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Coronavirus disease 2019 (COVID-19) is associated with severe
morbidity and mortality in patients with chronic kidney disease
(CKD), on dialysis and kidney transplant recipients [1, 2].
Although effective COVID-19 vaccination would lead to great
clinical benefit, most studies with the presently available vaccines
have excluded the aforementioned patients. The resulting lack of
data is a problem, because vaccine efficacy is known to be con-
siderably lower in patients with CKD and renal replacement
therapy [3]. Recent reports have suggested that only a minority
of kidney transplant recipients developed anti-severe acute respi-
ratory syndrome corona virus 2 (SARS-CoV-2) antibodies after
messenger RNA (mRNA) COVID-19 vaccination [4, 5].

The REnal Patients COVID-19 VACcination Immune
Response (RECOVAC IR) study (ClinicalTrials.gov
NCT04741386) aims to assess the immunogenicity and safety
of COVID-19 vaccination in these specific patient groups up to
12 months post-vaccination (Figure 1). This prospective,

controlled, multicenter study includes four different cohorts:
(A) 175 patients with CKD Stages 4/5 (CKD4/5) (estimated glo-
merular filtration rate <30 mL/min/1.73 m2), (B) 175 patients
on dialysis, (C) 300 kidney transplant recipients and (D) 200
controls (family or household members) in four university
medical centres across The Netherlands. Included are people
>18 years of age without previously known COVID-19, active
malignancy or immune deficiency (Supplementary data, Table
S1). Participants receive two doses of the mRNA-1273 COVID-
19 vaccine (Moderna Biotech Spain, S.L.) with a 28-day
interval.

The primary endpoint is the SARS-CoV-2 spike S1-specific
immunoglobulin G (IgG) antibody concentration on day 28 af-
ter the second vaccination, measured by a validated fluorescent
bead-based multiplex immunoassay [6]. Classification as res-
ponders or non-responders is based on seroconversion. The
threshold for seropositivity based on receiver operating
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characteristics curve analysis was set at 1.04 AU/mL or 10.08
binding antibody units (BAU)/mL according to the recently
adopted National Institute for Biological Standards and
Control/World Health Organization COVID-19 reference se-
rum 20/136 in individuals without measurable anti-S antibodies
at baseline [7]. The percentages of responders in cohorts A–C
are compared with cohort D as well as quantitative levels within
and between cohorts to define groups that respond suboptimal
to vaccination. Individuals who appear seropositive at baseline
will be analysed separately.

Secondary endpoints are antibody longevity up to 1 year
post-vaccination and SARS-CoV-2-specific T and B cell
responses. Neutralizing capacity of SARS-CoV-2-specific anti-
bodies is determined by a plaque reduction neutralization as-
say in a subgroup of participants, guided by S1-specific IgG
level outcome [8]. SARS-CoV-2-specific T cell response is
measured by an interferon c (IFN-c) release assay (IGRA) on
freshly collected whole blood and IFN-c enzyme-linked immu-
nosorbent spot assay (ELISpot) on cryopreserved peripheral
blood mononuclear cells (PBMCs; Mabtech IFN-c antibody
pairs with alkaline phosphatase development). Results are
expressed as IU IFN-c per millilitre plasma (IGRA) or the
number of IFN-c-producing SARS-CoV-2-specific T cells per
million PBMCs. Any spot above the median control is consid-
ered positive. The number and phenotype of SARS-CoV-2-
specific T cells will be studied by flow cytometry with human
leucocyte antigen (HLA) class I tetramers, as previously de-
scribed [9, 10]. In-depth flow cytometric analyses for func-
tional and phenotypic characterization of SARS-CoV-2-

specific CD4þ and CD8þ T cell responses will be performed in
a subset of patients by staining for typical phenotypic markers
in combination with the assessment of activation-induced
markers (AIMs) and cytokine production after specific stimu-
lation with overlapping peptide pools from the complete
SARS-CoV-2 protein divided over two subpools (S1 and S2)
[11, 12]. SARS-CoV-2-specific B cells will be enumerated
and phenotyped by flow cytometry as previously published
[13]. The frequency of SARS-CoV-2-specific memory B cells
will be determined by ELISpot [14]. Infection with SARS-
CoV-2 occurs via the mucosal surface of the respiratory
tract. To understand if and how antibody concentrations in
serum correlate with those on the mucosal surface [15], na-
sal mucosal lining fluid is collected by non-invasive sam-
pling (nasosorption) in a subset of patients. Induction,
persistence and neutralizing capacity of mucosal antibodies
against SARS-CoV-2 will be assessed and correlated to
immune responses in the blood.

Solicited local and systemic adverse events are reported
over 7 days after each vaccination (Supplementary data,
Questionnaire S1). The incidence and severity of COVID-19
is monitored for 1 year. The number of participants who
underwent diagnostic testing and the number and results of
the tests are reported, as well as information about disease se-
verity for participants with a positive test (Supplementary
data, Questionnaire S2). In immunized patients, anti-HLA
antibodies will be measured after vaccination.

Sample size calculation is based on the primary endpoint: in-
duction and levels of SARS-CoV-2-specific antibodies. Based

FIGURE 1: Four cohorts of study participants attend five study visits. At Visit 1 (V1) and V2, participants receive the mRNA-1273 COVID-19
vaccine (Moderna). SARS-CoV-2 spike S1 antibodies are measured at all time points, including baseline. The primary endpoint is the antibody
response at V3. Secondary endpoints are SARS-CoV-2 neutralizing antibodies and specific T and B cell responses measured at V3–5 and
SARS-CoV-2-specific nasal mucosal antibodies measured at all time points. Safety is monitored by questionnaires to register solicited adverse
events during 7 days after every vaccination. In immunized patients, anti-HLA antibodies are monitored after vaccination. SARS-CoV-2 infec-
tion incidence and disease outcome from the first vaccination to the end of the study are exploratory endpoints. Visit 1, first vaccination; Visit
2, second vaccination; PRNT, plaque reduction neutralization assay; IL-21, interleukin-21; HLA, human leucocyte antigen.
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on published data, we expect a vaccine efficacy of 90% serocon-
version in controls, while we assume a lower efficacy rate of
80% in both CKD4/5 and dialysis patients and of 65% in kidney
transplant recipients, due to use of immunosuppressive medica-
tion and impaired kidney function. With a non-inferiority limit
of 20%, an a of 0.05 and a b of 0.2, 155 participants in the
CKD4/5 and dialysis groups and 172 kidney transplant recipi-
ents are required. Assuming a dropout rate of ~10%, we include
200 participants in the control cohort and 175 participants in
the CKD4/5 and dialysis cohorts each. To allow analyses of the
effects of time after transplantation and type of immunosup-
pressive medication, the number of kidney transplant recipients
is expanded to 300.

As mRNA vaccines lead to endogenous antigen production
and presentation, they are expected to induce balanced immune
responses. Previous trials showed that mRNA-1273 vaccination
leads to neutralizing antibody responses and induction of
S-specific T cells. However, the exact correlates of protection
against COVID-19 are still unknown. Moreover, larger-scale
and long-term measurements of both humoural and cellular
immune responses to COVID-19 vaccination have not yet been
performed in kidney disease patients.

Harmonization of methodology is crucial to enable the inter-
national scientific community to compare the efficacy of differ-
ent SARS-CoV-2 vaccines. We hope that our study design can
serve as a reference and model for other studies in specific risk
populations.

To study the ‘correlate of protection’ of kidney disease
patients after COVID-19 vaccination, as reflected by
SARS-CoV-2 infection incidence and severity, additional large
population-based studies are needed. Such studies should dis-
close which immunological test provides the best surrogate for
protection against the presently most abundant variant and
different variants of SARS-CoV-2.

In conclusion, the results of the RECOVAC-IR study will
reveal whether CKD patients, those on dialysis and kidney
transplant recipients can be adequately protected against
COVID-19 by vaccination, or whether other measures, like
booster vaccinations, are required.
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