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Abstract

IMPORTANCE Patients undergoing hemodialysis have a highmortality rate associated with

COVID-19, and this patient population often has a poor response to vaccinations. Randomized clinical

trials for COVID-19 vaccines included few patients with kidney disease; therefore, vaccine

immunogenicity is uncertain in this population.

OBJECTIVE To evaluate the SARS-CoV-2 antibody response in patients undergoing chronic

hemodialysis following 1 vs 2 doses of BNT162b2 COVID-19 vaccination compared with health care

workers serving as controls and convalescent serum.

DESIGN, SETTING, AND PARTICIPANTS A prospective, single-center cohort study was conducted

between February 2 and April 17, 2021, in Toronto, Ontario, Canada. Participants included 142

patients receiving in-center hemodialysis and 35 health care worker controls.

EXPOSURES BNT162b2 (Pfizer-BioNTech) COVID-19 vaccine.

MAIN OUTCOMES ANDMEASURES SARS-CoV-2 IgG antibodies to the spike protein (anti-spike),

receptor binding domain (anti-RBD), and nucleocapsid protein (anti-NP).

RESULTS Among the 142 participants undergoingmaintenance hemodialysis, 94 (66%) weremen;

median agewas 72 (interquartile range, 62-79) years. SARS-CoV-2 IgG antibodies weremeasured in

66 patients receiving 1 vaccine dose following a public health policy change, 76 patients receiving 2

vaccine doses, and 35 health careworkers receiving 2 vaccine doses. Detectable anti-NP suggestive

of natural SARS-CoV-2 infection was detected in 15 of 142 (11%) patients at baseline, and only 3

patients had prior COVID-19 confirmed by reverse transcriptase polymerase chain reaction testing.

Two additional patients contracted COVID-19 after receiving 2 doses of vaccine. In 66 patients

receiving a single BNT162b2 dose, seroconversion occurred in 53 (80%) for anti-spike and 36 (55%)

for anti-RBD by 28 days postdose, but a robust response, defined by reaching the median levels of

antibodies in convalescent serum from COVID-19 survivors, was noted in only 15 patients (23%) for

anti-spike and 4 (6%) for anti-RBD. In patients receiving 2 doses of BNT162b2 vaccine,

seroconversion occurred in 69 of 72 (96%) for anti-spike and 63 of 72 (88%) for anti-RBD by 2weeks

following the second dose andmedian convalescent serum levels were reached in 52 of 72 patients

(72%) for anti-spike and 43 of 72 (60%) for anti-RBD. In contrast, all 35 health careworkers exceeded

themedian level of anti-spike and anti-RBD found in convalescent serum 2 to 4 weeks after the

second dose.

(continued)

Key Points

Question What is the serologic

response to the BNT162b2 COVID-19

vaccine in patients undergoing

hemodialysis?

Findings In this cohort study of 142

patients receiving hemodialysis,

humoral response was compared in 66

patients sampled 28 days after receipt

of 1 dose of vaccine with 76 patients

who received 2 doses of vaccine

sampled 14 days after the second dose.

Among those receiving 1 dose, 6% had

antireceptor binding domain response

above the median level of convalescent

serum vs 41% of those who received 2

doses at 1 week, increasing to 60% by

2 weeks.

Meaning The findings of this study

suggest that, given that patients

receiving hemodialysis appeared to

exhibit a poor humoral response to a

single dose of BNT162b2 vaccine, the

second dose should not be delayed.
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Abstract (continued)

CONCLUSIONS ANDRELEVANCE This study suggests poor immunogenicity 28 days following a

single dose of BNT162b2 vaccine in the hemodialysis population, supporting adherence to

recommended vaccination schedules and avoiding delay of the second dose in these at-risk

individuals.

JAMA Network Open. 2021;4(9):e2123622.

Corrected on February 14, 2022. doi:10.1001/jamanetworkopen.2021.23622

Introduction

SARS-CoV-2 with resultant COVID-19 has resulted in a global pandemic. Among thosemost severely

affected are patients receiving maintenance hemodialysis who must visit facilities at least thrice

weekly for life-sustaining treatment resulting in a 5 times greater risk for infection than the general

population.1Despite adherence to public health guidance, outbreaks have occurred in dialysis units.2

Furthermore, patients receiving hemodialysis are at greater risk for severe COVID-19, with 63% of

patients receiving chronic hemodialysis who contract COVID-19 requiring hospitalization and a case

fatality rate of 29% in Ontario, Canada.1 Confirmatory data from the US Renal Data System found

mortality among patients receiving hemodialysis in early 2020was 16% to 37% higher than in

2017-2019.3

Patients receiving hemodialysis frequently have a diminished immune response to vaccination

compared with the general population, as observed during hepatitis B vaccination.4 Studies of

natural COVID-19 infection in patients receiving hemodialysis found waning antibody concentrations

by 3months, raising the possibility that patients receiving hemodialysis may not develop an

adequate vaccination response.5 In addition, randomized clinical trials for the BNT162b2 vaccine

included few patients with kidney disease.6 Therefore, data on vaccine immunogenicity are lacking

in this high-risk population.

Two doses of BNT162b2 vaccine were administered 21 days apart in randomized clinical trials.

However, owing to vaccine shortages, some countries, including the UK and Canada, have prioritized

first-dose vaccination of the general population7while delaying the second dose for up to 3 to 4

months, offering a natural experiment for comparison of 1 vs 2 doses. To investigate the humoral

response conferred by COVID-19 vaccination in the hemodialysis population, we conducted a

prospective observational cohort studymeasuring SARS-CoV-2 immunoglobulin G (IgG) antibody

levels following 1 vs 2 doses of the vaccine.

Methods

In-center patients aged 18 years or older receiving hemodialysis, including those with prior COVID-19,

were eligible for this single-center, prospective cohort study to evaluate SARS-CoV-2 antibody

response to the BNT162b2 COVID-19 vaccine (Pfizer-BioNTech). Recruitment of 142 participants

occurred between February 2 andMarch 3, 2021, at Sunnybrook Health Sciences Centre, and the

study was completed on April 17, 2021. A subset of patients (n = 76) received 2 doses of vaccine, with

the second dose amean of 21 days (range, 19-28) following the first dose, and 66 patients received

a single vaccine dose due to a public health policy change. In the 2-dose group, baseline was prior to

the second dose and antibody levels were determinedweekly until 14 days after the second vaccine

dose. In those receiving a single vaccine dose, antibody levels were measured at baseline before

vaccination and 28 days following the first dose. A written questionnaire captured vaccination-

related adverse events. Health care worker (HCW) controls received 2 doses of BNT162b2 vaccine

with antibodies measured 2 to 4 weeks following the second dose. This study was approved by the

Sunnybrook Health Sciences and Mount Sinai Hospital Research Ethics Board. Written informed
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consent was obtained from all participants. This study followed the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) reporting guideline for cohort studies.

Antibodies targeting the full-length spike protein (anti-spike) and its receptor binding domain

(anti-RBD) measured humoral response to SARS-CoV-2 vaccination and/or natural infection;

antibodies to the nucleocapsid protein (anti-NP) detected natural SARS-CoV-2 infection because this

antigen is not targeted by the BNT162b2 vaccine. SARS-CoV-2 IgG antibodies were measured on a

custom automated enzyme-linked immunosorbent assay platform; the sensitivity and specificity of

each assay were determined by precision-recall analysis from pre-COVID-19–negative and

convalescent controls.8,9 Antibody levels are reported as relative ratios to a synthetic standard

included as a calibration curve on each assay plate. Thresholds for positivity (seroconversion) were

determined by aggregating data from negative controls and calculating the mean ±3 SDs. Relative

antibody levels were also compared with themedian levels of convalescent serum obtained 21 to 115

days after symptom onset in patients with COVID-19; expression of vaccination-induced antibody

levels to convalescent individuals helps to define correlates of protection.10

Statistical Analysis

Baseline characteristics were compared using a t test for continuous variables and χ2 or Fisher exact

test for categorical variables. The association between reactogenicity following the second vaccine

dose and anti-spike or anti-RBD seroconversion was assessed by a χ2 test. Antibody relative ratios

between patients undergoing hemodialysis receiving 2 doses of vaccine and HCWs were compared

using the Mann-Whitney test. Given the nonnormal distribution of relative ratios, which was not

mitigated by log transformation, we set ratios with seroconversion above or below themedian

convalescent level as binary outcomes and used logistic regression to assess age, sex, and vaccine

reactogenicity. Vaccine reactogenicity was binary in the model based on the presence of any of the

following symptoms within 14 days after the second vaccine dose: pain, redness, swelling, fever,

chills, fatigue, nausea or vomiting, diarrhea, myalgia, and joint pain. Simple imputation with themean

value across participants was used to address missing covariate data. With 2-sided testing, P < .05

was considered significant for all statistical findings. All analyses were performed using SPSS, version

17 (IBM Corp), and themultivariate logistic regression was performed using R, version 4.0.4 (R

Project for Statistical Computing).

Results

Among 142 of 157 consenting patients (90%) receiving in-center hemodialysis, the median age was

72 (interquartile range, 62-79) years. Of these, 94 were men (66%) and 48 were women (34%)

(Table 1). At baseline, 15 patients (11%) had detectable anti-NP and 3 patients (2%) had reverse

transcriptase polymerase chain reaction–confirmed COVID-19, indicating asymptomatic or mildly

symptomatic infection in 12 of 15 patients (80%), which was unexpected given the unit’s extensive

screening protocols. Clinical characteristics of patients receiving 1 vs 2 vaccine doses were similar, but

those with 1 dose were slightly younger (10 [15%] vs 9 [12%] aged �55 years) and less likely to have

diabetes (26 [39%] vs 37 [49%]) or ischemic nephropathy (8 [12%] vs 19 [25%]) as the cause of

kidney failure. This finding is not surprising because Canada prioritized 2-dose vaccination of older

individuals in aggregate living settings. The HCW controls had a median age of 46 (interquartile

range, 44-69) years, 33 of 35 (94%) were women, and 3 of 35 (9%) had prior COVID-19. Of 211

patients with convalescent serum, median age was 59 (interquartile range, 34-55) years, 115 were

men (55%), and the sample included patients with mild (defined as not requiring hospitalization),

moderate, and severe disease.

In 66 patients receiving 1 vaccine dose 4 weeks following the first vaccination, 53 (80%)

seroconverted, but only 15 (23%) had anti-spike antibodies exceeding themedian relative ratio of

convalescent individuals (Table 2). In the 76 patients receiving 2 vaccine doses, the first dose

similarly elicited anti-spike seroconversion in 65 patients (86%), with 19 (25%) reaching
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convalescent levels 28 days postdose. The second vaccine dose, however, induced amore robust

response increase, with 43 of 76 patients (57%) reaching convalescent levels by 1 week, further

increasing to 52 of 72 patients (72%) by 2 weeks and 69 of 72 patients (96%) reaching

seroconversion (Figure 1).

The same overall changes were more pronounced for antibodies to RBD, which are well

correlated with neutralizing antibodies.9,11 The first vaccine dose elicited a poor anti-RBD response,

with seroconversion in 36 of 66 patients (55%) in the 1-dose group and 31 of 76 (41%) in the 2-dose

group. After 1 dose, only 4 patients (6%) in the 1-dose group and 10 patients (13%) in the 2-dose

group reached convalescent serum levels. However, 1 week after the second dose of vaccine, 58 of

76 (76%) individuals had seroconverted, with 31 of 76 (41%) having antibody levels above the

median of convalescent serum. Twoweeks after the second dose of vaccine, 63 of 72 patients (88%)

seroconverted and 43 of 72 (60%)were above the convalescent serum level. In HCW controls, 100%

reached the convalescent levels for both anti-spike and anti-RBD 2 to 4 weeks after 2 doses, and

antibody levels in HCWswere significantly higher than in patients receiving hemodialysis at both 1

and 2 weeks after the second dose (anti-spike: 1 week, 53.0; P < .001; 2 weeks, 124.0; P < .001; anti-

RBD: 1 week, 17.0; P < .001; 2 weeks, 32.0; P < .001; with Mann-Whitney test). Results were similar

when individuals with baseline anti-NP seroconversion were excluded (eTable 1, eTable 2, and

eFigure in the Supplement).

The vaccine was generally well tolerated after both the first and second doses (Figure 2). The

most common reactions included pain at the injection site, fatigue, and myalgias. The presence of

reactogenicity after the second dose was associated with anti-RBD seroconversion (χ2 = 12.42;

P < .001)2 but not anti-spike seroconversion. Similarly, multivariate logistic regression found an

Table 1. Clinical Characteristics of 142 Patients Undergoing Hemodialysis Receiving BNT162b2 Vaccine

Characteristic

No. (%)

P valueaTotal (n = 142) 1 Dose (n = 66) 2 Doses (n = 76)

Age, median (IQR), y 72 (62-79) 72 (59-76) 75 (64-82) .04

Age group

≤55 y 19 (13) 10 (15) 9 (12)
.41

>55 y 123 (87) 56 (85) 67 (88)

Sex

Female 48 (34) 18 (27) 30 (39)
.13

Male 94 (66) 48 (73) 46 (61)

Prior COVID-19b 3 (2) 1 (2) 2 (3) >.99

Positive baseline anti-NPc 15 (11) 3 (5) 12 (16) .05

Dialysis vintage, median (IQR), y 2.65 (1.5-4.6) 2.56 (1.2-4.8) 2.6 (1.6-4.6) .81

Cause of end-stage kidney disease

Diabetes 63 (44) 26 (39) 37 (49)

.03
Ischemic nephropathy 27 (19) 8 (12) 19 (25)

Glomerulonephritis 20 (14) 13 (20) 7 (9)

Other/unknown 32 (22) 19 (29) 13 (17)

Comorbidities

Immunosuppressive treatmentd 9 (6) 5 (8) 4 (5) .41

Autoimmune disease 8 (6) 4 (6) 4 (5) .56

Diabetes 74 (52) 29 (44) 45 (59) .07

Cancer 23 (16) 12 (18) 11 (14) .36

Coronary artery disease 53 (37) 22 (33) 31 (41) .62

Congestive heart failure 37 (26) 15 (23) 22 (29) .36

Chronic obstructive lung disease 13 (9) 5 (8) 8 (11) .81

Hypertension 135 (95) 65 (98) 70 (92) .12

Obesitye 10 (7) 2 (3) 8 (11) .08

Hepatitis B nonresponderf 11 (8) 3 (4) 8 (11) .16

Abbreviations: IQR, interquartile range; NP,

nucleocapsid protein.

a A t test was used for continuous variables, and χ2 or

Fisher exact test was used for categorical variables.

b Confirmed using reverse transcriptase polymerase

chain reaction.

c Determined by enzyme-linked immunosorbent

assays with a threshold for positivity at 0.396. The

baseline sample was taken before the first dose in

the 1-dose group and before the second dose in the 2-

dose group.

d Defined as using any of the following: antimetabolite

agent, calcineurin inhibitor, cytotoxic medications,

rituximab in previous 6 months, tumor necrosis

factor monoclonal antibodies, or glucocorticoids at

doses greater than prednisone, 5 mg/d.

e Defined as bodymass index greater than 30

(calculated as weight in kilograms divided by height

in meters squared).

f Defined as hepatitis B surface antibody less than

10mIU/mL.
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association between vaccine reactogenicity and anti-RBD seroconversion (odds ratio, 22.90; 95%CI,

2.46-212.83; P = .01) but not age or sex (Table 3). Two patients contracted COVID-19 following 2

doses of vaccine despite both having an anti-RBD antibody response above convalescent serum

levels before anti-NP seroconversion. Both patients were hospitalized but did not experience

severe disease.

Discussion

This prospective serologic study found that, although high rates of seroconversion were observed,

consistent with other studies in patients receiving hemodialysis,12 a robust anti-RBD response

defined as reaching convalescent serum levels was seen in less than 10% of patients 28 days after a

single vaccine dose. In contrast, 2 weeks after the second dose, 60% of patients receiving

hemodialysis had anti-RBD antibody levels comparable with those achieved by patients with

COVID-19 infection. Anti-RBD response was lower than anti-spike response, which is of importance

because anti-RBDmay better associate with viral neutralization.9 Comparison of antibody levels with

convalescent serum standards from patients with previous COVID-19 infection have been useful

comparators for vaccine immunogenicity.10 The rationale for using themedian convalescent level is

that individuals who are vaccinated should at least be expected to reach the antibody levels obtained

by individuals with prior COVID-19.We also found that symptoms following the second vaccine dose

were associated with anti-RBD seroconversion andmay help identify patients who develop some

protection.

The response to the second dose, however, was notably weaker than in the HCW controls, all of

whom generated robust anti-RBD antibodies. This finding is similar to other high-risk populations.

In Canada, patients with cancer and solid organ transplant received 2 doses per manufacturer

guidelines because studies demonstrating poor humoral response to 1-dose vaccination led to policy

changes.13,14With widespread global vaccine shortages, it is necessary to identify these groups.

Table 2. Rates of Seroconversion and Attaining Convalescent Serum Levels for SARS-CoV-2 IgG Spike, RBD,

and NP Antibodies

Study group Dosea Measurement point

No. (%)

Seroconversionb Convalescent serum levelsc

Anti-spike

Hemodialysis 1 Dose Predose 1 8/66 (12) 2/66 (3)

Dose 1 + 4 wk 53/66 (80) 15/66 (23)

2 Doses Predose 2 65/76 (86) 19/76 (25)

Dose 2 + 1 wk 72/76 (95) 43/76 (57)

Dose 2 + 2 wk 69/72 (96) 52/72 (72)

Health care workers 2 Doses Dose 2 + 2-4 wk 35/35 (100) 35/35 (100)

Anti-RBD

Hemodialysis 1 Dose Predose 1 2/66 (3) 1/66 (2)

Dose 1 + 4 wk 36/66 (55) 4/66 (6)

2 Doses Predose 2 31/76 (41) 10/76 (13)

Dose 2 + 1 wk 58/76 (76) 31/76 (41)

Dose 2 + 2 wk 63/72 (88) 43/72 (60)

Health care workers 2 Doses Dose 2 + 2-4 wk 35/35 (100) 35/35 (100)

Anti-NP

Hemodialysis 1 Dose Predose 1 4/66 (5) 3/66 (5)

Dose 1 + 4 wk 3/66 (5) 3/66 (5)

2 Doses Predose 2 12/76 (16) 7/76 (9)

Dose 2 + 1 wk 10/76 (13) 7/76 (9)

Dose 2 + 2 wk 12/72 (17) 6/72 (8)

Health care workers 2 Doses Dose 2 + 2-4 wk 3/35 (9) 1/35 (3)

Abbreviations: IgG, immunoglobulin G; NP,

nucleocapsid protein; RBD, receptor binding domain.

a The second dose was administered 21 days following

the first dose.

b Seroconversion threshold represents a positive test

and is 0.19 for anti-spike, 0.186 for anti-RBD, and

0.396 for anti-NP antibodies.

c Themedian level of antigen in convalescent serum is

taken 21 to 115 days postsymptom onset is

considered a robust antibody response and is 1.38 for

anti-spike, 1.25 for anti-RBD, and 1.13 for anti-NP

antibodies.
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Figure 1. Immunoglobulin G (IgG) Response to Spike, Receptor Binding Domain (RBD),

and Nucleocapsid Protein (NP) Antigens of SARS-CoV-2 Following 1 vs 2 Doses of BNT162b2 Vaccine

in Patients ReceivingMaintenance Hemodialysis

3.0

2.0

2.5

1.5

1.0

0.5

0

Predose 1

(point 1)

Dose 1 +4 wk

(point 2)

Predose 2

(point 3)

Dose 2 +1 wk

(point 4)

Dose 2 +2 wk

(point 5)

Dose 2 + 2-4 wk

(point 6)

R
e

la
ti

v
e

 r
a

ti
o

Spike

Convalescent

patient level

Seroconversion

threshold

3.0

2.0

2.5

1.5

1.0

0.5

0

Predose 1

(point 1)

Dose 1 +4 wk

(point 2)

Predose 2

(point 3)

Dose 2 +1 wk

(point 4)

Dose 2 +2 wk

(point 5)

Dose 2 + 2-4 wk

(point 6)

R
e

la
ti

v
e

 r
a

ti
o

RBD

Convalescent

patient level

Seroconversion

threshold

3.0

2.0

2.5

1.5

1.0

0.5

0

Predose 1

(point 1)

Dose 1 +4 wk

(point 2)

Predose 2

(point 3)

Dose 2 +1 wk

(point 4)

Dose 2 +2 wk

(point 5)

Dose 2 + 2-4 wk

(point 6)

R
e

la
ti

v
e

 r
a

ti
o

NP

Convalescent

patient level

Seroconversion

threshold

Dose 1 Dose 2

2-Dose cohort

HCW cohort

1-Dose cohort

Sampling schedule

Point 1 Point 2

Point 3 Point 4 Point 5

1 wk 7 wk

1-Dose cohort

2-Dose cohort

PCR-positive

PCR-negative

HCW

Point 6

HCW indicates health care worker; PCR, polymerase

chain reaction.

JAMANetworkOpen | Nephrology Evaluation of the SARS-CoV-2 Antibody Response to the BNT162b2 Vaccine in Patients Undergoing Dialysis

JAMA Network Open. 2021;4(9):e2123622. doi:10.1001/jamanetworkopen.2021.23622 (Reprinted) September 2, 2021 6/10

Downloaded From: https://jamanetwork.com/ on 08/22/2022



Limitations

This study has limitations. This was a small, single-center study, limiting our ability to fully assess all

factors associated with immune response. Follow-up was limited but is ongoing in a larger patient

cohort. In addition, the HCW reference population was younger and primarily female. Although our

study did not evaluate cell-mediated immunity directly, a good anti-RBD response is required for

adequate cell-mediated response.15However, we recognize that longitudinal studies will be required

Figure 2. Reactogenicity Rates Following BNT162b2 Vaccine by Symptom Severity
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Table 3.Multivariate Logistic Regressionof theAssociationBetweenVariables andSARS-CoV-2 ImmunogobulinG

Anti-RBDSeroconversionorConvalescent SerumLevels 2WeeksAfter SecondBNT162b2Dose

Variable

Anti-RBD seroconversiona
Anti-RBD reaching median convalescent
serum levelb

OR (95% CI) P value OR (95% CI) P value

Age 1.01 (0.97-1.06) .58 0.98 (0.94-1.01) .22

Male sex 1.33 (0.25-7.24) .74 0.45 (0.16-1.28) .13

Vaccine reactogenicityc 22.86 (2.46-212.83) .006 1.96 (0.70-5.50) .20

Abbreviations: OR, odds ratio; IgG, immunoglobulin G; RBD, receptor binding domain.

a Seroconversion threshold represents a positive test and is 0.186 for anti-RBD.

b Themedian convalescent serum level is taken from COVID-19 survivors 21 to 115 days postsymptom onset and is 1.25 for

anti-RBD antibodies.

c Vaccine reactogenicity in patients receiving hemodialysis (n = 70) was binary in themodel based on the presence of any

of the following symptoms within 14 days after the second vaccine dose: pain, redness, swelling, fever, chills, fatigue,

nausea/vomiting, diarrhea, myalgia, and joint pain.
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to confirm the clinical significance of comparisonwith convalescent levels and correlate this outcome

with vaccine effectiveness.

Conclusions

The findings of this study suggest a poor humoral response following a single dose of BNT162b2

COVID-19 vaccine in patients receiving hemodialysis. The second dose should not be delayed in this

population.

ARTICLE INFORMATION

Accepted for Publication: June 27, 2021.

Published: September 2, 2021. doi:10.1001/jamanetworkopen.2021.23622

Correction: This article was corrected on February 14, 2022, to fix errors in the Abstract Results and the key in

Figure 1.

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2021 Yau K et al.

JAMA Network Open.

Corresponding Author:Michelle A. Hladunewich, MD, MSc, Division of Nephrology, Department of Medicine,

Sunnybrook Health Sciences Centre, 2075 Bayview Ave, D4 Room 474, Toronto, ONM4N 3M5, Canada (michelle.

hladunewich@sunnybrook.ca).

Author Affiliations:Division of Nephrology, Department of Medicine, Sunnybrook Health Sciences Centre,

Toronto, Ontario, Canada (Yau, Naimark, Oliver, Leis, Mullin, Shadowitz, Gonzalez, Sukovic, Hladunewich); Division

of Nephrology, Department of Medicine, Unity Health Toronto, Toronto, Ontario, Canada (Yau, Perl); Department

of Molecular Genetics, University of Toronto, Toronto, Ontario, Canada (Abe, Gingras); Lunenfeld-Tanenbaum

Research Institute at Mount Sinai Hospital, Sinai Health System, Toronto, Ontario, Canada (Abe, de Launay, Colwill,

Gingras); Li Ka Shing Knowledge Institute, St Michael’s Hospital, Unity Health Toronto, Toronto, Ontario, Canada

(Perl, Garnham-Takaoka, Takaoka, Straus); Division of Infectious Diseases, Sunnybrook Health Sciences Centre,

Toronto, Ontario, Canada (Leis); Public Health Ontario, Toronto, Ontario, Canada (Bolotin); Dalla Lana School of

Public Health, University of Toronto, Toronto, Ontario, Canada (Bolotin, Tran); Department of LaboratoryMedicine

and Pathobiology, University of Toronto, Toronto, Ontario, Canada (Bolotin, Tran); Sinai Health System, Toronto,

Ontario, Canada (McGeer); Division of Nephrology, University Health Network, Toronto, Ontario, Canada (Chan).

Author Contributions: Dr Hladunewich had full access to all of the data in the study and takes responsibility for

the integrity of the data and the accuracy of the data analysis. These authors contributed equally: Dr Yau and Mr

Abe. These authors contributed equally: Drs Gingras and Hladunewich.

Concept and design: Yau, Naimark, Oliver, Perl, Leis, Bolotin, Tran, Straus, Gonzalez, McGeer, Chan, Gingras,

Hladunewich.

Acquisition, analysis, or interpretation of data: Yau, Abe, Mullin, Shadowitz, Sukovic, Garnham-Takaoka, Quinn de

Launay, Takaoka, Chan, Colwill, Gingras, Hladunewich.

Drafting of the manuscript: Yau, Oliver, Gonzalez, Sukovic, Colwill, Gingras, Hladunewich.

Critical revision of the manuscript for important intellectual content: Yau, Abe, Naimark, Perl, Leis, Bolotin, Tran,

Mullin, Shadowitz, Garnham-Takaoka, Quinn de Launay, Takaoka, Straus, McGeer, Chan, Hladunewich.

Statistical analysis: Yau, Abe, Oliver, Hladunewich.

Obtained funding: Chan, Hladunewich.

Administrative, technical, or material support: Yau, Leis, Bolotin, Mullin, Shadowitz, Gonzalez, Sukovic, Garnham-

Takaoka, Quinn de Launay, Takaoka, McGeer, Chan, Colwill, Gingras.

Supervision: Perl, Gonzalez, Straus, Gingras, Hladunewich.

Conflict of Interest Disclosures:DrOliver reported receiving fees from theOntario Renal Network as a contracted

regional medical lead outside the submitted work. Dr Perl reported receiving speaking honoraria and consultancy

fees from Baxter Healthcare; grants from Agency for Healthcare Research and Quality grant support; speaking

honoraria from Fresenius Medical Care, AstraZeneca, Davita Healthcare, and US Renal Care; and consultancy fees

from LiberDi Dialysis outside the submitted work. Dr Tran reported that Public Health Ontario received funding

from the Public Health Agency of Canada and test kits from the Canadian Immunity Task Force for COVID-19

serosurveillance studies. Public Health Ontario is also involved in a COVID-19mix-and-match vaccine clinical trial

JAMANetworkOpen | Nephrology Evaluation of the SARS-CoV-2 Antibody Response to the BNT162b2 Vaccine in Patients Undergoing Dialysis

JAMA Network Open. 2021;4(9):e2123622. doi:10.1001/jamanetworkopen.2021.23622 (Reprinted) September 2, 2021 8/10

Downloaded From: https://jamanetwork.com/ on 08/22/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.23622&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.23622
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.23622
mailto:michelle.hladunewich@sunnybrook.ca
mailto:michelle.hladunewich@sunnybrook.ca


examining safety and immunogenicity. Dr McGeer reported receiving an investigator-initiated grant from Pfizer;

collaborative grant to the institution from Pfizer; investigator-initiated grant to the institution fromMerck; and

advisory board fees from Pfizer, Merck, MedicagoModerna, Janssen, GSK, and AstraZeneca outside the submitted

work. Dr Colwill reported receiving funding fromMedivolve Inc for initial development of an enzyme-linked

immunosorbent assay at Sinai Health System outside the submitted work. Dr Gingras participates in the working

party (testing) and working party (immunology) of the CITF, chairs the CIHR Institute of Genetics Advisory Board,

and is a member of the SAB of the National Research Council of Canada Human Health Therapeutics Board. Dr

Hladunewich reported receiving grants from Pfizer for a focal segmental glomerulosclerosis study, Ionis for a

immunoglobulin A study, Chemocentryx for a focal segmental glomerulosclerosis study, Calliditas for an

immunoglobulin A study, Roche for a preeclampsia study, and consultant fees from an Alynylam pregnancy study

outside the submitted work. No other disclosures were reported.

Funding/Support: This project was funded by the COVID-19 Immunity Task Force (grant 2122-HQ-000071). The

equipment used is housed in the Network Biology Collaborative Centre at the Lunenfeld-Tanenbaum Research

Institute, a facility supported by Canada Foundation for Innovation funding (grant CFI 33474), the Ontarian

Government, and Genome Canada and Ontario Genomics (grant OGI-139). Dr Gingras is supported by the

Canadian Institutes of Health Research (FDN 143301) and a Canada Research Chair, Tier 1, in Functional Proteomics.

Mr Abe is a recipient of an Ontario Graduate Scholarship from theMinistry of Training, Colleges and

Universities Ontario.

Role of the Funder/Sponsor: The funding organizations had no role in the design and conduct of the study;

collection, management, analysis, and interpretation of the data; preparation, review, or approval of the

manuscript; and decision to submit themanuscript for publication.

Additional Contributions:We thank lead study coordinators Anny Gonzalez, BSc, and Tatjana Sukovic, BSc

(Sunnybrook Health Sciences Centre), for coordinating this study and the Sunnybrook Health Sciences Centre

hemodialysis staff for assisting with sample collection. We also thank Shiva Barati, MD, Darlene Cann, BSc, Gary

Chao, PhD, Karen Green, RN, MSc, Lois Gilbert, BSc, Nazrana Haq, MD, MSc, Angel Xin Liu, MSc, Mohammad

Mozafarihashjin, MSc, Aimee Paterson, BSc (Lunenfeld-Tanenbaum Research Institute at Mount Sinai Hospital),

Nimitha Paul, MPH (Li Ka Shing Knowledge Institute, St Michael’s Hospital, Unity Health Toronto), and Philip

Samaan, BSc, and Salma SheikhMohamed,MSc (Department of LaboratoryMedicine and Pathobiology, University

of Toronto), who assisted in data collection andmanagement of samples from health care worker controls. We

thank Sharmistha Mishra, MD, PhD, Stefan Baral, MD, Christine Fahim, PhD, Mario Ostrowski, MD (Li Ka Shing

Knowledge Institute, St Michael’s Hospital, Unity Health Toronto), Adrienne Chan, MD, MPH (Sunnybrook Health

Sciences Centre), and Jennifer Gommerman, PhD (Department of Laboratory Medicine and Pathobiology,

University of Toronto), for sharing health worker data from theWellness Hub initiative (#20-0339-E, Mount Sinai

Hospital). The antibody measurements and initial data analysis were performed by Bhavisha Rathod, BSc, Mahya

Fazel-Zarandi, JennyWang, BSc, and Adrian Pasculescu, PhD (Lunenfeld-Tanenbaum Research Institute, Mount

Sinai Hospital). The individuals acknowledged did not receive compensation specifically for their assistance with

the study.

Additional Information: Convalescent serum data were obtained from the Toronto Invasive Bacterial Diseases

Network (REB studies #20-044 Unity Health, #02-0118-U/05-0016-C, Mount Sinai Hospital).

REFERENCES

1. Taji L, Thomas D, Oliver MJ, et al. COVID-19 in patients undergoing long-term dialysis in Ontario. CMAJ. 2021;193

(8):E278-E284. doi:10.1503/cmaj.202601

2. Yau K, Muller MP, Lin M, et al. COVID-19 outbreak in an urban hemodialysis unit. Am J Kidney Dis. 2020;76(5):

690-695.e1. doi:10.1053/j.ajkd.2020.07.001

3. Johansen KL, Chertow GM, Foley RN, et al. US Renal Data System 2020 Annual data report: epidemiology of

kidney disease in the United States. Am J Kidney Dis. 2021;77(4)(suppl 1):A7-A8. doi:10.1053/j.ajkd.2021.01.002

4. Krueger KM, IsonMG, Ghossein C. Practical guide to vaccination in all stages of CKD, including patients treated

by dialysis or kidney transplantation. Am J Kidney Dis. 2020;75(3):417-425. doi:10.1053/j.ajkd.2019.06.014

5. Labriola L, Scohy A, Seghers F, et al. A longitudinal, 3-month serologic assessment of SARS-CoV-2 infections in

a Belgian hemodialysis facility. Clin J Am Soc Nephrol. 2021;16(4):613-614. doi:10.2215/CJN.12490720

6. Polack FP, Thomas SJ, Kitchin N, et al; C4591001 Clinical Trial Group. Safety and efficacy of the BNT162b2mRNA

COVID-19 vaccine. N Engl J Med. 2020;383(27):2603-2615. doi:10.1056/NEJMoa2034577

7. Pimenta D, Yates C, Pagel C, Gurdasani D. Delaying the second dose of COVID-19 vaccines. BMJ. 2021;372:n710.

doi:10.1136/bmj.n710

8. Isho B, Abe KT, ZuoM, et al. Persistence of serum and saliva antibody responses to SARS-CoV-2 spike antigens

in COVID-19 patients. Sci Immunol. 2020;5(52):eabe5511. doi:10.1126/sciimmunol.abe5511

JAMANetworkOpen | Nephrology Evaluation of the SARS-CoV-2 Antibody Response to the BNT162b2 Vaccine in Patients Undergoing Dialysis

JAMA Network Open. 2021;4(9):e2123622. doi:10.1001/jamanetworkopen.2021.23622 (Reprinted) September 2, 2021 9/10

Downloaded From: https://jamanetwork.com/ on 08/22/2022

https://dx.doi.org/10.1503/cmaj.202601
https://dx.doi.org/10.1053/j.ajkd.2020.07.001
https://dx.doi.org/10.1053/j.ajkd.2021.01.002
https://dx.doi.org/10.1053/j.ajkd.2019.06.014
https://dx.doi.org/10.2215/CJN.12490720
https://dx.doi.org/10.1056/NEJMoa2034577
https://dx.doi.org/10.1136/bmj.n710
https://dx.doi.org/10.1126/sciimmunol.abe5511


9. Abe KT, Li Z, Samson R, et al. A simple protein-based surrogate neutralization assay for SARS-CoV-2. JCI Insight.

2020;5(19):142362. doi:10.1172/jci.insight.142362

10. Khoury DS, Cromer D, Reynaldi A, et al. Neutralizing antibody levels are highly predictive of immune

protection from symptomatic SARS-CoV-2 infection. Nat Med. 2021;27(7):1205-1211. doi:10.1038/s41591-021-

01377-8

11. Amanat F, Stadlbauer D, Strohmeier S, et al. A serological assay to detect SARS-CoV-2 seroconversion in

humans. Nat Med. 2020;26(7):1033-1036. doi:10.1038/s41591-020-0913-5

12. Grupper A, Sharon N, Finn T, et al. Humoral response to the Pfizer BNT162b2 vaccine in patients undergoing

maintenance hemodialysis. Clin J Am Soc Nephrol. 2021;16(7):1037-1042. doi:10.2215/CJN.03500321

13. Boyarsky BJ, Werbel WA, Avery RK, et al. Immunogenicity of a single dose of SARS-CoV-2messenger RNA

vaccine in solid organ transplant recipients. JAMA. 2021;325(17):1784-1786. doi:10.1001/jama.2021.4385

14. Monin L, Laing AG, Muñoz-Ruiz M, et al. Safety and immunogenicity of one versus two doses of the COVID-19

vaccine BNT162b2 for patients with cancer: interim analysis of a prospective observational study. Lancet Oncol.

2021;22(6):765-778. doi:10.1016/S1470-2045(21)00213-8

15. Bartsch YC, Fischinger S, Siddiqui SM, et al. Discrete SARS-CoV-2 antibody titers track with functional humoral

stability. Nat Commun. 2021;12(1):1018. doi:10.1038/s41467-021-21336-8

SUPPLEMENT.

eTable 1. Comparison of Rates of SARS-CoV-2 IgG Anti-Spike and Anti-RBD Seroconversion in Hemodialysis

Patients Receiving 1 Versus 2 Doses of BNT162b2 and HCWReceiving 2 Doses After Including and Excluding

Individuals with Baseline Anti-NP Seroconversion

eTable 2. Rates of Attaining Convalescent Serum Levels for SARS-CoV-2 IgG Anti-Spike and Anti-RBD in

Hemodialysis Patients Receiving 1 Versus 2 Doses of BNT162b2 and HCWReceiving 2 Doses After Including and

Excluding Individuals with Baseline Anti-NP Seroconversion

eFigure. SARS-CoV-2 IgG spike, RBD, and NP Antibody Response Following 1 Versus 2 Dose BNT162b2 Vaccine in

Hemodialysis Patients Excluding Baseline Anti-NP Seroconversion

JAMANetworkOpen | Nephrology Evaluation of the SARS-CoV-2 Antibody Response to the BNT162b2 Vaccine in Patients Undergoing Dialysis

JAMA Network Open. 2021;4(9):e2123622. doi:10.1001/jamanetworkopen.2021.23622 (Reprinted) September 2, 2021 10/10

Downloaded From: https://jamanetwork.com/ on 08/22/2022

https://dx.doi.org/10.1172/jci.insight.142362
https://dx.doi.org/10.1038/s41591-021-01377-8
https://dx.doi.org/10.1038/s41591-021-01377-8
https://dx.doi.org/10.1038/s41591-020-0913-5
https://dx.doi.org/10.2215/CJN.03500321
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2021.4385&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.23622
https://dx.doi.org/10.1016/S1470-2045(21)00213-8
https://dx.doi.org/10.1038/s41467-021-21336-8

