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P atients with end-stage kidney disease who are receiving 
maintenance hemodialysis (HD) are at increased risk for 
severe COVID-19, with mortality rates ranging from 9% to 

28%.1,2 Highly effective vaccines have been developed against 
SARS-CoV-2, with 94.1%–95% efficacy in reducing the risk of severe 
COVID-19 (D614G strain) as confirmed by 2 large randomized con-
trolled trials; however, these studies included limited numbers of 
patients with kidney disease.3,4 Humoral response to vaccination 
appears to be heterogeneous in dialysis patients in comparison 

with the general population, and a review of 35 studies involving 
dialysis patients found that in the 1-month period after 2-dose vac-
cination, seroconversion rates ranged from 70% to 96%.5

The BNT162b2 (Pfizer BioNTech) and mRNA-1273 (Moderna) 
SARS-CoV-2 vaccines are both lipid nanoparticle-encapsulated, 
nucleoside-modified mRNA encoding for the full-length SARS-
CoV-2 spike protein stabilized in its prefusion conformation. The 
BNT162b2 vaccine is administered as a 30 μg dose 21 days apart 
and mRNA-1273 is administered as a 100 μg dose 28 days apart.3,4 

Research

Differences in mRNA-1273 (Moderna) and 
BNT162b2 (Pfizer-BioNTech) SARS-CoV-2 
vaccine immunogenicity among patients 
undergoing dialysis
Kevin Yau MD, Christopher T. Chan MD, Kento T. Abe BSc, Yidi Jiang MSc, Mohammad Atiquzzaman PhD,  
Sarah I. Mullin BSc, Ellen Shadowitz, Lisa Liu, Ema Kostadinovic, Tatjana Sukovic BSc, Anny Gonzalez BSc,  
Margaret E. McGrath-Chong BScN, Matthew J. Oliver MD MHS, Jeffrey Perl MD SM, Jerome A. Leis MD MSc, 
Shelly Bolotin MSc PhD MScPH, Vanessa Tran PhD, Adeera Levin MD, Peter G. Blake MB MSc,  
Karen Colwill PhD, Anne-Claude Gingras PhD, Michelle A. Hladunewich MD MSc

n Cite as: CMAJ 2022 February 28;194:E297-305. doi: 10.1503/cmaj.211881; early-released February 3, 2022

Abstract
Background: Differences in immuno-
genicity between mRNA SARS-CoV-2 
vaccines have not been well character-
ized in patients undergoing dialysis. We 
compared the serologic response in 
patients undergoing maintenance 
hemodialysis after vaccination against 
SARS-CoV-2 with BNT162b2 (Pfizer-
BioNTech) and mRNA-1273 (Moderna).

Methods: We conducted a prospective 
observational cohort study at 2 academic 
centres in Toronto, Canada, from Feb. 2, 
2021, to July  20, 2021, which included 
129 and 95  patients who received the 
BNT162b2 and mRNA-1273 SARS-CoV-2 
vaccines, respectively. We measured SARS-
CoV-2 immunoglobulin G antibodies to the 
spike protein (anti-spike), receptor binding 
domain (anti-RBD) and nucleocapsid pro-

tein (anti-NP) at 6–7 and 12 weeks after 
the second dose of vaccine and com-
pared those levels with the median con-
valescent serum antibody levels from 
211  controls who were previously 
infected with SARS-CoV-2.

Results: At 6–7 weeks after 2-dose vaccin-
ation, we found that 51 of 70  patients 
(73%) who received BNT162b2 and 83 of 
87 (95%) who received mRNA-1273 
attained convalescent levels of anti-spike 
antibody (p  < 0.001). In those who 
received BNT162b2, 35 of 70 (50%) 
reached the convalescent level for anti-
RBD compared with 69 of 87 (79%) who 
received mRNA-1273 (p  < 0.001). At 
12 weeks after the second dose, anti-spike 
and anti-RBD levels were significantly 
lower in patients who received BNT162b2 

than in those who received mRNA-1273. 
For anti-spike, 70 of 122 patients (57.4%) 
who received BNT162b2 maintained the 
convalescent level versus 68 of 71 (96%) of 
those who received mRNA-1273 (p  < 
0.001). For anti-RBD, 47 of 122 patients 
(38.5%) who received BNT162b2 main-
tained the anti-RBD convalescent level 
versus 45 of 71 (63%) of those who 
received mRNA-1273 (p = 0.002).

Interpretation: In patients undergoing 
hemodialysis, mRNA-1273 elicited a stron-
ger humoral response than BNT162b2. 
Given the rapid decline in immunogen-
icity at 12 weeks in patients who received 
BNT162b2, a third dose is recommended 
in patients undergoing dialysis as a pri-
mary series, similar to recommendations 
for other vulnerable populations.
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The spike protein and its receptor-binding domain of SARS-CoV-2 are 
antigens that are targeted by the currently available vaccines and 
are used as measures of humoral response to vaccination or natural 
infection. An antibody response to the amount of nucleocapsid pro-
tein (NP), which is not targeted by mRNA SARS-CoV-2 vaccines, may 
be used as a marker of natural exposure to SARS-CoV-2.

Recognition of the high morbidity and mortality from COVID-19 
and reduced immunogenicity to vaccination against SARS-CoV-2 
in patients undergoing HD has resulted in the prioritization of vac-
cination of this population in many jurisdictions.1,6 However, dif-
ferences in immunogenicity among SARS-CoV-2 vaccines have not 
been well characterized in this vulnerable population. Therefore, 
we conducted a prospective observational study in a cohort of 
patients undergoing dialysis who received either the mRNA-1273 
or BNT162b2 vaccine to evaluate humoral response through com-
parison of spike and receptor-binding domain antibodies in 
response to 2-dose vaccination.

Methods

Study design and participants
We conducted a prospective observational cohort study that 
included patients aged 18 years or older who were undergoing dialy-
sis (including those with previous COVID-19 confirmed by reverse-
transcription polymerase chain reaction [RT–PCR]) to evaluate SARS-
CoV-2 antibody response to the 2  available mRNA SARS-CoV-2 
vaccines at 2 academic centres (Sunnybrook Health Sciences Centre 
and University Health Network, Toronto, Ontario). The type of vaccine 
administered was centre-specific: BNT162b2 was given at 
 Sunnybrook Health Sciences Centre and mRNA-1273 was given at 
University Health Network. Dialysis patients included those on in- 
centre HD, nocturnal in-centre HD and home HD. We recruited 
224 participants between Feb. 2, 2021, and July 20, 2021, at the 2 cen-
tres. We obtained written informed consent from all participants.

Serologic assays
We measured SARS-CoV-2 anti-spike, anti-RBD and anti-NP 
immuno globulin G (IgG) antibodies on an automated enzyme-linked 
immunosorbent assay (ELISA) platform as reported previously7–9 at 
6–7 and 12 weeks after 2-dose vaccination. Antibody levels were 
reported as relative ratios to a synthetic standard included as a cali-
bration curve on each assay plate. We used VHH72-hFc1X7 (VHH-
72-Fc) as the synthetic standard for anti-spike and anti-RBD as 
described previously,10 whereas human anti-nucleocapsid IgG 
(clone HC2003, GenScript, no. A02039) was used for anti- 
nucleocapsid. For VHH72-hFc1X7, the llama single-domain mono-
clonal antibody VHH-72 was expressed as a human Fc fusion: VHH-
72-hFc1X7 (PDB entry 6WAQ_1). We isolated additional VHHs 
(NRCoV2–04 and NRCoV2–20) in house from llamas immunized with 
recombinant SARS-CoV-2 trimeric spike ectodomain SmT1. VHH 
sequences were fused to an antibody-dependent cell-mediated 
cytotoxicity attenuated human IgG1 Fc domain (hFc1X7, US patent 
2019 352 383A1). A table for conversion from relative ratios to the 
World Health Organ ization International Standard unit in BAU/mL is 
provided in Appendix  1, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.211881/tab-related-content. 

We determined thresholds for positivity (seroconversion) by 
aggregating data from negative controls and calculating the mean 
plus 3 standard deviations (SDs). Seroconversion thresholds were 
0.19, 0.186 and 0.396 for anti-spike, anti-RBD and anti-NP antibod-
ies, respectively. We also compared antibody levels with the 
median levels of convalescent serum taken 21–115  days after 
symptom onset in a cohort of 211 patients in the general popula-
tion (median age 59 yr) who had mild to severe COVID-19. We con-
sidered the median level of antibody in convalescent serum to be 
a robust antibody response;11 medians were 1.38, 1.25 and 1.13 for 
anti-spike, anti-RBD and anti-NP antibodies, respectively.

Statistical analysis
We compared baseline characteristics of participants using a 
t  test for continuous variables and χ2 or Fisher exact tests for 
categorical variables. Anti-spike and anti-RBD levels had skewed 
distributions and were compared between patients receiving 
BNT162b2 and mRNA-1273 using the Mann–Whitney test. For 
patients who had serology results available at both 6–7 and 
12 weeks, we compared proportions using the McNemar test. To 
adjust for imbalance in baseline characteristics, anti-spike and 
anti-RBD levels at 6–7 weeks and 12 weeks were transformed by 
the function y  = [relative ratio  – min (relative ratio) + 0.001]  / 
[max (relative ratio)  – max (relative ratio) + 0.002] to be set 
within the unit interval [0,1]. We used the transformed data for 
β-regression with the logit link function and adjusted for the fol-
lowing covariates to provide estimates of relative ratios 
between the 2 study groups: age, sex, immunosuppression, pre-
vious solid-organ transplant, coronary artery disease and dia-
betes mellitus. We selected covariates based upon factors that 
might plausibly affect immunogenicity or were imbalanced 
between study groups. β-Regression is a form of generalized lin-
ear model that provides estimates for the dependent variables 
while modelling changes in variances as mean and precision 
parameters and allows for modelling of nonnormal distribu-
tions. We assessed assumptions for the regression model using 
analysis of standardized residuals, multicollinearity using the 
Fisher exact test for binary variables and simple linear regres-
sion for continuous variables. We used the logit link function to 
obtain parameter estimates for the covariates’ effects on the 
transformed antibody levels. We calculated adjusted odds ratios 
(ORs) using exponentiation of parameter estimates to deter-
mine the strength of association between a change in the 
explanatory variables including vaccine type and anti-spike or 
anti-RBD levels. All covariates were binary except for age, which 
was continuous. We performed bootstrapping with 5000 replica-
tions to calculate 95% confidence intervals (CIs) for the median 
difference in anti-spike and anti-RBD levels at both 6–7 and 
12 weeks. We considered a 2-sided p value of 0.05 to be signifi-
cant. We performed all analyses using R version 3.6.1 (R Project 
for Statistical Computing).

Ethics approval
The study was approved by Mount Sinai Hospital, Sunnybrook 
Health Sciences Centre and University Health Network (CTO 
No. 3604).
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Results

Among 224 patients undergoing dialysis, 129 received the 
BNT162b2 vaccine and 95 received mRNA-1273. No serious 
adverse events were reported with either vaccine for any of the 
study participants. Of those who received BNT162b2, 70 had serol-
ogy testing performed at 6–7 weeks and 122 had serology testing 
performed 12  weeks after 2-dose vaccination (Figure  1); these 
patients had a median age of 72 (interquartile range [IQR] 
62–79) years, 41 of 129 (31.7%) were female and 6 of 129 (4.6%) 
had previously had COVID-19 that was confirmed by RT–PCR. Of 
those who received mRNA-1273, 87 had serology testing per-
formed at 6–7  weeks and 71 had serology testing performed at 
12 weeks after 2-dose vaccination; these patients had a median 
age of 62 (IQR 55–67) years, 25 of 95 (26%) were female, and 5 of 95 
(5.3%) had a previous SARS-CoV-2 infection. Patients who received 
BNT162b2 had a higher proportion of diabetes mellitus and coron-
ary artery disease, whereas a higher proportion of patients who 
received mRNA-1273 had a history of solid-organ transplant and 
were taking immunosuppressive medication (Table 1). We found 
that serologic evidence of previous SARS-CoV-2 exposure as deter-
mined by anti-NP seropositivity was similar between groups: 10 of 
87 (12%) who received mRNA-1273 and 12 of 70 (17%) who 
received BNT162b2 were seropositive for anti-NP antibody at 
6–7 weeks (p = 0.3), and 4 of 71 (6%) who received mRNA-1273 and 
14 of 122 (11.5%) who received BNT162b2 were seropositive for 
anti-NP at 12 weeks after vaccination (p = 0.2) (Table 2).

At 6–7 weeks post 2-dose vaccination, we found that median 
anti-spike levels were significantly higher for mRNA-1273 (median 
relative ratio 1.72, IQR 1.68–1.79) than for BNT162b2 (median rel-
ative ratio 1.58, IQR 1.28–1.67; p < 0.001). We did not find a signifi-
cant difference in anti-RBD levels (median relative ratio 1.44, 
IQR  1.29–1.53, for mRNA-1273 and median relative ratio 1.23, 
IQR 0.61–1.64, for BNT162b2; p = 0.2). Using the median convales-
cent serum level as a marker of robust antibody response, among 
those receiving mRNA-1273, 83 of 87 (95%) had anti-spike and 69 
of 87 (79%) had anti-RBD levels that reached the convalescent 
serum level at 6–7 weeks after vaccination. This was greater than 
for BNT162b2 for which 51 of 70 (73%) had anti-spike and 35 of 70 
(50%) had anti-RBD levels that reached the convalescent serum 
level (p < 0.001) (Table 2).

At 12 weeks after 2-dose vaccination, anti-spike levels had 
declined compared with 6–7 weeks after 2-dose vaccination in 
those who received BNT162b2 but not in patients who received 
mRNA-1273 (p  < 0.001). Anti-spike levels at 12  weeks remained 
lower in patients who received BNT162b2 (median relative 
ratio  1.45, IQR 1.09–1.58) than those who received mRNA-1273 
(median relative ratio 1.93, IQR 1.76–2.02; p < 0.001). Similarly, 
anti-RBD levels were lower in patients who received BNT162b2 
(median relative ratio 0.89, IQR 0.36–1.43) than in those who 
received mRNA-1273 (median relative ratio 1.32, IQR 1.04–1.47; p = 
0.002) at 12 weeks (Figure 2). Corresponding to the decline in anti-
spike and anti-RBD levels, 70 of 122 patients (57.4%) who received 
BNT162b2 had antibody levels above the median convalescent 
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Figure 1: Flow chart of the study cohorts of patients undergoing hemodialysis between Feb. 2, 2021, and July 20, 2021, who were vaccinated against 
SARS-CoV-2 with 2 doses of either BNT162b2 (Pfizer-BioNTech) or mRNA-1273 (Moderna), and timing of SARS-CoV-2 serologic assessment after 2-dose 
vaccination. Note: Missing serology results for patients who received BNT162b2 (n = 59) at 6–7 weeks was because of the timing of the start of the study, 
which led to missing baseline samples at this site. Other missing serology results are reflective of the dialysis population missing scheduled dialysis 
treatments or because of intercurrent hospital admissions.
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level of anti-spike compared with 68 of 71 (96%) who received 
mRNA-1273 (p < 0.001) at 12 weeks. At 12 weeks, 47 of 122 patients 
(38.5%) who received BNT162b2 passed the median convalescent 
serum level of anti-RBD compared with 45 of 71  patients (63%) 
who received mRNA-1273 (p  = 0.002). Three patients who 
received BNT162b2 had SARS-CoV-2 infection confirmed by RT–
PCR after 2-dose vaccination at 4, 11 and 71 days after the second 

dose, and 2 of these patients required admission to hospital. No 
patients who received mRNA-1273 contracted COVID-19 during 
the study period.

We conducted a longitudinal analysis of patients with serology 
results (n = 126) at both 6–7 and 12 weeks after 2-dose vaccination 
that confirmed greater immunogenicity with mRNA-1273 than with 
BNT162b2 (Appendix  2, available at www.cmaj.ca/lookup/

Table 1: Characteristics of patients undergoing hemodialysis who received BNT162b2 and mRNA-1273 COVID-19 vaccines

Characteristic

No. (%) of hemodialysis patients*

p value
BNT162b2 vaccine

n = 129
mRNA-1273 vaccine

n = 95

Age, yr; median (IQR) 72 (62–79) 62 (55–67) < 0.001
Male sex 88 (68.2) 70 (73.7) 0.4
Previous COVID-19† 6 (4.6) 5 (5.3) 1.00
Days between doses, median (IQR) 26 (21–35) 30 (30–31) < 0.001
Comorbidity
    Prior solid-organ transplant 5 (4.0) 28 (29.5) < 0.001
    Immunosuppressive treatment‡ 10 (7.7) 17 (17.9) 0.02
    Diabetes mellitus 72 (55.8) 33 (34.7) 0.002
    Coronary artery disease 52 (40.3) 14 (14.7) < 0.001
    Congestive heart failure 35 (27.1) 21 (22.1) 0.4
    Cerebrovascular disease 17 (13.2) 9 (9.5) 0.4
    Hypertension 121 (93.7) 84 (88.4) 0.15

Note: IQR = interquartile range.
*Unless stated otherwise.
†Confirmed by reverse transcription–polymerase chain reaction at study enrolment.
‡Defined as taking any of the following: antimetabolite agent, calcineurin inhibitor, cytotoxic medications, rituximab in the previous 6 months, tumour necrosis factor α-monoclonal 
antibodies, glucocorticoids at a dosage of more than prednisone 5 mg daily or active chemotherapy.

Table 2: Relative ratios, seroconversion and proportion of patients attaining the median convalescent serum levels for 
SARS-CoV-2 antibodies after BNT162b2 or mRNA-1273 vaccination

Weeks after 
second dose Antibody

Relative ratio, median (IQR)*
No. (%) of patients with 

seroconversion† 
No. (%) of patients who reached 

convalescent level‡ 

BNT162b2 mRNA-1273 BNT162b2 mRNA-1273 BNT162b2 mRNA-1273

6–7 Anti-spike 1.58 (1.28–1.67) 1.72 (1.68–1.79) 68 (97)
n = 70

84 (97)
n = 87

51 (73)
n = 70

83 (95)
n = 87

Anti-RBD 1.23 (0.61–1.64) 1.44 (1.29–1.53) 62 (89)
n = 70

84 (97)
n = 87

35 (50)
n = 70

69 (79)
n = 87

Anti-NP – – 12 (17)
n = 70

10 (12)
n = 87

6 (9) 
n = 70

4 (5)
n = 87

12 Anti-spike 1.45 (1.09–1.58) 1.93 (1.76–2.02) 117 (95.9)
n = 122

68 (96)
n = 71

70 (57.4)
n = 122

68 (96)
n = 71

Anti-RBD 0.89 (0.36–1.43) 1.32 (1.04–1.47) 107 (87.7)
n = 122

67 (94)
n = 71

47 (38.5)
n = 122

45 (63)
n = 71

Anti-NP – – 14 (11.5)
n = 122

4 (6)
n = 71

7 (5.7)
n = 122

2 (3)
n = 71

Note: IQR = interquartile range, NP = nucleocapsid protein, RBD = receptor binding domain.
*We did not report summary statistics for anti-NP because it was used as a binary measure of natural SARS-CoV-2 infection.
†Antibody levels are reported as relative ratios to synthetic standards. Seroconversion threshold levels represented a positive test and were 0.19, 0.186 and 0.396 for anti-spike, 
anti-RBD and anti-NP antibodies, respectively.
‡The median level of antigen in convalescent serum was from a cohort of 211 patients in the general population with previous COVID-19 of all severities and represented a robust 
antibody response: 1.38, 1.25 and 1.13 for anti-spike, anti-RBD and anti-NP antibodies, respectively.
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doi/10.1503/cmaj.211881/tab-related-content), although imbalance 
in a number of baseline characteristics persisted (Appendix  3, 
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.211881/tab 
-related-content). Our results were similar when we excluded 
patients with previous COVID-19 that was  confirmed by RT–PCR or 
anti-NP seroconversion during the study period from the analysis 
(Appendix  4 and Appendix  5, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.211881/tab-related-content), when we analyzed 
patients who were taking immunosuppressive medications or who 
had a history of solid-organ transplant separately (Appendix  6, 
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.211881/tab 
-related-content) or when we compared by age (Figure 3). Stan-
dardized Pearson residuals in the β-regression models were appro-
priately zero centred, which supports a linear relation between the 
covariates and the antibody levels (Appendix 7, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.211881/tab-related-content). At 
6–7 weeks after vaccination, we found that mRNA-1273 was associ-
ated with higher anti-spike levels (unadjusted OR 1.79, 95% CI 
1.30–2.47; adjusted OR 2.04, 95% CI 1.39–3.01), whereas anti-RBD 
levels were not significantly higher (unadjusted OR 1.15, 95% CI 
0.81–1.63; adjusted OR  1.44, 95% CI 0.96–2.16) than BNT162b2 
(Table 3). This became more pronounced at 12 weeks: mRNA-1273 
was associated with higher anti-spike levels (unadjusted OR 2.94, 
95% CI 2.17–3.97; adjusted OR 3.34, 95% CI 2.42–4.62) and higher 
anti-RBD levels (unadjusted OR 1.46, 95% CI 1.05–2.03; adjusted 
OR 1.55, 95% CI 1.09–2.21). We confirmed the higher anti-spike and 
anti-RBD levels with mRNA-1273 using bootstrapping with 
5000 replications (Appendix 8 and Appendix 9, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.211881/tab-related-content).

Interpretation

We compared the SARS-CoV-2 humoral response after vaccina-
tion in 224 patients receiving maintenance HD and found that 
mRNA-1273 elicited greater immunogenicity than BNT162b2 at 
6–7 weeks after vaccination, and antibody levels were better 
maintained with mRNA-1273 at 12 weeks. Although we measured 
only the serologic response to vaccination, a humoral response is 
known to be necessary to obtain an adequate cellular 
response.12,13 The decline in SARS-CoV-2 antibodies at 12  weeks 
after vaccination in those who received BNT162b2 is concerning 
because levels of anti-spike and anti-RBD generally correlate 
with levels of neutralizing antibody, which have been inferred to 
provide protection against symptomatic SARS-CoV-2 infection.11 
Our results are consistent with those of a study involving 
2367  patients undergoing dialysis in the United States at 
28–60  days after vaccination: 22.7% of those who received 
BNT162b2 had no detectable anti-RBD IgG level compared with 
9.4% of those who received mRNA-1273 (levels measured using a 
semiquantitative commercial assay).14

Evaluations of the differences in immunogenicity between the 
mRNA vaccines are limited. A 2021 study involving 1647  health 
care workers in Belgium reported that SARS-CoV-2 anti-spike lev-
els were significantly higher with mRNA-1273 than with BNT162b2 
at 6–10 weeks after 2-dose vaccination.15 The authors speculated 
that this difference could be explained by the higher mRNA con-
tent in mRNA-1273 and the slightly longer boost period (28 v. 
21 d).15 A 2021 study involving residents and health care workers at 
long-term care homes in Ontario reported stronger humoral 
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Figure 2: SARS-CoV-2 immunoglobulin G spike, RBD and NP antibody responses in patients undergoing hemodialysis after mRNA-1273 (Moderna; n = 95) or 
BNT162b2 (Pfizer-BioNTech; n = 129) vaccination. Dots represent individual serum samples collected at 6–7 and 12 weeks after 2-dose vaccination. Patients with 
previous SARS-CoV-2 infection confirmed by RT–PCR are indicated in green. Antibody levels are reported as relative ratios to synthetic standards. Seroconversion 
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ken line for each antibody. Median antibody levels for each antigen are indicated by the solid black lines. The median level of antigen in convalescent serum is 
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binding domain, RT–PCR = reverse transcription–polymerase chain reaction.
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Figure 3: SARS-CoV-2 immunoglobulin G spike and RBD antibody response in patients undergoing hemodialysis after vaccination with mRNA-1273 
(Moderna; n = 95) or BNT162b2 (Pfizer-BioNTech; n = 129), by age. Results are shown at the (A) 0.00625 dilution and (B) 0.00156 dilution levels. Linear 
regression lines with 95% confidence intervals (grey) are shown with corresponding Spearman ρ and p values. Dots represent individual serum samples 
collected at 6–7 and 12 weeks after 2-dose vaccination. Antibody levels are reported as relative ratios to synthetic standards. Seroconversion threshold 
levels represent positive tests and are 0.19 and 0.186 for anti-spike and anti-RBD antibodies, respectively. Note: RBD = receptor binding domain.
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response with mRNA-1273 than with BNT162b2 vaccine.16 Resi-
dents of long-term care who were administered BNT162b2 pro-
duced 3.89-fold fewer neutralizing antibodies against wild-type 
D614G SARS-CoV-2 using a spike-pseudotyped lentivirus assay 
than those who received mRNA-1273, which was further reduced 
by 4.25-fold against the B.1.617.2 (Delta) variant.16

Waning antibody levels have been observed in the general 
population, in particular for those receiving 2 doses of BNT162b2 
at the suggested 21-day interval. For example, a 2021 study of 
antibody titre decay after vaccination against SARS-CoV-2 in Israel 
reported that 16.1% of people vaccinated with 2 doses of 
BNT162b2 had anti-spike levels below the seropositivity thresh-
old at 6  months.17 Booster dosages in older adults have been 

shown to reduce the risk of breakthrough SARS-CoV-2 infections 
in this population18 and, therefore, have now been recommended 
in Canada for those older than 18 years of age. In the transplant 
population, a third dose of vaccine was also successful in improv-
ing immunogenicity, which led to broad approval of a 3-dose 
series for recipients of solid-organ transplants in Canada.19

Patients undergoing dialysis have impaired humoral response 
compared with healthy controls and frequently require booster 
dosages in the setting of vaccination against hepatitis  B. Given 
reduced immunogenicity after vaccination and a high risk for severe 
COVID-19, patients undergoing dialysis in France, Israel and the US 
were routinely administered a third dose of SARS-CoV-2 vaccine, 
which enhanced humoral response, especially in those who 

Table 3: Multivariable β-regression models of predictors of anti-spike or anti-RBD levels at 6–7 and 12 weeks after 2-dose 
vaccination

Analysis Variable
Unadjusted OR 

(95% CI)
Adjusted OR 

(95% CI)
Parameter 
estimate Standard error p value

6–7 weeks after vaccination

Anti-spike mRNA-1273 (ref. BNT162b2) 1.79 (1.30–2.47) 2.04 (1.39–3.01) 0.72 0.2 < 0.001

Age, yr – 1.00 (0.99–1.01) 0 0.01 0.704

Sex (ref. female) – 0.69 (0.49–0.98) –0.37 0.17 0.036

Immunosuppressive treatment – 0.36 (0.22–0.60) –1.03 0.26 < 0.001

Previous solid-organ transplant – 1.30 (0.79–2.16) 0.27 0.26 0.305

Diabetes – 1.19 (0.85–1.68) 0.18 0.17 0.31

Coronary artery disease – 0.84 (0.57–1.24) –0.17 0.2 0.382

Anti-RBD mRNA-1273 (ref. BNT162b2) 1.15 (0.81–1.63) 1.44 (0.96–2.16) 0.36 0.21 0.081

Age, yr – 0.99 (0.98–1.00) -0.01 0.01 0.13

Sex (ref. female) – 0.55 (0.38–0.79) -0.6 0.19 0.001

Immunosuppressive treatment – 0.26 (0.15–0.45) –1.36 0.28 < 0.001

Previous solid-organ transplant – 1.48 (0.86–2.52) 0.39 0.27 0.154

Diabetes – 1.40 (0.97–2.01) 0.33 0.19 0.072

Coronary artery disease – 1.20 (0.80–1.81) 0.18 0.21 0.38

12 weeks after vaccination

Anti-spike mRNA-1273 (ref. BNT162b2) 2.94 (2.17–3.97) 3.34 (2.42–4.62) 1.21 0.16 < 0.001

Age, yr – 0.99 (0.98–1.00) –0.01 0.01 0.075

Sex (ref. female) – 0.77 (0.57–1.03) –0.26 0.15 0.082

Immunosuppressive treatment – 0.28 (0.17–0.47) –1.26 0.25 < 0.001

Previous solid-organ transplant – 0.98 (0.59–1.64) -0.02 0.26 0.948

Diabetes – 1.14 (0.86–1.52) 0.14 0.14 0.348

Coronary artery disease – 1.10 (0.80–1.52) 0.1 0.16 0.558

Anti-RBD mRNA-1273 (ref. BNT162b2) 1.46 (1.05–2.03) 1.55 (1.09–2.21) 0.44 0.18 0.014

Age, yr – 0.98 (0.97–1.00) –0.02 0.01 0.006

Sex (ref. female) – 0.69 (0.49–0.97) –0.37 0.17 0.035

Immunosuppressive treatment – 0.29 (0.17–0.51) –1.23 0.29 < 0.001

Previous solid-organ transplant – 1.10 (0.62–1.95) 0.1 0.29 0.743

Diabetes – 0.98 (0.71–1.35) –0.02 0.16 0.899

Coronary artery disease – 1.35 (0.93–1.95) 0.3 0.19 0.111

Note: CI = confidence interval, OR = odds ratio, RBD = receptor binding domain, ref. = reference category. We transformed anti-spike and anti-RBD levels to be expressed between an 
interval of 0 and 1 with the following function: y = [relative ratio – min(relative ratio) + 0.001] / [max (relative ratio) – max (relative ratio) + 0.002]. All available serology results were 
used: BNT162b2 at 6–7 weeks (n = 70), mRNA-1273 at 6–7 weeks (n = 87), BNT162b2 at 12 weeks (n = 122) and mRNA-1273 at 12 weeks (n = 71).
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responded poorly to 2 doses of vaccine.20,21 In a 2021 prospective 
observational study conducted in France involving a cohort of 
patients receiving maintenance HD, a third dose of BNT162b2 was 
shown to achieve seroconversion in more than half of the patients 
who were previously seronegative after 2 doses.22 In Canada, a third 
dose of SARS-CoV-2 mRNA vaccine has been approved for dialysis 
patients. In Ontario, 74% of vaccinated patients undergoing dialysis 
received the BNT162b2 vaccine, which is of concern given the rapid 
decrement in immunogenicity at 12 weeks among patients receiving 
the BNT162b2 vaccine in our study. Furthermore, HD units are at risk 
for COVID-19 outbreaks because of the challenges in practising phys-
ical distancing in health care settings, and breakthrough infections 
have been described in HD patients with low antibody titres.23,24 
Although we observed 3 cases of COVID-19 after 2-dose vaccination 
only in the BNT162b2 group in our study, 2 of these cases occurred 
less than 14 days after the second dose, and breakthrough infections 
require further evaluation in larger studies. However, a 2021 US 
study of 56 breakthrough infections in patients undergoing dialysis 
found that those with anti-RBD IgG levels lower than 218 BAU/mL 
were at 11.6 times higher risk for breakthrough infection.25

Real-world data support potential differences in effectiveness 
between SARS-CoV-2 mRNA vaccines. A large observational study 
at the Mayo Clinic Health System that involved a cohort of 
matched vaccinated patients found that, although the effective-
ness of mRNA-1273 and BNT162b2 was similar in early 2021, after 
the emergence of the B.1.617.2 (Delta) variant in July 2021, vac-
cin ation with mRNA-1273 conferred a 2-fold risk reduction against 
breakthrough infection compared with BNT162b2.26 Further 
 population-based studies will be required to corroborate whether 
the differences in immunogenicity correspond to decreased vac-
cine effectiveness, but pending these data, immunogenicity has 
already been used to guide vaccine policy decisions in other at-
risk groups, including older adults and transplant recipients.

Limitations
Our study was limited by its observational design, which resulted 
in differences in several baseline characteristics between the 
2 cohorts, and a sample size that was based on convenience sam-
pling during the study period. However, after adjustment for 
potential confounders with regression analysis, the finding of 
greater immunogenicity with mRNA-1273 compared with 
BNT162b2 persisted. Patients who received BNT162b2 in our 
study were older, which reflects earlier onset of the study when 
older patients were being prioritized for vaccination. This was 
counterbalanced by usage of immunosuppressive medication 
among the mRNA-1273 recipients, which was associated with 
lower antibody levels. Although antibody levels are a useful 
marker of immunogenicity,11 and it has been shown that anti-
body levels correlate with a reduction in severe SARS-CoV-2 infec-
tions,27 the antibody level required for protection from COVID-19 
is currently unknown.28,29 In addition, the definition of robust 
immunity in our study was a surrogate marker that was defined 
as reaching the median antibody level in convalescent serum. 
Although convalescent serum may be a useful comparator, 
on going studies will be required to confirm the utility of conva-
lescent levels and their correlation with vaccine effectiveness.

Conclusion
We found greater immunogenicity with the mRNA-1273 vaccine 
than the BNT162b2 vaccine in patients undergoing dialysis, with 
rapid decline in immunogenicity at 12 weeks after 2-dose vaccin-
ation in patients who received BNT162b2. In light of these find-
ings, a timely third dose of SARS-CoV-2  vaccine in this vulnerable 
population is recommended. 
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