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ABSTRACT

Background. Kidney replacement therapy (KRT) conferred a high risk for coronavirus disease 2019 (COVID-19) related
mortality early in the pandemic. We evaluate the presentation, treatment and outcomes of COVID-19 in patients on KRT
over time during the pandemic.

Methods. This registry-based study involved 6080 dialysis and kidney transplant (KT) patients with COVID-19,
representing roughly 10% of total Spanish KRT patients. Epidemiology, comorbidity, infection, vaccine status and
treatment data were recorded, and predictors of hospital admission, intensive care unit (ICU) admission and mortality
were evaluated.
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Results. Vaccine introduction decreased the number of COVID-19 cases from 1747 to 280 per wave. Of 3856 (64%)
COVID-19 KRT patients admitted to the hospital, 1481/3856 (38%) were admitted during the first of six waves.
Independent predictors for admission included KT and the first wave. During follow-up, 1207 patients (21%) died,
500/1207 (41%) during the first wave. Among vaccinated patients, mortality was 19%, mostly affecting KT recipients.
Overall, independent predictors for mortality were older age, disease severity (lymphopaenia, pneumonia) and ICU
rejection. Among patient factors, older age, male sex, diabetes, KT and no angiotensin receptor blockers (ARB) were
independent predictors of death. In KT recipients, individual immunosuppressants were independent predictors of
death. Over time, patient characteristics evolved and in later pandemic waves, COVID-19 was mainly diagnosed in
vaccinated KT recipients; in the few unvaccinated dialysis patients, ICU admissions increased and mortality decreased

(28% for the first wave and 16-22% thereafter).

Conclusions. The clinical presentation and outcomes of COVID-19 during the first wave no longer represent COVID-19 in
KRT patients, as the pandemic has become centred around vaccinated KT recipients. Vaccines lowered the incidence of
diagnosed COVID-19 and mortality. However, mortality remains high despite increased access to ICU care.
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Evolving spectrum but persistent high mortality of COVID-19 among
patients on kidney replacement therapy in the vaccine era:

It the Spanish COVID-19 KRT Registry

Kidney replacement therapy (KRT) conferred a high risk for COVID-19-related mortality early in the pandemic.
We evaluated the presentation, treatment, and outcomes of COVID-19 in patients on KRT over time during the pandemic.
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Conclusion: First wave patient characteristics and outcomes no longer represent
COVID-19 in KRT, as the pandemic becomes centred around vaccinated KT recipients.

Vaccines lowered the incidence of diagnosed COVID-19 and mortality.
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INTRODUCTION

Patients with chronic kidney disease (CKD) and, specifically,
those needing kidney replacement therapy (KRT) were among
those having the highest mortality during the first wave of the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic, a time when healthcare systems were frequently
overwhelmed, limiting access to intensive care units (ICU), em-
pirical therapy was later found to be ineffective and vaccination
was not available [1-3]. However, dynamic factors such as new
virus variants, decreased saturation of healthcare systems,
approval of effective treatments and more importantly, SARS-

CoV-2 vaccines may have modified the nature and outcomes of
coronavirus disease 2019 (COVID-19) in patients on KRT [4].
Specific characteristics of KRT patients may have modified
SARS-CoV-2 exposure and outcomes differentially from the
general population over time through the pandemic [5]. On
one hand, KRT patients present multiple comorbidities and
poly-medication that may increase fragility and haemodialysis
(HD) patients have limited ability to shield due to their need
to access healthcare facilities thrice weekly [6, 7]. On the other
hand, KRT patients have been excluded from the prescription
of certain drugs and even from mechanical ventilation or ICU
admission because of their worse prognosis, especially when
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healthcare systems were overwhelmed [8]. Finally, the response
of kidney transplant recipients (KT recipients) to vaccines may
be suboptimal, at least from the point of view of antibody devel-
opment [9]. Only an analysis of presentation and outcomes of
COVID-19 in KRT patients over the successive pandemic waves
may identify persistent risk factors for adverse outcomes as well
as characterizing the current prognosis of patients with CKD
on KRT.

The aim of the present study was to evaluate the dynamic
presentation features and outcomes across the six waves of
the SARS-CoV-2 pandemic in Spain in a registry-based popu-
lation of patients on KRT. As Spain was one of the earliest and
hardest-hit countries and currently is one of the countries with
the highest uptake of vaccines (80% of the total population on 29
December 2021), changes over time in Spain may be of special
interest to understand the interaction between SARS-CoV-2 and
healthcare measures.

MATERIALS AND METHODS

The Spanish COVID-19 KRT Registry is an initiative of the
Spanish Society of Nephrology open to all nephrology and
dialysis centres in Spain. It was set up on 18 March 2020 with
a prospective design. It includes all patients treated with in-
centre HD, home HD (HHD), peritoneal dialysis (PD) or kidney
transplant recipients (KT recipients) that have developed a
confirmed SARS-Cov-2 infection. Diagnosis of COVID-19 was
based on the positivity of one of the following tests: reverse
transcription-polymerase chain reaction (RT-PCR), rapid antigen
tests or SARS-CoV-2 anti-spike antibodies before vaccination.

This analysis included the full cohort until 12 December
2021. During follow-up, local coordinators were asked to imme-
diately report cases from their centres through a centralized
web page (www.senefro.org) only accessible to registered users.
Until now, the Spanish Public Health Institute has defined six
pandemic waves [10], according to the following dates: first
wave from 31 January 2020, second wave from 1 July 2020, third
wave from 1 December 2020, fourth wave from 1 March 2021,
fifth wave from 1 June 2021 and sixth wave from 1 November
2021. These dates were used for the present analysis.

Variables

At baseline, epidemiological factors (sex and age), KRT (KT,
HD, PD and HHD), KRT vintage and cause of CKD, concomitant
treatments [angiotensin-converting-enzyme inhibitors (ACEi),
angiotensin receptor blockers (ARB) and non-steroidal anti-
inflammatory drugs (NSAID)] and immunosuppressive drugs
were recorded.

At diagnosis, symptoms, lymphopaenia (total lymphocyte
count <500/mm?) and pneumonia were registered. Prescribed
medications for SARS-CoV-2 infection and, in KT, the need
for adjustment of immunosuppressants were also collected.
Invasive or non-invasive mechanical ventilation was registered.

Vaccination

In Spain, the SARS-CoV-2 vaccination started on 27 December
2020. The following four vaccines have been used: BNT162b2
(Pfizer-BioNTech®), mRNA-1273 (Moderna®), ChAdOx1-S
(AstraZeneca®) or Ad26.COV.2 (Janssen®) [9]. Prescription of
individual vaccines was guided by local public health authori-
ties and mainly driven initially by vaccine availability and later
by successive modifications of the age range for ChAdOx1-S.
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Vaccination status was collected during the present study and
considered when the full vaccination schedule was completed
before SARS-CoV-2 infection. The course of the first full (i.e. two
doses except for Ad26.COV.2) vaccine schedule was uneven, as
decisions were taken at the regional level and not all regions
assigned the same priority to patients on KRT or to the different
KRT modalities. However, for KRT patients, it was generally
completed in the first semester of 2021 [9]. The booster dose
was generally administered to KRT patients from October to
early November 2021, i.e., before the sixth wave.

Outcomes

During follow-up, the following outcomes were registered in
patients infected by SARS-CoV-2: admission to hospital, inten-
sive care unit (ICU) admission and mortality. Investigators could
report that patients had been rejected for ICU admission.

Ethics

The registry was approved by the Regional Ethical Committee
of Asturias.

Statistics

Data are expressed as mean (standard deviation) or median
[interquartile range (IQR)] depending on the distribution of
the variables, tested with the Shapiro-Wilk test. Categorical
variables were compared using the Fisher test and continuous
variables with t-test or Mann-Whitney, according to the variable
distribution. For comparison of continuous variables from more
than two groups, ANOVA or Kruskal-Wallis tests were used.

Univariate logistic regressions were performed for assessing
associations between the outcomes (admission, ICU admission
and mortality) and the registered variables. To identify factors
associated with admission, ICU admission and mortality dif-
ferentially over time, two different analyses were performed.
The first analysis compared the first with subsequent waves.
The rationale is that the first wave differed from other waves
in several aspects: the healthcare system was overwhelmed,
health authorities were advising against the widespread use of
face masks, and there was use of potentially toxic ineffective
drugs and a lack of awareness about the need to prevent throm-
bosis. The second analysis compared the first three waves with
the subsequent waves. The rationale is to compare the waves
before and after vaccine availability.

Multivariate regression models were adjusted for vari-
ables with P < .1 in univariate analyses and those considered
confounders.

The statistical analysis was performed using SPSS version
26.0 (IBM Corp., Armonk, NY, USA).

RESULTS
Baseline characteristics

A total of 6080 KRT patients with SARS-CoV-2 infection were
included (36% female, age 63 + 15 years). Among them, 2832
(46%) were KT recipients, 3063 (50%) were on in-centre HD, 173
(3%) on PD and 22 (<1%) on HHD. Prior to infection, 501 (8%)
patients had received a SARS-CoV-2 vaccine (Table 1). Baseline
characteristics for the successive pandemic waves are shown in
Table 1. SARS-CoV-2 vaccination was common among those
infected in the fifth and sixth waves. Differences between KRT
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Table 1. Baseline characteristics, infection related variables and outcomes in different waves

Total First Second Third Fourth Fifth Sixth
(n = 6080) (n=1914) (M=1930) (M=1397) (n=330) (n=471) (n = 38) P
Sex (male), n (%) 3901 (64) 1236 (64) 1226 (63) 901 (65) 204 (62) 312 (66) 22 (58) 719
Age (years) 63 + 15 67 + 14 62 + 15 64 + 15 60 + 14 58 + 15 60 + 15 <.001
Diabetic kidney disease, n (%) 1199 (21) 408 (25) 378 (21) 282 (21) 56 (17) 72 (16) 3(8) <.001
KRT, n (%): <.001
KT 2831 (47) 648 (34) 922 (48) 644 (46) 217 (66) 369 (78) 31(81)
HD 3054 (50) 1198 (63) 946 (49 703 (5) 108 (33) 93 (20) 6 (16)
PD 173 (3) 62 (3) 52 (3) 46 (3) 5 (1) 7 (1) 1(3)
HHD 22 (<1) 6 (<1) 10 (<1) 4(<1) 0(0) 2(0) 0(0)
Haemodialysis unit location 1460 (53) 488 (48) 462 (52) 392 (58) 55 (52) 61 (68) 2 (40) <.001

(external), n (%)

KRT vintage (months) 44 (17-95) 38 (15-83) 45 (17-97)
Symptoms at onset, n (%)
Asymptomatic 1225 (22) 259 (15) 498 (28)
Fever 3525 (60) 1300 (71) 1037 (56)
Cough/rhinorrhoea 3512 (60) 1161 (63) 1004 (54)
Dyspnoea 2196 (39) 742 (43) 629 (35)
Gastrointestinal 1279 (23) 424 (24) 419 (23)
Lymphopenia, n (%) 3584 (63) 1358 (75) 1037 (57)
Pneumonia, n (%) 3148 (53) 1260 (68) 843 (45)
Hospital admission, n (%) 3856 (64) 1481 (78) 1104 (58)
ICU admission, n (%)? 561 (15) 127 (9) 179 (17)
ICU rejection, n (%)? 431 (12) 208 (16) 77 (7)
Mechanical ventilation, 656 (19) 210 (17) 170 (17)
n (%)?
Treatment at onset, n (%)
lopinavir/ritonavir 611 (12) 596 (35) 9 (1)
Hydroxychloroquine 1425 (27) 1419 (80) 5(<1
Interferon 60 (4) 5(<1) 0(0)
Tocilizumab 468 (9) 172 (11) 132 (8)
Steroids 2565 (48) 587 (35) 862 (50
No treatment 1740 (35) 253 (16) 705 (4
Baseline ACEi, n (%) 768 (13) 231 (12) 246 (13)
Baseline ARB, n (%) 1343 (23) 384 (21) 455 (24)
Previous NSAID, n (%) 181 (3) 63 (3) 61(3)
Immunosuppression, n (%)
Prednisone 2268 (81) 461 (74) 745 (82)
Ciclosporin 3(<1) 0(0) 0(0)
Tacrolimus 2449 (95) 511 (92) 814 (96)
Mycophenolate 1945 (76) 382 (69) 654 (77)
mTORi 412 (16) 124 (22) 114 (13)
Azathioprine 29 (1) 8(1) 11(1
SARS-CoV-2 vaccination, n (%) 500 (8%) 0 (0) 0 (0)
Immunosuppressants 458 (65) 13 (72) 16 (42)
adjusted, n (%)
Mortality, n (%) 1207 (21) 500 (28) 292 (16)

Mortality in vaccinated, n (%) 86 (19) NA NA
Mortality in symptomatic
patients, n (%)

1010 (25) 412 (30) 244 (20)

45(18-97) 48(18-110) 53(19-111) 60 (61-101)  <.001

339 (26) 58 (19) 68 (16) 3(9) <.001
677 (50) 188 (59) 298 (66) 25 (68) <.001
792 (59) 212 (67) 319 (71) 24 (69) <.001
492 (38) 130 (42) 193 (44) 10 (29) <.001
236 (18) 71 (23) 120 (27) 9 (26) <.001
725 (56) 196 (63) 257 (58) 11 (38) <.001
616 (45) 179 (56) 238 (52) 12 (39) <.001
757 (55) 207 (64) 292 (63) 15 (47) <.001
123 (17) 39 (19) 90 (32) 3(21) <.001
109 (16) 15 (8) 19 (7) 1(8) <.001
143 (22) 46 (25) 84 (31) 3(23) <.001
1(<1) 0 (0) 5 (1) 0(0) <.001
1(<1) 0 (0) 0(0) 0(0) <.001
0 (0) 0 (0) 0(0) 0(0) <.001
79 (7) 33 (11) 52 (14) 0(0) <.001
661 (53) 183 (61) 261 (63) 11 (41) <.001
539 (45) 92 (32) 135 (34) 16 (57) <.001
158 (12) 49 (15) 80 (18) 4 (11) 014
317 (24) 72 (23) 106 (24) 9 (25) 181
43 (3) 6(2) 7 (2 1(3) 326
531 (83) 181 (83) 323 (89) 27 (90) <.001
2 (<1) 1(<1) 0(0) 0(0) 219
564 (96) 198 (97) 333 (96) 29 (100) .006
446 (76) 156 (76) 281 (81) 23 (79) .001
93 (16) 35 (17) 44 (13) 2(7) <.001
3(<1) 3(1) 3(1) 1(3) 470
8 (1) 66 (20) 396 (84) 30 (79) <.001
78 (60) 88 (69) 246 (67) 17 (81) 015
265 (20) 52 (17) 94 (22) (19) <.001
1(12) 8(12) 75 (21) 2 (15) 382
225 (25) 46 (20) 80 (25) 3(19) <.001

2% of admitted.

Data are displayed as mean + standard deviation or median (interquartile range) unless otherwise indicated. KRT; kidney replacement therapy, KT, kidney trans-
plant; HD, in-centre haemodialysis; PD, peritoneal dialysis; HHD, home haemodialysis; ICU, intensive care unit; ACEi, angiotensin-converting enzyme inhibitors; ARB:
angiotensin receptor blockers; NSAID, non-steroidal anti-inflammatory drugs; mTORi, mammalian target of rapamycin inhibitors; NA, not applicable.

modalities are shown in Supplementary data, Table S1. SARS-
CoV-2-infected KT recipients were younger but had longer
KRT vintage than HD patients and also had a higher rate of
SARS-CoV-2 vaccination.

Regarding immunosuppressive drugs, KT recipients were
mostly receiving prednisone (81%), tacrolimus (95%) and my-
cophenolate (76%) for chronic immunosuppression before
developing COVID-19 (Table 1). The chronic immunosup-

pressive medication of KT recipients that were diagnosed
with COVID-19 evolved during the pandemic: over time the
percentage of patients on prednisone (P < .001), tacrolimus
(P = .006) and mycophenolate (P = .001) increased and the
percentage of patients on mTORIi inhibitors (P < .001) decreased.
Most of these differences were evident between the first and
subsequent waves (Supplementary data, Table S2). However,
only prednisone was significantly more frequent for chronic
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FIGURE 1: SARS-CoV-2 infections over time in the COVID-19 Spanish KRT Registry and in the general Spanish population during the pandemic.

immune suppression during the vaccine era (Supplementary
data, Table S2). In fact, chronic immune suppression with pred-
nisone was observed in 80% of KT recipients before vaccines
became available (waves 1-3) and in 88% in waves 4-5, when over
85% of KT recipients with SARS-CoV-2 infection were vaccinated.

Changing patterns of SARS-CoV-2 infection and
treatment

Figure 1 shows the incidence of SARS-CoV-2 infection in the
Spanish COVID-19 KRT Registry and in the general Spanish
population [3]. In the KRT cohort, more SARS-CoV-2 infections
occurred during the first wave than in subsequent waves (P <
.001), unlike in the general population. The pandemic affected
more frequently in-centre HD patients in the initial wave and
KT recipients from the fourth wave, i.e. after the vaccine had
become available (Fig. 2) (Supplementary data, Tables S2 and S3).
Following the availability of vaccines, the number of COVID-19
cases among KRT patients decreased dramatically. However,
an interesting pattern is observed in which most COVID-19
cases in KT recipients in the fifth and sixth waves occurred
among vaccinated persons, while in the sixth wave, i.e. after
the booster had been offered, most infections in HD occurred in
unvaccinated patients.

Symptoms varied across waves. A total of 1025 (22%) pa-
tients were asymptomatic and the frequency increased from

the first wave (15%) to the second and third wave (28% and
26%, respectively), likely representing changes in HD units
screening patterns, and then decreased to 9% (P < .001). In this
regard, KT recipients and patients on PD were less likely to be
asymptomatic (P < .001) and had higher rates of pneumonia
(P < .001) (Supplementary data, Table S1). A total of 3148 (53%)
patients developed pneumonia (Table 1). The most common
symptoms were fever (60%) and cough/rhinorrhoea (60%).

The prescription of drugs to treat COVID-19 changed during
the pandemic. Lopinavir/ritonavir (35%) and hydroxychloro-
quine (80%) were used only in the first wave and then became
obsolete (P < .001 for both). Steroids (48%) were the most
frequent treatment initiated for the cytokine storm phase
of COVID-19, while 35% of patients were untreated (Table 1).
KT recipients were treated more frequently with drugs tar-
geting the cytokine storm (i.e. steroids or tocilizumab) than
the other cohorts (P < .001 for both) (Supplementary data,
Table S1).

Among KT recipients, 458 (65%) required an adjustment
of immunosuppressive treatment during the infection, the
most common being a reduction or withdrawal of mycophe-
nolate in 384 (98%), followed by a reduction in calcineurin
inhibitors [tacrolimus in 232 (68%) patients, cyclosporine in 5
(20%)] and an increase in steroid dose in 289 (82%) patients.
A decrease/withdrawal of mTOR inhibitors was uncommon
(3 patients, 5%).
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Factors associated with admission

Among infected patients, 3856 (64%) were admitted to hospital.
Factors associated to admission are summarized in Table 2.

A total of 658 (11%) patients required mechanical venti-
lation. Mechanical ventilation use increased over time (P <
.001) (Table 1), potentially reflecting improved capacities of
healthcare facilities to absorb the case load.

In multivariate analysis, patient (older age, male sex,
KT recipient), COVID-19 severity (baseline lymphopaenia,
pneumonia) and pandemic (first wave) factors were indepen-
dent predictors for admission (Table 3). Sensitivity analyses
exploring different pandemic wave categories yielded similar
results (Supplementary data, Tables S4 and S5).

Factors associated with ICU admission

Among infected patients, 562 (9%) were admitted to ICU, corre-
sponding to 15% of patients admitted to hospital. In 439 patients
(7%) were rejected from ICU admission despite severity criteria
for ICU admission. The pattern of ICU admissions also evolved
during the pandemic, being lower during the first wave (in which
rejection from ICU was higher), likely reflecting overwhelmed
healthcare systems (Supplementary data, Table S2).

Factors associated with ICU admission are summarized in
Table 2. Multivariate analysis identified patient (younger age,
KT recipient, shorter KRT vintage), COVID-19 severity (baseline
lymphopaenia, pneumonia) and pandemic (infection outside
the first wave) factors as independent predictors for ICU admis-
sion (Table 3). Sensitivity analyses exploring different pandemic
wave categories yielded similar results (Supplementary data,
Tables S6 and S7).

Factors associated with mortality

During follow-up, 1207 patients (21%) died, 4539 (74%) recovered
and 344 (6%) were lost to follow-up. Figure 3 shows the mortality

in the Spanish COVID-19 KRT Registry and COVID-19 mortality
in the general Spanish population [3]. COVID-19 mortality
among KRT patients was more frequent during the first wave
(28%) than in other waves (18%) (P < .001) (Supplementary data,
Table 2) and grossly paralleled those of the general population.
From the fourth wave, i.e. after vaccines became available,
the number of deaths decreased dramatically and occurred
mainly in KT recipients (Fig. 4). However, among breakthrough
diagnosed with COVID-19 in the vaccinated, mortality was 19%
(Table 1). Of the 86 vaccinated KRT patients that died, a majority
(77, 89%) were KT recipients (Supplementary data, Table 1).

COVID-19 mortality was higher in HD and PD (24 and 22%,
respectively) than in KT (18%) or HDD (14%) patients (P < .001).
Patient (male sex, older age, diabetic kidney disease, in-centre
HD), COVID-19 severity (baseline lymphopaenia, pneumonia),
COVID-19 treatment (ACEi and ARB withdrawal, ICU rejection)
and pandemic (first wave) factors were also associated to
mortality.

In multivariate analysis, patient factors (older age), COVID-19
severity (baseline lymphopaenia, pneumonia) and COVID-19
treatment (ICU rejection) factors were independent predictors of
mortality (Table 3). Sensitivity analyses exploring different pan-
demic wave categories yielded similar results (Supplementary
data, Tables S8 and S9).

While COVID-19 severity is an expected driver of mortality,
the identification of additional patient factors associated with
mortality, potentially by increasing disease severity, may be
of interest. Focussing only on patient factors, multivariate
analysis identified older age, male sex, diabetes and KT as in-
dependent risk factors for death, while ARB use was protective
(Supplementary data, Table S10). An analysis focussed on KT
recipient factors confirmed the higher risk conferred by older
age, male sex and diabetes and, additionally, identified an asso-
ciation with immunosuppressants: mTORi-free and calcineurin
inhibitor-free regimens were associated with mortality, while
prednisone-free regimens were associated with lower mortality
(Supplementary data, Table S11).
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Table 2. Factors associated with outcomes after SARS-CoV-2 infection in univariate analysis

Hospital admission

ICU admission Mortality

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Sex (male) 1.30 (1.17-1.45) <.001 1.13 (0.93-1.36) 226 1.25 (1.10-1.43) .001
Age (per year) 1.02 (1.02-1.03) <.001 0.97 (0.96-0.97) <.001 1.06 (1.05-1.06) .001
Diabetic kidney disease 1.39 (1.21-1.59) <.001 0.82 (0.65-1.03) .093 1.43 (1.23-1.66) <.001
(ves)
KRT (KT) 1.15 (1.03-1.28) .010 3.75 (3.07-4.59) <.001 0.73 (0.64-0.83) <.001
Haemodialysis unit 0.76 (0.65-0.89) .001 0.98 (0.68-1.42) .932 1.02 (1.00-1.44) .045
location (in-centre)
KRT vintage (per month) 1.00 (1.00-1.00) 331 1.00 (1.00-1.00) .055 1.00 (0.99-1.00) 871
Lymphopaenia (yes) 15.1 (13.3-17.3) <.001 3.75 (2.59-5.42) <.001 6.52 (5.35-7.95) <.001
Pneumonia (yes) 104 (82-132) <.001 11.6 (6.80-19.9) <.001 10.7 (8.8-13.07) <.001
Treatment during
admission (yes): - - 28.0 (16.1-48.7) <.001 2.34 (1.95-2.83) <.001
Lopinavir/ritonavir - - 7.05 (5.84-8.51) <.001 1.83(1.58-2.12) <.001
Hydroxychloroquine - - 33.7 (4.67-243) <.001 3.52 (2.15-5.76) <.001
Interferon - - 93.3 (29.9-290) <.001 2.98 (2.43-3.65) <.001
Tocilizumab - - 26.1 (21.5-31.7) <.001 3.49 (3.02-4.04) <.001
Steroids
Baseline ACEi (yes) 1.09 (0.93-1.28) 1265 1.11 (0.85-1.44) 431 0.92 (0.76-1.12) 39
ACEi withdrawal at - - 2.94 (1.68-5.15) <.001 5.09 (3.17-8.19) <.001
admission (yes)
Baseline ARB (yes) 0.88 (0.77-0.99) 047 1.47 (1.19-1.81) <.001 0.75 (0.63-0.88) <.001
ARB withdrawal at - - 3.43 (2.28-5.17) <.001 4.38 (3.08-6.21) <.001
admission (yes)
Previous NSAID (yes) 1.06 (0.77-1.45) 701 0.19 (0.07-0.53) .001 0.95 (0.65-0.14) 805
Immunosuppressive
medication (yes) 0.82 (0.69-0.99) 046 0.71 (0.52-0.97) 030 0.78 (0.59-1.02) 075
Prednisone-free regimen 1.39 (0.93-2.10) .110 0.78 (0.45-1.36) .380 1.18 (0.74-1.89) 480
CNI-free regimen 0.86 (0.68-1.08) 1199 1.56 (1.11-2.19) 011 1.51 (1.10-2.07) 011
mTORi-free regimen 1.15 (0.95-1.39) .148 0.56 (0.42-0.75) <.001 0.87 (0.67-1.11) .260
Mycophenolate-free
regimen
SARS-CoV-2 wave (first) 2.61 (2.30-2.96) <.001 0.41 (0.33-0.51) .001 1.74 (1.53-1.99) <.001
ICU admission (yes) - - - - 3.78 (3.13-4.58) <.001
ICU rejection (yes) - - - - 17.0 (12.9-22.3) <.001
Vaccination status (yes) 0.89 (0.74-1.09) .261 2.74 (2.09-3.58) <.001 0.88 (0.69-1.13) 315

The increased OR of UCI admission in univariate analysis among the vaccinated appears to be related to the availability of vaccines in most recent pandemic waves,
in which ICU access was easier than in previous waves when the healthcare system was overwhelmed.

KRT; kidney replacement therapy; KT, kidney transplant; ACEi, angiotensin-converting enzyme inhibitors; ARB; angiotensin receptor blockers; NSAID, non-steroidal
anti-inflammatory drugs; CNI, calcineurin inhibitors; mTORi, mammalian target of rapamycin inhibitors; SARS-CoV-2, severe acute respiratory syndrome coronavirus

2; OR (95%ClI), odds ratio (95% confidence interval).

DISCUSSION

The key finding of our study is that, although lower than in the
first wave, the mortality of KRT patients diagnosed with COVID-
19 remains high (around 19% for vaccinated KRT patients) de-
spite advances in treatment and higher availability of ICU care
in the era of vaccines. This is 13-fold higher than the 1.55%
mortality of confirmed COVID-19 in the general population in
Spain [11]. However, the vaccine era witnessed a dramatic de-
crease in the number of diagnosed COVID-19 cases in the KRT
population as compared with the general population, as well as
in the absolute number of deaths, and mortality of vaccinated
KRT patients was for the most part limited to KT recipients.
Thus, a shift was observed from HD patients to KT recipients, for
both cases and deaths, likely reflecting the lower efficacy of vac-
cines in KT recipients [9]. In this regard, the increased prevalence
of chronic immunosuppressive regimens containing steroids
among COVID-19-infected KT recipients over time should be
considered in the context of reports that associate chronic im-

munosuppressive regimens containing steroids with poorer hu-
moral responses to vaccines [9]. In contrast, almost half of the
HD patients infected in the fifth wave and most of the few HD
patients infected in the sixth wave were unvaccinated, support-
ing the efficacy of booster vaccine doses in this population.
Several changes in the presentation, treatment and out-
comes of COVID-19 were evident over time and through the
successive pandemic waves. One of the most striking features
was the shift in the KRT patient population with COVID-19.
The first wave mainly affected HD patients while the fifth
and sixth waves, following vaccination, were the KT recipient
waves. In the first wave, the healthcare system was unprepared
to prevent the spread of the virus, but HD patients needed to
access healthcare facilities thrice weekly and could not shield
themselves [7, 12, 13, 14]. The more recent shift to KT recipients
appears related to their suboptimal response to vaccines [9]. In
this regard, although the case fatality ratio was similar among
vaccinated KT recipients and vaccinated HD patients, there
were 8.5-fold more deaths among vaccinated KT recipients
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Table 3. Multivariate logistic regression for outcomes after SARS-CoV-2 infection

Hospital admission ICU admission Mortality

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Age (per year) 1.01 (1.01-1.02) <.001 0.97 (0.96-0.98) <.001 1.05 (1.04-1.06) <.001
Sex (male) 1.21 (1.01-1.46) .034 - - - -
KRT (KT) 1.81 (1.46-2.23) <.001 2.90 (2.28-3.68) <.001 - -
Lymphopenia (yes) 5.58 (4.64-6.65) <.001 3.23 (2.16-4.82) <.001 1.98 (1.48-2.64) <.001
Pneumonia (yes) 50.7 (39.4-65.4) <.001 16.9 (8.64-33.4) <.001 2.87 (2.15-3.83) <.001
KRT vintage (month) - - 0.99 (0.99-0.99) .008 - -
SARS-CoV-2 wave (first) 1.57 (1.28-1.93) <.001 0.43 (0.34-0.54) <.001 - -
ICU rejection (yes) - - - - 13.1 (9.81-17.5) <.001

Models adjusted for diabetic kidney disease. KRT, kidney replacement therapy; KT, kidney transplant; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;

OR (95% CI): odds ratio (95% confidence interval).
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FIGURE 3: COVID-19 mortality over time in the COVID-19 Spanish KRT Registry and in the general Spanish population during the pandemic.

than among vaccinated HD patients, likely reflecting the higher
number of breakthrough SARS-CoV-2 infections despite vac-
cination in KT recipients. To put these data into perspective,
the number of KT recipients with functioning grafts in Spain is
1.35-fold higher than the number of patients on HD [15].

A key finding is a potential role of therapeutic nihilism in
the high mortality of KRT patients during the first COVID-19
wave, especially among HD and PD patients. In this regard, KT

recipients were admitted more frequently, with more symptoms
and more frequent pneumonia and received more ICU care, but
mortality was lower than in PD or HD patients. Multivariate
analysis identified refusal of ICU care as an independent risk
factor for death, among other patient and disease severity
factors. Difficult decisions had to be made early in the COVID-19
pandemic when ICUs were overwhelmed. This observation
is confirmed in our data, where young patients were more
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FIGURE 4: SARS-CoV-2 deaths and vaccination status among kidney transplant recipients and haemodialysis patients. Continuous lines refer to total deaths in the
different cohorts. Bars indicate the percentage of vaccination among patients dying from COVID-19. KT, kidney transplant; HD, haemodialysis.

frequently accepted for ICU admission. However, we should
strive to prevent the rejection of KRT patients during the first
pandemic wave becoming a self-fulfilling prophecy and KRT pa-
tients being refused advanced life support in the future because
of that earlier high mortality. Indeed, our data show that KRT
patients with COVID-19 during the first wave were 2.3-fold less
likely to be admitted to ICUs than in subsequent waves. In this
regard, in the most recent pandemic waves, when vaccines are
available and therapies such as dexamethasone are widely used
[16], most KRT patients with breakthrough COVID-19 survived.
Moreover, in KRT patients, unlike in the general population,
additional comorbidities, such as diabetes, hypertension, coro-
nary artery disease and chronic lung disease, do not further add
to the risk of death and the impact of older age on the risk of
death is up to 6-fold lower than in the general population [1, 3].

Beyond access to advanced life support, other treatment
factors may influence the risk of death. In addition to the
prescription of antivirals or steroids, adjustment of chronic
immunosuppression could be a successful strategy in KT recip-
ients. In this regard, mTORi-free and calcineurin inhibitor-free
regimens were associated with higher mortality, while steroid-
free regimens were consistently associated with lower hospital
admissions, lower ICU admissions and lower mortality. Data
on the prevalence of chronic immunosuppressive regimens
containing steroids among infected KT recipients over time also
points to the negative impact of steroids-containing immune
suppressive regimens on sensitivity to COVID-19 and also, to
severe and potentially lethal COVID-19. This may be, at least
in part, related to reports that associate steroids-containing
immunosuppressive regimens with poorer humoral responses
to SARS-CoV-2 vaccines [9]. Interestingly, steroids are beneficial
when used acutely in COVID-19 [17]. This controversy can be
understood in light of the anti-inflammatory effect of high
doses of corticosteroids on the cytokine storm phase of COVID-
19, in contrast to the chronic immunosuppression with steroids
prescription that may dampen antiviral and vaccine responses.

Regarding acute steroid prescription, an indication bias should
be noted, as they were prescribed to treat severe COVID-19, and
we believe that this underlies the association with mortality.
Among other pre-existent therapies, baseline use of ARBs was
a patient factor associated with lower mortality in the full KRT
population, albeit not in KT recipients. While this should be con-
firmed in a wider KRT population, there is biological plausibility
for the relationship, since angiotensin receptor-1 (AT-1), the tar-
get of ARBs, was recently shown to facilitate SARS-CoV-2 entry
into cells mediated by soluble angiotensin-converting enzyme 2
(sACE2) [18]. Thus, ARBs could potentially interfere with this port
of entry of SARS-CoV-2 into cells and we can only speculate that,
based on the clinical observation, this viral entry pathway may
be more relevant in dialysis patients. This hypothesis merits
being pursued in further research as it may be clinically relevant.

The main impact of vaccines appeared to be the reduction
in the number of cases, as mortality among vaccinated KRT
patients diagnosed with COVID-19 was similar to among non-
vaccinated KRT patients diagnosed with COVID-19. However,
mortality among vaccinated COVID-19 patients was almost
exclusively found in KT recipients, pointing to a suboptimal
response to vaccination in those patients who died despite
vaccination. Thus, as the pandemic shifts from the wider KRT
population to vaccinated KT recipients, the urge to optimize
the vaccination regimens increases. This may imply transient
adaptation of immune suppression regimens, more common
use of the mRNA-1273 vaccine, additional booster doses or
novel vaccines [9].

The presentation of SARS-CoV-2 infection and the case
fatality ratio may have been influenced by the criteria used to
perform diagnostic tests. Thus, early in the pandemic, testing
seemed to be reserved for more symptomatic patients, given
supply chain issues. Later, testing of even asymptomatic pa-
tients was performed in HD units for outbreak monitoring,
but not in at-home dialysis or KT recipients [19, 20]. This
may explain the lower likelihood of being asymptomatic and
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higher rates of pneumonia in KT recipients and PD patients.
Indeed, asymptomatic infections in the second and third waves
were 26-28% and decreased to <20% when the epidemiological
context changed and preventive screening protocols became
outdated. However, the combination of strictly observed isola-
tion measures (e.g. masks during transport to and from dialysis
centres and during HD sessions) and vaccines appears to be
more effective in the KRT population than vaccines in combi-
nation with more relaxed measures in the general population,
as judged by the lower number of infections recorded upon
vaccine implementation in KRT patients than in the general
population. Thus, vaccination and booster doses should con-
tinue to be promoted in KRT patients and isolation measures
should be maintained. In this regard, early in the pandemic
lack of face masks during transport to and from dialysis and
suboptimal personal protective equipment were identified
as risk factors for infection in KRT patients and healthcare
personnel [7, 11, 12].

Some limitations should be acknowledged. In this registry-
based study, inherent bias includes some incomplete data, lim-
ited variables (such as body mass index or treatment duration)
or loss of follow-up. However, first, this is a multicentric prospec-
tive study involving a large cohort of patients on KRT infected by
SARS-CoV-2 in Spain, corresponding to roughly 10% of Spanish
patients on KRT [12], so data and conclusions are thought to be
representative. Second, information on vaccination dates or an-
tibody response is not available. In Spain, the first vaccine dose
was administered at the end of December 2020, but widespread
vaccination started in January 2021 and reached KRT patients at
some point between February and April 2021. Third, subclinical
or asymptomatic infections probably went unnoticed, especially
beyond the third wave, when systematic periodic screening of
HD units was no longer performed, so the studied outcomes
could be overestimated. However, this makes the data more
comparable to the general population, for which widespread
screening of asymptomatic individuals is not performed [15].
Fourth, the sixth wave data predate the introduction and expan-
sion of the Omicron variant in Spain and thus, the impact of this
strain is not reflected in the data. Finally, some variables, such as
rejection from ICU admission, did not have a universal definition
and should be analysed from a subjective point of view.

In conclusion, the features of the COVID-19 pandemic in
KRT patients (patient characteristics, treatment and outcomes)
keep evolving, shifting towards vaccinated KT recipients and
unvaccinated dialysis patients. Vaccines are associated with a
lower incidence of diagnosed COVID-19, but mortality remains
high despite ICU care, although most patients survive. Further
improvement in KRT patient outcomes may be obtained by
optimizing vaccination and immune suppression protocols
in KT recipients, promoting vaccination and boosting dialysis
patients and providing access to life support care if needed.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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(See related article by Vehbi et al. Kidney replacement therapy
patients with COVID-19 in the vaccine era: what do we need to
know? Clin Kidney J (2022) 15: 1639-1642.)
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