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KEY LEARNING POINTS 

 
What is already known about the subject? 

 Coronavirus-19 disease (Covid-19) has caused millions of deaths worldwide, 

being especially lethal in vulnerable populations, such as chronic kidney disease 

(CKD), dialysis and kidney transplant (KT) patients. 

 Dialysis, organ transplantation and CKD patients with eGFR <30 mL/min/1.73 

m
2
 represent three of the four comorbidities associated with the highest mortality 

risk from COVID-19. 

 Low seroconversion rate to mRNA vaccines has been preliminarily reported in 

KT patients. 

What this study adds? 

 SENCOVAC demonstrated the safety of SARS-CoV-2 mRNA vaccines in 

peritoneal dialysis, haemodialysis, KT recipients and non-dialysis CKD patients.  

 Vaccination with mRNA-1273 (Moderna) resulted in better serological response 

than vaccination with BNT162b2 (Pfizer-BioNTech) in KT recipients and other 

CKD populations.  

 Absence of antibody response was independently associated with KT (OR 

20.56) and BNT162b2 vaccination (OR 6.03).  

What impact this may have on practice or policy? 

 Isolation measures should be maintained in CKD patients, especially in KT 

recipients, at high-risk of Covid-19. 

 KT patients may benefit of a booster dose of a Covid-19 vaccine, as some 

authorities are now recommending. 

 CKD patients at high-risk for SARS-CoV-2 infection should be monitored, even 

if they are asymptomatic, as 50% of them could be reinfected by SARS-CoV-2.  
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ABSTRACT 

 
Background. Chronic kidney disease (CKD) patients are at high-risk for severe Covid-

19. The multicentric, observational and prospective SENCOVAC study aims to describe 

the humoral response and safety of SARS-CoV-2 vaccines in CKD patients. Safety and 

immediate humoral response results are reported here. 

Methods. Four cohorts of patients were included: kidney transplant (KT) recipients, 

haemodialysis (HD), peritoneal dialysis (PD) and non-dialysis CKD patients from 50 

Spanish centres. Adverse events after vaccine doses were recorded. At baseline and on 

day 28 after the last vaccine dose, anti-Spike antibodies were measured and compared 

between cohorts. Factors associated with development of anti-Spike antibodies were 

analyzed. 

Results. 1746 participants were recruited: 1116 HD, 171 PD, 176 non-dialysis CKD 

patients and 283 KT recipients. Most patients (98%) received mRNA vaccines. At least 

one vaccine reaction developed after the first dose in 763 (53.5%) and after the second 

dose in 741 (54.5%) of patients. Anti-Spike antibodies were measured in the first 301 

patients. At 28 days, 95% of patients had developed antibodies: 79% of KT, 98% of 

HD, 99% of PD and 100% of non-dialysis CKD patients (p<0.001). In a multivariate 

adjusted analysis, absence of an antibody response was independently associated to KT 

(OR 20.56, p=0.001) and to BNT162b2 vaccine (OR 6.03, p=0.023). 

Conclusion. The rate of anti-Spike antibody development after vaccination in KT 

patients was low but in other CKD patients it approached 100%; suggesting that KT 

patients require persistent isolation measures and booster doses of a Covid-19 vaccine. 

Potential differences between Covid-19 vaccines should be explored in prospective 

controlled studies.   

Keywords: antibodies, COVID-19, humoral response, SARS-CoV-2, vaccine  
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INTRODUCTION 

Coronavirus-19 disease (Covid-19) has caused millions of deaths worldwide, being 

especially lethal in vulnerable populations, such as patients with chronic kidney disease 

(CKD), those on dialysis and kidney transplant (KT) recipients
1
. Dialysis, organ 

transplantation and CKD patients with eGFR <30 mL/min/1.73 m
2
 represent three of the 

four comorbidities associated with the highest mortality risk from Covid-19
2
. Several 

circumstances have exacerbated the impact of severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) on the morbidity and mortality of CKD patients. Beyond 

the inherent immunosuppression secondary to impaired renal function
3
, haemodialysis 

(HD) and KT patients present specific characteristics, such as immunosuppressive 

therapy and comorbidities that enhance their risk for developing severe Covid-19.  

 

The fast development and approval of SARS-CoV-2 vaccines has decreased the severity 

of the Covid-19 pandemic in countries with high immunization rates. However, there is 

concern regarding the humoral response of CKD patients to vaccination against SARS 

CoV-2. Data on KT patients is the most worrisome, with a seroconversion rate lower 

than 50% in the majority of published studies
4
. In addition, recent series have shown 

their limited development of anti-Spike antibodies, even after three vaccine doses
5
. In 

contrast, preliminary studies suggest that HD patients reach higher anti-Spike antibody 

levels after the administration of mRNA vaccines than KT patients, but lower than the 

general population
6
. Two recent reports involving peritoneal dialysis (PD) patients 

suggest that this population acquires similar humoral and cellular responses as HD 

patients, at least in the short term
7,8

. Regarding non-dialysis CKD patients, available 

data are limited as those patients are systematically excluded from clinical trials, and to 

our knowledge no specific studies have been published to date
9
. 
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Despite the heterogeneous available data, a correct understanding of the efficiency and 

safety of SARS-CoV-2 vaccines in different populations of CKD patients with different 

immunological and comorbid background is a priority for delineating further actions 

according to their specific susceptibility and response to Covid-19 vaccination.  

 

The aim of the multicentric SENCOVAC study was to evaluate the humoral response 

and safety of the SARS-Cov-2 vaccines in CKD patients comparing the humoral 

response in four different cohorts: PD, HD, KT and non-dialysis CKD patients. We now 

present the SENCOVAC study results in terms of adverse events and the preliminary 

report on the immediate humoral response as assessed by the antibody response 28 days 

after complete Covid-19 vaccination. 

 

MATERIALS AND METHODS 

Study design 

SENCOVAC is a Spanish Society of Nephrology (S.E.N.) prospective and multicentric 

study including 4 cohorts of adult patients with CKD: KT recipients, HD, PD and non-

dialysis CKD patients (stages 4 and 5, glomerular filtration rate [GFR] <30 

ml/min/1.73m
2
). All the screened participants received the complete immunization 

schedule with any of the available vaccines: BNT162b2 (Pfizer-BioNTech®), mRNA-

1273 (Moderna®), ChAdOx1-S (AstraZeneca®) or Ad26.COV.2 (Janssen®) as per 

local public health authorities’ prescription at their respective Autonomous 

Communities during routine clinical care.  

Patients  

Fifty centers in Spain participated in the study. Among the 1930 screened patients, 1746 

were included (figure 1). Inclusion criteria were age older than 18 years, capability of 
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understanding the purpose and risks of the study, fully informed written consent, and a 

diagnosis of CKD as KT recipients, HD, PD or non-dialysis CKD with GFR <30 

ml/min/1.73m
2
. Exclusion criteria were contraindication for vaccination, solid organ 

transplantation different from kidney, active oncological or hematological disease, 

primary immunodeficiency disease, human immunodeficiency virus and 

immunosuppressive treatment 6 months before vaccination for non-KT recipients.  

Objectives 

The primary objective was to determine the rates of anti-SARS-CoV-2 Spike antibody 

development in CKD patients. Anti-Spike antibodies correlate with neutralizing 

activity
10

. Secondary objectives included safety (immediate local and systemic reactions 

and other adverse events [AE]), and effectivity on preventing further SARS-CoV-2 

infection.  

Variables and outcomes 

In this interim analysis, we assessed safety and the humoral response at 28 days after 

completion of the vaccination schedule. Patients were studied at baseline, after the 

administration of the vaccine doses and at 28 days. At baseline, investigators registered 

epidemiological data, comorbidities (including previous Covid-19 infection [defined by 

the investigator with a positive antigen or polymerase chain reaction against SARS-

CoV-2), long-term treatments, vital signs and laboratory values. In addition, each cohort 

had specific registries based on the kidney situation (Kt/Vurea, dialysis vintage, 

technique and vascular access for HD and PD patients; immunosuppressive therapy for 

KT).  

Antibody testing 

At baseline and at-28 days, a 2 ml serum sample was obtained and sent to a central 

laboratory for antibody determinations. All samples were tested by a CE-marked 
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commercial method, a quantitative chemiluminescence immunoassay (CLIA, Covid-19 

Spike Quantitative Virclia® IgG Monotest, Vircell SL, Spain), with a sensitivity and 

specificity of 96% and 100% respectively that detects IgG antibodies against the SARS-

CoV-2 Spike protein. This assay was calibrated against the First WHO International 

Standard for anti-SARS-CoV-2 human immunoglobulin (NIBSC code: 20/136) and 

results were expressed as IU/ml. According to the performance studies of the 

manufacturer, based on the analysis of prepandemic serum samples, values ≤32 IU/ml 

were considered as negative, between 32 and 36 IU/ml as equivocal and values >36 

IU/ml as positive, reflecting the presence of anti-Spike IgG antibodies as a consequence 

of either previous infection or vaccination. 

Adverse events and vaccine reactions 

After each vaccine dose, patients were asked to complete the adverse events 

questionnaire. 

During the study all patients were followed, and any AE was registered. Serious AE 

were considered if they led to death, were life-threatening, needed hospitalization or 

caused disability, as considered by the investigators.  

Ethical concerns 

The study was approved by the Ethical Committee of Fundación Instituto de 

Investigación Sanitaria de la Fundación Jiménez Díaz in February 2021.  

Statistical methods 

Data is displayed as mean (standard deviation) or median (interquartile range [IQR]) 

depending on the variable distribution (tested with the Shapiro-Wilk test). Categorical 

variables were compared using Fisher test and continuous variables with t-test or Mann-

Whitney, according to the variable distribution. For comparison of continuous variables 

from more than 2 groups, ANOVA or Krusal-Wallis tests were used. Correlations were 
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calculated using the Spearman test. The statistical analysis was performed using SPSS 

version 26.0 (IBM Corp., Armonk, NY). Plots were drawn using GraphPad Prism 

version 9.02 (Graphpad Holdings, LLC).  

 

RESULTS 

Baseline characteristics 

Among the 1746 participants in SENCOVAC, 1092 (62.5%) were male and the mean 

age was 63.6713.28 years (table 1). Vaccine distribution was as follows: 1202 patients 

(69%) received mRNA-1273, 511 (29%) BNT162b2, 25 (1%) AstraZeneca and 8 

(0.5%) Janssen vaccines. As shown in figure 1, 1116 (64%) patients were on HD, 283 

(16%) were KT patients, 176 (10%) were non-dialysis CKD patients, and 171 (19%) 

were on PD. The distribution of the different types of vaccines differed between groups 

(Table 1). KT recipients, HD and PD patients were more likely to receive mRNA-1273 

and non-dialysis CKD patients BNT162b2 (p<0.001). Table 2 shows baseline 

characteristics for participants that received mRNA vaccines (BNT162b2 or mRNA-

1273) in the safety and humoral response population populations. The analysis 

restricted to patients without anti-Spike antibodies at baseline is shown in Table 1S.  

 

Local and systemic reactions after vaccination 

The adverse reactions form after the first dose was completed by 1426 participants. 

Among them, 763 (53.5%) patients developed at least one reaction. Reactions were 

more frequent in KT recipients, followed by PD and HD patients (p<0.001) (figure 1S). 

Vaccine reactions was more frequent in younger patients (p<0.001 for all groups 

combined, not shown). Specifically, vaccine reactions were more frequent in younger 

KT recipients (p=0.016) and in younger persons with non-dialysis CKD (p=0.012) than 
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in older participants from these groups (not shown). Previous Covid-19 infection was 

also associated with higher rates of reactions after the first dose (64% vs 53%) 

(p=0.038). The most frequent reaction was local pain (556, 73%), followed by general 

discomfort (163, 22%) and asthenia (160, 21%) (table 2S). mRNA-1273 vaccine was 

associated with higher rates of local pain, erythema, swelling, skin hypersensitivity, 

low-grade fever and fever, headache, asthenia, chills, and general discomfort. Among 

patients who were working, those who had received mRNA-1273 requested a work 

leave more frequently (p=0.015). 

 

The adverse reactions form after the second dose was completed by 1359 patients. 

Among them, 741 (54.5%) developed at least one reaction. Reactions were more 

frequent in KT patients (p=0.006) (figure 1S). Vaccine reactions to the second dose 

were also more frequent in younger patients (p<0.001 for all groups combined, not 

shown). Specifically, vaccine reactions were more frequent in younger KT patients 

(p=0.035) and in younger non-dialysis CKD patients (p=0.003) than in older 

participants from these groups (not shown). Previous Covid-19 infection was also 

associated with higher rates of reactions after the second dose (65% vs 53%) (p<0.001). 

The most frequent reaction was local pain (493, 68%) followed by general discomfort 

(261, 36%) and asthenia (258, 36%) (table 3S).The second dose of  mRNA-1273 

produced more frequent local pain, erythema, swelling, itching, skin hypersensitivity, 

low-grade fever and fever, headache, asthenia, myalgia, chills, general discomfort and 

arthralgias than the other vaccines. Among patients who were working, those who had 

received mRNA-1273 asked for a work leave more frequently (p=0.002). 

  



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

 

 

Anti-Spike antibodies 

Development of anti-Spike antibodies 28 days after completing vaccination has been 

tested in 301 patients (28 non-dialysis CKD patients, 43 KT recipients, 52 PD and 172 

HD patients). Baseline characteristics for these patients are presented in table 4S. At 

baseline, 69 patients (23%) presented anti-Spike antibodies, 6 (2%) had an equivocal 

result and 226 (75%) had no anti-Spike antibodies. Among patients with baseline anti-

Spike antibodies, 35 (51%) had a known history of Covid-19. 

 

Twenty-eight days after completing vaccination, 289 patients (95%) presented anti-

Spike antibodies, 2 (1%) were equivocal and 14 (5%) had a negative result. Patients that 

did not develop anti-Spike antibodies post-vaccination included 9 (21%) KT recipients, 

4 (2%) HD patients and 1 (1%) PD patient (p<0.001) (figure 2S). 

 

Among the 226 patients that did not have anti-Spike antibodies at baseline, the rate of 

de novo antibody development was 94% for all groups combined. Among these 

patients, 170 (98%) of patients receiving mRNA-1273 developed anti-Spike antibodies 

as compared with 42 (81%) patients receiving BNT162b2 (p<0.001). Specifically, 

among patients without anti-Spike antibodies at baseline, 12 (5.3%) did not develop a 

humoral response. Patients who did not develop de novo antibodies included 7 (26%) of 

the KT recipients, 1 (2%) DP patients and 4 (3%) HD patients (p<0.001) (figure 3S).  

 

Interestingly, in 2 patients who had positive or equivocal anti-Spike antibodies at 

baseline, these were not observed 28 days following vaccination. These 2 patients 

belonged to the KT group, displayed very low baseline anti-Spike antibody titres (34 
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and 42 UI/ml) and received mRNA-1273 and BNT162b2 vaccines, respectively. 

Among KT patients with a history of Covid-19, 100% had antibodies after vaccination.  

 

As shown in figure 2, in the overall analysis, KT recipients presented lower titres of 

anti-Spike antibodies than HD (p=0.001), PD (p<0.001) and non-dialysis CKD 

(p=0.002) patients. When the analysis was restricted to patients without anti-Spike 

antibodies at baseline, similar results were obtained: KT was the group with lower de 

novo antibody generation (p=0.011 vs HD; p<0.001 vs DP and p=0.013 vs CKD) 

(figure 4S).  

 

Focusing specifically on KT recipients without baseline anti-Spike antibodies, anti-

Spike antibodies developed in 14 (82%) of those receiving mRNA-1273 and in 6 (60%) 

of those receiving BNT162b2 vaccines (p=0.365).  

 

Factors associated to the development of anti-Spike antibodies 

Among patients in whom antibodies were assessed, 53 had a history of Covid-19. Of 

these, 35 (66%) patients had anti-Spike antibodies at baseline (4 [80%] of KT recipients 

with prior Covid-19, 5 [50%] of DP, 25 [68%] of HD and 1 (100%) of non-dialysis 

CKD patients [p=0.249]). 

 

Previous Covid-19 infection was associated with higher anti-Spike titres at 28 days 

(median 10000 [IQR 5722-10000] UI/ml vs 3529 [IQR 661-10000]; p<0.001). Within 

specific groups, these differences were significant in KT recipients and in HD patients 

(figure 3). Patients with baseline positive anti-Spike antibodies also presented higher 
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anti-Spike antibody titres at 28 days (median 10000 [IQR 2686-10000] UI/ml vs 2928 

[IQR 655-10000]; p<0.001) (figure 5S). 

 

Patients receiving mRNA-1273 developed higher anti-Spike titres (median 10000 [IQR 

1716-10000] UI/ml) than those receiving BNT162b2 (median 964 [IQR 109-4213] 

UI/ml) (p<0.0001). These differences were significant in KT, PD and HD patients 

(figure 4). Restricting the analysis to those with negative baseline anti-Spike antibodies, 

mRNA-1273 was superior in developing antibodies in KT, HD and CKD patients 

(figure 6S). A mild but significant indirect correlation was observed between age and 

anti-Spike titres in both the whole sample and in those patients without baseline anti-

Spike antibodies (figure 7S and 8S). PD patients who had not received previously the 

seasonal influenza vaccine developed significantly higher anti-Spike titres at 28 days 

(median 4528 [IQR 1319-10000] UI/ml vs (10000 [IQR 5359-10000]; p=0.029). 

However, an adjusted linear regression by age and previous Covid-19 did not show any 

independent association between influenza vaccine and anti-Spike titres. No differences 

were found in anti-Spike antibodies titres between patients with or without anti-HBs 

antibodies.  

 

A multivariate analysis adjusted for age, baseline anti-Spike antibodies, gender and 

seasonal influenza vaccine, showed that KT (OR 20.56 [95%CI (3.24-130.45)], 

p=0.001) and BNT162b2 vaccine (OR 6.03 [95%CI (1.28-28.23)], p=0.023) were 

independent predictors for the lack of development of anti-Spike antibodies (table 3).  
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Adverse events and SARS-CoV-2 infections 

AE and occurrence of a SARS-CoV-2 positive antigen or PCR tests were recorded up to 

52 days following completion of vaccination. During follow-up, 40 AE were registered 

in 31 patients (1.8%). One HD patient suffered a stroke 1 month after the second dose 

of mRNA-1273. One KT recipient suffered a myocardial infarction 4 days after the first 

dose of BNT162b2. After recovering, the patient received the second dose without any 

AE. Eight patients died but death was not considered a vaccine-related event. The 

causes of death were 2 cardiovascular events, 4 infectious diseases, 1 neoplasm and 1 

dialysis withdrawal. Among patients who died, 4 (50%) had received BNT162b2 and 4 

(50%) mRNA-1273. 

 

Between the first and the second dose, 17 (1.0%) SARS-CoV-2 positive tests were 

recorded (4 in PD and 13 in HD patients). Two patients had received BNT162b2 and 15 

mRNA-1273, representing 0.5% and 1.5% of patients having received BNT162b2 and 

mRNA-1273, respectively (p=0.414).  

 

Twelve patients (1.0%) presented a SARS-CoV-2 positive test after the second dose. 

One was a KT recipient, one a PD patient, 9 were HD patients and one patient had non-

dialysis CKD. Of them, 3 had received BNT162b2 and 9 mRNA-1273, representing 

1.0% and 1.1% of patients having received BNT162b2 and mRNA-1273, respectively 

(p=0.982).  

None of the post-vaccination SARS-CoV-2 infections were lethal.  
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DISCUSSION 

The main findings of the interim analysis of the multicentric SENCOVAC study are the 

safety of current vaccination schedules for patients with advanced CKD and the poor 

serological response of KT in comparison to HD, PD and non-dialysis CKD patients. 

Due to the lack of a complete immunological response against SARS-Cov-2, KT 

recipients are candidates for an early third dose of the vaccine in some countries
5
. Our 

results demonstrated a suboptimal humoral response in KT recipients even in a very 

short-term assessment, only 28 days from the completion of the full vaccination 

schedule. In contrast to the other groups, more than 20% of KT patients did not develop 

anti-Spike antibodies. Moreover, loss of anti-Spike antibodies following vaccination 

was documented in at least one of KT recipients who had anti-Spike antibodies at 

baseline. Our study results agree with preliminary publications strongly suggesting that 

KT patients are at high risk of Covid-19 infection despite the complete two-dose 

vaccination schedule
11,12,13

. Our results also provide hypothesis-generating information 

on how to optimize seroconversion and anti-Spike antibody titres in advanced CKD 

patients, as the mRNA-1273 vaccine performed better from the antibody generation 

point of view than BNT162b2 in this population. These findings may be the basis for 

prospective randomized controlled studies in CKD patients, but especially, due to their 

enhanced risk for a suboptimal humoral response, in KT recipients. In this regard, 

although the study was observational, the administration of mRNA-1273 or BNT162b2 

was a random choice by health authorities dependent on vaccine type availability in 

different Spanish regional health systems at the time that each regional system decided 

to vaccinate persons with CKD based on different sequential criteria (advanced age, 

healthcare personnel and consideration as a high-risk group). Consequently, analysis of 
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patient subpopulation vaccinated with one or the other vaccine did not disclose any 

consistent bias, and multivariate analysis identified the type of vaccine as a driver of 

anti-Spike antibody responses and titres, including the population most needed of an 

optimized antibody response, i.e. KT recipients. 

An important issue not addressed is the link between immune response and efficacy. 

This last term refers to the possibility of preventing SARS-CoV-2 infection and, even 

severe disease, hospitalization and deaths after vaccination
14

. Although the relationship 

between neutralizing antibodies and breakthrough infections has been confirmed in 

healthy persons, this should be conformed in vulnerable populations
15

.  

 

Immunosuppression, age or previous Covid-19 infection influence the development of 

anti-SARS-CoV-2 antibodies
4,16

. Surprisingly, in our study age did not predict the 

strength of the humoral response. This may in part be explained by the lower age in KT 

recipients and in patients receiving mRNA-1273
17

. Interestingly, our data shows that the 

type of vaccine was an independent predictor for humoral response. Indeed, mRNA-

1273 was associated to higher rates of early anti-Spike antibodies. mRNA-1273 was 

also associated with more frequent vaccine reactions in this population, which may be 

interpreted as consistent with a more vigorous immune response. In this regard, a recent 

network study including maintenance hemodialysis patients demonstrated higher 

protection from SARS-CoV-2 infections with mRNA-1273 in comparison to 

BNT162b2. In that study, the authors hypothesized about the difficulties in handling 

BNT162b2 vaccine and its impact on the thermostability, what could decrease 

effectivity
16

. However, one of the most feasible reason for these differences (in terms of 

adverse reactions and development of humoral response) might be the higher mRNA 

dose of mRNA-1273 (100 mcg vs 30 mcg in BNT162b2)
18

. Indeed, a higher dose of 
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hepatitis B virus vaccine is recommended for patients with advanced CKD in order to 

optimize the immunological response. As the number of breakthrough SARS-CoV-2 

infections was low, we cannot yet provide information of the impact of different 

vaccines on the occurrence of Covid-19 in advanced CKD patients. In this regard, in 

some vulnerable cohorts BNT162b2 has been suggested to limit the risk of vigorous 

vaccine reactions.  

 

To our knowledge, our study is the first to also analyse non-dialysis CKD patients in 

comparison with patients on kidney replacement therapy. Interestingly, and despite the 

low GFR of this subgroup, they displayed a very high rate of humoral response after 

completing the full vaccination schedule. Although uremia alters humoral immunity, 

our data suggest that, at least in the short-term, non-dialysis CKD patients have higher 

seroconversion rates than CKD patients on kidney replacement therapy
19

. As previously 

demonstrated, PD and HD patients also reached high rates of seroconversion
4
. 

Interestingly, the stratified analysis according to previous SARS-CoV-2 exposure shows 

differences in antibody production in the different subgroups. Specifically, HD patients 

and KT recipients without prior SARS-CoV-2 infection developed significantly lower 

anti-Spike antibodies responses, suggesting higher risk for post-vaccine Covid-19 

infection
20

. Indeed, asymptomatic SARS-CoV-2 infections seem to be an important 

trigger for higher humoral response to vaccines. Thus, around 50% of participants with 

baseline anti-Spike antibodies lacked a history of diagnosed Covid-19. This important 

rate of asymptomatic Covid-19 should alert about the need for maintaining monitoring 

and mitigation strategies among high-risk populations with impaired immunological 

response to vaccines. Our results showed that PD, KT and HD patients with anti-Spike 

antibodies at baseline developed higher antibody titres after vaccination. In 
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concordance, in health care professionals, stronger vaccine responses were observed in 

individuals with prior Covid-19
21

. However, our study also documented that around 

33% of participants with a prior diagnosis of Covid-19 had no anti-Spike antibodies at 

the time of vaccination. We interpret this as a warning sign of waning of the immune 

response against SARS-CoV-2 in advanced CKD patients over a relatively short period 

of time (<15 months). 

 

Serious adverse events that investigators considered related to the Covid-19 vaccine 

were registered in two patients. Both were cardiovascular events, one stroke and one 

myocardial infarction. Although cardiovascular events have been described after SARS-

CoV-2 vaccination, the potential causality is unclear, given the high risk of 

cardiovascular events in CKD patients
22

.  

 

Some limitations should be acknowledged. First, the small sample size of patients with 

measured anti-Spike antibodies, as at the planned interim analyses antibody results were 

available for 301 patients. This has prevented a subanalysis on the impact of factors 

such as dialysis efficacy. However, the information obtained is clinically relevant 

regarding short-term serological responses. These results are of especial interest for 

developing a “nephrological” common strategy in the recommendation of booster doses 

of vaccines, mainly to KT recipients. In this regard, the similarity of 

immunosuppressive regimens for KT recipients, precluded the analysis of the impact of  

different treatment schedules on humoral responses. Second, cellular immunity was not 

assessed. However, assessment of cellular immunity is unlikely to be available in 

routine clinical care in the near future. Thus, assessing antibody responses may provide 

more clinically relevant information. Third, in this first report of SENCOVAC study, 
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follow-up was short. This may condition the evaluation of the immediate humoral 

response in patients with delayed seroconversion (such as hemodialysis patients)
23

. 

Additionally, the dose and interval between doses of both mRNA vaccines is different, 

and this may impact on the dynamics of antibody development. Finally, this was an 

observational study. However, the choice of vaccine type was randomly dependent on 

availability of specific vaccine types for different regions and decided by public health 

officials unrelated to study participants.  

 

In conclusion, SENCOVAC demonstrates that HD, PD and non-dialysis CKD patients 

develop a robust early humoral response after SARS-CoV-2 vaccine, especially if they 

had previous Covid-19. In contrast, KT patients present lower rates of seroconversion 

and anti-Spike antibody titres at 28 days suggesting that they may benefit from higher 

isolation measures and booster doses of vaccines. Other CKD patients may benefit from 

individual monitoring (including assessment of antibody titres) to assess the need for a 

booster dose if these are not provided to all high-risk individuals by the local health 

system. Safety and tolerability are acceptable in all the studied CKD cohorts. 

Hypothesis-generating data suggest a stronger immune response to mRNA-1273 

vaccines in advanced CKD patients that should be confirmed in prospective studies and 

longer-term follow-up of the present cohort. This information would be especially 

relevant for vaccination and booster vaccines for KT recipients. 
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APPENDIX 

 

SENCOVAC collaborative network: 
 

Diaverum Andalucía: José Luis Pizarro León, Manuel Antonio Martínez García, 

Benaldina García Jiménez, Virginia Olinda Gómez Pérez, Juan de Dios Ramiro Moya, 

Diana López Espinosa, Alejandro Jiménez Herrador, Manuel Navarro Zurita, Leonardo 

Díaz Álvarez, Álvaro González Martínez, Sandra Báez Arroyo, Raquel Reina 

Fernández, Marlyn Janella Suárez Vargas, Rocío Calurano Casero. 

Diaverum Valencia: Amparo Bernat García, Ana Beatriz Muñoz Díaz, Carmen 

Santamaría de Miguel, Ángel Palacios, Brenda Henningsmeyer, Esther Orero Calve, 

José Lacueva Moya, Yurika Sato, Marta Serra Marín. 

Hospital Universitario Puerto Real: Carolina Lancho Novillo, Pedro Luis Quirós 

Ganga, Fernando Vallejo Carrión, Antonio Luis García Herrera 

Diaverum Murcia-Alicante: Irene Torres, Pablo Delgado Conde, Georgina Alfaro, 

Olga Halauko, Fouad El Rifai, Ana Dolores Martínez.  

Hospital Universitario Infanta Leonor: Rafael Lucena Valverde, Marta Puerta 

Carretero, Mayra Ortega Díaz, Daniel Gaitán Tocora, Esther Rodriguez Suárez, Alfredo 

José Sáenz Santolaya. 

FMC Madrid-Dialcentro: Sandra Castellano Gash, Lara Ruíz Martínez 

Hospital Universitario de la Princesa: Yohana Gil Giraldo, Martín Giorgi, Carmen 

Sánchez, Ana Sánchez Horrillo, Pablo Ruano Suárez, Antonio Fernández Perpén, 

Andrés Fernández Ramos, Laura Salanova Villanueva, Alejandra Cortiñas, Pablo A. 

Díez Arias, Alicia Cabrera Cárdenas, Antonio de Santos, Almudena Núñez, Guillermina 

Barril Cuadrado, Raquel Repollet. 

Hospital Universitario Marqués de Valdecilla:  Rosalía Valero San Cecilio, Celestino 

Piñera Haces, María Kislikova, Emilio Rodrigo. 

Hospital Vall D'Hebrón: Francesc Moreso. 

Hospital Fundación Jiménez Díaz: Emilio Gonzalez-Parra, Catalina Martin-Cleary, 

Jinny Sánchez-Rodríguez y Ana Ramos-Verde 

Hospital Universitario de Donosti: María Teresa Rodrigo De Tomas, Beatriz Azcue 

Prieto, Carmen Toyos Y José Molina Del Rio, Adriana Restrepo Acosta, Amagoia 

Celayeta Zamacona 

Hospital General de Alicante: Francisco Javier Pérez Contreras, Dioné González 

Ferri, Eduardo Muñoz de Bustillo Llorente 

Clínica Universidad de Navarra: Nuria García-Fernández, Paloma Leticia Martin 

Moreno, Noelia Ania González, Ana Sabalza Ortiz, María Nieves Bastida Iñarrea. 

Hospital Universitario Fundación de Alcorcón: Ana M Tato Ribera, Eduardo Gallego 

Valcarce, Enrique Gruss Vergara. 

Hospital Universitario Puerta de Hierro: María Rosario Llópez Carratalá, Leyre 

María Martin Rodríguez, Marisa Serrano Salazar, Begoña Bravo Prieto, José María 

Portolés Pérez. 

Hospital de Galdakao: Mª Isabel Jimeno Martin, Saioa Bilbao Ortega, Mª Isabel 

Gallardo Ruiz, Ainhoa Hernando Rubio, Paula Garcia Ledesma, Alvaro Goyoaga 

Alvarez  

Hospital QuirónSalud A Coruña: Natalia Blanco Castro 

Consorci Sanitari Alt Penedès: Augusto Quiroz Morales, Ignacio Manzur Cavalotti, 

Itziar Navarro Zorita, Sol Otero López, Sara Outon González, Carlos Soto Montañez 

Hospital Clinic de Barcelona: Esteban Poch López de Briñas, David Cucchiari, José 

Broseta Monzo. 
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Hospital Universitario Puerta del Mar: Auxiliadora Mazuecos, Juan Manuel Cazorla, 

Teresa García, Carlos Narváez, Cristhian Orellana 

Hospital Universitario Gregorio Marañón: Nicolás Macías Carmona, David Arroyo 

Rueda, María Luisa Rodríguez Ferrero, Almudena Vega Martínez, Soraya Abad 

Estébanez 

Hospital Lucus Augusti: Jesús Calviño Varela, Alba García Enríquez, Carmen Cobelo 

Casas, Pablo Otero Alonso, Lourdes González Tabares 

Hospital Infanta Cristina: Laura Muñiz Pacios, Lina León Machado. 

FMC San Rafael: Isabel Berdud Godoy, Esther Torres Aguilera, Rolando Tello Alea, 

Margie Soledad Del Rosario Saldaña. 

Hospital Son Espases: Maria Antònia Munar Vila 

Hospital Rey Juan Carlos: Soledad Pizarro Sánchez, Simona Alexandru, Laura García 

Puente Suarez, Saul Pampa Saico, Marisol Poma Tapia 

Hospital Clínico San Carlos: Virginia Lopez De La Manzanara Perez, Marta Calvo 

Arevalo, Jose Antonio Herrero Calvo 

Hospital Universitario de la Paz: Auxiliadora Bajo Rubio, Gloria Del Peso Gilsanz, 

Marta Ossorio Gonzalez, Rafael Sánchez Villanueva, Maria Ovidia Lopez Oliva 

Hospital San Pedro: Antonio Gil Paraiso 

Diaverum Madrid: Marta Sanz Sainz 

Fundació Salut Empordà: Maria Laura Salvetti, María Cufi Valmajor, Montserrat 

Picazo Sánchez, Miriam Llado Barragán, Laia Reixach Aunatell 

Hospital Universitario de Canarias: Beatriz Escamilla Cabrera, Aurelio Pastor 

Rodríguez Hernández, María Sagrario García Rebollo, Juana Margarita Rufino 

Hernández 

Complejo Hospitalario Universitario de Vigo: José María Lamas Barreiro 

Hospital de Cruces: Sofía Zarraga Larrondo 

Complejo Hospitalario de Navarra: Joaquín Manrique 

Hospital Lluis Alcanyis: Alejandra Yugueros González 

Diaverum Galicia – Castilla y León: Antonio Marín Franco 

Hospital Universitario Central de Asturias: Lucía Sobrino Díaz 

Hospital La Fe: Pilar Sánchez Pérez 

Hospital Doctor José Molina Orosa: Adelaida Morales Umpierrez, Esther Hurtado 

Ruiz, Aránzazu Márquez Corbella, Katia Toledo Perdomo, Yasmina Martín Martín 

Clínica Santa Isabel: Blanca Villacorta Linaza 

Hospital general Universitario de Valencia: Antonio Galán Serrano, Patricia Tomás 

Simó, Humberto Daniel Rojas Mancilla, Marta Poves Gómez, Juan Villaro Gumpert 

Hospital Da Mariña: Secundino Cigarrán Guldris 

Hospital Universitario de Villalba: Rosa Sánchez Hernández 

Hospital Cruz Roja de Gijón: Enriqueta González Rodríguez 

Hospital Universitario de Guadalajara: Gabriel de Arriba de la Fuente 

Hospital Universitario de Badajoz: Rosa María Ruiz-Calero Cendrero 

Hospital Universitario San Agustín: José María Baltar Martín 

Hospital de Basurto: José Ignacio Minguela Pesquera 

Diaverum Baleares: Pablo Justo Ávila 

Hospital de Vinalopó: Eva Cotilla de la Rosa 
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Table 1. Baseline characteristics of participants 
 Total 

(n=1746) 

KT 

(n=283) 

PD 

(n=171) 

HD 

(n=1116) 

CKD 

(n=176) 

p 

Sex (male), n (%) 1092 (62) 171 (60) 100 (58) 719 (64) 102 (58) 0.170 

Age (years) 64 (13) 56 (13) 60 (14) 65 (12) 64 (14) <0.001 

Diabetic kidney disease, n (%) 369 (22) 10 (4) 37 (22) 280 (25) 42 (26) <0.001 

Hemodialysis technique, n (%) 

- HFHD 

- HDx 

- OL-HDF 

 

486 (44) 

39 (3) 

589 (53) 

--- ---  

486 (44) 

39 (3) 

589 (53) 

--- --- 

Vascular access, n (%) 

- AVF 

- Catheter 

 

696 (64) 

394 (36) 

--- ---  

696 (64) 

394 (36) 

--- --- 

Immunosuppression, n (%) 

- Steroids 

- Calcineurin inhibitors 

- Mycophenolate mofetil 

- mTORi 

- Azathioprine 

 

182 (64) 

216 (73) 

200 (71) 

46 (16) 

9 (3) 

 

182 (64) 

216 (73) 

200 (71) 

46 (16) 

9 (3) 

--- --- --- --- 

Anticoagulants, n (%) 270 (15) 23 (8) 28 (16) 190 (17) 29 (16) 0.003 

Antiplatelet agents, n (%) 627 (36) 76 (27) 56 (31) 435 (39) 63 (36) 0.001 

RAASi, n (%) 584 (33) 128 (45) 89 (52) 300 (27) 67 (38) <0.001 

ESA, n (%) 1105 (63) 42 (15) 111 (65) 853 (77) 99 (56) <0.001 

Vaccine, n (%) 

- BNT162b2 

- mRNA-1273  

- ChAdOx1-S  

- Ad26.COV.2 

 

511 (29) 

1202 (69) 

25 (1) 

8 (1) 

 

54 (19) 

225 (79) 

4 (1) 

0 (0) 

 

26 (15) 

142 (83) 

3 (2) 

0 (0) 

 

331 (30) 

766 (69) 

15 (1) 

4 (0) 

 

100 (57) 

69 (39) 

3 (2) 

4 (2) 

<0.001 

Previous Covid-19, n (5) 162 (9) 17 (6) 20 (12) 117 (10) 8 (4) 0.051 

Baseline anti-Spike Ab +, n (%) 69 (23) 13 (30) 11 (21) 37 (21) 8 (29) 0.124 

Hemoglobin (g/dL) 11.6 (10.7-12.6) 13.3 (11.9-14.7) 11.4 (10.6-12.4) 11.3 (10.5-12.2) 11.6 (10.7-12.4) 0.002 

Leukocyte (103/mm3) 6.5 (5.3- 8.0) 6.9 (5.6-8.9) 6.8 (5.5-8.0) 6.0 (4.9-7.7) 7.0 (6.1-10.7) <0.001 

Lymphocytes (103/mm3) 1.3 (1.0-1.8) 1.8 (1.3-2.6) 1.4 (1.0-1.8) 1.3 (0.9-1.9) 1.6 (1.2-2.7) <0.001 

Albumin (g/dL) 3.9 (3.6-4.2) 4.2 (3.9-4.5) 3.6 (3.3-3.9) 3.9 (3.6-4.1) 4.0 (3.6-4.3) <0.001 

Prealbumin (mg/dl) 27 (22-32) 27 (21-33) 30 (26-36) 26 (22-30) 28 (22-34) <0.001 

C-reactive protein (mg/l) 0.5 (0.2-1.5) 1.1 (0.3-3.8) 1.1 (0.3-3.2) 3.9 (1.0-10.3) 1.0 (0.2-3.0) 0.006 

eGFR (min/min/1.73 m2) 36 (14-62) 49 (35-66) --- --- 13 (9-21) <0.001* 

Influenza vaccine, n (%) 1274 (73) 218 (77) 117 (68) 831 (75) 108 (61) 0.001 

Anti-HBs, n (%) 710 (64) 40 (33) 83 (77) 524 (67) 63 (59) <0.001 

Abbreviations: PD: peritoneal dialysis, KT: kidney transplant, HD: hemodialysis, CKD: 

chronic kidney disease, HFHD: high flux hemodialysis, HDx: expanded hemodialysis therapy, 

OL-HDF: online hemodiafiltration, AVF: arteriovenous fistulae, mTORi: mammalian target of 

rapamycin inhibitors, RAASi: renin-angiotensin-aldosterone inhibitors, Covid-19: coronavirus 

disease-19, eGFR: estimated glomerular filtration rate, Ab: antibodies. *eGFR difference 

between KT and non-dialysis CKD.  
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Table 2. Baseline characteristics regarding the type of mRNA vaccine in safety and 

humoral response evaluation population. Safety population included patients 

included in the study. Humoral response evaluation population included patients with 

tested anti-Spike antibodies.  

 
 SAFETY POPULATION HUMORAL RESPONSE 

EVALUATION POPULATION 
 BNT162b2 

(n=511) 

mRNA-1273 

(n=1202) 

P BNT162b2 

(n=65) 

mRNA-1273 

(n=236) 

P 

Sex (male), n (%) 315 (62) 755 (63) 0.041 45 (69) 165 (70) 0.915 

Age (years) 68 (13) 60 (13) <0.001 65 (15) 61 (12) 0.018 

Diabetic kidney disease, n (%) 113 (23) 246 (22) 0.495 12 (18) 61 (27) 0.349 

Hemodialysis technique, n (%) 

- HFHD 

- HDx 

- OL-HDF 

 

103 (31) 

15 (5) 

212 (64) 

 

375 (49) 

24 (3) 

366 (48) 

<0.001  

7 (21) 

1 (3) 

26 (76) 

 

34 (24) 

4 (3) 

106 (74) 

0.931 

Vascular access, n (%) 

- AVF 

- Catheter 

 

197 (60) 

132 (40) 

 

487 (66) 

255 (34) 

0.310  

20 (59) 

14 (41) 

 

78 (55) 

64 (45) 

0.681 

Immunosuppression, n (%) 

- Steroids 

- Calcineurin inhibitors 

- Mycophenolate mofetil 

- mTORi 

- Azathioprine 

 

41 (8) 

42 (8) 

38 (7) 

9 (2) 

2 (0) 

 

217 (18) 

188 (16) 

173 (14) 

38 (3) 

9 (1) 

 

<0.001 

<0.001 

0.001 

0.306 

0.815 

 

13 (20) 

13 (20) 

11 (17) 

1 (1) 

1 (1) 

 

37 (16) 

27 (11) 

29 (12) 

5 (2) 

2 (1) 

 

0.407 

0.097 

0.311 

1.000 

0.519 

Anticoagulants, n (%) 91 (18) 178 (15) 0.089 17 (26) 34 (14) 0.038 

Antiplatelet agents, n (%) 188 (37) 425 (35) 0.789 26 (40) 83 (35) 0.471 

RAASi, n (%) 156 (30) 416 (35) 0.109 23 (35) 109 (46) 0.158 

ESA, n (%) 354 (69) 729 (61) 0.003 41 (63) 160 (68) 0.552 

CKD cohort, n (%) 

- KT 

- DP 

- HD 

- CKD 

 

54 (11) 

26 (5) 

331 (65) 

100 (20) 

 

225 (19) 

142 (12) 

766 (64) 

69 (6) 

<0.001  

12 (18) 

6 (9) 

34 (52) 

13 (20) 

 

31 (13) 

46 (19) 

144 (61) 

15 (6) 

0.002 

Previous Covid-19, n (5) 33 (6) 127 (11) 0.037 2 (3) 51 (22) 0.001 

Baseline anti-Spike Ab +, n (%) ---- ---- --- 12 (18) 57 (24) 0.585 

Influenza vaccine, n (%) 349 (68) 901 (75) 0.011 54 (83) 165 (70) 0.041 

Anti-HBs, n (%) 229 (63) 465 (64) 0.612 36 (64) 120 (60) 0.856 

Abbreviations: KT: kidney transplant, PD: peritoneal dialysis, HD: hemodialysis, CKD: 

chronic kidney disease, HFHD: high flux hemodialysis, HDx: expanded hemodialysis therapy, 

OL-HDF: online hemodiafiltration, AVF: arteriovenous fistulae, mTORi: mammalian target of 

rapamycin inhibitors, RAASi: renin-angiotensin-aldosterone inhibitors, Covid-19: coronavirus 

disease-19.  
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Table 3. Independent predictors for the development of humoral response. 

 

 OR (95%CI) P 

Age (years) 1.04 (0.96-1.13) 0.318 

Gender (male)  1.78 (0.38-8.32) 1.781 

Baseline anti-Spike Ab + 0.47 (0.16-1.38) 0.170 

Influenza vaccine 1.00 (1.00-1.00) 0.729 

Type of patient (KT vs others) 20.56 (3.24-130.45) 0.001 

BNT162b2 vaccine 6.03 (1.28-28.23) 0.023 

   Abbreviations: OR: odds ratio, Ab: antibodies, KT: kidney transplant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

 

                                                                                                                                               
 

 

 

 
Figure 1. Participant flow chart. The humoral response evaluation population 

represents the first 301 patients with anti-Spike antibody results at 28 days after 

completing the vaccination schedule. 
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Figure 2. Titer of anti-Spike antibody titers at baseline and 28 days after 

completing vaccination in kidney transplant recipients (KT), persons on peritoneal 

dialysis (PD) or hemodialysis (HD) and persons with CKD not on dialysis (CKD). 
Data are for all participants, independently of a history of Covid-19 or baseline presence 

of anti-Spike antibodies. 
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Figure 3. Anti-Spike antibodies 28 days after completing vaccination in kidney 

transplant recipients (KT), persons on peritoneal dialysis (PD) or hemodialysis 

(HD) and persons with CKD not on dialysis according prior Covid-19 history. Data 

are for all participants, independently of baseline presence of anti-Spike antibodies. 
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Figure 4. Anti-Spike antibodies 28 days after completing vaccination in kidney 

transplant recipients (KT), persons on peritoneal dialysis (PD) or hemodialysis 

(HD) and persons with CKD not on dialysis according the received vaccine (Pzifer 

[BNT162b2] or Moderna [mRNA-127]). Data are for all participants, independently 

of baseline presence of anti-Spike antibodies. 
 


