
Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and 

distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages  
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

Journal canadien de la santé et de la maladie rénale

https://doi.org/10.1177/20543581231160511

Canadian Journal of Kidney Health 
and Disease 
Volume 10: 1 –9
© The Author(s) 2023
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20543581231160511
journals.sagepub.com/home/cjk

COVID-19 Collection - Clinical Research Protocol

1160511 CJKXXX10.1177/20543581231160511Canadian Journal of Kidney Health and DiseaseYau et al
research-article20232023

Determining the Longitudinal Serologic 
Response to COVID-19 Vaccination in the 
Chronic Kidney Disease Population: A 
Clinical Research Protocol

Kevin Yau1,2* , Omosomi Enilama3*, Adeera Levin4,5,  
Marc G. Romney6, Joel Singer7, Peter Blake8,9, Jeffrey Perl2, 
Jerome A. Leis10, Robert Kozak11, Hubert Tsui11,  
Shelly Bolotin12,13, Vanessa Tran12,13, Christopher T. Chan14,  
Paul Tam15, Miten Dhruve16, Christopher Kandel17,  
Jose Estrada-Codecido1, Tyler Brown1, Aswani Siwakoti1,  
Kento T. Abe18,19, Queenie Hu19, Karen Colwill19,  
Anne-Claude Gingras18,19, Matthew J. Oliver1,8,  
and Michelle A. Hladunewich1,8

Abstract
Background: People living with chronic kidney disease (CKD) have been disproportionately affected by the coronavirus 
disease 2019 (COVID-19) pandemic, including higher rates of infection, hospitalization, and death. Data on responsiveness 
to COVID-19 vaccination strategies and immunogenicity are limited, yet required to inform vaccination strategies in this 
at-risk population.
Objective: The objective of this study is to characterize the longitudinal serologic response to COVID-19 vaccination.
Design: This is a prospective observational cohort study.
Setting: Participating outpatient kidney programs within Ontario and British Columbia.
Patients: Up to 2500 participants with CKD G3b-5D receiving COVID-19 vaccination, including participants receiving 
dialysis and kidney transplant recipients (CKD G1T-5T).
Measurements: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) IgG antibodies (anti-spike, anti-
receptor binding domain, anti-nucleocapsid) will be detected by ELISA (enzyme-linked immunosorbent assay) from serum 
or dried blood spot testing. In a subset of participants, neutralizing antibodies against novel variants of concern will be 
evaluated. Peripheral blood mononuclear cells will be collected for exploratory immune profiling of SARS-CoV-2 specific 
cellular immunity.
Methods: Participants will be recruited prior to or following any COVID-19 vaccine dose and have blood sampled for 
serological testing at multiple timepoints: 1, 3, 6, 9, and 12 months post vaccination. When possible, samples will be collected 
prior to a dose or booster. Participants will remain in the study for at least 1 year following their last COVID-19 vaccine 
dose.
Strengths and limitations: The adaptive design of this study allows for planned modification based on emerging evidence 
or rapid changes in public health policy surrounding vaccination. Limitations include incomplete earlier timepoints for blood 
collection due to rapid vaccination of the population.
Conclusions: This large multicenter serologic study of participants living with kidney disease will generate data on the 
kinetics of SARS-CoV-2 immune response to vaccination across the spectrum of CKD, providing insights into the amplitude 
and duration of immunity conferred by COVID-19 vaccination and allowing for characterization of factors associated with 
immune response. The results of this study may be used to inform immunization guidelines and public health recommendations 
for the 4 million Canadians living with CKD.
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Abrégé 
Contexte: Les personnes atteintes d’insuffisance rénale chronique (IRC) ont été touchées de façon disproportionnée par 
la pandémie de COVID-19 ayant notamment présenté des taux plus élevés d’infection, d’hospitalisation et de décès. Les 
données sur la réactivité aux stratégies de vaccination de la COVID-19 et à l’immunogénicité sont limitées, mais elles sont 
nécessaires pour développer des stratégies de vaccination dans cette population à risque.
Objectif: Caractériser la réponse sérologique longitudinale à la vaccination contre la COVID-19.
Conception: Étude de cohorte observationnelle prospective.
Cadre: Les programmes ambulatoires de santé rénale participants en Ontario et en Colombie-Britannique.
Sujets: Jusqu’à 2 500 personnes atteintes d’IRC G3B-5D recevant un vaccin contre la COVID-19, y compris des patients 
suivant des traitements de dialyse et des receveurs d’une greffe rénale (IRC G1T-5T).
Mesures: Les anticorps IgG anti-SARS-CoV-2 (anti-spike, anti-domaine de liaison au récepteur, anti-nucléocapside) seront 
détectés par ELISA à partir du sérum ou de taches de sang séché. Un sous-groupe de sujets participera également à l’évaluation 
d’anticorps neutralisants dirigés contre les nouveaux variants préoccupants. Des cellules mononuclées de sang périphérique 
seront prélevées pour établir un profil immunitaire exploratoire de l’immunité cellulaire spécifique au SARS-CoV-2.
Méthodologie: Les sujets seront recrutés avant ou après toute dose du vaccin contre la COVID-19 et se soumettront 
à des prélèvements sanguins pour les tests sérologiques à 1, 3, 6, 9 et 12 mois post-vaccination. Lorsque possible, des 
échantillons seront prélevés avant l’administration d’une dose ou d’un rappel. Les sujets demeureront dans l’étude pendant 
au moins un an après leur dernière dose de vaccin contre la COVID-19.
Points forts et limites: La conception adaptative de l’étude permet d’apporter des modifications planifiées fondées sur de 
nouvelles données ou des changements rapides dans les politiques de santé publique entourant la vaccination. Les résultats 
sont limités par l’absence de certains prélèvements sanguins antérieurs (point temporels) en raison de la vaccination rapide 
de la population.
Conclusion: Cette vaste étude sérologique multicentrique menée auprès de personnes atteintes de néphropathie fournira 
des données sur la cinétique de la réponse immunitaire à la vaccination contre le SARS-CoV-2 dans l’ensemble du spectre 
de l’IRC. Elle fournira des informations sur l’amplitude et la durée de l’immunité conférée par la vaccination contre la 
COVID-19 et permettra de caractériser les facteurs associés à la réponse immunitaire. Ces résultats serviront à orienter les 
recommandations de santé publique et les lignes directrices en matière d’immunisation pour les quatre millions de Canadiens 
et Canadiennes qui vivent avec l’IRC.
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Introduction

The novel severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), which causes coronavirus disease 2019 
(COVID-19), has resulted in a devastating global pandemic. 
Chronic kidney disease (CKD), which affects more than 
10% of Canadians,1 is a major risk factor for severe disease 
and mortality in patients infected with COVID-19.2,3 
Furthermore, individuals who receive in-center hemodialysis 
are at increased risk for exposure to SARS-CoV-2.4

Fortunately, vaccines against SARS-CoV-2 have been 
developed at an unprecedented speed and are now being fur-
ther tailored given the emergence of novel variants of con-
cern which have led to high rates of breakthrough infections, 
including the development of bivalent vaccines targeting the 
B.1.1.529 (Omicron) subvariants.5-7 However, in the CKD 
population, multiple factors such as uremia, chronic inflam-
mation, malnutrition, endothelial cell dysfunction, and 
immunosuppressive medication contribute to humoral and 
cellular dysfunction. Thus, after immunization, individuals 
with CKD typically have lower rates of seroconversion, 
lower antibody titers, and accelerated waning of immunity in 
comparison with the general population.8

To evaluate the immune response related to COVID-19 
vaccination, we are conducting a longitudinal multicenter 
study focused on individuals with CKD across the spectrum 
of kidney function and modalities, including recipients of 
kidney transplants and those undergoing dialysis therapies in 
Ontario and British Columbia. This large cohort will be 
essential to strengthen our understanding of the immune 
response to COVID-19 vaccination in this population. The 
results of this study will provide critical information regard-
ing longitudinal immune response following COVID-19 
vaccination in the CKD population and explore factors asso-
ciated with immunogenicity. As such, this work will inform 
the current and future care of people with CKD in Canada 
and may inform policy changes at the provincial and/or 
national level.

Methods

General Design

This is a prospective observational cohort study involving 
individuals with CKD G3b-5D and kidney transplant recip-
ients (CKD G1T-5T) who have received or plan to receive 
a COVID-19 vaccine. This study aims to recruit up to 2500 
participants with a glomerular filtration rate (GFR) of less 
than 45 mL/min/1.73m2, including those receiving dialysis 
and kidney transplant recipients. Participants will remain 
in the study for 1 year following their last COVID-19 vac-
cine dose and will have repeated serologic measurements. 
The study protocol will be revised based on the emergence 
of variants of concern and availability of additional vac-
cine doses. Demographics, comorbidities, medications, 

laboratory values, and prior hospital admissions will be 
obtained from the Ontario Renal Reporting System (ORRS) 
and the PROMIS database in British Columbia, and supple-
mented with electronic patient records. Serious adverse 
events related to the COVID-19 vaccination will be tracked 
by the Ontario Renal Network and British Columbia Renal 
Agency. COVID-19 infections will be tracked based on prior 
confirmed infections in provincial tracking systems, self-
reported rapid antigen testing, or anti-nucleocapsid antibody 
seroconversion.

Study Objectives

The primary objectives of this study are to determine the lon-
gitudinal serologic response to vaccination in the CKD pop-
ulation through quantitative measurement of SARS-CoV-2 
anti-spike, receptor binding domain (anti-RBD) and anti-
nucleocapsid IgG antibodies and to monitor for adverse 
events related to vaccination. The secondary objective of this 
study is to perform exploratory immune profiling of humoral 
and cellular immunity in an enriched subset of the study pop-
ulation, including poor serologic responders, those with rap-
idly waning immunity, and those who contract COVID-19.

Participant Selection

Participants will be recruited from participating kidney pro-
grams within British Columbia and Ontario, consented when 
they are offered the COVID-19 vaccine, at routine visits, or 
through mailouts and phone calls.

Inclusion Criteria

Each participant must meet all of the following inclusion cri-
teria to participate in this study: age ≥18 at study enrolment, 
G3b-5D CKD defined as GFR of less than 45 mL/min/1.73m2, 
or be a kidney transplant recipient, or on immunosuppressive 
treatment, and receiving the BNT162b2 COVID-19 vaccine 
(Pfizer-BioNTech), mRNA-1273 COVID-19 vaccine 
(Moderna), or ChAdOx1 nCoV-19 vaccine (Oxford-
AstraZeneca). Of note, no participants received the Ad26.
COV2.S vaccine (Johnson & Johnson).

Exclusion Criteria

The CKD participants declining COVID-19 vaccination or 
unable to provide informed consent due to cognitive impair-
ment or a language barrier if a translator is unavailable were 
excluded.

Study Endpoints

The primary endpoints of this study are the SARS CoV-2 
full-length spike protein (anti-spike), its anti-RBD, and 
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anti-nucleocapsid IgG binding antibodies measured serially 
for up to 12 months following the most recent vaccine dose.

Secondary endpoints include viral neutralization against 
SARS-CoV-2 variants of concern and SARS-CoV-2-specific 
cellular immunity measured through a panel of cytokines 
and cytotoxic molecules.

Study Schedule and Procedures

Consented participants will have samples drawn for sero-
logic studies prior to each vaccine dose, and 1, 3, 6, 9, and 12 
months following the most recent vaccine dose (Figure 1). 
Booster doses may include the bivalent mRNA-1273 origi-
nal and Omicron B.1.1.529 BA.1 COVID-19 vaccine 
(Moderna) and bivalent BNT162b2 original and Omicron 
BA.4/BA.5 (Pfizer-BioNTech). All participants will remain 
in the study until at least 12 months after their last vaccine 
dose/booster. Details regarding COVID-19 infections will be 
recorded throughout the study.

For participants receiving hemodialysis, serum samples 
will be drawn pre-dialysis. Those receiving home hemodi-
alysis will either collect their own serum samples or have 
their samples collected by a dialysis nurse at the home 
dialysis unit. Dried blood spot (DBS) sampling allows par-
ticipants to participate in the study without in-person vis-
its. For feasibility, participants receiving peritoneal 
dialysis, kidney transplant recipients, and participants with 
non-dialysis CKD may have samples collected through 
DBS testing and/or serum sampling at the discretion of the 
Site Investigator. A 14-day window (14 days prior to or 14 
days after a timepoint) will be allowed for sample collec-
tion; otherwise, collection will occur at the next scheduled 
timepoint.

A subset of the study participants will be selected for 
exploratory cellular immune profiling based on their 
humoral response to enrich for individuals with varying 
levels of SARS-CoV-2 anti-spike or anti-RBD antibodies, 
including those who fail to seroconvert following vaccina-
tion and those who contract COVID-19. For these partici-
pants, in addition to serum or DBS, peripheral blood 
samples will be collected for peripheral blood mononu-
clear cells (PBMCs) processing prior to a vaccine dose, 
then at 1, 3, and 6 months post vaccination. When partici-
pants in this subset receive an additional dose, both the 
serum and PBMC blood sample collection schedule will be 
reset to the first timepoint.

SARS-CoV-2 Binding Antibody Testing

Anti-SARS-CoV-2 IgG against anti-spike and anti-RBD 
are binding antibodies measured to determine the humoral 
response to COVID-19 vaccination. The RBD allows for 
SARS-CoV-2 to enter human cells by binding to the 
angiotensin-converting enzyme 2 (ACE2) receptor. Spike 

protein and RBD antibodies prevent SARS-CoV-2 from 
interacting with the ACE2 receptor resulting in viral neu-
tralization. Conversely, the nucleocapsid protein is not tar-
geted by available vaccines and therefore measuring 
anti-nucleocapsid antibodies can identify prior COVID-19 
infection.

Serum and DBS sampling collection and storage. For serum, 
5-mL samples will be collected in a serum separator tube and 
allowed to clot for 30 minutes and centrifuged for 10 minutes 
at 3000 × g at room temperature. Aliquots are made in 4 
small –80°C stable microtubes each with a volume of 300 
µL. DBS will be collected by placing a few drops of blood on 
Whatman 903 cards using a blade lancet for fingerpick punc-
ture (Figure 2). Participants will be provided with an instruc-
tion sheet on how to complete DBS, which includes a link to 
an instructional video. Once the DBS cards are dry, they will 
be placed individually in sealable bags, along with a desic-
cant pouch. The cards can be stored and transported at ambi-
ent temperature to centralized laboratories through regular 
mail services. On reception in the laboratory, the cards will 
be placed at 4°C for short-term storage or frozen (at –80°C) 
for long-term storage. Cards will be brought to room tem-
perature before the packages are opened, and a portion of the 
spot (2 × 3 mm) will be placed directly into a 96-well plate 
with a semi-automated hole puncher. Antibodies will be 
eluted from the punches by the addition of PBS-Tween with 
1% Triton-X100, and incubated at room temperature with 
shaking for ≥ 4 hours.9

Sample testing. SARS-CoV-2 enzyme-linked immunosor-
bent assay (ELISA) testing will be performed on DBS and 
serum samples on a robotic platform to quantitatively mea-
sure the anti-nucleocapsid, anti-spike, and anti-RBD total 
IgG antibodies present in the samples.9 Levels of antibodies 
to each of the antigens (produced by the National Research 
Council of Canada) will be normalized to reference stan-
dards included on each plate and expressed as relative ratios 
or World Health Organization International Standard units 
(BAU/mL).

In a subset of participants, a spiked-pseudotyped lentivi-
ral neutralization assay will be performed to detect neutral-
ization against the wild-type (D614G) SARS-CoV-2 and 
novel variants of concern.10 Cellular immune responses, 
including T-cell immunity, also play a key role in viral clear-
ance and will be evaluated through PBMC collection at pre-
specified time points using the LEGENDplex multiplex bead 
assay (BioLegend) and flow cytometry from selected partici-
pants.11,12 Cytokines and cytotoxic molecules will be mea-
sured including IL-2, 4, 10, 17, IFN-γ, TNF, Granzyme A, B, 
Perforin, and sFASL.13,14 Further details regarding the 
spiked-pseudotyped lentiviral neutralization assay and cel-
lular immunity testing are available in the Supplementary 
Material.
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Figure 2. Analysis of DBS samples.
Note. DBS may be used as an alternative to serum sampling for convenience. Using a spring-loaded lancet provided in the test kit, drops of blood from a 
finger prick are placed onto the DBS filter paper card. The DBS is then sealed, packaged, labeled, and shipped to an analytical lab, where it is processed, 
eluted, and analyzed by ELISA for the presence of anti-SARS-CoV-2 IgG antibodies. DBS = dried blood spot; ELISA = enzyme-linked immunosorbent 
assay; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.

Figure 1. Sample collection schedule for study participants in relation to time from COVID-19 vaccination.
Note. When participants receive an additional vaccine dose or booster, the collection schedule will reset and begin again at the 1-month post dose/
booster timepoint. The thin tube represents serum collection, the thick tube represents peripheral blood mononuclear cell collection, and the hand 
represents blood collection through dried blood spot kits. Samples will be analyzed for quantitative SARS-CoV-2 anti-spike, anti-receptor binding domain, 
and anti-nucleocapsid antibodies. SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; CKD = chronic kidney disease.
aCollection for a subset of participants.
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Sample Size Considerations

Given that SARS-CoV-2 antibody levels and their variance 
in the study population were unknown at the beginning of the 
study, sample size calculation was not performed based on 
the study outcomes. Based on feasibility of recruitment and 
the aim of examining risk factors associated with immune 
response, the target sample size is 2500 participants, includ-
ing a pre-specification of aiming for greater than 1000 par-
ticipants receiving in-center hemodialysis and 500 
participants with non-dialysis CKD. This sample size was 
determined based on the rule of 10 observations per param-
eter estimate in a multivariable model, allowing evaluation 
of up to 25 potential risk factors were determined a priori. 
The final number of covariates will be adjusted based on 
achieved sample size, with backward selection based on the 
effect sizes.

Statistical Analysis Plan

Antibody levels will be described using parametric or non-
parametric summary measures as appropriate. Longitudinal 
antibody levels will be modeled using mixed effect models 
to account for repeated measures. Analyses will be per-
formed using the R Statistical Program (version 4.1.0). A 
priori risk groups to be explored are age, sex, ethnicity, resi-
dence, kidney function, dialysis modality, and use of immu-
nosuppression. The results of these subgroups will be 
reported separately, and interactions between these groups 
and antibody response will be investigated. Continuous 
adverse events will be summarized using means (standard 
deviations) or medians (25th, 75th percentiles) as appropri-
ate. Categorical events will be summarized as percentages. 
Figures were created using Biorender.com.

Discussion

This protocol outlines an ambitious observational study to 
assess the immune response to COVID-19 vaccination in a 
diverse group of CKD populations, in 2 large Canadian prov-
inces. Recruitment to this study has been completed with 
2236 participants consenting to participate. Among consent-
ing participants, 1022 are receiving in-center hemodialysis, 
64 are receiving home hemodialysis, 143 are receiving peri-
toneal dialysis, 245 are kidney transplant recipients, 647 
have G3b-5ND CKD, and 115 are healthy controls.

Knowledge Translation Plan

A knowledge translation (KT) strategy will be facilitated by 
the Can-SOLVE CKD Network (www.cansolveckd.ca) to 
inform research, generate awareness, and influence policy 
change based on the aims and results of this study.15 The 
short-term goal of the KT plan is to increase understanding 
of both serology testing and antibody response to COVID-19 

vaccines in people with CKD. The long-term goal is to 
inform best practices and policies for maximal COVID-19 
vaccine effectiveness in individuals living with CKD based 
on the initial vaccine types (heterologous vs homologous 
COVID-19 boosting), active treatments (ie, dialysis vs 
immunosuppressive drugs), and comorbidities. Working 
closely with patient partners, Can-SOLVE has created FAQ 
sheets, diagrams, and patient facing handouts on serology 
and antibody testing. These materials highlight how serology 
testing differs from PCR tests, how to understand serology 
test results, and how antibody levels may correlate with pro-
tection against SARS-CoV-2 (Supplementary Material). 
Study participants will receive their individual results as they 
become available. The research project teams will hold 
webinars and present at conferences about the aims of the 
study, preliminary findings, progress updates, and the final 
results of this study. A survey to assess patient understanding 
and knowledge of vaccination will be sent to participants 
enrolled in the study.

Strengths and Limitations

This open observational cohort has several strengths. First, 
this collaborative multicenter study with a large sample size 
will be able to describe the heterogeneity in serologic response 
in the CKD population and allow for assessment of important 
factors associated with the immune response against COVID-
19. Second, the assays used in this study are quantitative, 
standardized, and have been deployed in more than 40 other 
clinical studies, which allows for comparison of results to 
other cohorts being studied by the Canadian COVID-19 
Immunity Task Force. Third, a subset will undergo evaluation 
for cellular immunity which will fill a key gap in current stud-
ies, as research has primarily focused on humoral response. 
Finally, due to rapidly changing evidence, emergence of 
novel SARS-CoV-2 variants of concern, and public health 
recommendations, the protocol for this study is continuously 
being amended including the inclusion criteria, intervention, 
and methods (Table 1). Standard operating procedures on 
recruitment, labeling of blood samples, and data management 
will change dynamically as required.

A limitation of this study is that not all participants will 
have serology collected at earlier or all timepoints given the 
rapid pace of vaccination. The adaptive nature of the study 
can be challenging to navigate in a multicenter study across 
2 provinces that have variations in public health recommen-
dations, COVID-19 PCR testing intensity, lockdowns, out-
breaks, and COVID-19 vaccine schedules and strategies. 
However, this will not detract from the primary objective of 
understanding immunity in this population over at least a 
1-year period. Second, for feasibility, a portion of partici-
pants will have DBS testing rather than serum samples. DBS 
assays have demonstrated strong correlation with serum 
measurements and have been deployed in other large cohort 

www.cansolveckd.ca
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studies in COVID-19, but do not allow for assessment of 
viral neutralization or cellular immunity. Third, given the 
labor-intensive nature of evaluating cellular immunity, this 
will only be performed in a small subset of the participants, 
but attempts will be made to enrich the population selected 
for this testing for groups of interest including poor serologic 
responders.

Given the evolving nature of the COVID-19 pandemic 
with respect to access to services, non-pharmaceutical inter-
ventions, emergence of variants of concern, and vaccination 
policies and practices, there has been a need to adapt and 
modify the study protocols, while maintaining the longitudi-
nal nature originally intended.

Study Progress

This observational study has already discovered practice-
changing findings, including low seroconversion following a 
single dose of BNT162b216 and higher immunogenicity with 
the mRNA-1273 vaccine in comparison to BNT162b2 
among individuals receiving maintenance hemodialysiss.17 
During the course of this study, the Canadian National 
Advisory Committee on Immunization recommended a third 
dose of a COVID-19 vaccine as part of an extended primary 
series for individuals who are moderately to severely immu-
nocompromised due to concerns regarding waning immunity 
and evolving variants of concern. Building on our findings of 
differences in immunogenicity by vaccine type, we have 
undertaken a randomized controlled trial in participants with 
CKD evaluating the immunogenicity of mRNA-1273 vs 
BNT162b2 third-dose mRNA COVID-19 vaccination 
(NCT05022329). In addition, there is concern that despite 
multiple vaccine doses, kidney transplant recipients remain 
vulnerable to severe COVID-19. In a cohort of kidney trans-
plant recipients undergoing neutralizing antibody testing, we 
found an improved immune response to the third mRNA vac-
cine dose; however, more than 50% of kidney transplant 
recipients lacked an Omicron (BA.1)-specific response even 
after receiving the third dose.10

Ongoing Challenges and Future Directions

Despite the progress to date, much work lies ahead as the con-
tinuous mutation of SARS-CoV-2 and our response to the pan-
demic leave important questions unanswered. While much of 
the focus in individuals with kidney disease has been on the 
in-center hemodialysis population, less work has examined 
patients receiving peritoneal dialysis and the non-dialysis 
CKD population. Differing levels of natural immunity from 
prior infections and use of different vaccine combinations 
have resulted in a heterogeneous humoral response in indi-
viduals with CKD, and there are insufficient data available on 
long-term antibody kinetics following COVID-19 vaccination 
in people with advanced kidney disease.

An ongoing challenge for individuals with CKD (and 
indeed the broader population) is the correlation between 
measurements of antibodies and clinical outcomes. While 
neutralizing antibody levels are known to correlate with 
COVID-19 disease severity,18,19 this relationship has not 
been as robustly evaluated during the period in which 
Omicron has been the dominant variant of concern. In addi-
tion, the safety and effectiveness of newer bivalent vaccines 
against the Omicron sublineages (BA.1, BA.2, BA.5, BQ.1, 
XBB) have yet to be studied in people with CKD. 
Furthermore, limited studies have correlated the humoral 
response with the cellular response, and work with PBMCs 
will be essential in addressing this knowledge gap. Given the 
likelihood of ongoing COVID-19 vaccine doses in the future 
in people with CKD, serologic studies will be essential in 
informing the need, timing, and effectiveness of additional 
booster doses.

Conclusion

In summary, we describe a prospective observational sero-
logic study of participants in Ontario and British Columbia 
with CKD G3b to 5D who have received COVID-19 vaccines 
at variable intervals, with homologous and heterologous vac-
cine types, which will provide longitudinal data on the 

Table 1. Protocol Modifications to the Study From Conception.

Original protocol (March 18, 2021) Current protocol (September 30, 2022)

Participants (inclusion 
criteria)

Individuals with chronic kidney disease 
G3b, 4, and 5, including those receiving 
dialysis, who intend to or have already 
received at least 1 dose of a COVID-19 
vaccine

Individuals with chronic kidney disease G3b, 4, and 5, including 
those receiving dialysis or kidney transplant recipients who 
intend to or have already received at least 1 dose or booster 
of a COVID-19 vaccine

Intervention Two-dose primary vaccine series Extended 3-dose primary vaccine series and booster(s), including 
bivalent vaccines

Methods (study 
schedule)

Blood sample collection timepoints are  
pre-dose, between doses 1 and 2, then 
1, 3, 6, and 12-months post dose 2 
(with additional collections at 2, 4, and 
5 months for participants receiving 
hemodialysis)

Blood sample collection timepoints are prior to a dose or 
booster, then 1, 3, 6, 9, and 12 months post dose or booster. 
With each new dose or booster, sample collection resets to 
the 1-month post timepoint. Additional neutralizing antibody 
testing against novel variants of concern, including Beta, Delta, 
Omicron (BA.1, BA.5, BQ.1.1, XBB) was added
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SARS-CoV-2 antibody response. A subset of the enrolled 
cohort will undergo detailed neutralizing antibody and cellu-
lar immune profiling. This study will provide insight into the 
immune response to COVID-19 vaccination and systemati-
cally assess risk factors associated with differential amplitude 
or longevity of response, complementing ongoing epidemio-
logic studies. Ultimately, we aim to guide public health policy 
regarding vaccination strategies during the ongoing COVID-
19 pandemic to inform care of people with kidney disease in 
Canada.
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