2

Patient/family preferred no admission, % 3 12
Admitted patients only n¼ 271 n¼ 538
ICU admission, % 21 12
Reason for no ICU admission

No indication, % 86 82
Logistical reasons related to

COVID-19, %
4 1

Patient/family preferred no admission, % 1 1
Prognosis was too bad, % 9 16

Ventilator support, % 18 10
Reason for no ventilator support

No indication, % 86 83
Logistical reasons related to

COVID-19, %
4 1

Patient/family preferred no admission, % 1 1
Prognosis was too bad, % 9 15

Start of CVVH/haemodialysis, % 11 NA
Reason not to start CVVH/haemodialysis

No indication, % 98 NA
Logistical reasons related to

COVID-19, %
0 NA

Patient/family preferred no admission, % 0 NA
Prognosis was too bad, % 2 NA

Continuing kidney replacement therapy
during admission, %

NA 95

Increase in intensity kidney replacement
therapy, %

NA 8

Reason for discontinuation of kidney
replacement therapy

No indication, % NA 43
Logistical reasons related to COVID-19,

%
NA 0

Patient/family preferred no admission, % NA 0
Prognosis was too bad, % NA 57

CVVH, continuous venovenous haemofiltration; NA, not applicable.

FIGURE 1: Vital status at Day 28 after presentation with COVID-19
of (A) kidney transplant (n¼ 305) and (B) haemodialysis patients
(n¼ 768).
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In dialysis patients, COVID-19-related 28-day case-fatality
rate was 25.0% for all patients in our study and 33.5% for
patients who were admitted in hospital. A recent report from
the COVID-19 registry of the Spanish Society of Nephrology
showed a case-fatality rate of 24.9% in nearly 600 dialysis
patients, although follow-up was limited to<3 weeks in the ma-
jority of patients [19]. In dialysis patients who died in our study,
only a minority was admitted to the ICU, suggesting the pres-
ence of advanced care planning in this population.

In dialysis patients, the clinical frailty score at presentation
was the strongest predictor of mortality. In multivariable analy-
sis, the association between frailty and mortality was even
stronger than the association between age and mortality, which
was opposite to the situation in kidney transplant patients.

Although this finding may be explained by a power issue (there
are more dialysis patients with a wider range in clinical frailty
scores as compared with kidney transplant patients), it could
also be that in every age category the least frail dialysis patients
receive a kidney transplant, so that frailty will be more strongly
associated with outcome in dialysis than in kidney transplant
patients. Whatever the explanation of this finding may be, this
indicates that the easy-to-use clinical frailty score rather than
chronological age should be used to guide treatment decisions
in dialysis patients with COVID-19 requiring critical care organ
support and in advanced care planning.

Our study has limitations. The database may not include all
patients with COVID-19 in the participating centres, which can
lead to selection bias. However, when we limited our analyses

Table 3. Univariable and multivariable Cox regression analysis of patient and disease-related factors at a presentation associated with a 28-day case-fatality
rate in all kidney transplant (n5 305) and dialysis (n5 768) patients with COVID-19

Characteristics Age and sex adjusted Multivariable

HRa 95% CI P-value HRa 95% CI P-value

Kidney transplant patients
Age, years 1.08 1.06–1.11 <0.001 1.07 1.04–1.10 <0.001
eGFR, mL/min/1.73 m2 0.98 0.97–1.00 0.03
Primary kidney disease, yes versus no

Primary glomerulonephritis 0.42 0.18–0.97 0.04
Vascular disease 2.03 1.0–3.83 0.03

Comorbidity, yes versus no
Active malignancy 2.00 1.02–3.93 0.04

O2 saturation, % 0.97 0.95–1.00 0.02
Respiratory rate, /min 1.08 1.05–1.12 <0.001 1.07 1.03–1.11 <0.001
Log lymphocyte count 0.72 0.54–0.96 0.03
Log CRP 1.48 1.17–1.86 <0.001
Dyspnoea, yes versus no 2.77 1.60–4.79 <0.001
>25% higher creatinine, yes versus no 2.10 1.27–3.50 0.004 1.89 1.05–3.40 0.03
Use of prednisone, yes versus no 2.09 0.95–4.59 0.07 2.88 1.03–8.03 0.04
Dialysis patients
Age, year 1.04 1.03–1.05 <0.001 1.03 1.01–1.04 0.006
Frailty, AU 1.41 1.29–1.55 <0.001 1.28 1.13–1.46 <0.001
Smoking status, versus never

Prior 1.54 0.02–2.32 0.04
Primary kidney disease, yes versus no

Vascular diseases 1.49 1.06–2.09 0.02
Comorbidity, yes versus no

Obesity 1.49 1.06–2.10 0.02 1.87 1.18–2.95 0.007
Hypertension 0.61 0.44–0.85 0.004
Heart failure 1.39 1.02–1.89 0.04

Status waiting list, versus not transplantable
Active or in prep for wait list 0.19 0.09–0.40 <0.001
Temporary not on wait list 0.42 0.20–0.91 0.03

Temperature, �C 1.54 1.31–1.80 <0.001 1.61 1.30–1.98 <0.001
Respiratory rate, /min 1.06 1.03–1.09 <0.001
O2 saturation, % 0.94 0.92–0.97 <0.001
DBP, mmHg 0.98 0.97–1.00 0.01
Pulse, beats per min 1.02 1.01–1.03 <0.001 1.01 1.00–1.03 0.008
Log lymphocyte count 0.71 0.56–0.91 0.007
Log CRP 1.26 1.13–1.41 <0.001
Dyspnoea, yes versus no 2.63 1.93–3.60 <0.001 2.11 1.37–3.27 <0.001
Fever, yes versus no 2.61 1.80–3.80 <0.001
Myalgia, yes versus no 1.52 1.08–2.14 0.01
Elevated liver transaminases, yes versus no 1.97 1.17–3.34 0.01 2.81 1.55–5.08 <0.001
New HF or abnormal ECG, yes versus no 1.86 1.19–2.90 0.006

Number of deaths in kidney transplant¼ 65 and in dialysis patients¼ 192.
aFor continuous variables, HR refers to per unit increase in a given variable.
AU, arbitrary units; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; O2, oxygen; DBP, diastolic blood pressure, HF, heart failure; ECG, electrocardiogram.
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to the subsets of patients that were likely representative for
an unselected population of COVID-19 patients, similar results
were obtained. In addition, patients may have contracted
SARS-CoV-2 infection without contacting a medical centre.
Theoretically, patients with no or mild symptoms may therefore
be underrepresented in our database. Such bias is not expected
to be important, because kidney transplant and dialysis patients
are in general under close medical follow-up, and therefore
will likely present themselves when having complaints. Some
patients were still in hospital after 28 days of follow-up. It is
unclear whether they are still at risk of dying or whether they
have passed the critical disease stage and are in a recovery
phase. However, the Kaplan–Meier curve visualizes that the
majority of deaths occur within the first 2 weeks after presenta-
tion. The present 28-day vital status data will therefore be only
a minor underestimation of the final case-fatality rate. Lastly, al-
though our database contains a wealth of granular individual
patient-level information, a confounding effect of other
unmeasured parameters cannot be excluded.

The major strengths of the ERACODA database are that it
prospectively collects data from many centres across Europe,
and that it is specifically dedicated to gathering information on

patients with kidney disease. It encompasses a large multi-
centre dataset with granular information on individual patient,
disease as well as treatment characteristics which allows detailed
analyses. In addition to mortality, we also report on ICU admis-
sion, need for ventilator support and need for renal replacement
therapy. The dataset includes information on frailty, a factor
that is considered important for clinical decision-making, but
only rarely collected in COVID-19 registries. Moreover, kidney
transplant as well as dialysis patients are included, which makes
it possible to compare risk in these two patient groups.

FIGURE 2: Relationship between age, clinical frailty score and
28-day case-fatality rate in (A) kidney transplant and (B) dialysis
patients with COVID-19. Age and clinical frailty scores are
subdivided into three clinical classes.

FIGURE 3: Association of demographic factors, major cardiovas-
cular disease risk factors and chronic lung disease with 28-day
mortality in dialysis and kidney transplant patients with
COVID-19. Results are shown for a full adjusted multivariate
model that includes the covariates shown in the graphs to allow
comparison with data from the literature. Panel (A) shows results
for patients on dialysis. Panel (B) shows results for patients living
with a kidney transplant.
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In summary, 28-day case-fatality rate was high in kidney
transplant and dialysis patients, especially in those admitted in
hospital. Mortality was primarily associated with advanced age
in kidney transplant patients and with age and frailty in dialysis
patients. Our findings are important in guiding clinical
decision-making, and for informing the public and healthcare
authorities on the COVID-19-related mortality risk in kidney
transplant and dialysis patients.
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