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Abstract

Introduction Given the increased COVID-19 observed in kidney transplant recipients (KTRs) and haemodialysis patients,
several studies have tried to establish the efficacy of mRNA vaccines in these populations by evaluating their humoral and
cellular responses. However, there is currently no information on clinical protection (deaths and hospitalizations), a gap that
this study aims to fill.

Methods Observational prospective study involving 1,336 KTRs and haemodialysis patients from three dialysis units affili-
ated to Hospital Clinic of Barcelona, Spain, vaccinated with two doses of mRNA-1273 (Moderna) or BNT162b2 (Pfizer-
BioNTech) SARS-CoV-2 mRNA vaccines. The outcomes measured were SARS-CoV-2 infection diagnosed by a positive
RT-PCR fourteen days after the second vaccine dose, hospital admissions derived from infection, and a severe COVID-19
composite outcome, defined as either ICU admission, invasive and non-invasive mechanical ventilation, or death.

Results Six per cent (18/302) of patients on haemodialysis were infected, of whom four required hospital admission (1.3%),
only one (0.3%) had severe COVID-19, and none of them died. In contrast, 4.3% (44/1034) of KTRs were infected, and
presented more hospital admissions (26 patients, 2.5%), severe COVID-19 (11 patients, 1.1%) or death (4 patients, 0.4%).
KTRs had a significantly higher risk of hospital admission than HD patients, and this risk increased with age and male sex
(HR 3.37 and 4.74, respectively).

Conclusions The study highlights the need for booster doses in KTRs. In contrast, the haemodialysis population appears to
have an adequate clinical response to vaccination, at least up to four months from its administration.
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Conclusions. The study highlights the need for booster doses in KTR. In contrast, the HD population appears to have an adequate clinical
response to vaccination, at least up to four months from its administration.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
constitutes a significant health problem worldwide. Kid-
ney transplant recipients (KTRs) and haemodialysis (HD)
patients infected with SARS-CoV-2 have had worse out-
comes than the general population in terms of more extended
hospital stays, increased intensive care unit (ICU) admis-
sions, and higher mortality [1-3]. Different vaccines have
been developed to prevent infections and mitigate disease
severity. Due to the increased risk, as well as to the pre-
viously known deficient immunological response of KTRs
and HD patients to several classes of viral vaccines, such
as hepatitis B virus and influenza [4-7], and to the fact that
they induce more consistent protective immunity compared
to other vector-based vaccines [8], mRNA vaccines were
allocated to the end-stage kidney disease (ESKD) population
in many countries.

Consequently, numerous articles analysed these
patients’ immunological reactiveness to the two commer-
cially available mRNA vaccines, the mRNA-1273 (Mod-
erna) and the BNT162b2 (Pfizer-BioNTech), in terms of
humoral (anti-S1-RBD IgG) and cellular (T-cell reactivity
to N or S antigen) responses [9—12]. Most studies agree
that over 80% of HD patients generate a humoral response
[13] with marked reductions in antibody levels after three
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months [14]. In contrast, roughly 30% of KTRs are able
to generate such response after two doses [10], with no
available data on humoral maintenance among those with
an initial immune response.

The pivotal clinical trials of both mRNA-1273 and
BNT162b2 show 94-95% protection against SARS-CoV-2
infections [15, 16]. Real-life data on previously healthy
vaccinated individuals regarding the protection against
SARS-CoV-2 infection and COVID-19 severity are in
accordance with these clinical trials [17, 18]. However,
viral transmission has gained greater importance as new
variants have emerged [19]. Currently, the vaccine’s suc-
cess relies on the fact that SARS-CoV-2 breakthrough
infections are less frequent and have much milder pres-
entations (i.e., fewer hospital admissions and mortality)
among the vaccinated than among those who are not [20,
21]. Nevertheless, there is no real-life data on mRNA vac-
cine efficacy in KTRs or in HD patients. Thus, this study
aims to determine the incidence of SARS-CoV-2 infection
and COVID-19 severity in these two sub-populations after
two doses of an mRNA vaccine.
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Methods
Study design

This retrospective observational study included KTRs
from the Hospital Clinic of Barcelona and HD patients
of this hospital and its three affiliated centres, Centre de
Dialisi i Recerca Aplicada Clinic, Fresenius Medical Care
Rosello, and Diaverum Institut Hemodialisi Barcelona
who had received two doses of either the BNT162b2 or
mRNA-1273 vaccines between January and August 2021.

This study was conducted following the World Medical
Association Declaration of Helsinki, national and local
laws, and good clinical practice standards. The Institute's
Committee on Human Research approved it.

Patient population

All KTRs or HD patients who received the complete vac-
cination schedule and were followed in the centres men-
tioned above were included. Exclusion criteria from the
final analysis were patients younger than 18 years of age,
those who received a non-mRNA vaccine (i.e., other than
BNT162b2 or mRNA-1273 vaccine), those vaccinated
after August 31st, 2021, patients with COVID-19 diag-
nosed within fourteen days after the second vaccine dose,
patients with only one vaccine dose, and those with no
available information about their vaccination status.
Demographic characteristics and comorbidities were
obtained from electronic health records. Haemodialy-
sis modality and duration data were collected in the HD
group, whereas transplant modality, induction and mainte-
nance immunosuppression data were retrieved for KTRs.
Past history of SARS-CoV-2 infection before vaccination
was defined as the presence of a positive RT-PCR before
the administration of the first vaccine dose. The data were
collected and treated following current legislation.

Clinical outcomes

The study outcomes were SARS-CoV-2 infection, hospital
admission, and a severe COVID-19 composite outcome,
defined as either ICU admission, invasive and non-inva-
sive mechanical ventilation, or death due to COVID-19.
Since complete immunization against SARS-CoV-2 is
considered effective fourteen days after the second dose
[16], only events after this period were considered during
follow-up. The patients were censored at death or the last
visit until August 31st, 2021. All transplant patients had at
least one follow-up visit during the observation period and

were followed-up at our centre. Patients were considered
symptomatic for presenting any symptom attributable to
COVID-19, regardless of severity.

Statistical analysis

Data are presented as mean + standard deviation (SD) for
parametric variables and median (interquartile range [IQR])
for the non-parametric ones. Differences in qualitative vari-
ables between groups were analysed with the y2 test or
Fisher’s exact test when one or more expected values were
less than five or the data were very unequally distributed
among the cells of the table. The normal distribution of the
quantitative variables was tested with the Shapiro—Wilk
test and Q—Q plots. The analysis of quantitative variables
between two groups was made with the U-Mann Whitney
test when non-normal or the independent Student’s ¢ test
when normally distributed. The Kaplan—-Meier method with
Log-Rank test was used for survival analysis. To evaluate
the association between the defined predictor variables and
COVID-19 infection, hospitalization for COVID-19, and
severe COVID-19, a Cox univariate analysis was performed.
Furthermore, to adjust for potential confounding covariates,
a multivariable Cox regression analysis with two models
was performed: Model 1 included sex and age as covariates;
Model 2 included age, sex, dialysis vintage, hypertension,
coronary artery disease, smoking, and diabetes. Due to the
number of cases, Model 1 was applied only for COVID-19
infection (60 cases) and COVID-19 admission (30 cases),
but for severe COVID-19 (12 cases). Model 2 was only
applied for COVID-19 infection. Statistical analysis was
performed using IBM SPSS Statistics 26.0 (SPSS, Inc; Chi-
cago, Illinois) software for macOS. All tests were two-tailed,
and the significance level was defined as a P-value <0.05.

Results
Patient demographic characteristics

A total of 1,363 patients were initially included (305 HD
patients and 1,058 KTR). Among them, 27 patients were
excluded because they had received a non-mRNA COVID-
19 vaccine (1), had been vaccinated after August 31st,
2021(14 patients), had received a diagnosis of SARS-CoV-2
infection within 14 days after the second vaccine dose (6),
had received only one vaccine dose (3), or because of a
lack of available information about their vaccine status (3
patients) (Fig. 1).

Among the 1336 ESKD patients finally included, 302
patients were on dialysis (94% haemodiafiltration, 6%
haemodialysis), and 1034 were KTRs (88% had received
a kidney transplant, 9% a simultaneous pancreas-kidney
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Fig. 1 Flowchart of the included patients. ESKD, End-Stage Kidney
Disease; COVID-19, Coronavirus Disease 2019

'

Kidney Transplant Recipients
(n=1034)

transplant, and 3% were other multiorgan transplant recipi-
ents). For the overall population, the mean follow-up
time was 122 +39 days. When compared to KTRs, dialy-
sis patients were older (73.07 +14.33 vs 58.71 +13.15,
P <0.001), more of them had diabetes (42% vs 23%,
P <0.001), smoking habit (28% vs 18%, P <0.001) and
coronary heart disease (28% vs 18%, P <0.001). In contrast,
KTRs had higher BMI (25.10 +5.56 vs 26.00 +4.80 kg/m?,
P=0.007) and more of them had hypertension (79% vs 67%,
P <0.001). Table 1 summarises the baseline characteristics
of the HD patients and KTRs included in the study.

COVID-19 breakthrough infections after vaccination

Most of the patients were vaccinated with the mRNA-1273
vaccine (64% vs 99% of the dialysis and transplant patients,
respectively, P <0.001). After vaccination, a total of 18 HD
patients (6.0%) and 44 KTRs (4.3%) were diagnosed with
COVID-19 after a mean time from vaccination of 136 +26
vs 99 + 38 days for dialysis and transplant recipients, respec-
tively. Of these patients, 14 HD patients (5%) and 18 KTRs
(2%) were managed as outpatients, with 4 and 1 of them
being asymptomatic, respectively. The incidence of COVID-
19 (regardless of the severity) at 50, 100, and 150 days after
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vaccination was 0.33% vs 1.03%, 0.69% vs 4.43%, and
6.22% vs 6.68% for KTRs and HD patients, respectively,
without differences between groups (P=0.35) (Fig. 2A).

The observed incidence per 1000 population of COVID-
19 in vaccinated HD patients and KTRs was compared with
the reported incidence of COVID-19 in the general popu-
lation from Catalonia (Fig. 3) [22]. Although a sustained
number of cases were reported during the study period for
the general population in Catalonia, the highest incidence
of COVID-19 was observed between June 28th, 2021, and
August 22nd, 2021, during the fifth wave of the disease in
this territory. This peak of COVID-19 cases followed the
peak of cases observed for dialysis patients and KTRs, with
similar incidences (although a higher number of cases was
reported for dialysis patients at the beginning of August
2021).

Hospital admission for COVID-19 after vaccination

Among the analysed patients, 4 vaccinated patients on dialy-
sis (1.3% of the total population, 22.2% of infected patients)
and 26 KTRs (2.5% of the total population, 59.1% of infected
patients) were admitted to the hospital due to COVID-19.
The mean time from vaccination to hospital admission was
140 + 35 vs 68 + 36 days for HD patients and KTRs, respec-
tively. The incidence of COVID-19 admission at 50, 100,
and 150 days after vaccination was significantly higher for
transplant recipients (0.82% vs 0%, 2.69% vs 0%, and 3.69%
vs 1.13% at 50, 100, and 150 days for transplant and dialysis
patients, respectively, P=0.02) (Fig. 2B). Similar results
were observed when only patients with COVID-19 after
vaccination were considered, with an incidence of hospital
admission due to COVID-19 of 19% vs 0%, 59% vs 0, and
78% vs 37% at 50, 100, and 150 days after vaccination for
HD patients and KTRs, respectively (P <0.001) (Fig. 4A).
There was no correlation on multivariable analysis between
hospital admissions and baseline characteristics.

Incidence of severe COVID-19 or death
after vaccination

One HD patient (0.3% of total population, 5.5% of the
infected patients) and eleven KTRs (1.1% of total popu-
lation, 25.0% of infected patients) from the overall vac-
cinated population exhibited severe COVID-19 requir-
ing ICU admission. Among the KTRs admitted to the
ICU, four (0.4% of the total population, 9.1% of infected
patients) died while no deaths were observed in the dialy-
sis group. The incidence of the severe COVID-19 com-
posite outcome at 50, 100, and 150 days was 0.3% vs 0%,
1.3% vs 0%, and 1.5% vs 0.4% for KTRs and HD patients,
respectively (P=0.10) (Fig. 1C). Nevertheless, when con-
sidering the incidence of the severe COVID-19 composite
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Table 1 l.)at.ient baseline Dialysis patients Kidney transplant recipients ~ P-value
characteristics (n=302) (n=1034)
Age (years) 73.07+14.33 58.71+£13.15 <0.0001
Gender (male) 197 (65) 668 (65) 0.81
Ethnicity 0.01
Caucasian 271 (91) 965 (93)
Hispanic 10 (3) 34 (3)
Asian 4(1) 15(2)
African American 4 (1) 7(1)
Arabic 13 (4) 12 (1)
BMI (kg/m?) 25.10+5.56 26.00+4.80 0.007
Diabetes (yes) 127 (42) 233 (23) <0.001
Smoking habit (yes) 84 (28) 187 (18) <0.001
Hypertension (yes) 204 (67) 814 (79) <0.001
Coronary Heart Disease (yes) 77 (26) 126 (12) <0.001
Dialysis modality -
Haemodiafiltration 286 (94) -
Haemodialysis 16 (5) -
Transplant modality -
KTA - 911 (88)
SPK - 88 (9)
Other - 35(3)
Dialysis vintage (months) 35 [19-69] 20 [6-43] 0.23
Transplant vintage (months) 0.5 [0-96] 106 [47-193] <0.001
Previous KT (any) 13 (16) 219 (21) 0.32
Induction IS
No - 205 (19)
Basiliximab - 361 (34)
Thymoglobulin - 492 (47)
Maintenance IS
TAC +MPA - 624 (59)
TAC +mTORIi - 255 (24)
Other - 179 (17)
Pre-vaccine COVID-19 (yes) 27 (9) 81 (8) 0.55
COVID-19 vaccine <0.001
mRNA-1273 194 (64) 1,027 (99)
BNT162b2 108 (36) 7(1)

Data are mean +SD, median [IQR] or n (%), unless otherwise specified. BMI, Body Mass Index; KTA,
Kidney Transplantation Alone; SPK, Simultaneous Pancreas-Kidney; KT, Kidney Transplantation; IS,
Immunosuppression; TAC, Tacrolimus; MPA, Mycophenolate; mTORi, mTOR inhibitors; COVID-19,

Coronavirus Disease 2019

outcome among infected individuals alone, results were
significantly higher in KTRs for the three analysed time-
points (7.3% vs 0%, 34.5% vs 0%, and 43.8% vs 9.1% at
50, 100 and 150 days for KTRs and HD patients, respec-
tively, P=0.02) (Fig. 4B). There was no correlation on
multivariable analysis between severe COVID-19 or death
and baseline characteristics.

Factors associated with risk of infection and clinical
outcomes

There was a significant increased risk for hospital admis-
sion in the multivariable linear regression model for
KTRs in comparison to HD patients both for the unad-
justed model (HR 3.37 [95% CI 1.21-10.10], p=0.03)
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Fig.2 Cumulative incidence of COVID-19 after vaccination (total
population). A Cumulative incidence of COVID-19 after vaccination
for kidney transplant and dialysis patients. B, Cumulative incidence
of hospital admissions for COVID-19 infection in kidney transplant

and the adjusted one for increased age and male sex (HR
4.75,[95% CI 1.23-18.35], p=0.02). The second model
of sex, age, dialysis or transplant vintage, history of
hypertension, coronary artery disease, and smoking habit
did not correlate with the risk of SARS-CoV-2 infection
(p =0.25) and the number of events was too small to per-
form any further analysis (Table 2).
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and dialysis patients; C Cumulative incidence of severe COVID-19
or death in vaccinated kidney transplant and dialysis patients. Time is
calculated since vaccine protection (4 14 days after the second dose).
KTR, Kidney Transplant Recipients. HD Haemodialysis

Discussion

Among the affected population during COVID-19 waves,
both KTRs and HD patients were the two groups with
higher susceptibility and poorer outcomes. Our results
show that there was a remarkable overall decline in the
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Number of COVID-19 cases by week for patients on dialysis, kidney recipients and general
population from Catalonia

Ch [ Dialysis
[ Transplantation
Il General population from Catalonia

Number of COVID-19 cases (per 1000 population)
i

Time (week)

Fig.3 Number of COVID-19 cases by week for patients on dialysis, kidney transplant recipients and general population from Catalonia (per

1000 population)

incidence of SARS-CoV-2 infection, both in kidney trans-
plant and haemodialysis patients who received two doses
of either mRNA vaccine, in comparison to the incidence
reported in the same population during the first wave of
COVID-19 in 2020 [2, 3, 23].

The reported data are in accordance with the published
reduced infection rates seen among the general population
[17, 24], with the peak incidence of cases in our KTR cohort
matching the peak number of cases reported in Catalonia
[22], whereas the HD population appears to have peaked
four weeks later, though we have not found a plausible
cause for this temporal shift>>. The main driving factor for
the observed decrease in infection is probably the wide-
spread vaccination process applied to all adult citizens in
Spain. However, the improved understanding of the dis-
ease’s behaviour, proper confinement, and personal sanitary
measures may have also lowered the incidence of the disease
despite the vaccines’ lessened capacity to eradicate infec-
tions among the exposed vaccinated general population since
the dawn of new SARS-CoV-2 variants [18, 20].

We observed a tendency towards a higher incidence of
COVID-19 in HD patients than in KTRs, albeit not a sig-
nificant one. This may be due to the capacity of KTRs to
adopt proper confinement and isolation measures while HD
patients can not because of their every-other-day contact
with the healthcare system and use of public transportation.

Moreover, there can be a bias regarding the detection of a
higher number of cases in HD patients because of the routine
monthly SARS-CoV-2 RT-PCR screening performed in our
centres, which may have increased the COVID-19 diagno-
sis at the expense of asymptomatic cases [23]. In contrast,
the exact number of asymptomatic transplant recipients is
unknown, as, during the study period, they were only tested
with a nasopharyngeal swab RT-PCR test if they presented
compatible symptoms or had been in close contact with an
infected individual.

Even though a lower infection rate remains an impor-
tant outcome, physicians and health authorities believe
that the real success of vaccination lies in obtaining a
reduction in significant clinical outcomes such as fewer
and shorter hospital admissions, as well as less severe
cases with fewer ICU admissions and lower mortality
associated with COVID-19. The results obtained in our
study show an overall improvement in all these clinical
outcomes in comparison to infected individuals, from
the same population cohort, during the first wave of the
pandemic [2, 3]; however, these improved outcomes were
mainly driven by results seen in HD patients, despite them
being significantly older, predominantly male, and with
more comorbidities than their transplanted counterparts.
The vaccinated HD patients who required hospital admis-
sion for COVID-19 made up only 22.2%, with only one
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Fig.4 Cumulative incidence for hospital admission and severe
COVID-19 (infected population). A Cumulative incidence for
COVID-19 admission for kidney transplant and dialysis patients
with COVID-19 after vaccination. B Cumulative incidence for severe
COVID-19 or death for kidney transplant and dialysis patients after
vaccination. Time is calculated since vaccine protection (414 days
after the second dose). KTR kidney transplant recipients, HD haemo-
dialysis

case of severe disease (5.5%) and no deaths. In compari-
son, during the the first wave of the disease [2], 85% of
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infected HD patients were admitted, and 38% of them died.
Contrarily, KTRs continued to have a similarly high num-
ber of hospital admissions (59.1%) and mortality (9.1%)
in comparison with 2020 (79% and 6%, respectively) [3]
(Table 3). The observed difference could be secondary
to the previously seen disparity in the immune response
reported between these populations [9, 10]. All the pub-
lished data on the subject concur that larger proportions
of HD patients generate anti-S1-RBD IgG antibodies, and
they do it with higher titres than KTRs. The higher amount
of anti-S1-RBD IgG titres that are present in HD subjects
has probably prevented COVID-19-related complications
in this group of patients, as they are a surrogate for viral
neutralization capacity [25]. However, the length of anti-
body persistence remains uncertain and is perhaps less
than that of the general population, as we must consider
that they still have a reduced immune capacity because
of [4, 6], although not as reduced as in patients receiving
chronic immunosuppression. Moreover, we found that sex
and age were associated with an increased risk of hospital
admission but not of infection or death. Since our cohort
was not powered to find any predictors and the number of
events was low, no definitive conclusions can be derived
from this analysis.

Our study has some limitations. Firstly, it is a retro-
spective study and information about anti-S1-RBD IgG in
all patients after vaccination was not available. It would
have provided valuable data to determine whether protec-
tion comes from the mere presence or a specific titre of
antibodies. Also, the demographic data and comorbidities
of HD patients and KTRs are not homogeneous, and thus,
comparisons between these two groups should be taken
cautiously. Another difference between the two popula-
tions that has to be taken into account is the higher preva-
lence of vaccination with BNT162b2 in HD patients, while
almost all KTRs were vaccinated with mRNA-1273.

In conclusion, our results suggest that mRNA SARS-
CoV-2 vaccines confer close to complete protection from
severe COVID-19 episodes in HD patients, at least during
the four months following complete (two doses) mRNA
vaccination. The finding of numerous breakthrough severe
infections in KTRs claims for booster doses in this delicate
population. Nevertheless, more studies are needed to be
able to recommend more specific time frames for these
dosing schedules, or if more than three doses are required.
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Table 2 Multivariable regression analysis of potential associated factors with SARS-CoV-2 infection and COVID-19 severity in kidney trans-
plant recipients and haemodialysis patients

KTR vs HD SARS-CoV-2 infection P-value Hospital admission P-value Severe P-value
COVID-19
Unadjusted HR 1.30 [95% C10.74-2.30]  0.36 HR 3.37 [95% CI 1.21-10.10] 0.03 HR 4.58 0.39
[95% CI
0.58-35.70]
Adjusted Model 1 HR 1.19 [95% C10.63-2.26]  0.59 HR 4.75 [95% CI 1.23-18.35] 0.02 n.a
Adjusted Model 2 HR 1.50 [95% C10.76-2.98]  0.25 n.a n.a

Model 1 included as covariates: sex, age. Model 2 included as covariates: sex, age, dialysis or transplant vintage, diabetes, smoking habit, coro-
nary heart disease and hypertension. KTR, kidney transplant recipients; HD, haemodialysis; SARS-CoV-2, severe acute respiratory coronavirus
2; COVID-19, coronavirus disease 2019

Table 3 Number of detected

. . Haemodialysis patients Kidney transplant recipients
SARS-CoV-2 infection cases
and their clinical outcomes in Pre-vaccination Post-vaccina-  Pre-vaccination Post-vaccination (5th wave)
kidney transplant recipients and (1st wave) [2] tion (5th wave) (1st wave) [3]
haemodialysis patients before
and after complete mMRNA SARS-CoV-2 infection  34/372 (9%) 18/302 (6%) 33/1043 (3.2%) 44/1032 (4.3%)
vaccination Hospital admissions 29/34 (85.3%)  4/18 (22.2%)  26/33 (718.8%)  26/44 (59.1%)
Severe COVID-19 8/34 (23.5%) 1/18 (5.5%) 13/33 (39.4%) 11/44 (25%)
Deaths 13/34 (38.2%)  0/18 2/33 (6%) 4/44 (9.1%)
Acknowledgements This research did not receive any specific grant 4. Kato S, Chmielewski M, Honda H et al (2008) Aspects of
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