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Auxiliadora Mazuecos, MD, PhD,1 Florentino Villanego, MD, PhD,1 Sofía Zarraga, MD, PhD,2  
Verónica López, MD, PhD,3 Federico Oppenheimer, MD, PhD,4 Laura Llinàs-Mallol, MD, PhD,5  
Ana M. Hernández, MD, PhD,6 Alba Rivas, MD, PhD,7 María C. Ruiz-Fuentes, MD, PhD,8  
Néstor G. Toapanta, MD, PhD,9 Carlos Jiménez, MD, PhD,10 Sheila Cabello, MD, PhD,11  
Isabel Beneyto, MD, PhD,12 María J. Aladrén, MD, PhD,13 Alberto Rodríguez-Benot, MD, PhD,14  
Cristina Canal, MD, PhD,15 María Molina, MD, PhD,16 Isabel Pérez-Flores, MD, PhD,17  
Isabel M. Saura, MD, PhD,18 Eva Gavela, MD, PhD,19 Antonio Franco, MD, PhD,20  
Inmaculada Lorenzo, MD, PhD,21 Cristina Galeano, MD, PhD,22 Guadalupe Tabernero, MD, PhD,23  
Lourdes Pérez-Tamajón, MD, PhD,24 Paloma L. Martín-Moreno, MD, PhD,25  
Fernando Fernández-Girón, MD, PhD,26 Orlando Siverio, MD, PhD,27 Pedro J. Labrador, MD, PhD,28  
Gabriel De Arriba, MD, PhD,29 Fernando Simal, MD, PhD,30 Leónidas Cruzado, MD, PhD,31  
Inigo Moina, MD, PhD,32 Guillermo Alcalde, MD, PhD,33 Emilio Sánchez-Álvarez, MD, PhD,34  
Julio Pascual, MD, PhD,5,6 and Marta Crespo, MD, PhD,5 for the Spanish Society of Nephrology COVID-19 
Group.

Original Clinical Science—General

Background. The clinical effectiveness of coronavirus disease 2019 (COVID-19) vaccination in kidney transplant (KT) recipients 
is lower than in the general population. Methods. From April to October 2021, 481 KT recipients with COVID-19, included in 
the Spanish Society of Nephrology COVID-19 Registry, were analyzed. Data regarding vaccination status and vaccine type were 
collected, and outcomes of unvaccinated or partially vaccinated patients (n = 130) were compared with fully vaccinated patients 
(n = 351). Results. Clinical picture was similar and survival analysis showed no differences between groups: 21.7% of fully vac-
cinated patients and 20.8% of unvaccinated or partially vaccinated died (P = 0.776). In multivariable analysis, age and pneumonia 
were independent risk factors for death, whereas vaccination status was not related to mortality. These results remained similar 
when we excluded patients with partial vaccination, as well as when we analyzed exclusively hospitalized patients. Patients vac-
cinated with mRNA-1273 (n = 213) showed a significantly lower mortality than those who received the BNT162b2 vaccine (n = 
121) (hazard ratio: 0.52; 95% confidence interval, 0.31-0.85; P = 0.010). Conclusions. COVID-19 severity in KT patients has 
remained high and has not improved despite receiving 2 doses of the mRNA vaccine. The mRNA-1273 vaccine shows higher 
clinical effectiveness than BNT162b2 in KT recipients with breakthrough infections. Confirmation of these data will require further 
research taking into account the new variants and the administration of successive vaccine doses.
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INTRODUCTION
Since vaccination against severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) began, there has been 
a marked decrease in the rate of infections throughout the 
world.1 The SARS-CoV-2 mRNA vaccines, BNT162b2 
(Pfizer–BioNTech) and mRNA-1273 (Moderna), have 
shown efficacy rates of 95% and 94.1%, respectively, in 
their clinical trials, defined as preventing the first occur-
rence of symptomatic coronavirus disease 2019 (COVID-
19).2,3 Furthermore, COVID-19 mRNA vaccines have 
demonstrated to be highly effective against SARS-CoV-2 
infection requiring hospitalization or intensive care unit 
(ICU) admission in the general population, and subse-
quently, COVID-19–related deaths have decreased to 
0.004% to 0.007% in the fully vaccinated people.4-6

In Spain, vaccination was initiated on December 27, 
2020, soon after the first COVID-19 vaccine (BNT162b2 
mRNA) was approved, initially with the elderly and highly 
exposed groups.7 In March 2021, a group of high-risk 
patients was defined, including kidney transplant (KT) 
recipients, who are known to be vulnerable to COVID-19 
infection and death. A widespread and rapid vaccination 
started in this group. Most KT recipients received their 
first mRNA vaccine dose in March 2021 and the second 
one 3 to 4 wk later.8 As a result, >75% of KT patients were 
fully vaccinated in May and almost 90% in July, and this 
percentage was exceeded in September 2021.9 In the gen-
eral Spanish population, on October 14, 2021, 70 982 052 
doses had been administered, which means that 87.9% of 
the target population had completed the 2-dose vaccina-
tion regimen.10

Likewise, the severity of the disease has been reduced in 
the general population. In Spain, the risk of hospitaliza-
tion in the fully vaccinated population has been 9  to 16 
times lower than in unvaccinated people, with a 14-fold-
decreased risk of death among fully vaccinated people over 
60 y of age in December 202111; however, these results have 
not been as favorable in KT patients. Although some initial 
studies published high clinical effectiveness of vaccination, 

others have reported the occurrence of severe COVID-19 
in vaccinated KT patients with up to a 15-fold-higher risk 
of death.12-18 Several reasons have been proposed, espe-
cially a poor humoral response to 2-dose vaccination.19-22 
Information on the clinical effectiveness of the different 
types of mRNA vaccines in KT patients has not been 
reported. Moreover, in May 2021, the B.1.617.2 (Delta) 
variant was introduced in Spain, becoming predominant 
in the last weeks of June 2021.23 This variant is charac-
terized by some spike protein mutations that may affect 
immune responses, being more contagious than the previ-
ous SARS-CoV-2 variants.24 Consequently, we suffered a 
marked increase in the infection rate in July and August 
2021, when the percentage of the Delta variant was close 
to 100%; however, this did not lead to a very significant 
increase in the number of deaths in the general popula-
tion, as occurred in the epidemic waves before vaccina-
tion.25 We did not have clinical information on the effect 
that this epidemiological situation had on KT patients. 
Therefore, our objective was to analyze the characteris-
tics and outcomes of a large series of KT with COVID-19 
breakthrough infection during this period and compare 
them with unvaccinated patients. As a second objective, 
we analyzed the evolution according to the type of mRNA 
vaccine administered.

Our study predates the appearance of the Omicron vari-
ant in our country, which has become dominant in January 
2022. This new epidemic phase is still ongoing and should 
be the subject of future research.

MATERIALS AND METHODS

A national registry to collect information regarding 
dialysis and KT patients with COVID-19 in Spain started 
on March 18, 2020, promoted by the Spanish Society of 
Nephrology (www.senefro.org). Its characteristics have 
been previously described.26

The analyzed period included from April 01, 2021, 
when the vaccination of transplant patients started on a 
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massive scale, until October 02, 2021. During this period, 
a new epidemic wave occurred in Spain (infection rate: 
April 01, 2021, 154 cases/100 000 inhabitants; peak, July 
27, 2021, 702 cases/100 000 inhabitants; October, 02, 
2021, 58 cases/100 000 inhabitants), and the Delta vari-
ant was introduced in our country, becoming in a few 
weeks the predominant variant (Figure 1).23 All the cent-
ers that had reported KT cases in the registry during the 
study period were contacted and invited to participate, 
requesting additional information: to review the data 
communicated, to report all the COVID-19 cases that 
occurred among their KT patients during those months, 
and to complete additional clinical and vaccination data 
against SARS-CoV-2.

Variables Collected and Definitions
The variables included in the study are provided in 

Table 1. Outcomes were assessed as COVID-19–related 
mortality or recovery until the end of the study. Time 
to events (death or recovery) was defined as days from 
COVID-19 diagnosis and recovery as clinical improve-
ment with negative reverse-transcriptase–polymer-
ase-chain-reaction and/or SARS-CoV-2 positive IgG 
serology. Breakthrough infections were considered in 
fully vaccinated patients: those who had received either 
2 doses of an mRNA vaccine (mRNA-1273 Moderna or 
BNT162b2 Pfizer-BioNTech), 2 doses of the  Oxford–
AstraZeneca ChAdOx1 vaccine, or a single dose of 
the Ad26.COV2.S Janssen vaccine. Patients with partial 
vaccination were those who only received a single dose 
of mRNA or ChAdOx1 vaccines.

The study was conducted according to the guidelines 
dictated by the Declaration of Helsinki. All data were 
recorded anonymously. Approval was granted by the 
Scientific Committee of the Spanish Society of Nephrology 
COVID-19 Registry and the Regional Ethical Committee 
of Asturias.

Statistical Analyses
Categorical variables were summarized as counts and 

percentages and continuous variables as median with 
interquartile range. Unvaccinated or partially vaccinated 
patients were compared with fully vaccinated patients. In 
addition, patients vaccinated with mRNA vaccines were 
compared according to the type of vaccine (mRNA-1273 or 
BNT162b2). Categorical variables were compared using the 
Fisher exact test or chi-square test and continuous variables 
using the t test or the Mann-Whitney U test, as appropri-
ate. 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 vac-
cination status and type of mRNA vaccine by log-rank test.

Univariable and multivariable Cox proportional haz-
ard regression analyses were assessed for independent risk 
factors of COVID-19–related death. In the multivariable 
analysis, demographic variables, those covariates with a  
P < 0.10, and vaccination status or type of mRNA vac-
cine (according to the comparison analyzed) 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 con-
sequences and not factors causing the severity of the infec-
tion. Survival time was considered until death, 90 d after 
a COVID-19 episode, or the end of the study period for both 
the Cox and the Kaplan-Meier analyses. This 90-d period 
was chosen because those cases with a new positive reverse-
transcriptase–polymerasechain-reaction that had a con-
firmed SARS-CoV-2 infection >90 d before are considered 
reinfected.27 Results are expressed as hazard ratios with their 
95% confidence intervals. Sensitivity analyses were done: 
(1) excluding patients with partial vaccination, (2) defin-
ing vaccine breakthrough infections according to Centers 
for Disease Control and Prevention criteria (≥14 d after 

FIGURE 1. Distribution of COVID-19 cases in KT recipients and COVID-19 rate in Spain during the study period. COVID-19, coronavirus 
disease 2019; KT, kidney transplant; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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TABLE 1.

Characteristics of all kidney transplant patients included in the study: Comparison between those fully vaccinated  
and those partially vaccinated or unvaccinated

Variables All (N = 481)
Fully vaccinated  

(N = 351)
Partially vaccinated  

or unvaccinated (N = 130) P

Males, n (%) 298 (62) 220 (66.7) 78 (60) 0.59
Recipient age (y), median [IQR]a 58 [48, 68] 58 [48, 68] 58 [47, 67] 0.20
DM as cause of kidney disease, n (%) 49 (10.2) 37 (10.5) 12 (9.2) 0.47
ACEIs treatment, n (%) 83 (17.2) 61 (17.3) 22 (16.9) 0.59
ARBs treatment, n (%) 116 (24.1) 84 (23.9) 32 (24.6) 0.71
Time post-KT to COVID-19 (mo), median [IQR]a 65 [25, 133] 61 [25, 130] 77 [25, 139] 0.72
Time from vaccination to COVID-19 (d), median [IQR] NA 81 [57, 105] NA NA
Type of vaccine
 mRNA-1273 Moderna, n (%) NA 213 (60.7) NA NA
 BNT162b2 Pfizer-BioNTech, n (%) NA 121 (34.5) NA NA
 Oxford–AstraZeneca, n (%) NA 14 (4) NA NA
 Ad26.COV2.S Janssen, n (%) NA 3 (0.8) NA NA
Immunosuppressive therapy at COVID-19 diagnosis
 Prednisone, n (%) 419 (87.1) 310 (83.3) 109 (83.8) 0.19
 Tacrolimus, n (%) 439 (91.3) 320 (91.2) 119 (91.5) 0.89
 Mycophenolate, n (%) 380 (79) 281 (80.1) 99 (76.2) 0.35
 mTOR inhibitors, n (%) 71 (14.8) 51 (14.5) 20 (15.4) 0.81
 Cyclosporine, n (%) 22 (4.6) 17 (4.8) 5 (3.8) 0.64
 Belatacept, n (%) 4 (0.8) 1 (0.3) 3 (2.3) 0.03
Combined immunosuppressive regimen    0.49
Tacrolimus only, n (%) 32 (6.7) 25 (7.1) 7 (5.4)  
Tacrolimus + mycophenolate, n (%) 354 (73.6) 259 (73.8) 95 (73.1)  
Tacrolimus + mTOR inhibitors, n (%) 54 (11.2) 37 (10.5) 17 (13.1)  
Cyclosporine + mycophenolate, n (%) 11 (2.3) 10 (2.8) 1 (0.8)  
Other, n (%) 30 (6.2) 20 (5.7) 10 (7.7)  
Immunosuppressive therapy within 2 y  

 pre–COVID-19 diagnosisb

 Thymoglobulin, n (%) 32 (6.9) 28 (8.1) 4 (3.4) 0.08
 Basiliximab, n (%) 45 (9.7) 34 (9.8) 11 (9.2) 0.85
 Rituximab, n (%) 10 (2.2) 8 (2.3) 2 (1.7) 0.68
Clinical features 
 Asymptomatic, n (%) 55 (11.4) 35 (10) 20 (15.4) 0.10
 Fever, n (%) 332 (69) 283 (69.2)  49 (68.5) 0.87
 Cough, expectoration and/or rhinorrhea, n (%) 335 (69.6) 243 (69.2) 92 (70.8) 0.74
 Gastrointestinal symptoms, n (%) 141 (29.3) 108 (30.8) 33 (25.4) 0.25
 Pneumonia, n (%) 275 (57.2) 199 (56.7) 76 (58.5) 0.72
COVID-19 management
 Hospitalized, n (%) 315 (65.5) 232 (66.1) 83 (63.8) 0.64
 Ventilator support, n (%) 101 (26.9) 71 (26.6) 30 (29.7) 0.85
 ICU admission, n (%) 103 (21.4) 79 (22.5) 24 (18.5) 0.33
 Glucocorticoids, n (%) 291 (60.4) 213 (60.6) 78 (60) 0.79
 Tocilizumab, n (%) 72 (15) 52 (14.8) 20 (15.4) 0.96
 Non anti-COVID-19 therapy, n (%) 109 (22.6) 78 (22.2) 31 (23.8) 0.89
Length of COVID-19 episode (d), median [IQR]a 16 [11, 24] 16 [11, 23] 16 [10, 24] 0.82
COVID-19 outcomes
 Dead, n (%) 103 (21.4) 76 (21.7) 27 (20.8) 0.83
aMood’s median test according to order of appearance in the table: P = 0.96, P = 0.42, and P = 0.65, respectively.
bData of 465 patients: 346 fully vaccinated and 119 partially vaccinated/unvaccinated.
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; COVID-19, coronavirus disease 2019; DM, diabetes mellitus; IQR, interquartile range; ICU, intensive care unit; KT, 
kidney transplantation; NA, not applicable.



1434 Transplantation  ■  July 2022  ■ Volume 106  ■  Number 7 www.transplantjournal.com

completing all recommended vaccine doses), and (3) consid-
ering only hospitalized patients. We used SPSS version 25.0 
(SPSS Inc) for statistical analysis. A P < 0.05 was considered 
statistically significant.

RESULTS

Characteristics of KT Patients With COVID-19 and 
Comparison According to Vaccination Status

From April 01, 2021, to October 02, 2021, 500 KT 
recipients with COVID-19 were included in the registry. 
Recipients with incomplete data about the type of vac-
cine or the number of doses (n = 8) and those who had 
not reported an outcome for the episode (n = 11) were 
excluded. Finally, 481 adequately documented patients 
were included: 351 patients had been fully vaccinated and 
130 partially vaccinated (n = 40) or unvaccinated (n = 90). 
Comparison between these 2 groups is shown in Table 1.

All patients included were older than 18 y, and median 
age was 58 y. Most fully vaccinated patients received the 
mRNA-1273 vaccine (n = 213, 60.7%), followed by the 
BNT162b2 vaccine (n = 121, 34.5%). Tacrolimus-based 
immunosuppression was the most common drug com-
bination (91.5%) above all tacrolimus with mycopheno-
late (73.6%). The median time from the second dose to 
breakthrough infection was 81 d. Age, gender, diabetes as 
primary kidney disease, baseline immunosuppressive treat-
ment, previous use of thymoglobulin or antibody immuno-
suppressive therapy, and KT vintage were similar between 
fully vaccinated patients and the comparison group. We did 
not observe significant differences in clinical features, the 
COVID-19 management, and the outcomes: 21.7% of fully 
vaccinated patients and 20.8% of unvaccinated or partially 
vaccinated patients died (P = 0.775) (Figure 2A). Table 2 
summarizes the univariable and multivariable Cox regres-
sion analysis for COVID-19–related death in the whole 
cohort. Age and pneumonia were independent risk factors, 
whereas vaccination status was not related to mortality.

Due to the differences in the definition of breakthrough 
infections, to avoid bias as much as possible, we performed 
a first sensitivity analysis excluding patients with partial 
vaccination (fully vaccinated, n = 351, versus unvacci-
nated patients, n = 90). A second comparison considered 
only patients infected ≥14 d after completing all recom-
mended vaccine doses as fully vaccinated (fully vaccinated,  
n = 331, versus unvaccinated or partially vaccinated 
patients, n = 130). Similar results were obtained in both 
analyses to those observed in the analysis of the entire 
population (Supplemental Tables S1–S4, SDC, http://links.
lww.com/TP/C390).

In addition, a third comparison was done exclusively 
in hospitalized patients (n = 315; 232 vaccinated versus 
83 partially vaccinated or unvaccinated recipients). This 
approach matches the disease severity of both vaccinated 
and unvaccinated groups because the criteria for hospital 
admission have remained unchanged throughout the study 
period in our country.28 A higher proportion of women 
were hospitalized in the unvaccinated/partially vaccinated 
group, whereas the rest of the variables and outcomes were 
similar (Supplemental Table S5, SDC, http://links.lww.
com/TP/C390). The death rates were 31.3% and 31.9% 
in hospitalized fully vaccinated patients and those unvac-
cinated or partially vaccinated, respectively (P = 0.840) 

(Figure 2B). The same factors associated with COVID-19–
related death were identified, and a trend toward a greater 
risk was also observed in patients treated with mycophe-
nolate at COVID-19 diagnosis (Table 3).

Comparison of Fully Vaccinated KT Patients 
According to the Type of mRNA Vaccine

Characteristics and outcomes of KT patients fully vacci-
nated with mRNA-1273 and with BNT162b2 are detailed 
in Table 4. We did not observe differences in any of the 
baseline and treatment-related variables analyzed in our 
study. Fever was more frequent in those vaccinated with 

FIGURE 2. Survival function for COVID-19–related death 
according to vaccination status (A); only in hospitalized patients (B); 
and patients who received mRNA-1273 or BNT1622b vaccines 
(C). COVID-19, coronavirus disease 2019.

http://links.lww.com/TP/C390
http://links.lww.com/TP/C390
http://links.lww.com/TP/C390
http://links.lww.com/TP/C390
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TABLE 3.

Univariable and multivariable Cox regression analyses for death after COVID-19 in the subgroup of hospitalized kidney 
transplant recipients

 Univariable analysis Multivariable analysis

 HR (95% CI) P HR (95% CI) P

Age (y) 1.05 (1.03-1.07) 0.000 1.05 (1.03-1.07) 0.000
Sex (male) 1.12 (0.74-1.69) 0.565 1.01 (0.67-1.53) 0.948
Gastrointestinal symptoms 0.68 (0.44-1.06) 0.093 0.74 (0.48-1.16) 0.196
Pneumonia 4.50 (1.65-12.2) 0.003 3.45 (1.26-9.42) 0.016
Mycophenolate therapya 1.78 (1.03-3.09) 0.038 1.67 (0.96-2.90) 0.068
Vaccination statusb 1.04 (0.67-1.63) 0.841 0.88 (0.53-1.47) 0.648

Demographic variables, vaccination status, and all covariates with a P <0.10 in univariable analysis were included. Similar results were observed when the model was adjusted for time from KT.
aIMMUNOSUPPRESSIVE therapy at COVID-19 diagnosis.
bReference: Fully vaccinated.
CI, confidence intervals; COVID-19, coronavirus disease 2019; HR, hazard ratio; KT, kidney transplantation.

TABLE 2.

Univariable and multivariable Cox regression analyses for death after COVID-19 in all kidney transplant recipients 
included in the study

 Univariable analysis Multivariable analysis

 HR (95% CI) P HR (95% CI) P

Age (y) 1.06 (1.04-1.08) 0.000 1.05 (1.03-1.08) 0.000
Sex (male) 1.16 (0.77-1.74) 0.463 1.00 (0.65-1.54) 0.974
DMa 1.91 (1.13-3.23) 0.015 1.36 (0.80-2.31) 0.246
Fever 2.65 (1.55-4.51) 0.000 1.58 (0.90-2.80) 0.110
Respiratory symptomsb 1.78 (1.10-2.87) 0.018 0.76 (0.44-1.30) 0.328
Pneumonia 22.59 (8.31-61.40) 0.000 14.16 (5.02-39.88) 0.000
Vaccination statusc 1.06 (0.68-1.65) 0.953 0.95 (0.60-1.50) 0.836

Demographic variables, vaccination status, and all covariates with a P <0.10 in univariable analysis were included. Similar results were observed when the model was adjusted for time from KT.
aDM and kidney disease.
bCough, expectoration, and/or rhinorrhea.
cReference: fully vaccinated.
CI, confidence intervals; COVID-19, coronavirus disease 2019; DM, diabetes mellitus; HR, hazard ratio; KT, kidney transplantation.

BNT162b2. The incidence of pneumonia (61.2% ver-
sus 53.5%) and the hospitalization rate (69.4% versus 
62.9%) were slightly higher in those who had received 
the BNT162b2 vaccine, although without statistical sig-
nificance. The difference in the death rate in this group 
compared with those vaccinated with mRNA-1273 was 
remarkable: 28.8% versus 16.4%, respectively (P = 0.002) 
(Figure 2C). Multivariable analysis confirmed a higher pro-
tective effect for COVID-19–related death of the mRNA-
1273 vaccine than the BNT162b2 vaccine (hazard ratio: 
0.52; 95% confidence interval, 0.31-0.85; P = 0.010) 
(Table 5).

DISCUSSION

Herein, we present one of the largest analyses on KT 
recipients with breakthrough SARS-CoV-2 infection pub-
lished to date. Our national registry-based results show the 
great vulnerability of KT patients to COVID-19, even in 
those fully vaccinated. Mortality rate in this group showed 
no substantial differences compared with the partially vac-
cinated or unvaccinated patients. Besides, this is the first 
study to highlight that a 2-dose regimen with mRNA-1273 
may offer higher protection for COVID-19–related mortal-
ity in KT recipients than the BNT162b2 vaccine during an 
epidemic wave with predominance of the Delta variant.

The evidence regarding the real-world clinical effective-
ness of COVID-19 vaccination in KT recipients is limited 
so far. Some authors state that SARS-CoV-2 breakthrough 
infection is infrequent in KT recipients and vaccines offer 
almost 80% reduction in the incidence of symptomatic 
COVID-19. In these studies, infection rates in fully vacci-
nated KT recipients ranged from 0.4% to 1.5%, although 
data about the epidemiological situation of the countries 
at the time of the analyses are not provided12,15,16; how-
ever, fully vaccinated KT recipients still have a 20-fold-
increased risk of breakthrough infection compared with 
the general population.2,3,12 In accordance with this, Quin 
et al have reported an 82-fold-higher risk of breakthrough 
infection and 405-fold-higher risk of hospitalization and 
death in a population of fully vaccinated solid organ trans-
plant (SOT) patients in the United States.29 Callaghan et 
al also concluded that vaccination with 2 doses was not 
associated with a reduction in risk of testing positive for 
SARS-CoV-2 RNA in the United Kingdom.30

On the other hand, in terms of clinical severity, over 
50% of fully vaccinated KT patients may have required 
hospitalization with severe SARS-CoV-2 infection in the 
period before the Omicron variant.14,17 In our analysis, 
up to 56.1% of fully vaccinated patients developed pneu-
monia, and 66.1% required hospitalization, confirming 
that severe COVID-19 was still frequent in KT recipients 
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despite completing the vaccination regimen with 2 doses. 
Second, the first reports that analyzed the outcomes of 
COVID-19 in vaccinated SOT recipients found a fatal-
ity rate that ranged from 5.5% to 26.2% among infected 
patients.13,14,17,18 Some of these series included patients 
who only received 1 dose of the vaccine, which may 
explain this high mortality; however, our study shows a 
mortality rate of 21.7%, significantly high considering that 
all patients had received a complete 2-dose vaccination, 
only slightly lower than that observed in the Spanish KT 
population in other epidemic waves before vaccination.31

Two multicenter analyses from the United States and from 
the United Kingdom have recently published the outcomes 
of a cohort of SOT recipients with breakthrough SARS-
CoV-2 infections, reporting COVID-19–related  death 
rates of 9.1% and 9.8%.29,30 These differences observed 

with respect to our study may be explained by several 
reasons. First, it is known that there is a reduction in the 
mRNA vaccine efficacy in the following 4  to 6 mo after 
the second dose in the general population.4,32 This could 
have more serious consequences in KTs because the vac-
cine produces a lower immune response in them.19-22 Some 
of these reports on breakthrough infections include only 
the first months immediately after having completed the 
vaccination, with a much shorter time from vaccination to 
infection. Opposite, most of our cases were documented 
as of July 2021, with a high rate of infections, and when 
for most of our patients >3 mo had passed since receiv-
ing their second dose of vaccine. The waning protection 
of the vaccine happened around the same time the more 
infectious Delta variant became predominant in Spain in 
the middle of June 2021.24 Besides, it has been related to a 

TABLE 4.

Characteristics and comparison of fully vaccinated KT patients according to the type of mRNA vaccine

Variables mRNA-1273 Moderna (N = 213) BNT162b2 Pfizer-BioNTech (N = 121) P

Males, n (%) 128 (60.1) 81 (66.9) 0.21
Recipient age (y), median [IQR]a 58 [49, 72] 58.5 [47, 66] 0.10
DM as cause of kidney disease, n (%) 18 (7.8) 12 (9.9) 0.38
Time post-KT to COVID-19 (mo), median [IQR]a 63 [28, 143] 56 [23, 130] 0.25
Time from vaccination to COVID-19 (d), median [IQR]a,b 81 [57, 102] 82 [62, 115] 0.11
Immunosuppressive therapy at COVID-19 diagnosis
 Prednisone, n (%) 189 (88.7) 104 (86) 0.45
 Tacrolimus, n (%) 198 (93) 106 (87.6) 0.10
 Mycophenolate, n (%) 172 (80.8) 94 (77.7) 0.50
 mTOR inhibitors, n (%) 28 (13.1) 20 (16.5) 0.39
 Belatacept, n (%) 0 (0) 1 (0.8) 0.18
Combined immunosuppressive regimen   0.39
Tacrolimus only, n (%) 15 (7) 10 (8.3)  
Tacrolimus + mycophenolate, n (%) 162 (76.1) 83 (68.6)  
Tacrolimus + mTOR inhibitors, n (%) 22 (10.3) 13 (10.7)  
Cyclosporine + mycophenolate, n (%) 5 (2.3) 4 (3.3)  
Other, n (%) 9 (4.2) 11 (9.1)  
Immunosuppressive therapy within 2 y pre–COVID-19 diagnosisc

 Thymoglobulin, n (%) 19 (9) 9 (7.6) 0.66
 Basiliximab, n (%) 16 (7.6) 11 (9.3) 0.58
 Rituximab, n (%) 4 (1.9) 3 (2.5) 0.69
Clinical features
 Asymptomatic, n (%) 21 (9.9) 14 (11.6) 0.62
 Fever, n (%) 139 (65.3)  92 (76) 0.04
 Cough, expectoration and/or rhinorrhea, n (%) 142 (66.7) 87 (71.9) 0.32
 Gastrointestinal symptoms, n (%) 68 (31.9) 32 (26.4) 0.29
 Pneumonia, n (%) 114 (53.5) 74 (61.2) 0.17
COVID-19 management
 Hospitalized, n (%) 134 (62.9) 84 (69.4) 0.23
 Ventilator support, n (%) 40 (18.7) 29 (23.9) 0.16
 ICU admission, n (%) 47 (22.1) 29 (24) 0.69
 Glucocorticoids, n (%) 123 (57.7) 77 (63.6) 0.08
 Tocilizumab, n (%) 30 (14) 20 (16.5) 0.18
 Non anti-COVID-19 therapy, n (%) 48 (22.5) 29 (23.9) 0.87
Length of COVID-19 episode (d), median [IQR]a 16 [11,24] 15 [10,23] 0.11
COVID-19 outcomes
 Dead, n (%) 35 (16.4) 36 (29.8) 0.004
aMood’s median test according to order of appearance in the table: P = 0.61, P = 0.45, P = 0.75, and P = 0.20, respectively.
bTime from the second dose of vaccinate to breakthrough infection.
cData of 329 patients: 211 mRNA-1273 Moderna and 118 Pfizer-BioNTech.
COVID-19, coronavirus disease 2019; DM, diabetes mellitus; IQR, interquartile range; ICU, intensive care unit; KT, kidney transplantation.
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more severe COVID-19 and a higher hospitalization rate 
in the general population.33 Finally, recipient age, one of 
the main risk factors for COVID-19–associated death, is 
not always reported in all studies. Spain has a high KT 
rate with a large proportion of old KT recipients.34 This 
combination of factors may have contributed to the lack 
of vaccine efficacy and the differences in the mortality rate 
among countries.

Given that 2 doses of SARS-CoV-2 mRNA vaccine cause 
an insufficient immune response rate in SOT patients, the 
vaccination strategy was modified in the USA and Europe 
in late summer 2021.19-22,35 The administration of a third 
and fourth dose of mRNA COVID-19 vaccine has proved 
to significantly increase the rate of seroconversion in KT 
recipients.36-39 Our results, like those reported in other 
countries about the real-world effectiveness of 2 vaccine 
doses, highlight the limited efficacy of the initial vaccina-
tion schedule and justify the need for third and subsequent 
doses of the vaccine in KT patients.30,40 In Spain, the Public 
Health Commission approved on September 16, 2021, the 
administration of this third dose in SOT patients, among 
other risk groups.35 Therefore, it is very possible that the 
results would have been better in vaccinated patients had 
they received this third dose earlier.

Another factor related to poor response to vaccines 
in KT recipients is immunosuppressive therapy. Dialysis 
patients develop significantly higher anti-SARS-CoV-2 
antibody levels after vaccination than KT recipients, 
which suggests the importance of the immunosuppres-
sion state.21,22 Specifically, belatacept and mycopheno-
late have been associated with unresponsiveness.40-42 In 
patients with severe disease, such as those who required 
hospitalization, we observed a trend toward a higher 
risk of COVID-19–related death if they were receiving 
mycophenolate as maintenance immunosuppression at 
SARS-CoV-2 infection diagnosis. Individualized strate-
gies based on changing immunosuppression in vaccination 
have been proposed to improve vaccine efficacy, at least in 
low immunological risk patients or those at a high risk of 
a severe course of COVID-19.40,42,43 Our results also show 
differences in outcomes between the 2 types of mRNA 
vaccines. The probability of death was significantly lower 
in patients fully vaccinated with the mRNA-1273 vaccine 
after adjusting for other risk factors. These differences may 
be because a more robust and long-term immune response 
has been described, including against the Delta variant, 

with the mRNA-1273 vaccine, with a lower incidence 
of infections, assistance in urgent care clinics, hospitali-
zations, and ICU admissions.21,44,45 Several aspects have 
been proposed to explain these differences.39 Although 
both mRNA-based vaccines encode the prefusion full-
length stabilized peak protein of SARS-CoV-2, they differ 
markedly in dosage such that each dose of the BNT162b2 
vaccine releases 30 µg of mRNA, whereas each dose of 
mRNA-1273 contains 100 µg. Likewise, the lipid compo-
sition of nanoparticles used to carry the mRNA content 
is not the same, which may also contribute. The interval 
between shots is another variable that differs (21 versus 
28 d), and some studies have shown that longer time inter-
vals between the priming and booster doses are associ-
ated with greater efficacy. In a recent study in the general 
population comprising cases until August 2021, Tenforde 
et al have shown that the mRNA-1273 vaccine is more 
protective than the BNT162b2 vaccine, especially after 
120 d of the 2-dose administration.46 In our experience, 
although no significant baseline and clinical differences 
were observed, the incidence of pneumonia, hospitali-
zation, and ICU admission tended to be greater in the 
patients who received the BNT162b2 vaccine, which could 
explain the higher death rate observed in these patients. 
Interestingly, a lower efficacy of the  BNT162b2  vaccine 
than the Oxford–AstraZeneca ChAdOx1-S vaccine, also 
preceding the appearance of the Omicron variant, has been 
recently reported in KT patients.30 To date, no data regard-
ing differences in effectiveness between both mRNA vac-
cines in KT patients in real life had been reported. These 
differences should be taken with caution until larger stud-
ies and, ideally, randomized clinical trials are completed.

Our study has several limitations. We cannot ensure 
that all cases have been reported. Therefore, our intention 
has not been to establish an incidence of infections in the 
vaccinated and unvaccinated KT population; however, we 
contacted all the centers that had registered cases in the 
study period, and a professional from each transplant unit 
was responsible for reporting all the cases and the missing 
data. In Spain, unlike other countries, the follow-up of KT 
patients is centralized in the transplant centers, so it is very 
likely that most cases, even mild or asymptomatic, have 
been registered. Second, the restricted number of variables 
collected made the registry an easy tool to report but lim-
ited the analysis of some characteristics associated with 
outcomes, such as cardiovascular risk factors, obesity, or 

TABLE 5.

Univariable and multivariable Cox regression analyses for death after COVID-19 in fully vaccinated KT with mRNA vaccines

 

Univariable analysis Multivariable analysis

HR (95% CI) P HR (95% CI) P

Age (y) 1.07 (1.04-1.09) 0.000 1.06 (1.03-1.08) 0.000
Sex (male) 1.50 (0.90-2.50) 0.118 1.12 (0.65-1.93) 0.667
Diabetes mellitus as kidney disease 2.60 (1.44-4.70) 0.002 1.92 (1.04-3.54) 0.036
Mycophenolate 1.90 (0.94-3.83) 0.071 1.66 (0.78-3.52) 0.187
Fever 2.61 (1.37-4.97) 0.003 1.35 (0.67-2.71) 0.399
Pneumonia 15.60 (7.71-42.98) 0.000 8.19 (2.90-23.15) 0.000
mRNA-1273 Modernaa 0.48 (0.30-076) 0.002 0.52 (0.31-0.85) 0.010

Demographic variables, vaccination status, and all covariates with a P <0.10 in univariable analysis were included. Similar results were observed when the model was adjusted for time from KT and/
or time from vaccination.
amRNA-1273 Moderna versus BNT162b2 Pfizer-BioNTech.
COVID-19, coronavirus disease 2019; CI, confidence intervals; HR, hazard ratio; KT, kidney transplantation. 
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renal function. On the other hand, we do not have gen-
eralized information in all centers about the humoral or 
cellular response to the vaccine before breakthrough infec-
tion, which could provide very interesting information to 
understand the evolution of infected vaccinated patients. 
Another potential limitation regarding the treatment of 
COVID-19, is that the registry only has data on the most 
frequently used drugs; however, during the study period, 
anti-COVID therapy was standardized in all centers, 
according to the recommendations of the Spanish guide-
lines,28 so it is highly unlikely that there were differences 
in the management of the vaccinated and unvaccinated 
patients or between centers. The study period preceded 
the appearance of the Omicron strain, so these results can-
not be inferred for infections caused by this variant in KT 
patients.

In conclusion, COVID-19 severity in KT patients has 
remained markedly high during a Delta-predominant 
period and has not improved despite receiving 2 doses of 
mRNA vaccine, highlighting the poor protection provided 
by this vaccination schedule to our KT patients in this 
epidemiological situation. Additionally, we have reported 
for the first time that the mRNA-1273 vaccine shows a 
survival advantage over BNT162b2 in KT patients with 
breakthrough infection. Confirmation of these data will 
require further research that takes into account the new 
variants and the administration of third and subsequent 
vaccine doses. Therefore, it is highly necessary to develop 
new immunization strategies and advance in more effective 
anti-COVID-19 therapies. Meanwhile, we must insist on 
the need for preventive measures and public health meas-
ures such as mask wearing and social distancing, especially 
in KT patients, during the pandemic.
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