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Determining the Safety and Effectiveness of COVID-19 
Vaccination in the CKD Population

• Study Objectives:

1. Humoral and Cellular Immunity

2. Epidemiologic Studies 

3. Vaccine Safety



1. Describe the impact of COVID-19 on the dialysis population

2. Understand how antibody response is assessed post-vaccination

3. Describe vaccine effectiveness in the dialysis population

4. Discuss booster doses in the dialysis population 

Objectives



Chronic Kidney Disease is a Major Problem in Canada

• Top Causes of CKD:
• Diabetes Mellitus
• Hypertension
• Glomerulonephritis

• 23,000 patients on Chronic Dialysis (2019)



Types of Dialysis

Hemodialysis Peritoneal Dialysis 



Risk of Infection is Higher in HD

• Ontario Data 1.5% of the HD population contracted SARS-CoV-2 infection in the 
first 5 months of 2020 – a rate 5x the Ontario Population

• 264 in HD compared to 27 Ontario population per 100,000

Taji et al. CMAJ Feb 2021

Risk Factor OR (95% CI)

In-centre vs Home Dialysis 2.54 (1.59-4.05)

LTC Resident 7.67 (5.30-11.11)

GTA Resident 3.27 (2.21-4.80)

Non-Caucasian especially Black 3.05 (1.95-4.77)

Lower Income Quintile 1.83 (1.15-2.89)



• “We’re telling people to stay at home, but dialysis patients can’t stay 
at home” 

Dr. Matthew Muller, IPAC, St. Michael’s Hospital

• Mandatory treatment at least 3x/week

• Transportation issues

• Multiple health care providers



Dialysis Outbreaks do Occur



Hypothesized Transmission

WheelTrans



Next Generation Sequencing of COVID-19 Cases

Courtesy of Naureen SiddiquiDialysis Patient



Containment was Complex



Polling Question

• What was the mortality from COVID-19 in dialysis patients in Ontario in 2020?

1. 5-7.5%

2. 10-15%

3. 25-30%

4. 40-45%



Morbidity and Mortality are Higher in HD

• 62% required hospitalization

• Case Fatality Rate of 28.3%



Decline in the U.S. Dialysis Population

Weinhandl et al. KI Reports 2021



Asymptomatic COVID-19 was uncommon in HD Patients

March and June 2020

Sniekers eta l. CJKHD 2021



CKD Patients Have Poor Response to Hepatitis B Vaccination

DaRoza et al. AJKD 2003



mRNA-1273 (Moderna) - Spikevax

• 30,420 participants 

• No CKD/Dialysis

Baden et al. NEJM 2020



BNT162b2 (Pfizer) - Comirnaty

• 43,548 participants

• 256 patients with “renal disease”

Polack et al. NEJM 2020; 383:2603-2615
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Serologic Evaluation in Dialysis Patients



SARS-CoV-2 Antibodies



Detection of Antibodies

• Reported as Relative Ratios to Reference Curve

• Can be converted to BAU/mL

• Thresholds for Positivity (Seroconversion)

• 3 SD above mean of negative controls 

• Comparison to Convalescent Serum 

• 211 patients with prior COVID-19



Convalescent Serum Antibody Levels

Isho et al. Science Immunology 2020



Serology Pre and Post-Vaccination

Colwill et al. Medrxiv

Antibody Seropositive Sensitivity Specificity

Anti-spike 0.190 94.4% 98.9%

Anti-RBD 0.186 89.0% 100%

Anti-NP 0.396 78.6% 99.3%

Spike



Dried Blood Spot for CKD Patients

Colwill et al. Medrxiv





Yau et al. JAMA Network Open 2021 



Yau et al. JAMA Network Open 2021 



23% 25% 57% 72%

100%

6% 13% 41% 60%

100%

PCR -

PCR + 

Yau et al. JAMA Network Open 2021 



Anti-Nucleocapsid 

Yau et al. JAMA Network Open 2021 



Predictors of Seroconversion for Anti-RBD 

Yau et al. JAMA Network Open 2021 



Early Serologic Studies in Dialysis Patients

Carr et al. KI Reports 2021



Antibodies as a Correlate of Protection? 

• 39 Fully Vaccinated HCW with breakthrough COVID-19
• Lower Anti-Spike IgG (Ratio 0.514; 95% CI 0.28-0.94)
• Lower Neutralizing Antibody Titers (Ratio 0.361; 95% CI 0.17-0.79)

Bergwerk et al. NEJM 2021



Trajectories of Anti-RBD Response up to 13 weeks (BNT162b2)

Weeks Post Two Dose Vaccination

0 13    0                            13      0 13     0 13    0  13     



Hemodialysis Patients receiving 
mRNA COVID-19 Vaccine

(n=224)

Moderna (n=95) Pfizer (n=129)

Difference in immunogenicity by mRNA vaccine type?



Yau et al. Under Review

• Three breakthrough COVID-19 infections in Pfizer group 

Moderna versus Pfizer in Hemodialysis



Odds of Reaching Convalescent Level at 12 weeks

Antibody Vaccine Unadjusted OR 

(95% CI)

Adjusted OR 

(95% CI)*

p value

Anti-Spike Moderna 7.7 (2.5-24.0) 10.8 (2.5-47.8) 0.002

Anti-RBD Moderna 3.8 (1.9-7.7) 6.3 (2.4-16.3) <0.001

*Adjustment for age, sex, immunosuppression, diabetes, coronary artery disease



Moderna versus Pfizer Anti-Spike by Age



Greater Immunogenicity with mRNA-1273 (Moderna)

• 1647 Health Care Workers in Belgium
• Anti-RBD 6-10 weeks post 2nd dose

Steensels et al. JAMA 2021



Anti-Spike in Hemodialysis Patients versus Controls

(N=543) (N=75)

Van Praet et al. JASN 2021



Correlation between Humoral and Cellular Immunity

Van Praet et al. JASN 2021



Greater Immunogenicity with mRNA-1273

Possible Reason mRNA-1273 (Moderna) BNT16b2 (Pfizer)

Dose 100 µg 30 µg

Timing Between Doses 4 weeks 3 weeks



Decreased Neutralization Against Variants of Concern

Abe et al. Medrxiv

Thresholds of antibody relative ratios predicted to neutralize 
wild-type strain increased against variants of concern



Vaccine Effectiveness in Ontario Dialysis Patients

Oliver et al. Under Revision



Vaccination of Dialysis Patients in Ontario

• Dec 20, 2020 to May 31, 2021

• 13,888 maintenance dialysis patients

Adapted from Oliver et al. Under Revision

74%

25%

1%

BNT162b2 (n=8926)

mRNA-1273 (n=2782)

ChAdOx1 (n=127)



Event Rates by Vaccination Status

Unvaccinated One Dose Two Doses

Follow-up, days 1,398,544 424,427 563,396

SARS-CoV-2 infections, N 488 112 63

Infection rate, per 100,000 days 34.9 26.4 11.3

Hospitalizations, N (% of cases) 256 49 18

Hospitalization rate, per 100,000 

days  
18.32 11.54 3.20

Mortality, N (% of cases) 77 11 6

Mortality rate, per 100,000 days 5.50 2.59 1.06 

Oliver et al. Under Revision



Adjusted Vaccine Effectiveness

Adapted from Oliver et al. Under Revision

*Adjusted for age, sex, ethnicity, GTA/Non-GTA, dialysis modality, Charlson comorbidity index, income quintiles, LTC, 
dialysis vintage, number of RT-PCR tests, and monthly Public Health Unit Region SARS-CoV-2 infection rate

Unvaccinated
One Dose Two Doses

Unadjusted Adjusted Unadjusted Adjusted

Vaccine Effectiveness (95% CI) Vaccine Effectiveness (95% CI)

SARS-CoV-2 

infections
1 (ref.) 32% (13-48%) 41% (24-54%) 51% (32-64%) 69% (58-78%) 

Severe outcomes 1 (ref.) 33% (3-54%) 48% (25-64%) 70% (47-82%) 84% (72-91%) 

Hospitalizations 1 (ref.) 36% (7-56%) 49% (27-65%) 71% (49-83%) 84% (72-91%) 

Mortality 1 (ref.) 63% (22-83%) 73% (43-87%) 75% (35-91%) 90% (72-96%) 

Sensitivity analyses

SARS-CoV-2 infections 

No lag period
1 (ref.) 33% (15-47%) 37% (21-50%) 44% (25-59%) 65% (52-74%) 



Vaccine Effectiveness by Subgroups

Adapted from Oliver et al. Under Revision

One Dose
Two Doses



Limitations/Conclusions

• Limited protection with one dose

• Majority of second doses during decline of 3rd wave

• Bias towards vaccine effectiveness

• Not matched



Breakthrough Infections January 1- July 31, 2021

Preliminary Data from the CDC presented at ASN Kidney Week 2021 



Breakthrough Infections Pre vs. Post-Delta Variant

Preliminary Data from the CDC presented at ASN Kidney Week 2021 



Boosters



Reduction in Mortality with BNT162b2 Booster in ≥ Age 50 

Arbel et al. NEJM 2021



Three doses BNT162b2 in Hemodialysis

Dicloux et al. Kidney International 2021

• Median increase in RBD 580% after 3rd dose (n=45)



Polling Question 2

• Do you think that a different third dose of COVID-19 vaccine from the first two doses 
will provide greater vaccine effectiveness (e.g. Pfizer for the first two doses  and 
Moderna for the third dose)?

• 1. Yes

• 2. No



Is Heterologous Vaccination Better?

Normark et al. NEJM 2021



Participant 
Enrolled

BNT162b2 (Pfizer) 
Two Doses

Third Dose mRNA-
1273 (100µg)

(Moderna)

Third Dose 
BNT162b2

(Pfizer)

mRNA-1273 
(Moderna) Two 

Doses

Third Dose mRNA-
1273 (100µg)

(Moderna)

Third Dose 
BNT162b2

(Pfizer)



Some Patients Have Strong Loyalty



Conclusions

• Dialysis patients respond poorly to one dose of vaccine  

• COVID-19 vaccine effectiveness is high in Ontario dialysis patients 

• Immunogenicity of mRNA-1273 greater than BNT162b2 

• Booster doses in CKD/Dialysis remain under investigation
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