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SARS- CoV- 2 infection has produced high mortality in kidney transplant (KT) recipi-
ents, especially in the elderly. Until December 2020, 1011 KT with COVID- 19 have 
been prospectively included in the Spanish Registry and followed until recovery or 
death. In multivariable analysis, age, pneumonia, and KT performed ≤6 months be-
fore COVID- 19 were predictors of death, whereas gastrointestinal symptoms were 
protective. Survival analysis showed significant increasing mortality risk in four sub-
groups according to recipient age and time after KT (age <65 years and posttransplant 
time >6 months, age <65 and time ≤6, age ≥65 and time >6 and age ≥65 and time 
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1  |  INTRODUC TION

COVID- 19 is a global pandemic that has affected more than 66 mil-
lion people and caused more than 1.5 million of deaths all over the 
world.1 This rapid expansion led to the collapse of healthcare systems, 
negatively affecting transplant programs.2,3 Since the first confirmed 
case was isolated in Spain on January 31, 2020, the curve of new in-
fections increased, reaching the peak of highest incidence at the end 
of March 2020.4 As a result, there was a dramatic decrease of trans-
plantation activity during the critical early weeks of the outbreak.5 To 
better know the impact of SARS- CoV- 2 infection in kidney transplant 
(KT) patients, the Spanish Society of Nephrology (S.E.N.) set up a vol-
untary registry in March 2020.6 The analysis of data registered until 
May 2020 showed that COVID- 19 has a high mortality in KT patients, 
especially in elderly recipients and in the early post- KT period.7- 9 In 
this scenario, recommendations on preventive strategies in waitlisted 
and solid organ transplant patients emerged, and transplant activity 
progressively recovered over the next weeks.10

Starting mid- July and peaking in October, a second wave of 
COVID- 19 was documented in Spain and many other regions.4 Several 
differences have been reported between the first and the second wave 
in the general population, with a lower proportion of severe cases and 
younger patients in the second phase.11- 13 This evolution allowed us to 
continue with the transplant activity, so in this context it is crucial to 
clarify the pre- infection risk factors in KT patients to assess properly 
the benefit of the procedure. Likewise, data comparing the character-
istics of the infection in KT patients between both epidemic phases are 
scarce. Herein, we present the predictors of severe COVID- 19 and the 
differences between the first and second phase of the pandemic in a 
Spanish multicenter KT recipient cohort.

2  |  METHODS

A registry regarding dialysis and KT patients with COVID- 19 in Spain 
started in 03/18/2020 promoted by the S.E.N. (www.senef ro.org). 
Of the 39 existing KT centers in Spain, 38 of them (97.4%) partici-
pated. The participating hospitals perform more than 99% of KT 

in Spain each year.14 Only cases diagnosed with positive reverse- 
transcriptase– polymerase- chain- reaction (RT- PCR) assay of a speci-
men collected on a nasopharyngeal swab or bronchoalveolar lavage 
were included. In Spain, COVID- 19 cases are collected in the re-
gional registries and then the regional authorities notify them to the 
Ministry of Health. The dialysis and KT COVID- 19 registry is volun-
tary, but it is likely that most cases are included.

2.1  |  Variables collected and definitions

The characteristics of the S.E.N. COVID- 19 registry and the vari-
ables included have been previously reported (Table 1).7 The first 
epidemic wave was considered to end in June 2020, when the infec-
tion rate in Spain fell below 10 cases/100,000 inhabitants, and the 
second wave started July 202015 (Figure 1).

Outcomes were assessed as COVID- 19- related mortality or recov-
ery until December 5, 2020. The immunosuppression collected corre-
sponds to that received at the time of COVID- 19 diagnosis. Length of 
the COVID- 19 episode was defined as days from COVID- 19 diagnosis 
to death or recovery and recovery as clinical improvement with nega-
tive RT- PCR and/or SARS- CoV- 2 positive IgG serology.16

The study was conducted according to the guidelines dictated 
by the Declaration of Helsinki. All data were recorded anonymously.

2.2  |  Statistical analysis

Categorical variables were expressed as counts and percentages and 
continuous variables as the mean and standard deviation or median with 
interquartile range. All categorical variables were compared using Fisher 
exact test or Chi- square test, and continuous variables were compared 
with t test or Mann- Whitney U test, according to variables normality. 
Mood's median test was performed to compare median scores.

Survival curves were plotted using the Kaplan- Meier method and 
compared between patients according to their age (< or ≥65 years) and 
time post- KT (≤ or >6 months after KT) by log- rank test. Kaplan- Meier 
survival analysis was also performed to compare patients infected in 

≤6): mortality rates were, respectively, 11.3%, 24.5%, 35.4%, and 54.5% (p < .001). 
Patients were significantly younger, presented less pneumonia, and received less fre-
quently specific anti- COVID- 19 treatment in the second wave (July– December) than 
in the first one (March– June). Overall mortality was lower in the second wave (15.1 vs. 
27.4%, p < .001) but similar in critical patients (66.7% vs. 58.1%, p = .29). The interac-
tion between age and time post- KT should be considered when selecting recipients 
for transplantation in the COVID- 19 pandemic. Advanced age and a recent KT should 
foster strict protective measures, including vaccination.

K E Y W O R D S
clinical research/practice, infection and infectious agents –  viral, kidney transplantation/
nephrology, patient survival
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TA B L E  1  Characteristics of all kidney transplant patients included in the COVID- 19 Spanish Registry

Variables
All
(n = 1011)

Dead
(n = 220)

Recovered
(n = 791) p value

Waves

1st wave, n (%) 548 (54.2) 150 (27.4) 398 (72.6) <.001

2nd wave, n (%) 463 (45.8) 70 (15.1) 393 (84.9)

Baseline characteristics

Males, n (%) 635 (62.8) 144 (66.5) 491 (62.1) .35

Recipient age (years), median [IQR]a  60 [50– 69] 70.5 [61– 75] 57 [48– 67] <.001

Age <65 years, n (%)b  628 (62.1) 78 (12.4) 550 (87.6) <.001

Age ≥65 years, n (%)b  383 (37.9) 142 (37.1) 241 (62.9)

DM as cause of kidney disease, n (%) 131 (13) 35 (17.2) 96 (12.5) .08

ACEIs treatment, n (%) 144 (14.2) 31 (14.1) 113 (14.3) .94

ARBs treatment, n (%) 274 (27.1) 54 (24.5) 220 (27.8) .33

Time from KT to COVID−19 (months), median [IQR]a  72 [30– 140] 72 [21– 157] 72 [31– 139] .74

Time from KT ≤6 months, n (%)c  86 (8.5) 31 (36) 55 (64) .001

Time from KT >6 months, n (%)c  925 (91.5) 189 (20.4) 736 (79.6)

Immunosuppressive therapy at COVID−19 diagnosisd 

Prednisone, n (%) 777 (76.9) 171 (83) 606 (79.2) .22

Tacrolimus, n (%) 829 (82) 168 (81.6) 661 (86.4) .08

Mycophenolate, n (%) 733 (72.5) 158 (76.7) 575 (75.2) .64

mTOR inhibitors, n (%) 174 (17.2) 31 (15) 143 (18.7) .22

Clinical features at COVID−19 diagnosis

Asymptomatic, n (%) 99 (9.8) 0 (0) 99 (12.5) …

Fever, n (%) 742 (73.4) 177 (79.5) 567 (71.7) .02

Cough, expectoration, and/or rhinorrhea, n (%) 682 (67.5) 173 (78.6) 509 (64.3) <.001

Gastrointestinal symptoms, n (%) 323 (31.9) 56 (25.5) 267 (33.8) .02

Pneumonia, n (%) 671 (66.4) 204 (92.7) 467 (59) <.001

Lymphopenia, n (%) 690 (68.2) 190 (86.4) 500 (63.2) <.001

COVID−19 outcomes and treatment

Hospitalized, n (%) 791 (78.2) 214 (97.3) 577 (72.9) <.001

Ventilator support, n (%) 155 (15.3) 125 (56.8) 30 (3.8) <.001

ICU admission, n (%) 140 (13.8) 87 (39.5) 53 (6.7) <.001

Hydroxychloroquine, n (%) 480 (47.5) 126 (57.3) 354 (44.8) .001

Azithromycin, n (%) 280 (27.7) 66 (30) 214 (27.1) .38

Glucocorticoids, n (%) 494 (48.9) 143 (65) 351 (44.4) <.001

Lopinavir/ritonavir, n (%) 184 (18.2) 69 (31.4) 115 (14.5) <.001

Tocilizumab, n (%) 141 (13.9) 50 (22.7) 92 (11.5) <.001

Remdesivir, n (%) 26 (2.6) 4 (1.8) 22 (2.8) .42

Non anti- COVID−19 therapy, n (%)e  242 (23.9) 19 (8.6) 223 (28.2) <.001

Length of COVID−19 episode (days), median [IQR]a  15 [9– 22] 10 [5– 20] 15 [10– 23] <.001

Abbreviations: ACEI, angiotensin converting enzyme inhibitors; ARBs, angiotensin receptor blockers; DM, diabetes mellitus; IQR, interquartile range; 
KT, kidney transplantation.
aMood's median test according to order of appearance in the table: p < .001, p = .99, p < .001, respectively.
bPercentage within age < or ≥65 years.
cPercentage within time from KT ≤ or >6 months.
dData of 971 patients: 765 survivors and 206 nonsurvivors.
eNon- anti- COVID- 19 therapy includes the cases that have not received specific drugs against SARS- CoV- 2 or against the inflammatory response due 
to COVID- 19.
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the first and second epidemic waves. In addition, the crossing survival 
curves were compared using Gehan- Wilcoxon- Breslow test.

Univariable and multivariable Cox proportional hazard regression 
analyses were assessed for independent risk factors of COVID- 19- 
related death. In the multivariable analysis, demographic variables and 
those covariates with a p value < .1 were included. Proportionality 
assumption in the model was assessed by visual inspection of the log- 
log survival plots. Covariates included in the model did not violate the 
proportionality assumption. Differences in anti- COVID- 19 therapy 
were not considered for multivariable analysis as they were conse-
quences and not factors causing the severity of the infection. Survival 
time was considered until death or 90 days after COVID- 19 episode 
for both the Cox and the Kaplan Meier analyses. This 90- day period 
was chosen because those cases with a new positive RT- PCR that 
had a confirmed SARS- CoV- 2 infection more than 90 days ago are 
considered reinfection.16 Results are expressed as hazard ratio with 
their 95% confidence intervals. Statistical analyses were performed 
with SPSS V 22.0 (SPSS Inc.). A p value < .05 was considered statisti-
cally significant.

3  |  RESULTS

3.1  |  Characteristics of kidney transplant patients 
with COVID- 19

From March 18, 2020, to December 5, 2020, 1178 KT recipients 
with COVID- 19 were reported to the registry, 585 until June 30th 

and 576 from July 1st. Recipients with incomplete data (n = 17) 
and those whose had not reported an outcome for the episode 
(n = 150) were excluded. Finally, 1011 fully documented patients 
had a final outcome, recovery or death, and were included in the 
study.

Table 1 shows characteristics of the entire cohort, survivors 
(n = 791) and nonsurvivors (n = 220). Median age was 60 years. 
Tacrolimus- based immunosuppression was the most common 
therapy. More data on immunosuppressive regimens are reported 
in Tables S1 and S2. Median time from KT to the COVID- 19 epi-
sode was 6 years and 8.5% had been transplanted within the last 
6 months. Fever (73.4%), respiratory symptoms (67.5%), and pneu-
monia (66.4%) were the most frequent COVID- 19- related clinical 
features. Ninety- nine patients (9.8%) were asymptomatic (tests 
performed due to contact with positive cases). Hospitalization was 
required in 791 patients and 14% were admitted to intensive care 
units (ICU). The overall mortality rate was 21.7%.

Patients who died were older and, although KT vintage was sim-
ilar, the percentage of recent transplants was significantly higher 
in this group. We found no differences neither in terms of immu-
nosuppressive therapy nor in renin- angiotensin- blocker treatment 
between survivors and nonsurvivors. Pneumonia was present in 
92.7% of patients who died and they needed intensive care (39.5%) 
and ventilator support (56.8%) more frequently than survivors. 
Gastrointestinal symptoms (diarrhea or vomiting) appeared more 
frequently in patients who recovered (33.8%). Nonsurvivors were 
more frequently treated with glucocorticoids, hydroxychloroquine, 
lopinavir- ritonavir, or tocilizumab.

F I G U R E  1  Epidemic curve of COVID- 19 cases in kidney transplant recipients. First wave (until June 2020) and second wave (from July 2020)
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3.2  |  Univariable and multivariable Cox 
regression analysis for the relationship between risk 
factors and outcomes

In univariable analysis, infection during the first wave, age (con-
tinuous), age ≥65 years, time after KT to COVID- 19 diagnosis less 
than 6 months, fever, respiratory symptoms, pneumonia and lym-
phopenia were significantly associated with mortality (Table 2). 
Gastrointestinal symptoms were a protective factor for death.

In multivariable Cox regression analysis, pneumonia and KT 
within the last 6 months remained as independent predictors of 
death while gastrointestinal symptoms were associated with bet-
ter survival. The development of the disease during one or another 
phase of the pandemic was not an independent risk factor for 
COVID- 19- related mortality. Similar results were observed when 
age was analyzed as a categorical variable, the models were adjusted 
for sex, or respiratory symptoms were excluded.

3.3  |  Comparison between patients regarding 
independent risk factors prior to SARS- 
CoV- 2 infection

In Table 3, we have distributed the patients in four subgroups 
 according to age and post- KT period: Group 1, age <65 years old and 
post- KT time to the COVID- 19 episode >6 months (n = 575); Group 2, 
age <65 years old and post- KT time ≤6 months (n = 53); Group 3, age 
≥65 years and post- KT time >6 months (n = 350); and Group 4, age 
≥65 years and post- KT time ≤6 months (n = 33). Group 4 (elderly and 
recent KT) developed a greater clinical severity, with 81.4% of patients 
presenting pneumonia. Most patients in group 4 required hospitaliza-
tion and almost a third ventilator support. On the other hand, there 
was a higher rate of asymptomatic patients in Group 1 (11.8%) and 
they presented more frequently gastrointestinal symptoms (35.1%). 
We also observed changes in immunosuppression in relation to time 

after transplantation, especially with steroids and tacrolimus, which 
were more frequent in recent transplants. Survival analysis showed 
a significant increasing mortality: Group 1, 11.3%; Group 2, 24.5%; 
Group 3, 35.4%; Group 4, 54.5% (Figure 2).

3.4  |  Characteristics and outcomes of kidney 
transplant patients with COVID- 19 during the 
different epidemic waves

Of the 1011 cases included, 548 correspond to the first wave and 
463 to the second wave (93.6% and 80.4% respectively of the 
total of patients collected in the registry) (Table 4). In the second 
wave, KT recipients were younger, 18.4% were asymptomatic and 
presented less pneumonia (49.7% vs. 80.5%). Fever, lymphope-
nia and respiratory symptoms were also less frequent. Treatment 
changed, with more use of remdesivir and steroids. Ritonavir/
lopinavir, hydroxychloroquine, and azithromycin were hardly 
used. A higher percentage of patients did not receive any specific 
drugs against SARS- CoV- 2 or against the COVID- 19- associated 
cytokine storm in the second wave (44.3% vs. 6.8% in the first 
one). Hospitalization decreased (63.3% vs. 90%), but more KT re-
cipients were admitted to ICU when we analyzed only hospitalized 
patients.

When we excluded asymptomatic patients from the analysis, the 
differences between both phases in age (63 vs. 58 years, p < .001) 
and pneumonia (82.4% vs. 60.6%, p < .001) remained. There were 
also no differences in the rest of the variables except in respiratory 
and gastrointestinal symptoms, which presented a similar incidence 
in the two waves (Table S3).

Overall mortality was lower (even excluding asymptomatic cases) 
during the second wave (15.1%). Mortality in hospitalized patients 
was also lower (22.9%). However, in critical KT recipients, mortality 
was 66.7%, not significantly different to that reported in the first 
wave (58.1%) (Figure 3).

Univariable analysis Multivariable analysis

HR (95% CI) p value HR (95% CI) p value

1st wave 1.93 (1.45– 2.57) .000 1.10 (0.82– 1.50) .503

Age (years) 1.07 (1.06– 1.09) .000 1.06 (1.05– 1.08) .000

DMa  1.37 (0.96– 1.99) .090 1.02 (0.69– 1.50) .913

Time from KT ≤6 months 1.79 (1.22– 2.63) .003 1.64 (1.07– 2.50) .021

Fever 1.43 (1.03– 1.99) .031 1.00 (0.69– 1.46) .974

Gastrointestinal symptoms 0.68 (0.50– 0.93) .016 0.66 (0.48– 0.90) .011

Respiratory symptomsb  1.89 (1.37– 2.61) .000 1.29 (0.90– 1.83) .154

Pneumonia 7.31 (4.39– 12.16) .000 5.04 (2.81– 9.05) .000

Lymphopenia 3.13 (2.13– 4.60) .000 1.38 (0.89– 2.11) .144

Abbreviations: CI, confidence interval; HR, hazard ratio.
aDM: Diabetes mellitus as kidney disease.
bCough, expectoration, and/or rhinorrhea.

TA B L E  2  Univariable and multivariable 
Cox regression analyses for death 
after COVID- 19 in all kidney transplant 
recipients included in the COVID- 19 
Spanish Registry
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4  |  DISCUSSION

Our study evaluates simultaneously age and time after transplantation 
as predictors of severe COVID- 19 in KT patients. As in our previous 
analysis of a smaller number of patients, we can confirm that in the 
KT population, age and pneumonia are risk factors for death, while 
gastrointestinal symptoms are associated with a better prognosis.7 
Otherwise, patients transplanted recently before the COVID- 19 epi-
sode also have a higher mortality. We have identified a group of pa-
tients, the oldest and recently transplanted, with a higher fatality rate 
compared to the youngest and with a longer time post- KT, who have 
the best prognosis. Furthermore, this is the first report that compares 
the first and the second epidemic waves in KT patients, confirming that 
clinical severity and anti- COVID- 19 therapy have changed.

Advanced age is considered the main risk factor for COVID- 
19- associated severity and death due to the greater prevalence of 
chronic conditions in older patients.17 Moreover, in the elderly, alve-
olar macrophages increase and convert to a pro- inflammatory state 
that could accelerate COVID- 19 in its early stages.18 In our series, 
median age was 60 years and more than a third of the patients were 
≥65 years old, with a mortality rate of almost 40%.

Several registries have analyzed the impact of time after transplan-
tation on the outcomes of COVID- 19, but none of them found signifi-
cant differences.19- 22 In these reports, the time from KT to COVID- 19 
was analyzed globally or in time periods around the first year after KT. 
We have focused on the first 6 months after transplantation, finding 
a higher mortality during this earlier period. The maximum effect of 
immunosuppression is exerted in the first months after transplanta-
tion and recipients are at maximum risk of infection and severity by 
viral pathogens in this period.23 Consequently, infections are the main 
cause of death with a functioning graft in the first year after KT.24

In our registry, age and early post- KT period were the baseline 
conditions prior to infection related to death. The combination of 
these two variables allowed us to stratify the risk of our COVID- 19 KT 
patients. Recipients ≥65 years diagnosed with COVID- 19 in the first 
6 months after transplantation presented the highest risk for a fatal 
outcome, with more than half of the patients deceased. Younger pa-
tients infected over 6 months after KT showed a similar mortality 
to that of the Spanish general population with COVID- 19.15 Based 
on our findings, we consider that we should be very cautious when 
selecting older patients for KT during the COVID- 19 pandemic. 
Furthermore, as we already have vaccines with proven efficacy,25 

TA B L E  3  Clinical characteristics of kidney transplant patients according to their age and the time from kidney transplant to SARS- CoV- 2 
infection

Age <65 years and time 
post- KT >6 months

Age <65 years and time 
post- KT ≤6 months

Age ≥65 years and time 
post- KT >6 months

Age ≥65 years and time 
post- KT ≤6 months

p 
value

Patients, n 575 53 350 33

Prednisone, n (%)a,b  431 (78.4) 50 (98) 267 (78.5) 29 (96.7) .001

Tacrolimus, n (%)a,b  471 (85.6) 51 (100) 278 (81.8) 29 (96.7) .002

Mycophenolate, n (%)a,b  409 (74.4) 47 (92.2) 252 (74.1) 25 (83.3) .02

mTOR inhibitors, n (%)a,b  108 (19.6) 2 (3.9) 61 (17.9) 3 (10) .02

Asymptomatic, n (%) 68 (11.8) 8 (15.1) 21 (6) 2 (6.1) .01

Gastrointestinal symptoms, 
n (%)

202 (35.1) 14 (26.4) 101 (28.9) 6 (18.2) .04

Pneumonia, n (%) 348 (60.5) 34 (64.2) 262 (74.9) 27 (81.8) <.001

Lymphopenia, n (%) 359 (62.4) 43 (81.1) 258 (73.7) 30 (90.9) <.001

Hospitalized, n (%) 417 (72.5) 45 (84.9) 299 (85.4) 30 (90.9) <.001

Ventilator support, n (%) 67 (11.7) 12 (22.6) 67 (19.1) 9 (27.3) .001

Non anti- COVID−19 therapy, 
n (%)c 

170 (29.6) 11 (20.8) 58 (16.6) 3 (9.1) <.001

COVID−19 pharmacological treatment

Hydroxychloroquine, n (%) 250 (43.5) 23 (43.4) 184 (52.6) 23 (69.7) .003

Glucocorticoids, n (%) 259 (45) 33 (62.3) 188 (53.7) 14 (42.4) .01

Tocilizumab, n (%) 74 (12.9) 14 (26.4) 44 (12.6) 9 (27.3) .005

Dead, n (%) 65 (11.3) 13 (24.5) 124 (35.4) 18 (54.5) <.001

Note: All variables of the study were compared between the four groups, showing only those with p < .05.
Abbreviation: KT, kidney transplantation.
aAs baseline immunosuppressive treatment at the time of COVID- 19 diagnosis.
bData of 971 patients: 550, 51, 340, and 30 patients from the 1st to the 4th group, respectively.
cNon- anti- COVID- 19 therapy includes the cases that have not received specific drugs against SARS- CoV- 2 or against the inflammatory response due 
to COVID- 19.
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patients on the waiting list, especially older patients, should be a 
priority group in the access to these vaccines.

The evolution of the pandemic in KT recipients is quite similar to 
the observed in the general population.11- 13 In the second wave, KT 
patients infected are younger. According to the reports of the Spanish 
Ministry of Health, the median age of cases in Spain have decreased 
from 60 years in May to 41 years in December 2020.4 In our regis-
try, these differences are not so remarkable, probably due to a high 
incidence of COVID- 19 in our cohort of elderly KT recipients.4,10 
Apparently, the severity of COVID- 19 in KT patients is also lower in the 
second wave. We found a higher proportion of asymptomatic cases, 
so the global mortality rate could be underestimated. These changes 
may be due to the greater availability of testing, as in most countries, 
during this period. However, when asymptomatic cases were excluded, 
we still found clinical and epidemiological differences, a decrease of 
hospitalized patients and a lower mortality rate in the second wave. 
When we analyzed only patients who required hospitalization, death 
rate between both periods also decreased. However, during this sec-
ond wave, half of our patients developed pneumonia, which is a serious 
risk factor for death in our population. Further, if we take into account 
only critical patients, the fatality rate during the second wave has been 
66.7%, without significant differences in survival between both epi-
demic phases. These data show that the mortality due to COVID- 19 
in KT patients is still markedly higher than in the general population, 

especially in critical cases. In addition, during the last months of the 
pandemic, more hospitalized KT patients were admitted to ICU, al-
though probably it is not due to a greater severity of COVID- 19, but to 
the availability of a better prepared healthcare system.

COVID- 19 management in KT patients has also changed during 
the two consecutive waves. Several treatments were used during 
the first months, but subsequently most of them were deemed in-
efficient.26- 30 Thus, we have documented an important decrease in 
the use of hydroxychloroquine, azithromycin, lopinavir/ritonavir and 
tocilizumab, while glucocorticoids and remdesivir prescriptions have 
increased in this second wave. Additionally, a higher number of pa-
tients did not receive any COVID- 19 specific treatment, related to 
the lower severity of symptoms observed in our cohort and parallel 
to the change in the specific management of the infection.

Our study presents several limitations. First, the registry is voluntary, 
and this may induce some underreporting, and decrease estimated inci-
dence. Likewise, the high rate of hospitalized patients may suggest that 
milder cases were not detected or reported. Second, the difference in the 
availability of testing may influence the comparison between both waves. 
Considering this limitation, we compared the clinical characteristics of 
COVID- 19 patients excluding asymptomatic patients and carried out 
several survival sub- analyses (no asymptomatic cases, only hospitalized 
patients, those requiring ICU admission). This approach may reduce this 
patient selection bias. Third, the restricted number of variables collected 

F I G U R E  2  Survival function for death according to age and time from kidney transplant (KT) to SARS- CoV- 2 infection

Group 1 575 539 504 455 394 371 334

Group 2 53 49 44 35 31 27 24

Group 3 350 261 226 203 183 167 148

Group 4 33 20 15 14 13 13 12

P<.001
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made the registry an easy tool but limited the analysis of some charac-
teristics evaluated in other studies. We do not have information about 
comorbidities such as cardiovascular risk factors or renal function and 
we are missing most laboratory data. In addition, we have assessed only 
baseline immunosuppression but not possible changes during infection 
which may have influenced the final outcome. Furthermore, in those 

patients infected in an early post- KT period, we did not document if 
they received immunosuppressive induction treatment or if they had a 
recent diagnosis of acute rejection and subsequent increase in immuno-
suppression. Notwithstanding, it is a multicenter study which includes the 
COVID- 19 cases identified in KT patients in almost all Spanish KT centers 
for 9 months, even mild or asymptomatic cases. In consequence, we have 

TA B L E  4  Characteristics of all kidney transplant patients included in the first and the second waves

Variables 1st wave (n = 548) 2nd wave (n = 463) P value

Baseline characteristics

Males, n (%) 356 (65) 279 (60.3) .12

Recipient age (years), median [IQR]a  62 [52– 72] 57 [47– 67] <.001

Age ≥65 years, n (%) 238 (43.4) 145 (31.3) <.001

DM as cause of kidney disease, n (%) 76 (14.7) 55 (12.1) .23

ACEIs treatment, n (%) 76 (13.9) 68 (14.7) .71

ARBs treatment, n (%) 144 (26.3) 130 (28.1) .52

Tacrolimus- based immunosuppressive therapyb  434 (83.5) 395 (87.6) .07

Time from KT to COVID−19 (months), median [IQR]a  68.5 [29– 140] 76 [31– 140] .45

Time from KT to COVID−19 ≤6 months, n (%) 54 (9.9) 32 (6.9) .09

Clinical features at COVID−19 diagnosis

Known risk contact, n (%) 142 (25.8) 213 (45.1) <.001

Asymptomatic, n (%) 14 (2.6) 85 (18.4) <.001

Fever, n (%) 445 (81.2) 297 (64.1) <.001

Cough, expectoration, and/or rhinorrhea, n (%) 406 (74.1) 276 (59.6) <.001

Gastrointestinal symptoms, n (%) 193 (35.2) 130 (28.1) .01

Pneumonia, n (%) 441 (80.5) 230 (49.7) <.001

Lymphopenia, n (%) 445 (81.2) 245 (52.9) <.001

COVID−19 outcomes and treatment

Hospitalized, n (%) 498 (90.9) 293 (63.3) <.001

Ventilator support, n (%) 102 (18.6) 53 (11.4) .002

ICU admission, n (%) 74 (13.5) 66 (14.3) .73

ICU admission only hospitalized, n (%) 74 (14.9) 67 (22.5) .006

Hydroxychloroquine, n (%) 479 (87.4) 1 (0.2) <.001

Azithromycin, n (%) 266 (48.5) 14 (3.0) <.001

Glucocorticoids, n (%) 259 (47.3) 235 (50.8) .26

Lopinavir/ritonavir, n (%) 182 (33.2) 2 (0.4) <.001

Tocilizumab, n (%) 101 (18.4) 40 (8.6) <.001

Remdesivir, n (%) 2 (0.4) 24 (5.2) <.001

Non anti- COVID−19 therapy, n (%)c  37 (6.8) 205 (44.3) <.001

Length of COVID−19 episode (days), median [IQR]a  14 [8– 21] 16 [10– 23] <.001

Dead, n (%) 150 (27.4) 73 (15.1) <.001

Dead only hospitalized patients, n (%) 147 (29.5) 67 (22.9) .04

Dead only patients admitted to ICU, n (%) 43 (58.1) 44 (66.7) .29

Abbreviations: ACEI, angiotensin converting enzyme inhibitors; ARBs, angiotensin receptor blockers; DM, diabetes mellitus; IQR, interquartile range; 
KT, kidney transplantation.
aMood's median test according to order of appearance in the table: p < .001, p = .24, p = .001, respectively.
bData of 971 patients: 520 in the 1st wave and 451 in the 2nd wave.
cNon- anti- COVID- 19 therapy includes the cases that have not received specific drugs against SARS- CoV- 2 or against the inflammatory response due 
to COVID- 19.
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recruited a considerable number of patients, quite representative of the 
global burden of KT recipients in Spain.

In conclusion, over a thousand KT have suffered COVID- 19 in 
Spain with a high mortality rate in the first and second waves. Both ad-
vanced age and an early post- KT period were related to a higher mor-
tality rate. Thus, in our opinion, the interaction between age and time 
after transplant has to be considered when selecting recipients during 
the COVID- 19 pandemic and these older patients should access vac-
cination as soon as possible. Epidemiological aspects of SARS- CoV- 2 
have changed in this second wave, affecting predominantly younger 
people with a less serious clinical picture. However, mortality rate 
remains similar in severe cases. Likewise, we have documented the 
change in the COVID- 19 specific management during these months.
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