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Time on previous renal re
placement therapy is
associated with worse outcomes of COVID-19 in a
regional cohort of kidney transplant and dialysis
patients
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Abstract
Chronic renal replacement therapy by either a kidney transplant (KTX) or hemodialysis (HD) predisposes patients to an increased risk
for adverse outcomes of COVID-19. However, details on this interaction remain incomplete. To provide further characterization, we
undertook a retrospective observational cohort analysis of the majority of the hemodialysis and renal transplant population affected
by the first regional outbreak of severe acute respiratory distress syndrome coronavirus 2 (SARS-CoV-2) in Germany. In a region of
250,000 inhabitants we identified a total of 21 cases with SARS-CoV-2 among 100 KTX and 260 HD patients, that is, 7 KTX with
COVID-19, 14 HDwith COVID-19, and 3 HDwith asymptomatic carrier status. As a first observation, KTX recipients exhibited trends
for a higher mortality (43 vs 18%) and a higher proportion of acute respiratory distress syndrome (ARDS) (57 vs 27%) when compared
to their HD counterparts. As a novel finding, development of ARDS was significantly associated with the time spent on previous renal
replacement therapy (RRT), defined as the composite of dialysis time and time on the transplant (non-ARDS 4.3 vs ARDS 10.6years,
P= .016). Multivariate logistic regression analysis showed an OR of 1.7 per year of RRT. The association remained robust when
analysis was confined to KTX patients (5.1 vs 13.2years, P= .002) or when correlating the time spent on a renal transplant alone
(P= .038). Similarly, longer RRT correlated with death vs survival (P= .0002). In conclusion our data suggest renal replacement
vintage as a novel risk factor for COVID-19-associated ARDS and death. The findings should be validated by larger cohorts.

Abbreviations: AKI = acute kidney injury, ARDS = acute respiratory distress syndrome, CCI = Charlson comorbidity index,
COVID-19 = coronavirus disease-2019, HD = hemodialysis, HFRS = hospital frailty risk score, KTX = kidney transplant, RRT = renal
replacement therapy (by either HD or as a composite of HD and KTX in transplant patients), SARS-CoV-2 = severe acute respiratory
distress syndrome coronavirus 2.

Keywords: acute respiratory distress syndrome, Charlson comorbidity index, end stage kidney disease, hospital frailty risk score,
immunocompromised, severe acute respiratory distress syndrome coronavirus 2, viral shedding
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Key Points

� Question: What predisposes dialysis and kidney trans-
plant patients to an unfavorable outcome of COVID-19?

� Findings: Patients developing ARDS exhibited a signifi-
cantly longer history of previous RRT than those without
ARDS (10.6 vs 4.3years) with anOR for ARDS of 1.7 per
year of RRT. No other characteristic including CCI,
HFRS or counting diagnoses yielded an interaction of
comparable strength.

� Meaning: These data from 21 patients of the first regional
German SARS-CoV-2 outbreak suggest time on previous
RRT as a novel risk factor for patients with end stage
renal disease, especially transplant carriers. Validation by
larger cohorts is warranted.
Figure 1. Study flow chart. Within the given region and its renal replacement

therapy patient population of ∼360 individuals, a total of 21 individuals with
SARS-CoV-2 was identified using vigilant maintenance follow-up and inter-
institutional communication by the 3 care providers serving the vast majority of
renal patients in the area.
1. Introduction

The coronavirus SARS-CoV-2 (CoV-2)-associated disease 2019
(COVID-19) is primarily characterized by a hypoxia-inducing
prolonged pneumonia, potentially developing into an acute
respiratory distress syndrome (ARDS), that is often associated
with acute kidney injury (AKI) and endovascular dysfunction.
Conversely pre-existent renal disease and especially end-stage
renal disease itself represents a putative risk factor for worse
outcomes in COVID-19.[1] The background situation is that for a
proper allocation of resources and the best individual care, a
better understanding of these interactions is urgently needed.[2]

Specifically, for practicing nephrologists this concerns the impact
of carrying a renal transplant vs being on chronic hemodialysis
and potential additional risk factors within these 2 patient
groups. The objective of this study was to gain additional
information on these points by comparing the characteristics of
KTX and HD patients with COVID-19 and to inform this by a
very high degree of detail in the recording of patients’ histories
and clinical courses. According to the planning, the hypothesis of
additional identifiable risk factors was intended to be tested. In
order to obtain such insight, we identified and analyzed a group
of 21 patients on RRTwho developed COVID-19 or were CoV-2
positive from the epicenter of the first German outbreak in a
region of 250,000 inhabitants. The patients were treated in
homogeneous distribution by a small and defined set of care
providers both prior to and during COVID-19. Importantly, the
region of the outbreak was also well characterized in terms of the
epidemiological virology of its general population allowing for a
contextualization of our results.[3]

The study flow diagram in Figure 1 summarizes the population
and patient background numbers and subsequently enrolled
patients.

2. Materials and methods

2.1. Patients

The county of Heinsberg in the western part of Germany
comprises ∼250,000 inhabitants at a density of 405 per square
kilometer,[3] ∼260 patients on chronic dialysis, and ∼100
patients who are renal transplant carriers, indicating a 0.15%
prevalence of renal replacement therapy (RRT), which is in line
2

with the national average (Fig. 1).[4] In mid-February 2020 the
region became the epicenter of the first nationally reported
outbreak of SARS-CoV-2/COVID-19, emerging from a tradi-
tional carnival session attended by several hundred people in the
town of Gangelt.[3] In response to this event, we established a
registry enrolling all regional patients on chronic renal replace-
ment therapy developing COVID-19 or positivity for SARS-CoV-
2 as the local institutions covering and treating the vast majority
of renal patients in the area. This was done in a joint effort among
the 2 ambulatory dialysis care providers (termed provider A and
B) serving the area and the reference renal transplant center at
RWTH Aachen University. RWTH Aachen University Hospital
was the tertiary care center located closest to the epicenter (40
km) treating the highest number of more severely affected
inpatients in the course of the COVID-19 outbreak (total of 133
individuals between February 24 and June 17, 2020; general
hospital demographics: 1400 beds; 50,000 inpatients and
200,000 clinic patients per year). During the crisis, the maximum
capacities of ventilatory ICU beds and renal replacement therapy
were increased from ∼120 to 200 patients and 25 to 55
treatments per day, respectively, thus securing without exception
the availability of optimal care and the capacity to accept referrals
from community centers. The geography and the regional
subdistribution of SARS-CoV-2/COVID-19 cases in our patients
on renal replacement therapy (both KTX andHD) is summarized
in Supplementary Figure 1, http://links.lww.com/MD/F776. The
center-specific allocation of these patients prior and during their
SARS-CoV-2-associated illness is summarized in Supplementary
Figure 2, http://links.lww.com/MD/F777.
2.2. Data collection

This study was approved by the University’s institutional review
board (IRB) under the protocol number EK 233/20. Patients were
identified during clinical routine, for example, thrice weekly
dialysis, ambulatory visits, telephone investigations (similar to
published practice),[5] communication of the nephrology consult
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service with ambulatory providers, and the intensive care service.
Review of the University hospital’s electronic virology database
and of the COVID-19 Aachen Study Registry (COVAS) enlisting
all patients treated for COVID-19[6] revealed no additional
participants, confirming a comprehensive inclusion of the target
population. KTX patients had been instructed to only seek
medical treatment when symptomatic for COVID-19, then
resulting in their diagnosis, in line with recommendations.[7,8]

The dialysis population was subjected to a more proactive
screening by throat swabs for those deemed at increased risk for
example, by contact to a dialysis roommate or a family member,
thereby yielding additional detection of SARS-CoV-2 RNA in 3
asymptomatic HD patients. Clinical data of enrollees were
systematically recorded and observation of each patient was
performed at least until a definitive outcome was reached, that is,
recovery with discharge or death. Patients experienced the onset
of COVID-19 symptoms or CoV-2 viral RNA detection between
February 18 and April 23, 2020. Data collection was closed by
May 27, 2020, when the last hospitalized patient achieved a final
outcome. None of the 21 patients had a loss to follow-up.
2.3. Virologic studies

Acute SARS-CoV-2 infection was detected using real time PCR
(SARS-CoV-2 Virus RT PCR Kit 1.0, Altona, Hamburg,
Germany)[9] with a sensitivity and specificity of 93.1% and
100%, respectively.[10] SARS-CoV-2-speific Immunoglobulin G
seroconversion was detected by the Anti-SARS-CoV-2 ELISA
(IgG) (Euroimmun, Lübeck, Germany) (sensitivity 86.4%,
specificity 96.2%).[11]
2.4. Radiologic studies

Patient-specific radiologic data are provided when available to
support the clinical description of single patients (Supplementary
Table 2, http://links.lww.com/MD/F781). Classification of
radiologic images was performed according to the Corona Virus
imaging Reporting and Data System (CoV-RADS), grades 1 to 5
as recently published[10] and as detailed in legends to Supple-
mentary Table 2, http://links.lww.com/MD/F781.
2.5. Score calculation

The number of diagnoses was calculated by counting each
patient’s historically accumulated ICD (International statistical
classification of diseases and related health problems) diagnoses.
The Charlson cormorbidity index, CCI[12] was calculated using
Microsoft Excel informed by chart review. The geriatric index,
Hospital frailty risk score, HFRS[13] was computed using a self-
designed Python script for Microsoft Excel based on ICD history.
2.6. Statistical analysis

Basic statistical analysis was performed using GraphPad Prism 6
with the test methods as indicated in legends to Tables and
Figures. These comprised log-rank-test, student t test, if
appropriate with Welch correction, analysis of variance
(ANOVA) with post-hoc Tuckey test, Mann–Whitney test, and
Fisher exact test. Missing data are indicated in tables throughout
by empty spaces, a dash or a comment, as appropriate. In Table 1,
visual analysis revealed that significance testing between groups
or their combinations lacked statistical power and was thus
3

omitted. In Table 2, visual analysis for each parameter led to the
conclusion that application of one-sided t test (with Welch
correction if needed) in a univariate manner was appropriate.
This was confirmed by similar significance results upon non-
parametericMann–Whitney testing (data not shown). To identify
risk factors for ARDS, binomial logistic regression was
performed using PROC logistic in SAS (Version 9.4, SAS
Institute Inc, Cary, NC). Variables with P values <.25 in the
univariate logistic regression analysis were potentially eligible for
testing in the multivariate model, that is, HFRS, diagnoses, RRT
time (years) and HD vs KTX. The variable baseline GFR was
excluded for multivariate testing since it was only measurable for
KTX patients. The variables HFRS and duration of RRT (RRT,
years) showed a strong correlation with the number of diagnoses
(r=0.8 and r=0.6, respectively, PROC corr in SAS). These
interactions were expected, given the calculation of HFRS from
ICD-codes and the probability to accumulate more diagnoses
with longer RRT time. Given the universal character of age and
the relevance of RRT time and HD vs KTX, these 3 parameters
were included in the multivariate analysis. Choice of a larger
group of characteristics was precluded by the limited patient
number. Interestingly, body-mass-index (BMI), as an established
risk factor for a severe COVID-19 course[1] when>30kg/m2 was
actually lower in patients with ARDS in our cohort and showed a
P value >.25 in univariate logistic regression for ARDS; hence it
was also omitted.
3. Results

3.1. Major findings

The study population comprised 21 subjects on RRT identified as
described above. As detailed in Table 1, the cohort’s composition
consisted of 7 KTX plus 11 HD patients suffering from COVID-
19 and an additionally 3 asymptomatic HD patients identified to
be CoV-2-positive by throat PCR screening. According to visual
analysis, baseline demographics, median follow-up time, risk
factors (except for obesity), rates of ambulatory and in-hospital
treatment, and the duration of CoV-2 RNA shedding were
similar between KTX and HD COVID-19 patients. However, in
comparison to HD COVID-19 patients, in KTX recipients with
COVID-19 the rates of ARDS and death were almost doubled
and the lengths of clinical illness and hospitalization increased by
50%, yet without statistical significance. This case fatality is
further illustrated by a Kaplan Meier plot (Fig. 2). Due to low
patient numbers, univariate or multiple variable analysis of
Table 1 or a meaningful log-rank-test for Figure 2 could not be
performed. Four out of 7 KTX recipients developed AKI. Except
for the Charlson comorbidity index, CCI,[12] morbidity indica-
tors were more pronounced in the KTX group, such as the
number of diagnoses, the geriatric hospital frailty risk score,
HFRS (based on ICD codes of previous hospitalizations)[13] and
the time spent on previous RRT (Table 1). In summary, our KTX
patients developing COVID-19 exhibited trends for a higher
degree of baselinemultimorbidity and also showed higher rates of
ARDS, death, longer morbidity and longer hospitalization.
To further explore the interaction between pre-existing

morbidity and unfavorable outcomes, we performed a univariate
analysis for the development of ARDS (Table 2). The entire
cohort of 21 patients was dissected into N=14 who did not and
N=7 who did develop an ARDS. To increase sensitivity the non-
ARDS group also comprised the 3 individuals onHDwho did not
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Table 2

Univariate analysis for quantitative and qualitative differences in characteristics of non-ARDS vs ARDS patients.

Non-ARDS ARDS Onetailed t test
Characteristic (N=14

∗
) (N=7

∗
) P value

Parametric variables
Age, median years (IQR) 67.0 (59.5–79.0) 67.0 (62.0–69.0) .447
BMI, median (IQR) 28.3 (24.3–29.8) 23.8 (23.5–36.2) .433
CCI, median points (IQR) 6.5 (5.8–7.3) 8.0 (6.0–8.0) .202
HFRS, median points (IQR) 3.7 (2.4–10.1) 8.5 (4.6–22.4) .111
Diagnoses, N (IQR) 24.5 (19.8–34.0) 31.0 (23.0–57.0) .044
RRT, median years (IQR) 4.3 (3.0–5.3) 10.6 (4.5–14.9) .016

RRT in KTX, median years (IQR) 5.1 (3.5–5.9)† 13.2 (10.0–14.9)‡ .002
KTT in KTX, median years (IQR) 3.8 (2.8–5.1)† 8.2 (6.0–13.3)‡ .038
HDT in KTX, median years (IQR) 0.7 (0.0–2.1)† 3.6 (0.3–6.9)‡ .138

Baseline GFR in KTX, median (IQR) 65 (40–68)† 22 (16–51)‡ .047
Binomial variables
RAAS blockade, N (%) 9 (64) 4 (57) 1.000
Hypertension, N (%) 12 (86) 6 (86) .753
Diabetes mellitus, N (%) 7 (50) 3 (43) .562
ABO type A, N (%) 7 (58) 5 (71) .474
HD vs KTX, N (%) 3 (21) 4 (57) .127

ARDS= acute respiratory distress syndrome, BMI= body mass index in kg/m2, CCI= Charlson comorbidity index, GFR= glomerular filtration rate in ml/minutes/1.73m2, HD= hemodialysis, HDT= hemodialysis
time in transplant recipients, HFRS = hospital frailty risk score, KTT = kidney transplant time, KTX = kidney transplant recipients.
Statistical analysis using standard or Welch corrected t test for parametric and Fisher exact test for binomial variables, respectively.
∗
unless otherwise specified.

† N=3.
‡ N=4.

Table 1

Cohort baseline characteristics.

Kidney transplant with COVID-19 Hemodialysis with COVID-19 Hemodialysis with asymptomatic CoV-2
Characteristic (N=7) (N=11) (N=3)

Baseline
Age, median y (IQR) 62 (55–68) 69 (65–73) 79 (65–87)
Sex, female N (%) 3 (43) 6 (55) 2 (67)
ARDS, N (%) 4 (57) 3 (27) 0 (0)
AKI, N (%) 4 (57) n/a n/a

Outcome
Median follow-up, d (IQR) 69 (22–70) 64 (45–69) 67 (35–78)
Still hospitalized, N (%) 0 (0) 0 (0) n/a
Deceased, N (%) 3 (43) 2 (18) 0 (0)
Recovered, N (%) 4 (57) 9 (82) 3 (100)

Multimorbidity indicators
Diagnoses, median N (IQR) 34 (31–57) 26 (21–34) 22 (19–23)
CCI, median points (IQR) 6 (4–8) 6 (6–8) 4 (7–10)
HFRS, median points (IQR) 13.0 (4.6–22.4) 3.5 (2.4–6.9) 3.8 (2.4–10.0)
Time on RRT, median y (IQR) 9.6 (5.1–14.9) 4.1 (0.9–4.7) 4.5 (3.3–6.5)
Time on KTX, median y (IQR) 5.4 (3.8–8.5) n/a n/a

Risk factors
BMI 25–29.9, N (%) 1 (14) 5 (45) 2 (67)
BMI ≧30.0, N (%) 0 (0) 4 (36) 1 (33)
Hypertension, N (%) 5 (71) 9 (82) 3 (100)
Diabetes mellitus, N (%) 4 (57) 4 (36) 3 (100)
RAAS blockade, N (%) 4 (57) 6 (55) 3 (100)
ABO-type A, N (%) 6 (86) 5 (45) 1 (33)

Management and highest level of care
Outpatient only, N (%) 3 (43) 5 (45) 3 (100)
Hospitalized, N (%) 4 (57) 6 (55) 0 (0)
No oxygen, N (%) 3 (43) 6 (55) 3 (100)
Oxygen, N (%) 1 (14) 2 (18) 0 (0)
MEV or ECMO, N (%) 3 (43) 3 (27) 0 (0)

Duration of
Illness, median d (IQR) 21 (15–26) 14 (14–21) 0 (0)
Hospitalization, median d (IQR) 36 (14–62) 22 (5–37) n/a
CoV-2 shedding, median d (IQR) 18 (15–34) 18 (14–21) 21 (13–33)

AKI= acute kidney injury according to KDIGO (kidney disease improving global outcomes), ARDS= acute respiratory distress syndrome, BMI= body mass index in kg/m2, CCI= Charlson comorbidity index, CoV-
2 = SARS-CoV-2 RNA detected by polymerase-chain-reaction, ECMO = extracorporeal membrane oxygenation, HD = hemodialysis, HFRS = hospital frailty risk score, IQR = interquartile range, MEV =
mechanical ventilation, n/a = not assessed or not applicable, N = number, RAAS = renin angiotensin aldosterone, RRT = renal replacement therapy.
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Figure 3. Time on previous chronic renal replacement therapy, RRT in years
stratified by outcome. Asymptomatic, patients on hemodialysis with
asymptomatic shedding of SARS-CoV-2 RNA; outpatient, patients with
COVID-19 treated as outpatients only; hospitalized, patients who were
hospitalized but did not develop an acute respiratory distress syndrome
(ARDS); survived ARDS, patients with ARDS followed by recovery and
discharge; fatal ARDS, patients with ARDS followed by death. Each data point
represents 1 single patient. Horizontal bars: median. Boxes: 25% to 75%
interquartile range, IQR. Whiskers: 10% to 90% IQR. Statistical testing using
ANOVA with Tuckey post-hoc analysis. Of note, patient HD 9 who developed
nonfatal ARDS despite a very short duration of previous RRT of 0.6years (left
black dot under “Survived ARDS”) suffered from chronic asthma as a known
non-renal risk factor for developing ARDS.

Figure 2. Patient survival within the cohort. KTX-COVID = kidney transplant
with COVID-19, HD-COVID= hemodialysis with COVID-19, HD-asympt CoV-2
= hemodialysis with asymptomatic detection of SARS-CoV-2-RNA, N =
number of patients.

Villa et al. Medicine (2021) 100:10 www.md-journal.com
develop COVID-19 but were asymptomatic carriers of SARS-
CoV-2 detected by screening procedures at the dialysis centers.
The ARDS group was composed of 4 KTX and 3 HD cases. In
this univariate one-sided t test analysis, the absolute number of
diagnoses and the time on previous RRTwere significantly higher
in the ARDS group, that is, by 27 and 147% respectively (median
years on RRT 4.3 non-ARDS vs 10.6 ARDS) (Table 2). Following
this result and to understand if this effect was conserved in the
renal transplant population, we probed the KTX cohort alone for
both previous time on RRT and also for previous time on renal
transplant (kidney transplant time, KTT). Again, there were
robustly significant results, suggesting, that especially in the renal
transplant population, the length of previous renal replacement
therapy and of transplantation dwelling are associated with the
development of COVID-19-related ARDS and/or death (Table 2).
Similar results were obtained for the alternative outcome of
survival vs non-survival, yielding signals of significance again for
the time spent on previous RRT over all 3 patient groups
(P= .0002), and within the KTX group for RRT (P= .024) and
KTT (P= .014), respectively.
Table 3

Logistic regression analyses for the outcome variable of Non-ARDS

Univariate logistic regression

Characteristic OR CI P

Parametric variables
Age, years 0.995 0.912–1.086
BMI 1.016 0.881–1.171
CCI, points 1.249 0.742–2.102
HFRS, points 1.096 0.969–1.239
Diagnoses, N 1.102 0.993–1.222
RRT, years 1.583 1.057–2.370
Baseline GFR 0.921 0.827–1.025

Binomial variables
RAAS blockade 1.350 0.212–8.617
Hypertension 1.000 0.075–13.367 1
Diabetes mellitus 1.333 0.214–8.288
ABO type A 0.640 0.088–4.656
HD vs KTX 0.205 0.029–1.463

CI = confidence interval, OR = odds ratio. See Table 2 for further corresponding values and abbreviat

5

To verify these findings by a more conservative approach we
also performed a separate analysis of the ARDS and non-ARDS
groups without the 3 asymptomatic SARS-CoV-2 positive
individuals on HD by a comprehensive ANOVA analysis with
posthoc testing, as shown graphically in Figure 3. Again, there
was a statistically significant signal concerning the association of
previous renal replacement duration and development of fatal
ARDS.
Despite the caution that must be advised in the interpretation

of such results given the overall limited patient number of our
study, we performed logistic regression analyses for risk factors
of ARDS as detailed in the methods section. The results are
provided in Table 3, confirming the signal for time on previous
RRT as a risk factor for development of ARDS.
(N=14)vs ARDS (N=7).

Multivariate logistic regression

value OR CI P value

.917 0.969 0.858–1.095 .617

.831

.403

.145

.067

.026 1.701 1.001–2.919 .049

.133

.751
.000
.758
.659
.114 0.429 0.012–15.510 .644

ions.
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None of the fatal or adverse outcomes was due to a limitation
in the availability of medical resources (see methods for details).
As an indicator, extracorporeal membrane oxygenation (ECMO)
was administered (e.g., KTX-COVID #6) and 4 out of 5 deaths
occurred at the University hospital itself, with the remaining fatal
case being adequately intubated and managed at local hospital
level but developing rapidly progressive multiorgan failure (HD-
COVID #10).
3.2. Individual patients

Individual patient’s details are provided as Supplementary
information summarizing baseline characteristics (Supplementa-
ry Table 1, http://links.lww.com/MD/F780), risk factors (Sup-
plementary Table 2, http://links.lww.com/MD/F781), laboratory
and radiology investigations (Supplementary Table 3, http://
links.lww.com/MD/F782) and the presenting symptoms (Sup-
plementary Table 4, http://links.lww.com/MD/F783). All 5 fatal
outcomes occurred in patients with ARDS and were due to
fulminant vasomotor paresis either around the time of require-
ment for invasive respiratory support (KTX-COVID #6; HD-
COVID #10), or following very long intensive care courses with
development of nosocomial sepsis (KTX-COVID #5, #7; HD-
COVID #11). Serious complications were rhabdomyolysis,
reactivation of herpes viruses, need for red blood cell trans-
fusions, hemorrhage and importantly, micro-thrombosis, and
myocarditis. One multimorbid senior patient, KTX-COVID #4,
was managed by comfort care based on his multimorbidity, but
recovered from mild ARDS after a week-long course. Across the
cohort, the main laboratory abnormalities on admission were
1.
 lymphopenia

2.
 elevated D-dimers

3.
 elevated lactate-dehydrogenase (LDH)

4.
 elevated C-reactive protein (CRP)Of those, CRP and LDH

proved significantly (Supplementary Table 5, http://links.lww.
com/MD/F784).

Radiologic pulmonary findings were graded as described and
were consistent with the published literature;[10] an example for
the development of a severe course of pulmonary infiltrations
(from patient KTX-COVID #5) is shown in Supplementary
Figure 4, http://links.lww.com/MD/F779. The most frequent
symptoms (based on the entire cohort of N=21) were fever
(67%), cough, weakness (52% each), and the composite of
diarrhea and nausea (33%) (Supplementary Table 4, http://links.
lww.com/MD/F783 for details). Anosmia[14] was reported by 2
KTX recipients with a near-normal eGFR of 40 to 60ml/minutes,
but by none of the other KTX or HD patients who all had a
substantially lower renal clearance. This underreporting might be
due to a high prevalence of pre-existing uremic olfactory
dysfunction in the second group.[15]
3.3. Immunosuppression, therapeutics, and immune
responses

The handling of immunosuppression in KTX recipients is
detailed in Supplementary Table 1, http://links.lww.com/MD/
F780. In brief, mycophenolic acid (MPA) but not calcineurin
inhibitors (CNI) were removed immediately in 5 out of 7 cases, in
line with current practice and recommendations.[16–18] When
ARDS developed (KTX-COVID #4–7), CNIs were also with-
drawn (days 11–14). Following such reductions, maintenance
6

prednisolone was escalated to 10 to 20mg/d but not further. In
retrospect, all hospitalized KTX patients presented with CNI-
level elevation (average 10.0ng/ml; target 4–7ng/ml) that proved
difficult to handle (Supplementary Fig. 3, http://links.lww.com/
MD/F778). In conclusion, earlier discontinuation might have
simplified management.
Neither KTX nor HD cases received drugs or steroids with

intent to target COVID-19 or SARS-CoV-2. This stands in
contrast to most early practice published by nephrologists
worldwide, reporting the preponderant and often combined
engagement of for example, hydroxychloroquine, azithromycin,
antivirals, interleukin-6 blockers, and chemokine receptor 5
blockers.[17,19–25]

While the median shedding time of SARS-CoV-2 was equal
among the 3 patient subgroups (Table 1), transplant recipient
(KTX-COVID #4) and 1 hemodialysis patient under CNI-
treatment for myasthenia gravis (HD-COVID #8) exhibited
remarkably long positivity of SARS-CoV-2 viral load of 47 and
32days despite earlier clinical recovery, respectively. Such
courses have been observed by others.[26,27] Serologic IgG
responseswere documented as detailed in Supplementary Table 1,
http://links.lww.com/MD/F780. Of interest, patient KTX-
COVID #3, who fulfilled bona fide criteria of SARS-CoV-2
infection including anosmia and a positive PCR result, was tested
negative on serology, suggesting a non-response. In general,
SARS-CoV-2-specific IgG titers of immunosuppressed (i.e., KTX-
COVID #2–6 plus HD-COVID #8) vs non-immunosuppressed
individuals (HD-COVID #1–2, 4–8, 11) were very similar: 4.1
(IQR 1.8–7.9) vs 4.5 (IQR 2.0–10.8), respectively, lacking
significance (one-tailed t test, P= .298).
4. Discussion

Themajor and novel observation of this work is that the duration
of renal replacement therapy prior to developing COVID-19 as
well as the baseline glomerular filtration rate (GFR) was
significantly associated with an ensuing ARDS or death in renal
transplant carriers (Table 2, Fig. 2). Thereby, our data extend the
findings of a previous report from a Spanish hemodialysis
cohort[22] to the renal transplant community. Therein, hemodi-
alysis patients were found to have an adjusted Hazard Ratio for
in-hospital death of 1.008 (P= .019) per month of dialysis history
(50% of a total of 36 patients achieved definite outcomes at the
time of data analysis: 11 deceased, 7 recovered, 18 still
hospitalized). In support of this interaction, the Wuhan dialysis
cohort also observed a substantially higher median dialysis age in
the 2 individuals that died until analysis closure,[28] while 2
additional early-outcome cohorts with homogeneously brief
dialysis histories were inherently underpowered to detect such an
association.[19,29] Owing to their different focus (death rather
than ARDS) and lack of completed outcomes, there are currently
no further studies directly addressing the issue, neither in KTX
(cohort sizes 15–144),[17,20,23,30–32] nor in dialysis patients
(cohort sizes 32–154).[33–37] The recent elegant multicentric
search for death-associated risk factors in 144 KTX patients by
Cravedi, Riella and colleagues deserves special mentioning, since
it detected a signal of significance for a lower baseline GFR.[32]

The potential mechanism for the association of duration of end
stage renal disease including time on transplant with the
susceptibility for ARDS could be chronic cellular substrate
modifications facilitating either the entry or the pathogenicity of
SARS-CoV-2. Iatrogenic or uremic immune paresis and endo-
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thelial strain could all lie at the root of such modifications.[38,39]

The complement system should also be taken into account as a
potential culprit.[40] In sum, renal replacement age might be a
particularly strong indicator of multimorbidity and biologic age,
more powerful than counting diagnoses, calculating the CCI or
computing the geriatric frailty-associated HFRS (see above).
Once validated by the analysis of larger cohorts, it would be
intriguing to study the mechanistic biology of such an interaction.
Several epidemiological key metrics can be inferred from our

study. First, in HD patients the risk of being SARS-CoV-2-
positive and of developing COVID-19 was 5.3% and 4.1%,
respectively (calculated as 14 or 11 cases/260 HD patients). This
is identical to the findings of a similar Italian dialysis cohort[29]

and also supported by data from Spain.[41] This incidence lies
somewhat above the officially reported case-rate of 3.1% in the
Heinsberg area’s general population but below the 15.5%
infection-rate established in the area’s hotspot by proactive
combinatorial PCR and serologic screening of ∼1000 persons in
∼400 households.[3] Given the lower number of KTX patients
enrolled, we are cautious to derive any incidence, though the
resulting 7% (7/∼100 KTX recipients) would be in line with the
current literature (see above).
Casualty rates in the comparable publication[22] and in ERA/

EDTA’s pan-European ERACODA database[42] were recently
reported to be around 18 to 25% for both HD and KTX patients.
This was similar in our HD subcohort (18%) but not in our KTX
stratum which displayed an excessively high mortality of 43%.
Most published KTX cohorts are placed somewhat in the middle
of this (see above). Part of our figures might relate to a higher
degree of morbidity in our KTX subcohort for example, as
suggested by a Charlson comorbidity index of 6 vs 1 of 4 points
when compared to Goicoechea et al.[22] In addition, blood type A,
which has been reported as a potential risk factor for both
infection with[43] and the severity of CoV-2/COVID-19[44] was
also overrepresented in our KTX subcohort. Finally, as rule,
much of the currently available published data is not yet based on
100% achieved endpoints. For example, in Alberci et al[20] a
death-toll of 25% in KTX recipients was calculated for KTX
recipients, while a remaining 60% of patients was still
hospitalized awaiting their outcome.
There are several limitations and strengths to our study. Owing

to the restriction by its local design, the main limitation is low
patient number, precluding the statistical evaluation of baseline
characteristics and harboring a certain risk for skew. One
strength lies in the consistent inclusion of the renal replacement
population of an entire epicenter, allowing for epidemiologic
contextualization. In addition, all study subjects had reached a
definitive outcome, thus contrasting many of the pandemic’s
early reports (see above). Finally, our patients were treated by a
well-defined set of caregivers with no issues of bias from patient
capacity-overload.
In conclusion, we present time onRRT as a novel risk factor for

ARDS and death in patients on renal transplantation. We suggest
that this correlation be validated by ongoing large cohort
analyses and interrogated in more depth.
Suppl Figure 1, http://links.lww.com/MD/F776.
Suppl Figure 2, http://links.lww.com/MD/F777.
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