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Abstract

Background and objectives Patients undergoing kidney replacement therapies (KRTs) have a poor prognosis after Covid-19
infection. Few studies have compared the outcomes of such patients in the different KRT modalities. This study aimed to
analyze the 30-day Covid-19-associated case-fatality rate of dialysis and kidney transplant patients.

Methods Retrospective cohort study analyzing data from patients with confirmed Covid-19 between Mar/20 and Jan/21
included in two multicenter studies, the Brazilian Covid-19 Dialysis Study (Dialysis group, n=703) and the Covid-19-KT
Brazilian Study (Transplant group, n=1907). To assess the risk factors for death, adjusted Cox hazards models were used.
A sensitivity analysis was performed using a propensity score analysis to match the groups (n =587 patients in each group).
Results A higher percentage of transplant patients required hospitalization (68 vs. 51%, p<0.001), intensive care (37 vs.
30%, p=0.023), and invasive mechanical ventilation (28 vs. 22%, p=0.035). Multivariate analysis of the before-matching
sample showed that subjects in the transplant group were at a lower death risk at baseline (HR () 330.56, ¢5). However, they
showed higher risk over time (HR | (31.06, o). Kaplan—Meier analysis after propensity score matching confirmed the inferior
30-day cumulative survival in the transplant recipients (83 vs. 78%, p=0.0014).

Conclusion Both transplant and dialysis patients have high 30-day case-fatality rates after a Covid-19 diagnosis. Despite
lower death risk at baseline, transplant patients have an increased death risk of 6% per day than dialysis patients.
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Brazilian response to the pandemic has been criticized due
to the lack of appropriate and timely public health measures
and vaccination roll-out [2].

People under kidney replacement therapy (KRT) are at
higher risk for more severe Covid-19, with a case-fatality
rate ranging from 20 to 30% [3-7]. Underlying chronic kid-
ney disease, immunosuppressive status, and the frequent
coexistence of other medical conditions may explain these
findings. In this context, Brazil is in a highly vulnerable
situation since it is the world’s third country with regard to
patients on chronic dialysis and the second for absolute num-
ber of kidney transplants (KT). By July 2020, the estimated
total number of patients on dialysis was 144,779, and about
63,000 had a functioning kidney graft [8, 9].

There are few comparative studies on the impact of
Covid-19 on the different modalities of KRT. The Euro-
pean Renal Association Registry, including 3285 Covid-
19 patients on dialysis and 1013 KT recipients, found an
increased risk of death in transplant recipients versus
matched dialysis patients. However, this was not the study’s
primary objective, and estimates were not adjusted for sev-
eral potential confounders [4]. Recently, the ERACODA
registry reported an increased risk of mortality in transplant
compared with dialysis [10]. However, ethnicity, practices,
and Covid-19 care worldwide are not uniform and may lead
to differences in outcomes. Therefore, assessing the com-
parison of the death risk in patients undergoing KRT is of
interest to understand the impact of Covid-19 in different
parts of the world.

This study aims to compare the 30-day case-fatality rate
of dialysis and transplant patients in Brazil after a diagnosis
of Covid-19.

Methods
Population and setting

This was a retrospective analysis using data from two mul-
ticenter Brazilian studies: data on dialysis patients were
obtained from the Brazilian Covid-19 Dialysis Study group,
comprising 65 dialysis units all over the country [11]; data
on KT patients were extracted from the Covid-19-KT Brazil-
ian Study (NCT 04494776), including data from 43 trans-
plant sites [12].

Eligible participants for this analysis were CKD-5
patients on dialysis or who had undergone KT, aged more
than 18 years, who had Covid-19-related signs and symp-
toms and had SARS-CoV-2 detected by reverse-transcrip-
tion polymerase chain reaction (RT-PCR) in a nasopharynx
sample between 03/01/2020 and 01/31/2021. Patients were
followed-up for 30 days after the diagnosis or until death.
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Recipients of combined KT and those with missing data
regarding 30-day survival were excluded.

Variables

The variables of interest for all patients were: Site’s Brazil-
ian geographic region (South, North, Northeast, Midwest,
or Southeast); demographics (gender, age, ethnicity, body
mass index); comorbidities (diabetes, cardiovascular dis-
ease, hypertension, HIV seropositivity, chronic liver disease,
chronic pulmonary disease, neurological disease, peripheral
arterial disease, current or previous neoplasia, use of renin-
angiotensin system inhibitors, smoking); and Covid-19 clini-
cal manifestations (fever, cough, dyspnea, fatigue, myalgia,
gastrointestinal symptoms, and sensory disturbance). Gas-
trointestinal symptoms considered were diarrhea, nausea,
vomiting, epigastric or abdominal pain, and dyspepsia.

In dialysis patients, we also evaluated the dialysis modal-
ity (hemodialysis or peritoneal dialysis), and time on dialy-
sis. In transplant patients, we accessed information on donor
source, time after KT, immunosuppressive regimen at diag-
nosis, and baseline serum creatinine.

Patients with Covid-19 were allocated to home care or
admitted to the hospital for clinical management. The ini-
tial and subsequent allocation, clinical management and the
immunosuppressive management during the disease were at
the discretion of the assistant physicians.

Outcomes

The primary outcome was the case-fatality rate within
30 days of Covid-19 diagnosis. The rates of hospitalization,
admission to intensive care unit, and invasive mechanical
ventilation were also assessed.

Statistics
Missing data

We prior stipulated an approach to imputation for variables
with more than 15% missing data. If more than 15% missing
data were found, we planned to use Multivariate Imputation
by Chained Equations. Because most parameters had less
than 10% of missing data, the listwise deletion approach was
used. The data pattern suggested missing at random. Missing
data were included in demographic tables.

Univariate comparations
All continuous data were non-normally distributed and were

presented as median and interquartile range and compared
by the Mann—Whitney test. Categorical data were presented
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as absolute and/or percent frequency and compared by Chi-
Square test.

Before matching analysis

To compare the 30-day mortality between dialysis and trans-
plant patients, uni- and multivariate Cox models were fitted.
We checked collinearity between independent variables with
the variance inflation factor (VIF). We accepted the predic-
tors with VIF values lower than 2. The variables with a p
value below 0.10 in univariate analyses were included in
the multivariate models. Given the previously demonstrated
clinical relevance of body mass index in Covid-19 outcomes
[13], we included such variable in the multivariable model
regardless of its p value in the univariate analysis.

The proportional hazards assumption was tested with
the Schoenfeld residuals, and the Cox model did not reach
proportionality. We then resorted to a time-dependent Cox
model, using a time-by-covariate interaction and a linear
function of time by group (dialysis/transplant). The model
output for the group had two hazard ratios (HRs): baseline
and over time (daily change). We used robust covariance
to estimate the confidence interval of the Cox model. To
assess survival, we used adjusted Cox hazards models sur-
vival curves. The main goal behind this function is to gen-
erate the expected survival curves calculated based on the
Cox model, separately for subpopulations. The curves were
calculated by the conditional method [14].

Sensitivity analysis
Propensity score

Propensity score matching was used to estimate the effect
of the group accounting for confounding by the included
covariates. Variables associated with Covid-19 prognosis
were selected for the matching process: age, gender, ethnic-
ity, body mass index, comorbidities, and geographic region
of the transplant/dialysis site.

To reduce the number of categories, we assembled the
Brazilian geographic regions according to the Human Devel-
opment Index similarity, Northeast with Midwest and South
with Southeast [15]. The North region had only four dialysis
patients and no transplant cases and was excluded before
the matching analysis. We used 1:1 nearest neighbor pro-
pensity score matching without replacement with a caliper
of 0.1. Observations were discarded in both groups, and
patients who could not be matched were deleted from the
analyses. The propensity score was estimated using a logistic
regression of the group (dialysis/transplant) on the covari-
ates. After matching, all standardized mean differences for
the covariates were below 0.1, indicating adequate balance
(Supplemental Figs. 1 and 2).

To estimate the treatment effect and its standard error
after the match, we fitted a Cox model including the match-
ing weights in the estimation. As this model violated the
hazard proportionality, a time-dependent Cox model using
the same approach described above was fitted [13]. To evalu-
ate survival after the matching, Kaplan—Meier curves were
used. Because the hazard was non-proportional, we used
the Fleming-Harrington (rtho=1 and lambda=1) method to
compare the groups [17]. Analyses were conducted using the
R Statistical language (version 3.6.3; R Core Team, 2020).

Results

Between March 2020 and January 2021, 1097 dialysis
patients were enrolled in the Brazilian Covid-19 Dialysis
Study, and 2373 KT patients in the Covid-19-KT Brazilian
Study (n=3470). After exclusions, 2610 patients (703 in
the dialysis group and 1907 in the KT group) remained in
the study (Fig. 1).

There was a bimodal temporal distribution of Covid-19
cases in dialysis and transplant corresponding to the first and
second Covid-19 waves in Brazil (Supplementary Fig. 3).

Analysis before propensity score matching

Baseline characteristics of the dialysis and transplant
patients with Covid-19 before propensity score matching
are shown in Table 1. Before matching, the dialysis group
was older (median of 60 vs. 52 years, p<0.001), had a
higher percentage of non-Caucasian ethnicity (46 vs. 38%,
p<0.001), diabetes (43 vs. 34%, p<0.001), cardiovascular
disease (23 vs. 12%, p <0.001), hypertension (86 vs. 78%,
p <0.001), neurological disease (1.6 vs.<0.1%, p <0.001),
and peripheral vascular disease (5 vs. 3%, p<0.001). In
turn, the transplant group had higher median BMI (26.6 vs.
25.0 kg/m?, p<0.001) and a higher percentage of current/
former smokers (22 vs. 9.7%, p <0.001).

In a multivariate Cox regression analysis, the factors
associated with 30-day mortality were older age, diabetes,
hypertension, cardiovascular disease, and chronic pulmonary
disease (Supplementary Table 1).

At baseline, KT patients had a lower death risk (HR 0.56
95% CI 0.38-0.85 per day, p=0.005). However, survival
curves intersected after two weeks, and then KT patients
turned out to have higher risk of dying (HR 1.06, 95% CI
1.03-1.09, p <0.001 per day) (Fig. 2a, Supplementary
Table 1). The HR over time can be predicted by the equa-
tion: HR =exp (— 0.56+(0.06 X time in days)). A further
model adjusted to initial symptoms showed a similar base-
line HR of 0.66 [95% CI 0.44-0.99], p <0.001 and an HR
over time of 1.06 [95% CI 1.02-1.09], p <0.001) (Supple-
mental Table 2).
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Fig. 1 Flow diagram showing
the selection process of the
dialysis and transplant patients
included in the study. RT-PCR,
reverse-transcription polymer-
ase chain reaction

Dialysis and kidney transplant patients with confirmed Covid-19 included in
Brazilian Covid-19 Dialysis Registry and Covid-19 KT Brazilian Study
between March 1st, 2020 and January 31th, 2021

Dialysis group n= 1,097

Transplant group n= 2,373

<18 years-old, n=49

Covid-19 diagnosis using serology tests, n=626

»1 Asymptomatic patients (screening), n=86

Combined kidney transplants, n=47

Missing data on 30 days survival, n=52

y

Adult dialysis and kidney-only transplant patients with symptomatic and RT-PCR

confirmed Covid-19 and available information on 30 day-survival

n=2,610

Dialysis group
n=703

A 4

Dialysis group
n = 587

Analysis after propensity score matching

After propensity score matching, a sample of 587 dialysis
and 587 transplant patients was obtained. Baseline char-
acteristics after the matching were similar between the
groups (Table 1).

Regarding the initial clinical picture, patients in the
dialysis group appeared to have a more severe presen-
tation, with a higher frequency of cough (60 vs. 52%,
p=0.014), dyspnea (43 vs. 35%, p=0.002), fatigue (35
vs. 25%, p <0.001), and sensory disturbance (4.4 vs. 1.7%,
p=0.007). Transplanted patients, in turn, had a higher
prevalence of myalgia (40 vs. 30%, p <0.001) and gas-
trointestinal symptoms (32 vs. 21%, p <0.001) (Table 1).

Despite the milder clinical presentation, the transplant
group had worse outcomes, with a higher need for hospi-
talization (68 vs. 51%, p <0.001), admission to intensive
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Time-dependent Cox regression

1:1 Nearest Neighbour Propensity Score Matching

Transplant group
n =1,907

30-day fatality

30-day fatality
Time-dependent Cox regression
Kaplan-Meier Survival

Transplant group
n = 587

care unit (37 vs. 30%, p=0.023), and invasive mechanical
ventilation (28 vs. 22%, p=0.035), and a trend for higher
30-day mortality in a contingency table analysis (22 vs.
17%, p=0.06, Table 2).

The survival pattern observed in the pre-matching
population persisted after matching. The 30-day fatality
risk of transplant versus dialysis patients using a time-
dependent Cox model showed a baseline HR of 0.63 [95%
CI 0.37-1.07], p=0.087. Survival curves crossed after
15 days and HR over time was 1.06 [95% CI 1.02-1.10]
per day, p=0.004. The HR over time can be predicted by
the equation: HR =exp (— 0.47 + (0.06 X time in days)).
Kaplan—Meier analysis showed a 30-day cumulative sur-
vival of 83% [95% CI 80-85%] in dialysis and 78% [95%
CI 75-82%] in transplant patients, p =0.0014, Flem-
ing—Harrington test (Fig. 2b, Supplemental Table 3).
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Table 1 Baseline characteristics and clinical presentation of dialysis and transplant patients with COVID-19 before and after propensity score

matching
Before matching After matching
Dialysis Transplant p value Dialysis Transplant p value
N=703 N=1907 N=587 N=587
Baseline demographic Region, n (%) <0.001 0.584
and clinical charac-
teristics
Northeast and Mid- 196 (28) 242 (13) 144 (25) 136 (23)
west
South and Southeast 503 (72) 1665 (87) 442 (75) 450 (77)

Age (years), median 60 (48-70) 52 (42-61) <0.001 58 (45-67) 55 (45-66) 0.082
(IQR)

Age range in years, n <0.001 0.742
(%)

18-44 154 (22) 634 (33) 149 (25) 160 (27)
45-65 290 (41) 1013 (53) 272 (46) 269 (46)
>65 259 (37) 260 (14) 166 (28) 158 (27)

Gender, n (%) 0.576 0.839
Female 278 (40) 734 (39) 234 (40) 237 (40)

Male 422 (60) 1172 (61) 351 (60) 349 (60)
Missing 3(0.4) 1(<0.1) 2(0.3) 1(0.2)

Ethnicity, n (%) <0.001 0.725
Caucasian/White 374 (54) 1178 (62) 323 (55) 317 (54)
Non-Caucasian/White 316 (46) 707 (38) 263 (45) 269 (46)

Missing 13 (1.9) 22 (1.1) 1(0.2) 1(0.2)

BMI (Kg/m?), median ~ 25.0 (22.1-28.4) 26.6 (23.7-29.9) <0.001 25.5(22.3-28.8) 26.0 (23.0-29.0) 0.172
(IQR)

Missing 7 (1.0) 41 (2.1) 0(0) 0(0)

BMI category, n (%) 0.002 0.105
<30 kg/m? 566 (81) 1410 (76) 466 (79) 488 (83)
> 30 kg/m? 130 (19) 456 (24) 121 (21) 99 (17)

Missing 7 (1.0) 41 (2.1) 0(0) 00
Comorbidities, 7 (%)
Diabetes 300 (43) 652 (34) <0.001 228 (39) 228 (39) 0.998
Cardiovascular disease 164 (23) 226 (12) <0.001 108 (18) 110 (19) 0.887
Hypertension 605 (86) 1490 (78) <0.001 500 (85) 493 (84) 0.575
HIV seropositivity 5(0.7) 11 (0.6) 0.778 4(0.7) 4(0.7) 0.999
Chronic liver disease 15 (2.1) 56 (2.9) 0.263 12 (2.0) 8(1.4) 0.377
Chronic pulmonary 28 (4.0) 57 (3.0) 0.204 18 (3.1) 18 (3.1) 0.999
disease
Neurological disease 11 (1.6) 1(<0.1) <0.001 1(0.2) 0(0) 0.999
Peripheral vascular 35(5.0) 6(0.3) <0.001 12(2.0) 6 (1.0) 0.152
disease
Neoplasia 25 (3.6) 94 (4.9) 0.136  22(3.7) 22(3.7) 0.999
RAS blockage, n (%) 296 (46) 625 (33) <0.001 241 (44) 262 (46) 0.384
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Table 1 (continued)

Before matching After matching
Dialysis Transplant p value Dialysis Transplant p value
N=703 N=1907 N=587 N=587
Missing 55 (7.8) 31(1.6) 33 (5.6) 19 (3.2)
Smoking, n (%)
Current 11 (1.6) 47 (3.0) 0.046 10 (1.7) 8(1.4) 0.653
Former 58 (8.3) 305 (19) <0.001 56 (9.6) 53(9.1) 0.782
Current or former 68 (9.7) 352 (22) <0.001 65(11) 61 (10) 0.733
Missing 00 336 (17.6) 0 (0) 3(0.5)
Dialysis modality, n (%) NA NA
Hemodialysis 690 (98) NA 575 (98) NA
Peritoneal 12 (1.7) NA 10 (1.7) NA
Missing 1(0.1) NA 1(0.2) NA
Time on dialysis (years), 2.5 (1.0-5.3) NA NA 2.5(1.0-5.4) NA
median (IQR)
Missing 243 (34.6) NA 198 NA
Time after KT (years), NA 6.0 (2.3-10.9) NA NA 6.1 (2.3-10.2)
median (IQR)
Missing NA 4(0.2) NA 2(0.3)
Donor source, n (%) NA NA
Deceased NA 1253 (66) NA 403 (69)
Living NA 652 (34) NA 182 (31)
Missing NA 2(0.1) NA 1(0.2)
IS regimen at diagnosis, NA NA
n (%)
TAC-MPA NA 1069 (56) NA 322 (55)
TAC-AZA NA 241 (13) NA 73 (12)
TAC-mTORIi NA 156 (8.2) NA 53(9.1)
CSA-AZA NA 80 (4.2) NA 21 (3.6)
CSA-MPA NA 83 (4.4) NA 20 (3.4)
mTORi-MPA NA 76 (4.0) NA 34 (5.8)
Other NA 194 (10) NA 62 (11)
Missing NA 8(0.4) NA 2(0.3)
Steroid-based regimen, NA 1789 (94) NA NA 549 (94) NA
n (%)
Missing NA 3(0.2) NA 00
Baseline sCr (mg/dL), NA 1.50 (1.20-2.00) NA NA 1.5 (1.2-2.0) NA

median (IQR)

@ Springer



Journal of Nephrology (2022) 35:131-141 137
Table 1 (continued)
Before matching After matching
Dialysis Transplant p value Dialysis Transplant p value
N=703 N=1907 N=587 N=587
Signs/ symptoms at Fever 458 (65) 1092 (57) <0.001 374 (64) 342 (58) 0.056
diagnosis Cough 421 (60) 1027 (54) 0.006 350 (60) 308 (52) 0.014
Dyspnea 321 (46) 662 (35) <0.001 255 (43) 203 (35) 0.002
Fatigue 249 (35) 424 (22) <0.001 206 (35) 146 (25) <0.001
Myalgia 205 (29) 798 (42) <0.001 174 (30) 232 (40) <0.001
Gastrointestinal symp- 149 (21) 658 (35) <0.001 126 (21) 188 (32) <0.001
toms
Sensory disturbance 39 (5.5) 20 (1.0) <0.001 26 (4.4) 10 (1.7) 0.007

BMI body mass index, RAS Renin—angiotensin system, K7 kidney transplantation, TAC tacrolimus, MPA mycophenolate, mTORi mammalian
target of rapamycin inhibitor, CSA cyclosporine, AZA azathioprine, SCr serum creatinine, IS immunosuppression, NA not applicable or non-

available
(a) variable = Dialysis Transplant (b) variable = Dialysis Transplant
1.00 1.00
0.95 0.95
2 2
© 0.90 ©0.90
© ©
g L 2 S
€ 085 _‘—-—._\_‘_\__‘_‘ € 085
(0] (]
Baseline HR: 0.56 95% ClI: 0.38 - 0.85 Fleming-Harrington test
0.80 OverTime HR: 1.06 95% Cl: 1.03 - 1.09 0.80 p=0.0014
0.75 0754
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Days Days
Number at Risk Number at Risk
Dialysis 703 618 572 555 Dialysis 586 528 497 486
Transplant 1907 1788 1652 1570 Transplant 586 542 489 467
Days 0 10 20 30 Days 0 10 20 30

Fig.2 a 30-day survival rate (adjusted Cox Hazards Model) for dialy-
sis and kidney transplant patients with Covid-19 before matching. b
30-day Kaplan—Meier survival curves for dialysis and kidney trans-
plant patients with Covid-19 after matching (sensitivity analysis).
a The reference group was dialysis, and hazard ratio (HR) refers to
transplant patients. The baseline HR refers to time zero and overtime

Subgroup analysis after matching

After matching, 30-day survival probabilities were com-
pared according to subgroups, fitted by age, presence of
diabetes mellitus, and BMI, as depicted in Table 2 and
Supplementary Figs. 4, 5, and 6. The survival curve by
age categories showed that in the age group from 18 to
44 years the survival probabilities in dialysis and transplant

refers to the daily risk. Estimates were obtained with Cox hazards
models adjusted for age, diabetes, hypertension, cardiovascular dis-
ease, and chronic pulmonary disease; curves were constructed with
the conditional method. b The Fleming—Harrington test was used to
calculate the p value due to the non-proportionality of the risks

at 30 days were, respectively, 89% [95% CI 83-94%] and
94% [95% CI1 90-97%], p=0.24 (Supplementary Fig. 4a).
In the age group between 45 and 65 years the correspond-
ing survival probabilities were, respectively, 86% [95%
CI 81-89%] and 79% [95% CI 74-83%], p =0.015 (Sup-
plementary Fig. 4b). In the age group older than 65 years,
the estimates were, respectively, 72% [95% CI 65-79%]
and 62% [95% CI 54-70%], p=0.0015 (Supplementary
Fig. 4c).
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Table 2 Outcomes of dialysis and transplant patients with Covid-19 before and after propensity score matching and 30-day survival probabilities

according to subgroups after matching

Outcomes Dialysis Transplant P value
Before matching N=1703 N=1907
Hospitalization 376 (54) 1240 (65) <0.001
Admission to intensive care unit 237 (34) 655 (35) 0.689
Invasive mechanical ventilation 174 (25) 474 (25) 0.959
30-day case-fatality rate 150 (21) 344 (18) 0.056
After matching N=587 N=587
Hospitalization 298 (51) 396 (68) <0.001
Admission to intensive care unit 179 (30) 214 (37) 0.023
Invasive mechanical ventilation 130 (22) 161 (28) 0.035
30-day case-fatality rate 102 (17) 127 (22) 0.066
30-day survival probabilities according to subgroups Dialysis Transplant P value
(after matching) N=587 N=587
Age (years)
1844 89 [83-94] 94 [90-97] 0.24
45-65 86 [81-89] 79 [74-83] 0.015
>65 72 [65-79] 62 [54-70] 0.0015
Presence of diabetes
No 85 [72-83] 86 [83-90] 0.42
Yes 77 [82-89] 66 [60-72] <0.001
BMI (Kg/m?)
<30 84 [80-87] 79 [75-82] 0.002
>30 77 [70-85] 76 [68-84] 0.31

BMI body mass index
The frequencies in percentages are presented in parenthesis

The 95% confidence intervals are presented in brackets

Among the patients with diabetes mellitus, the percent
survival in dialysis and transplant recipients at 30 days
was, respectively, 77% [95% CI 82-89%] and 66% [95%
CI 60-72%], p <0.001 (Supplementary Fig. 5a). In non-
diabetic ones, the corresponding figures were 85% [95% CI
72-83%] and 86% [95% CI 83-90%], p=0.42, respectively
(Supplementary Fig. 5b). When patients were grouped by
BMI, those with more than 30 kg/m? had 30-day survival
rates in dialysis and transplant of 77% [95% CI 70-85%] and
76% [95% CI 68-84%], respectively, p=0.31 (Supplemen-
tary Fig. 6a). For individuals with BMI less than 30 kg/m?,
the corresponding estimates were 84% [95% CI 80-87%]
and 79% [95% CI 75-82%], respectively, p=0.002 (Sup-
plementary Fig. 6b).

Discussion
In this comparative multicenter cohort study, we observed

an overall high 30-day Covid-19 case-fatality rate in dialysis
and transplant patients ranging from 17 to 22%. Numbers are
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about six times higher than the rate of 2.8% reported for the
whole Brazilian population by June 25th [1].

This high mortality rate can, in part, be ascribed to the
older age and the comorbidities commonly observed in kid-
ney failure patients, as suggested in previous studies [5, 7,
18]. In addition, kidney dysfunction per se is associated with
proinflammatory status and impairment of innate and adap-
tive response, impacting the outcomes of infectious diseases
[19, 20].

In this analysis, mortality risk changed substantially
along the 30 days. The initial mortality risk in the trans-
plant group was lower than in the dialysis group, but over
time transplant group mortality increased, catching up
with the dialysis group after 15 days. Subsequently, the
mortality risk of the transplant group overtook the dialysis
group’s risk and was 6% higher by each day of follow-up.
This is in accordance with the findings of Jager et al. that
showed higher 28-day mortality risk in transplant recipi-
ents [4]. Comparing cohorts of chronic dialysis and KT
patients is a challenge because some variables, such as
renal function and immunosuppressive drugs, cannot be
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matched. Also, KT recipients usually have a more favora-
ble clinical profile than dialysis patients. In this study, we
used a robust method with a propensity score matching
analysis to adjust for baseline parameters and confounders.
It should be underscored that such finding was seen either
in the whole group using multivariate Cox analysis or in
the sensitivity analysis after propensity score matching,
reinforcing the robustness of the results.

The better survival favoring dialysis was even more
remarkable in subgroups with age over 45 years, diabe-
tes, and BMI lower than 30 kg/mz. The impaired immune
response associated with the immunosuppressive drugs in
transplant patients may have accounted for their higher
mortality risk [21]. Intriguingly, we noticed a higher risk
of death for dialysis patients in the first days after diagno-
sis. We wonder if the finding could be partially accounted
for by the higher frequency of respiratory symptoms at
Covid-19 onset in dialysis patients. Accordingly, the trans-
plant patients more commonly had gastrointestinal symp-
toms at diagnosis, a less life-threatening clinical finding.
A high frequency of gastrointestinal symptoms at Covid-
19 onset in transplant patients had already been reported
and interpreted as a possible superimposed effect of the
immunosuppressive drugs [22]. Despite the differences in
the symptom profile, a sensitivity analysis including initial
symptoms as confounders did not modify our results.

Other aspects that may have played a role in the differ-
ent mortality risks between groups and that could not be
adequately explored in this study are the timing of Covid-
19 diagnosis and treatment interventions. Hemodialysis
patients in this study were probably evaluated more fre-
quently than transplant patients because of their thrice-
weekly visits for their in-center sessions, perhaps resulting
in earlier Covid-19 testing and diagnosis. Unfortunately,
data regarding the onset of Covid-19 symptoms to diag-
nosis were not available in the databases.

We used some non-traditional statistical methods in this
study because the survival curves crossed, suggesting that
the hazard ratio between the two groups had reversed, vio-
lating the assumption of risk proportionality. To account
for the mortality risk changes over the 30 days, we used a
time-dependent Cox regression in the crude analysis and
the sensitivity analysis. To account for the non-propor-
tionality, the Fleming-Harrington test [17], a weighted
log-rank test used to detect late effects, substituted for the
traditional log-rank.

In the present study, we addressed several important
baseline confounding factors in the dialysis and transplant
cohorts. Different from Jager et al.’s study [4], we had a
more comprehensive adjustment for baseline variables
and comorbidities. Unlike the ERACODA study [10], our
population comprised a higher proportion of non-Caucasian
patients (40 vs. 15%) and did not include asymptomatic

patients. Also, we carried out subgroup analysis and used
propensity scores to match the two cohorts.

This study has some limitations. First, the sample of
transplanted patients was greater than the sample of patients
on chronic dialysis, contrary to the actual distribution of
patients on KRT in the whole country. This feature may
yield greater representativeness of the results for those trans-
planted. Furthermore, the comparison between dialysis tech-
niques was not feasible given the small number of peritoneal
dialysis patients studied. Second, we did not evaluate the
time from the onset of symptoms to Covid-19 diagnosis,
and the testing protocol for Covid-19 of the centers was not
uniform. We excluded asymptomatic patients and those from
dialysis and transplant centers that performed regular Covid-
19 screening tests to address these shortcomings, enrolling
only cases whose tests were motivated by clinical suspicion
of Covid-19. Third, some residual bias may have remained
due to the lack of a thorough evaluation of confounders:
KT cohort vintage is longer than that of the dialysis cohort;
the overall time on KRT could not be matched between
groups as the transplant recipients’ database did not have
the first dialysis date. Last, sampling bias is unlikely to have
impacted our results since we used the two most extensive
databases of Covid-19 in KRT in the country, and the geo-
graphic distribution of study participants was proportionally
similar to that of all patients in the country. As the study’s
strengths, we highlight the high number of enrolled patients
in both cohorts and the assessment of several confound-
ing factors not evaluated in previous studies. Moreover, we
resorted to a robust methodology to ensure adequate statisti-
cal analysis.

In conclusion, transplant and dialysis patients with Covid-
19 have a high 30-day case-fatality rate. The initial presenta-
tion of transplant patients in this sample was less severe, but
their mortality risk, in the long run, was 6% higher per day
in comparison to the dialysis patients. These results suggest
that patients undergoing KRT need systematic surveillance
with frequent Covid-19 testing, strict social and environ-
mental precautionary measures, broad access to vaccination,
attention to early symptoms, and prompt hospitalization if
indicated.
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