BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby 1e Gzoz ‘0T aung uo /wod fwg uadolway/:dny wouj pspeojumod "2zoz AINr 8T UO ¥¥6650-TZ0Z-uadolwg/9eTT 0T Se paysiignd 1su1 :usdo NG


http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/

BMJ Open

BM) Open

SARS-CoV-2 vaccination, ABO blood group, and risk of
COVID-19: population-based cohort study

Journal:

BMJ Open

Manuscript ID

bmjopen-2021-059944

Article Type:

Original research

Date Submitted by the
Author:

07-Dec-2021

Complete List of Authors:

Ray, Joel; ICES, Departments of Medicine, Obstetrics and Gynaecology
Park, Alison; Insitute for Clinical Evaluative Sciences

Keywords:

COVID-19, HAEMATOLOGY, INFECTIOUS DISEASES, Epidemiology <
INFECTIOUS DISEASES

o

5 ARONE™

O HOLA
SCHOLA

Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby 1e Gzoz ‘0T aung uo /wod fwg uadolway/:dny wouj pspeojumod "2zoz AINr 8T UO ¥¥6650-TZ0Z-uadolwg/9eTT 0T Se paysiignd 1su1 :usdo NG


http://bmjopen.bmj.com/

Page 1 of 35

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inalladns juswaublasug

e

e


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

SARS-CoV-2 vaccination, ABO blood group, and risk of COVID-19:
population-based cohort study

Joel G Ray, MD MSc
Departments of Medicine, Obstetrics and Gynaecology,
St. Michael’s Hospital, University of Toronto, and ICES
Toronto, Ontario

Alison L Park, MSc
ICES
Toronto, Ontario

Corresponding investigator:
Joel Ray, MD MSc FRCPC
Department of Medicine

St. Michael’s Hospital

30 Bond St

Toronto, ON

M5B 1W8

rayj@smh.ca

Text word count: 1948
Abstract word count: 241

Primary Funding Source: Funded by a grant from the Ontario Academic Health Sciences Centre
AFP Innovation Fund, and the Ontario Ministry of Health and Ministry of Long-Term Care. No

grant number is assigned to either.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 35

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby 1e Gzoz ‘0T aung uo /wod fwg uadolway/:dny wouj pspeojumod "2zoz AINr 8T UO ¥¥6650-TZ0Z-uadolwg/9eTT 0T Se paysiignd 1su1 :usdo NG


mailto:rayj@smh.ca
http://bmjopen.bmj.com/

Page 3 of 35 BMJ Open

Abstract
Objective: To compare outcomes between O and non-0 blood groups, and by mRNA and Ad-V

vaccines.

oNOYTULT D WN =

9 Design: Population-based cohort study.

1 Setting: All of Ontario, Canada. Linked datasets captured clinical encounters, vaccinations and
laboratory testing for SARS-CoV-2.

Participants: Individuals aged 12+ years with known ABO blood group and free of SARS-CoV-2
16 before January 15, 2021.

18 Main outcomes measures: The main exposure, first SARS-CoV-2 vaccination, was modeled in a
20 time-varying manner. O and non-O blood group was known prior to vaccination. SARS-CoV-2

22 infection, and severe COVID-19 (hospitalization or death), were assessed starting 14 days after
vaccination, up to June 27, 2021.

25 Results: 2,472,261 individuals were included. 1,743,916 (70.5%) had at least one vaccination, of
27 which 24.6% were fully vaccinated. Relative to unvaccinated, after receiving their first mRNA

29 (aHR 0.46, 95% Cl 0.44-0.47) or Ad-V (aHR 0.49, 95% Cl 0.44-0.54) vaccine, the risk of SARS-CoV-
31 2 infection was lower, as was severe COVID-19 (aHR 0.29, 95% CI 0.20-0.43 [mRNA]; 0.29, 95%
33 Cl1 0.26-0.33 [Ad-V]). Stratifying by blood group produced similar results. For example, after first
mMRNA vaccination, the aHR of severe COVID-19 was 0.31 (95% Cl 0.27-0.36) among non-0, and

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby 1e Gzoz ‘0T aung uo /wod fwg uadolway/:dny wouj pspeojumod "2zoz AINr 8T UO ¥¥6650-TZ0Z-uadolwg/9eTT 0T Se paysiignd 1su1 :usdo NG

0.27 (95% C1 0.22 to 0.32) among O blood groups, relative to unvaccinated. Fully vaccinated

38 individuals had the lowest risk of SARS-CoV-2 and severe COVID-19.

40 Conclusions SARS-CoV-2 infection and severe COVID-19 are reduced by vaccination. This effect
42 does not vary by vaccine type or blood group, but is more pronounced among fully, than

44 partially, vaccinated individuals.

Keywords: SARS-CoV-2; COVID-19; vaccination; ABO blood group; effectiveness; cohort study.

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Strengths and limitations of this study
e This study was limited to persons who had ABO blood group testing, and who are more
likely to have required blood transfusion or to have been pregnant in the past.
e We did not know who had acquired natural immunity to SARS-CoV-2.
e The potential for immortal time bias was mitigated by treating vaccine exposure as time
varying, and by setting follow-up time to a common starting date.
e The current study was largely completed prior to the emergence of the SARS-CoV-2

Delta/B.1.617 variant.
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vs)
1 g
2 <
3 . g
2 Introduction =
5 Emergence of the SARS-CoV-2 pandemic, and COVID-19 related disease, led to rapid 5
6 c
7 development of various vaccines. Efficacy was demonstrated for the modified RNA (mRNA) %
8 =0
9 vaccine of the SARS-CoV-2 spike protein, to induce neutralizing antibodies <1>, as well as a %
10 b 2
1 recombinant, replication-incompetent adenovirus vector that encodes a full-length and s o
o)) =
'_\
g stabilized SARS-CoV-2 spike protein (adenovirus-vectored [Ad-V]) <2>. Demonstrated vaccine é ]
o

o
1‘5‘ efficacy shown from pooled data of randomized clinical trials is 95% (95% ClI 94 to 95) and 80% s %
o ©
]
16 (95% CI 56 to 93), respectively <3>. Even within 14 days of receipt of a first dose, vaccine 2 2
17 Q o
18 efficacy can reach 80% <4,5>. ? E
19 2 o
20 It is of interest that adults with O blood group appear to be at lower risk of SARS-CoV-2 % §
21 s X
22 infection and COVID-19-related severe illness, compared to those with A, B and AB (i.e., non-0O) e 3
o P
- (o]
;i blood groups <6,7>. Those with O blood group are identified by their anti-A and anti-B S m&
® S =
» n<
;g antibodies; these same antibodies may offer immunoprotection against SARS-CoV-2, as they 22N
25
27 are concomitantly produced by certain epithelial cells within the respiratory and digestive tract 8% o
28 CEE
29 — prime targets for COVID-19 tissue injury <7>. What is not known, however, is whether 8 E
30 ~5 Qo
31 vaccinated persons with O blood group experience different rates of SARS-CoV-2 infection and %%E
32 ot =
33 COVID-19 disease than those of non-O blood group. Such information might guide vaccine type, §$§
3@
g;’ recipient prioritization, and the need for repeat vaccination. g@g
‘.Q . t
g? The current study evaluated SARS-CoV-2 infection and COVID-19 disease in a population with > g
1
38 a universal vaccination system offered to those aged 12+ years, a high uptake of at least one g E
39 2 Z
40 vaccine (https://www.ices.on.ca/DAS/AHRQ/COVID-19-Dashboardivaccinecoverage), and systematic collection of vaccination @ 3
41 g 38
42 and infection data. Herein, we compared outcomes between O and non-O blood groups, and by o 3
43 _ 3 S
44 mRNA and Ad-V vaccines. 5 o
45 g @
46 5 5
47 Method SN
48 e N
49 This population-based retrospective cohort study was performed in Ontario, Canada. Patient- & =
50 >
51 level datasets included all hospitalizations, emergency department visits, the majority of E
52 ®
53 laboratory tests for SARS-CoV-2, and all SARS-CoV-2 vaccinations administered within Ontario @
(e}
54 =
55 (https://data.ontario.ca/dataset/covid-19-vaccine-data-in-ontario), as further detailed in Table S
56 3
57 g
58 o
59 4 &
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S1<6,8>. Datasets were linked using unique encoded identifiers and analyzed at ICES.

Study eligibility required that an individual was aged 12+ years, a resident of Ontario, had
undergone ABO testing, and also did not have a SARS-CoV-2 positive swab before January 15,
2021 (Table S1 and Figure S1).

Exposures and outcomes

The main study exposure was a first SARS-CoV-2 vaccination, handled in a time-varying
manner, with a lag of 14 days after vaccination to ensure that the person had a chance to
develop immunity. December 15, 2020 was the date when high-risk persons were first
vaccinated, and January 15, 2021 the time when Canada began mass vaccinating its citizens
<9>. So, for example, a person who was vaccinated on January 1,2021 or earlier was considered
exposed on January 15, 2021, whereas a person who was vaccinated on February 1, 2021 was
considered exposed on February 15, 2021 and unexposed before that date.

The main study outcome was SARS-CoV-2 infection, defined as a positive SARS-CoV-2 PCR test —
regardless of indication, symptoms or illness severity — arising during the follow-up period, from
January 15, 2021 to June 27, 2021. The second study outcome was a severe COVID-19, defined as
a positive SARS-CoV-2 PCR test in conjunction with either a hospitalization within +/- 3 days, or a
death within -1 to +3 days, of that positive PCR test. Both study outcomes were assessed starting

at least 14 days after vaccination, among those vaccinated <10> (Table S1).

Data analyses

For the overall cohort, study outcomes were based on population-at-risk denominators, which
included both those who did and did not necessarily undergo SARS-CoV-2 PCR testing after
January 15, 2021. Time-to-event analyses generated incidence rates, and Cox proportional
hazard models produced unadjusted and adjusted hazard ratios (HR), comparing first-
vaccinated to unvaccinated persons (referent). Censoring occurred if a person lost their Ontario
Health Insurance Plan coverage, were outcome-free by June 27, 2021 (the end of study period),
or the day after they died (if a death occurred). HR were adjusted for age, sex, rural residence,

area income quintile — each at baseline -- as well as prior diabetes mellitus, malignancy, heart
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vs)
1 =
2 H
2 failure, cardiac ischemia or arrhythmia, chronic kidney disease or venous thromboembolism i
5 (Table S1). Additional analysis 1 restricted the at-risk denominator those individuals who 5
6 c
7 underwent SARS-CoV-2 PCR testing at least 14 days after their first vaccination. %
8 D
9 The main cohort model was repeated, with each study outcome assessed by more specifically >
10 N — . o . e B
1 comparing first mRNA vaccination or first Ad-V vaccination to unvaccinated persons (referent). s o
o)) =
12 . . . . B
13 Next, and central to the study, we examined the risk of each study outcome in relation to é ]
o
o
1‘5‘ first-vaccination status, further stratified by O and non-0O blood groups. This was done among < %
o ©
]
16 the entire cohort, as well as restricted to those who underwent SARS-CoV-2 PCR testing at least % z
17 a o
18 14 days after their first vaccination. % E
19 2 o
20 Consideration was given to receipt of a second vaccination as a time-dependent variable. % §
21 s X
22 Hence, “fully vaccinated” and “partially vaccinated” persons were each compared to e 3
o P
= o]
;i unvaccinated individuals, stratified by O and non-O groups — with these analyses conducted Sme
® S =
» n<
;2 among the whole cohort, as well as limited to just those who had SARS-CoV-2 testing in the 22N
2SN
27 observation period. 835
28 CEE
29 Analyses were planned a priori. Statistical analyses were performed using SAS version 9.4 for 8 E
30 oo
31 UNIX (SAS Institute Inc., Cary, NC). §§,§
32 553
33 83
34 . - 3R
35 Patient and public involvement ERE
S
Q- =
36 No patient was consulted or involved in this study. > s
37 z 3
38 Did we involve patients/service users/carers/lay people in the design of this study? No. g E
39 2 Z
40 Was the development of outcome measures informed by patients’ priorities, experience, and @ 3
41 g 38
42 preferences? No. o 3
43 . . . . , S S
44 Were patients/carers/lay people involved in the recruitment to and conduct of the study? No. 5 o
- 3
22 How will the results be disseminated to study participants? Not applicable. § NA
s ©
2; Are patients/carers/lay people thanked in the contributorship statement/acknowledgements? S §
«Q
49 Not applicable. & =
50 &
51 Was the development of the research question and outcome measures informed by patients’ o
52 @
53 priorities, experience, and preferences? No. g
54 =
55 Q
56 3
57 =
58 o
59 6 &
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Results

Among 2,938,215 individuals, 2,472,261 met the inclusion criteria (Figure S1). Of these,
1,743,916 (70.5%) had at least one vaccination (Table 1). Those vaccinated were more likely to be
male, older in age, residing in a higher income area, and have higher rates of certain comorbid
conditions, like cancer, diabetes and hypertension (Table 1). Of those vaccinated, 1,600,524
(91.8%) first received an mRNA vaccine, and 143,358 (8.2%) an Ad-V vaccine. A second vaccine
was administered to 24.6% of individuals by June 13, 2021 (i.e., by 2 weeks before the end of the
study observation period), comprising the mRNA vaccine among 415,632 (23.8%), and the Ad-V
among 12,855 (0.7%) (Table 1).

After a median follow-up of 163 days (IQR 163 to 163), the rate of SARS-CoV-2 positivity was
0.54 per 10,000 person-days among first-vaccinated persons, and 1.69 per 10,000 person-days
among non-vaccinated persons -- an unadjusted HR of 0.38 (95% Cl 0.37 to 0.39) and an adjusted
HR of 0.46 (95% Cl 0.45 to 0.48). The corresponding HR were equally protective for those
receiving a first mRNA vaccine (adjusted HR 0.46, 95% Cl 0.44 to 0.47) or first Ad-V vaccine
(adjusted HR 0.49, 95% Cl 0.44 to 0.54), each relative to being unvaccinated (Table 2). The
adjusted HR for severe COVID-19 was 0.29 (95% Cl 0.26 to 0.33) comparing vaccinated to
unvaccinated persons, with similar estimates by vaccine type (Table 2).

There were 439,058 (25.2%) vaccinated people who had SARS-CoV-2 PCR testing during follow-
up period, from January 15, 2021 onward, compared to 175,397 (24.1%) unvaccinated individuals
—a small standardized difference of 0.03. Restricting the at-risk denominator these 614,455
individuals, and comparing the vaccinated to the unvaccinated, the adjusted HR were 0.28 (95%
C1 0.27 to 0.29) for SARS-CoV-2 positivity, and 0.22 (95% Cl 0.20 to 0.25) for severe COVID-19,
albeit, at much higher event rates than seen in the entire cohort (Additional analysis 1, Table S2)

Among the entire cohort, the protective effect associated with a first mRNA or Ad-V vaccine
against SARS-CoV-2 infection or severe COVID-19 was equally seen among those with O and
non-0 blood groups, and the expected slightly lower outcome event rates among those with O
blood group (Figure 1, upper). This pattern was also seen by vaccine type (Table S3), and among
the 614,455 individuals who had SARS-CoV-2 PCR testing (Figure 1, lower).

In the entire cohort, relative to the unvaccinated, fully vaccinated individuals had the lowest
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vs)
1 =
2 H
2 risk of SARS-CoV-2 infection, followed by partially vaccinated persons (Figure 2, upper). For 2
5 example, among those with blood group O, the corresponding adjusted HR were 0.39 (95% ClI ‘;:'
6 c
7 0.34t0 0.43) and 0.48 (95% Cl 0.45 to 0.50). Moreover, the HRs did not differ by blood group. %
8 =0
9 The same was evident for severe COVID-19 (Figure 2, upper). Restricting to the sub-cohort who §
10 @
1 had SARS-CoV-2 testing, the protective effect conferred by full and partial vaccination was é-? S
o)) =
g similar by blood groups (Figure 2, lower) 2 Q
2 S
14 < 3
15 8 3
16 Discussion S 3
18 Main findings -
19 2 o
20 This population-based cohort study observed a lower risk of SARS-CoV-2 infection, as well as % §
21 a2 R
22 severe COVID-19 hospitalization or death, in association with SARS-CoV-2 vaccination. This ‘% S
o P
;i conferred protective effect did not vary by vaccine type or blood group, but was more s m;
3a<
;Z pronounced among fully, than partially, vaccinated individuals. aé-g
Ry N
28 CEE
29 Comparison with other studies 8 E
30 oo
31 A 2021 meta-analysis observed a lower risk of 54,218 persons showed a lower risk of SARS- %%E
32 ot =
33 CoV-2 infection comparing O vs. non-0O blood group (odds ratio 0.71, 95% Cl 0.60 to 0.84) <11>. g.,);g
3%
g;’ In a cohort study of 225,556 adults and children in Ontario, before SARS-CoV-2 vaccination, we She
S
g? previously observed a lower relative risk of SARS-CoV-2 infection (0.88, 95% Cl 0.84 to 0.92) and i g
Z o
38 severe COVID-19 illness or death (0.87, 0.78 to 0.97) among those with O vs. non-O blood group g E
39 2 Z
40 <6>. The current study is the first to explore effect modification of O blood group on vaccine @ 3
41 g 3
42 effectiveness against SARS-CoV-2 infection or related illness. Just as we found no effect o %
43 3 3
44 modification, prior research on the smallpox vaccine suggested no differences in “vaccine 5 ;
- 3
22 success” by ABO blood group <12>, nor for influenza A <13>, rabies <14> and cholera <15> § NA
s ©
j; vaccines. Thus, if O blood group is somehow protective against SARS-CoV-2 infection or illness, S §
«Q
49 it is unlikely to generate any additive benefit to that conferred by available mRNA and Ad-V & =
50 >
51 vaccines. E
52 @
53 The current study observed a relative risk reduction against severe COVID-19 of between 82- @
(e}
54 =
55 85% after full vaccination, and between 67-70% following partial vaccination (Figure 2). In Chile, S
56 3
57 =
58 o
59 8 &
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among those aged 60+ years and fully vaccinated, vaccine effectiveness was 67% against
infection, 85% for the prevention of hospitalization, and 87% for the prevention of Covid-19-
related death, with corresponding estimates of 16%, 37% and 46% after partial vaccination
<16>. Our findings about vaccine effectiveness are similar to those of randomized clinical trials
of SARS-CoV-2 vaccination <1-4>, or another observational study from Ontario <8>. Taken

together, SARS-CoV-2 vaccination by mRNA or Ad-V is effective at preventing serious disease.

Limitations

This study was limited to persons who had ABO blood group testing, and who are more likely
to have required blood transfusion or to have been pregnant in the past <6>. As a study
strength, identification of blood group status preceded SARS-CoV-2 vaccination or index PCR
testing. While we excluded those with SARS-CoV-2 infection prior January 15, 2021, we did not
know who had acquired natural immunity. While vaccination and study outcomes were fully
ascertained within a universal healthcare system, a minority of individuals may have been
vaccinated outside of Ontario, and not identified herein. The potential for immortal time bias —
the influence of misclassified follow-up time for individuals who were vaccinated, which could
differentially favour their survival — was mitigated by treating vaccine exposure as time varying,
and by setting follow-up time to a common starting date of January 15, 2021 <17>. All study
covariates, including demographic and clinical variables, were captured prior to time zero. A
protective effect of vaccination was seen in the additional analyses restricted to those who
underwent PCR testing. This was akin to using a test-negative design, in which common access
to, and uptake of, medical care can reduces unmeasured confounding related to healthcare-
seeking behaviours <18>. Last, while the current study was largely completed prior to the
emergence of the SARS-CoV-2 Delta/B.1.617 variant, it is unlikely that ABO blood group would

be expected to modify vaccine effectiveness within the subsequent period.

Conclusions

The protective benefit offered by mRNA or Ad-V SARS-CoV-2 vaccination — especially full

vaccination — is not further modulated by ABO blood group status. Large-scale population or
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targeted vaccination programs should continue, with ongoing research about how to mitigate

emerging viral variants.
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Figure legends

Figure 1. SARS-CoV-2 vaccination and associated risk of SARS-CoV-2 infection, or severe COVID-
19 (hospitalization or death), stratified by O and non-O blood groups. Data are presented for
the entire cohort (upper panel), and 614,455 individuals who had SARS-CoV-2 PCR testing
during the follow-up period (lower panel). Analyses are by time-varying exposure after first
vaccination. Unadjusted hazard ratios are in red, and adjusted hazard ratios in blue, adjusted for
age, sex, rural residence, area income quintile — each at baseline -- as well as prior diabetes
mellitus, malignancy, heart failure, cardiac ischemia or arrhythmia, chronic kidney disease or
venous thromboembolism.

Figure 2. Full or partial SARS-CoV-2 vaccination and associated risk of SARS-CoV-2 infection, or
severe COVID-19 (hospitalization or death), stratified by O and non-O blood groups. Data are
presented for the entire cohort (upper panel), and 614,455 individuals who had SARS-CoV-2
PCR testing during the follow-up period (lower panel). Analyses are by time-varying exposure
after first vaccination. Unadjusted hazard ratios are in red, and adjusted hazard ratios in blue,
adjusted for age, sex, rural residence, area income quintile — each at baseline -- as well as prior
diabetes mellitus, malignancy, heart failure, cardiac ischemia or arrhythmia, chronic kidney
disease or venous thromboembolism.
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Table 1. Characteristics of 2,472,261 individuals in Ontario, Canada aged 12 years and older, with known ABO
blood group, and without evidence of SARS-CoV-2 infection before January 15, 2021. All data are presented as a
number (%) unless otherwise indicated.

Any SARS-Cov-2
vaccination

No SARS-COV-2
vaccination

Standardized

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Characteristic (N =1,743,916) (N = 728,345) difference
On January 15, 2021 (time zero)
Mean (SD) age, y 50.8 (18.4) 40.6 (15.4) 0.60
12-17 13,009 (0.7) 11,509 (1.6) 008
18-39 589,158 (33.8) 415,983 (57.1) 0.48 E§
40-59 568,693 (32.6) 208,310 (28.6) 009 &
60-69 218,653 (12.5) 42,386 (5.8) 023 £
70-79 209,118 (12.0) 29,116 (4.0) 030 &
80+ 145,285 (8.3) 21,041 (2.9) 024 %
Female 1,200,499 (68.8) 548,647 (75.3) 0.15 k3
Area income quintile (Q)2 Q1 (lowest) 298,360 (17.1) 182,483 (25.1) 0.20 3
Q2 332,128 (19.0) 153,526 (21.1) 0.05 E
Q3 360,666 (20.7) 147,174 (20.2) 001 @&
Q4 375,199 (21.5) 134,421 (18.5) 0.08 ¢
Q5 (highest) 373,655 (21.4) 108,469 (14.9) 0.17 B
Rural residence® Rural 164,607 (9.4) 76,733 (10.5) 0.04 b
Pregnant 23,137 (1.3) 19,410 (2.7) 0.10 SE
O blood group 315,903 (43.4) 751,212 (43.1) 0.01 o
Pre-existing conditions z
Diabetes mellitus 292,661 (16.8) 70,062 (9.6) 0.21 %
Malignancy 405,034 (23.2) 104,741 (14.4) 0.23 3
Heart failure 89,604 (5.1) 18,085 (2.5) 0.14 Y
Cardiac ischemia or arrhythmia 144,692 (8.3) 27,106 (3.7) 0.19 ‘;
Chronic kidney disease 90,732 (5.2) 19,760 (2.7) 0.13 )
Venous thromboembolism 41,006 (2.4) 13,342 (1.8) 0.04 @
Stroke or transient ischemic attack 31,638 (1.8) 6,763 (0.9) 0.08 i
Chronic hypertension 571,167 (32.8) 116,201 (16.0) 0.40 £
Asthma 300,546 (17.2) 126,172 (17.3) 000 3
Dementia, or frailty 264,694 (15.2) 107,972 (14.8) 0.01 Eg
Anemia 265,861 (15.2) 96,060 (13.2) 006 ¢
Chronic obstructive pulmonary 89,413 (5.1) 20,352 (2.8) 0.12 3
disease L
HIV or organ transplant 9,754 (0.6) 2,770 (0.4) 0.03 527
At time of first vaccination P
Vaccine type Modified RNA 1,600,524 (91.8) - - 3
Adenovirus-vectored 143,358 (8.2) -- - 8
Unspecified 34 (0.0) -- --
Vaccine name Astrazeneca 117,100 (6.7) -- --
Covishield 26,086 (1.5) -- --
Janssen 172 (0.0) -- --
Moderna 315,370 (18.1) -- --
Pfizer 1,285,154 (73.7) - -
Unspecified 34 (0.0) - -
14
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aMlissing for 6180 (0.25%) of all persons
bMissing for 5247 (0.21%) of all persons

CBefore January 15, 2021
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Any SARS-Cov-2 | No SARS-COV-2 g

vaccination vaccination Standardized 8

Characteristic (N =1,743,916) (N = 728,345) difference E

At time of second vaccination =

Vaccine type Modified RNA 415,632 (23.8) -- -- @

Adenovirus-vectored 12,855 (0.7) -- -- g

Unspecified 16 (0.0) -- - §

No second dose 1,315,413 (75.4) -- -- 2

Vaccine name Astrazeneca 12,692 (0.7) b i

Covishield 157 (0.0) - & 5

Janssen 6 (0.0) - ;1 Q

Moderna 86,791 (5.0) - i g

Pfizer 328,841 (18.9) - PR}

Unspecified 16 (0.0) -- f§ e

No second dose 1,315,413 (75.4) -- @ §

Received two vaccine doses by 428,503 (24.6) -- " g

June 13, 2021 (14 days prior to end ;3_ §

of follow-up) & X

Vaccine dose 2 same as dose 1 Same 424,517 (24.3) - Gi S

Different 3,969 (0.2) - $ &

- (&

Unknown 17 (0.0) -- pMc

N n<

No second dose 1,315,413 (75.4) P g. N

Median (IQR) follow-up for 163.0 163.0 0.39 E‘Dl AN

assessing the primary study (163.0-163.0) (163.0-163.0) :;‘3 ¥

outcome, d = g

Median (IQR) follow-up for 163.0 163.0 0.16 i-‘»% g,_
. P

assessing the secondary study (163.0-163.0) (163.0-163.0) 28

outcome, d = 3

Had SARS-CoV-2 PCR testing during 439,058 (25.2) 175,397 (24.1) 0.03 g 3

=0

follow-up period, from January 15, E:

2021 onward T
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Table 2. SARS-CoV-2 vaccination and associated risk of SARS-CoV-2 infection, or severe COVID-19 (hospitalization or death) — eacE'as

BMJ Open

1Ado92 Aq palo
-uadolwa/9eT

éBssed starting at least 14 days

after the first vaccination, among the entire cohort. Data are presented by time-varying exposure after first vaccination vs. unvaccmate@ (upper blue), as well as by first

vaccination type vs. unvaccinated (lower maroon). Q 3
g
5' B
No. with outcome (rate Un(f?djl?:sted Adjusted
No. person-days of per 10,000 person- hagamgiatio hazard ratio
Study outcome Exposure state? follow-up? days) (QB%EI%) (95% CI1%)®°
) ) Unvaccinated (N = 2,464,998) 303,209,192 51,187 (1.69) 1.ocﬁ( @ ent) 1.00 (referent)
SARS-CoV-2 infection - o4
Vaccinated (N = 1,743,916) 93,324,805 4995 (0.54) 0.38 (6:3720 0.39) | 0.46 (0.45 to 0.48)
e
Unvaccinated (N = 2,464,998) 307,438,194 2890 (0.09) 1.0 eferent) 1.00 (referent)
Severe COVID-19¢ - S5
Vaccinated (N =1,743,916) 93,575,031 491 (0.05) 0.71 (@:@4& 00.79) 0.29 (0.26 t0 0.33)
533
=mz
:5 (j)-c
Unvaccinated (N = 2,464,998) 303,209,192 51,187 (1.69) 1. O(ﬁ(reﬁrent) 1.00 (referent)
SARS-CoV-2 infection | Adenovirus-vectored (N = 143,358) 8,263,735 434 (0.53) 0.39 (@3@0 0.43) 0.49 (0.44 to0 0.54)
Modified RNA (N = 1,600,524) 85,059,246 4561 (0.54) 0.38 (§ 3730 0.39) 0.46 (0.44 t0 0.47)
Unvaccinated (N = 2,464,998) 307,438,194 2890 (0.09) 1. O(Egregrent) 1.00 (referent)
Severe COVID-19¢ Adenovirus-vectored (N = 143,358) 8,284,162 27 (0.03) 0.46 (§.31§o 0.68) 0.29 (0.20t0 0.43)
Modified RNA (N = 1,600,524) 85,289,045 464 (0.05) 0.73 (B.66%0 0.82) 0.29 (0.26 t0 0.33)
=

3aExposure is time-varying, therefore, some individuals may have contributed time as unvaccinated, and then subsequenﬂy, ;L,s vaccinated.
bAdjusted for age, sex, rural residence, area income quintile — each at baseline -- as well as prior diabetes mellitus, mah@an

ischemia or arrhythmia, chronic kidney disease or venous thromboembolism.
‘In the vaccinated and unvaccinated groups, respectively, there were 21 and 133 deaths, from 1 day before, up to 3 days after, a SARS-CoV-2 positive PCR

test.
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SARS-CoV-2 infection

Severe COVID-19

SARS-CoV-2 infection

Severe COVID-19

No. with outcome / no. at risk

BMJ Open

{rate per 10,00, person-days)
ENTIRE COHORT:
7 Unvaccinated: 30,685/1,401,213 (1.78}) 1.00 (referent) W
Q
5r Vaccinated: 2,977/992,704 (0.56) -
z
-’-
Unvaccinated: 20,502/1,063,785 (1.57) 1.00 {referent) W
O .
Vaccinated: 2,018/751,212 (0.50) -
R o
Unvaccinated: 1,677/1,401,213 (0.10}) 1.00 {referent) W
@]
< b
Z° Vaccinated: 311/992,704 (0.06) —
——
Unvaccinated: 1,213/1,063,785 (0.09) 1.00 (referent) W
QO P
Vaccinated: 180/751,212 (0.04) —_—
———
614,455 SARS-CoV-2 PCR TESTED:
Unvaccinated: 30,685/342,161 (8.1} 1.00 {referent) W
Q
[~
Z° Vaccinated: 2,977/245,857 (1.97) L4
>
Unvaccinated: 20,502/266,968 (6.95) 1.00 {referent) W
o } .
Vaccinated: 2,018/193,201 (1.67) ——
>
1 Unvaccinated: 1,677/342,161 (0.42) (.00 (referent) W
Q
C =
Z° Vaccinated: 311/245,857 (0.20) —
+
Unvaccinated: 1,213/266,968 (0.39) 1.00 {referent) W
o}
Vaccinated: 180/193,201 (0.15) —T*—
——

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Hazard ratio (95% confidence interval)
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1 No. with outcome / no. at risk
2 (rate per 10,000 person-days)
i ENTIRE COHORT:
5 Unvaccinated: 30,685/1,401,213 (1.78) 1.00 (referent) m
o
6 5 g - Partially vaccinated: 2,645/992,704 (0.59) g
7 s z
8 § Fully vaccinated: 332/241,235 (0.43) ——
f=4
N
2 3
10 3l
11 & Unvaccinated: 20,502/1,063,785 (1.57) 1.00 (referent) W
4
12 & O + Partially vaccinated: 1,749/751,212 (0.51) —e-
1
12 Fully vaccinated: 269/187,268 (0.43) ——
15
16
17 —
18 Unvaccinated: 1,677/1,401,213 (0.10) 1.00 (referent) W
O
19 < Partially vaccinated: 33/241,235 (0.04) .
20 z
21 o Fully vaccinated: 278/992,704 (0.06) ——
o
22 g
23 5]
(]
24 §
25 $ Unvaccinated: 1,213/1,063,785 (0.09) 1.00 (referent) W
;? o Partially vaccinated: 161/751,212 (0.05) —
28 Fully vaccinated: 19/187,268 (0.03) ——
29
30
31 614,455 SARS-CoV-2 PCR TESTED:
32 Unvaccinated: 30,685/342,161 (8.14) 1.00 (referent) W
33 o
34 5 S  Partially vaccinated: 2,645/245,857 (2.39) -
= z
3]
35 £ Fully vaccinated: 332/82,480 (0.81) >
36 & N
>
37 3 -
38 «mb Unvaccinated: 20,502/266,968 (6.95) 1.00 (referent) m
39 & ot pani ted:
40 Partially vaccinated: 1,749/193,201 (2.01) --
41 Fully vaccinated: 269/66,181 (0.80) >
42
43
44 _ _
45 Unvaccinated: 1,677/342,161 (0.42) 1.00 (referent) ®
46 9
47 S r Partially vaccinated: 278/245,857 (0.25) -
o| =
48 a Fully vaccinated: 33/82,480 (0.08) -
> J
49 )
o
50 o -
51 % Unvaccinated: 1,213/266,968 (0.39) 1.00 (referent) m
52 @
3 O Partially vaccinated: 161/193,201 (0.18) —
5
54 Fully vaccinated: 19/66,181 (0.06) -
55 —
56 tt—t——tr—trr—tr—tr——trtr
57 00 01 02 03 04 05 06 07 08 09 10
58 ) ) )
59 Hazard ratio (95% confidence interval)
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Table S1. Variables used to define cohort entry and exclusion criteria, as well as study exposures, outcomes, adjustmeént, @nd stratification.
o
N

b

Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnosB ong'fee codes; Validation
condition ICD-10-CA diagnosis or or other data sourcg § studies or
CCl procedure codes 3 p documentation
= 2 for some codes
Inclusion ABO-Rh specimen Individuals with an ABO -- LOINC codes 882-1,%%13?, 10331-7 --
criteria date January 2007 | blood group test result in in the Ontario Labotptpy
to December 2020 | Ontario, Canada Information Systemg(@.8) - includes
most outpatient labgratory
information in Ontaﬁ@ 5
Exclusion SARS-CoV-2 Individuals with a SARS-CoV- | -- OLISC19 - includes Tgsf Request For the ICES
criteria specimen date 2 RNA PCR positive (TR)/LOINC codes fcn'ﬁ@s CoV-2 methodology
January 15, 2020 to | laboratory result in Ontario, and other resplrato&@&ls testing: and Python
January 14, 2021 Canada prior to time zero TR12936-1, TR1293%§ §4315-9, script for

94314-2, 94316-7, )@@@512 -9,
XON13529-3, XON135{E§5
XON13531-9, XON1&52%7. These
codes, plus keywords s@h as
“COVID”, “SARS- Co\&Z”‘U”NoveI
coronavirus” or ”nCBV"f,br
microorganism SNO‘ME@ codes
(840533007 [SARS-CoV-3],

cleaning and
parsing OLIS lab
results for SARS-
CoV-2 and other
respiratory
viruses, see
https://github.co

m/icescentral/C

168209000 [No Virus. Idgntlﬂed]) OVID19-Lab-
were used to defméhe:data pull Results
from OLIS. :‘,
January 15, 2021 Implausible or missing sex, -- Registered Persons Qata(joase (RPDB) | --
(time zero) birth date or death date - contains demograﬁ’nc,mformatlon
and encrypted healt%_ca numbers
for all individuals eliiblefor OHIP
Same as above Non-Ontario resident or not | -- RPDB % --
eligible for OHIP at time zero 3
Same as above Aged less < 12 years at time | -- RPDB % --
zero S
o
«Q
o
©
>0
=
c
@
&
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml - 1
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Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnos§ or,?ofee codes; Validation
condition ICD-10-CA diagnosis or or other data sourcg R studies or
CCl procedure codes 5 2 documentation
c & for some codes
Same as above Death occurred before Discharge disposition is RPDB, COVAXON, O§ISC§9 --
baseline, before the not alive (DAD, NACRS) = i
vaccination date, or > 1 day é m;
before the SARS-CoV-2 P2
specimen date 323
December 15, 2020 | Duplicate vaccination record | -- COVAXON %3 N --
to June 13, 2021 =39
Study December 15, 2020 | COVID-19 partially -- COVAXON T3 --
exposures toJune 13, 2021 vaccinated status :”;?‘?: §
Same as above COVID-19 15t dose type - COVAXON 228 -
(MRNA, viral vector, 853
unknown, none) 2 52
Same as above COVID-19 fully-vaccinated -- COVAXON §j@§ --
status (fully-vaccinated, @ =
partially-vaccinated, § %
unvaccinated) 5 o
Stratification | January 2007 to ABO blood group (O, other) -- LOINC codes 882—1,_%,-83@, 10331-7 --
variable December 2020 in OLIS <
Main study SARS-CoV-2 Earliest SARS-CoV-2 positive | -- OoLIsc19 2 --
outcome specimen date test. ‘é
January 15, 2021 9?
(time zero) to June 5
27,2021, censored %
at loss OHIP %
eligibility or the day %‘
after death. 1z
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Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnos§ orfee codes; Validation
condition ICD-10-CA diagnosis or or other data sourcg § studies or
CCl procedure codes 5 2 documentation
c & for some codes
Secondary SARS-CoV-2 Earliest SARS-CoV-2 positive | DAD (hospital admission, OLIsC19 (SARS-Cng te§t), RPDB --
study specimen date test AND a hospital not alive at discharge), (death) T o
outcome January 15, 2021 admission within -/+ 3 days NACRS (hospital g m o
(time zero) to June | or death within -1 to +3 days | admission, not alive at o 35
30, 2021, censored | of the SARS-CoV-2 specimen | discharge), SDS (not alive @8-%
at loss OHIP date. at discharge) = § N
eligibility or the day 528
©2=
after death. T3
2SS
X
ogp o
oc =
Ty
>3
S W=
Covariates January 15, 2021 Age -- RPDB 5@.@‘ --
(time zero) 5 _—
Same as above Sex - RPDB > 2 -
Same as above Area income quintile -- Statistics Canada Ceﬁsug --
Same as above Rural residence -- Statistics Canada CeBsug --
=

Any time before
January 15, 2021
(time zero)

Diabetes mellitus

The ICES-derived ODD
database was used to
identify patients with
diagnosed diabetes before
the index date, based on 2
OHIP diagnostic codes or 1
OHIP fee code or 1
DAD/SDS diagnostic code,
within 2 years.

ICD-10-CA: E10, E11, E13,
E14

OHIP ICD-9: 250

e ‘D

OHIP fee codes: QOED, K929, K030,

K045, K046

‘saifojouyoa) Jejiwis

-~

https://pubmed.
ncbi.nlm.nih.gov

[11874939/
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5 Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnos§ orfee codes; Validation
3 condition ICD-10-CA diagnosis or or other data sourcg § studies or
4 CCl procedure codes 5 9 documentation
o ©
5 c © for some codes
6 Same as above History of heart failure The ICES-derived CHF OHIPICD-9:428 5 p https://pubmed.
7 database was used to T o ncbi.nIm.nih.gov
8 identify patients with CHF, g m; /23735455/
?O based on 1 ED, P2
> hospitalization or §3-§
12 outpatient claim, and a %g N
13 second claim in 1 year. g% g
14 The CHF database is T3
15 limited to those 40 years 5% %
16 of age or older. 3=8
17 553
18 ICD-10-CA (DAD, SDS): ggg
;g 1500, 1501, 1509 DE:
21 Within 5 years History of malignant ICD-10-CA (DAD, SDS, - @ = --
22 before January 15, | neoplasm NACRS): C00-C97 > %
23 2021 (time zero) s 3
24 Same as above Chronic kidney disease (CKD) | CKD diagnosis CKD diagnosis g ; https://pubmed.
25 ICD-10-CA (DAD, NACRS): | ICD-9 (OHIP): 403, 585 2. ncbi.nlm.nih.gov
26 E102, E112, E132, E142, 2 S /23560464/
27 112, 113, NO8, N18, N19 o =
28 35
29 2 £
30 T a
31 5 5
32 ° N
33 S R
34 2 o
En ~—
35 &
36 ®
37 @
38 g
39 5
40 Q
41 3
42 o
43 =
44 &
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Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnosis onfee codes; Validation
condition ICD-10-CA diagnosis or or other data sourc; studies or
CCl procedure codes 5 documentation
c for some codes
Chronic dialysis Chronic dialysis 5 = https://pubmed.

At least 2 of the following
CCI (DAD, SDS) codes
separated by 90 days, but
< 150 days, in the year
before the index date:
1Pz21

At least 2 of the foll(gwirfg OHIP fee
codes separated by 80 d3ys, but <

. wn [T
150 days, in the yea I%fore the
index date: R849, GQ@,%O&%, G085,
G090-G096, G294, (RB3P G323,
G325, G326, G330-G3335 G860-
G866, H540, H740

uadu

M

B 1X3l 0
dnsa

2
peoju

Treatment codes (CBRRE 060, 111,
112,113, 121, 122, 233131, 132,
133, 141, 151, 152, g@,izzl, 231,
241,242, 251, 252, 31,312, 313,
321,322, 323, 331,832,333, 413,
423,433,443,453 » 3

ncbi.nlm.nih.gov

/20613656/

Exclude kidney transplant

CCl (DAD): 1PC85

Exclude kidney trangplagt
OHIP fee codes: S43§, S434

e 3
CORR treatment co%: ©1plus>1
Transplanted OrgangCode [1-3]: 10,
11,12,18,19

https://pubmed.
ncbi.nlm.nih.gov

/26019887/
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5 Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnos§ orfee codes; Validation
3 condition ICD-10-CA diagnosis or or other data sourcg § studies or
4 CCl procedure codes 5 2 documentation
5 c & for some codes
6 Same as above History of cardiac ischemia At least 1 hospitalization -- El p https://pubmed.
7 (DAD) or ED (NACRS) visit T o ncbi.nlm.nih.gov
8 with a diagnosis or g - > /20847972/
?O procedure coded with 1 of o 35
the following codes: 323
11 =R\
12 . 235
13 Angina: =2 g
14 ICD-10-CA: 120, 12382, 124 T '_U;g
15 3R
16 Chronic Ischemic Heart 3=8
17 Disease: S53
18 ICD-10-CA: 125 8>3
19 Sm=
20 ERG]
21 Myocardial infarction: 5 S 3
9 ICD-10-CA: 121, 122 > 2
—_ o
23 o o
24 Coronary Artery Bypass g g
25 Grafting: e 3
26 CClI: 1176, 1180 5 3
27 w 3
5 o
28 Percutaneous Coronary R
29 . g =
30 Intervention: = 3
31 CCl: 11J26, 1150, 11J55, 2] %
32 11J57 3 =
33 & B
34 5 =
35 &
36 o
37 ®
38 g
39 5
40 Q
4 3
42 =
43 o
44 &
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml - 6
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Assessment

Timing

Disease, procedure or
condition

CIHI-DAD, SDS or NACRS
ICD-10-CA diagnosis or
CCl procedure codes

OHIP ICD-9 diagn

or other data sourc;

0stS O

nbgAdoo Ag pal1o

ee codes;

Validation
studies or
documentation
for some codes

Same as above

History of cardiac arrhythmia

At least 1 hospitalization
(DAD) or ED (NACRS) visit
with a diagnosis or
procedure coded with 1 of
the following codes:

Atrial Fibrillation/Atrial
Flutter:
ICD-10-CA: 148

Ventricular Arrhythmia &
Tachycardia:

ICD-10-CA: 1470, 1472,
1490, 1493

Permanent Pacemaker:
CClI: 1HZ53GRNM,
1HZ53LANM, 1HZ53GRNK,
1HZ53LANK, 1HZ53GRNL,
1HZ53LANL

Implantable Cardioverter-
Defibrillator:

CCl: 1HZ53GREFS,
1HZ53LAFS, 1HZ53SYFS,
1HZ53HAFS

* (s3gv) Inauadns juswaublasug

saifojouyoal Jejiwis pue ‘Buiures) |v ‘Buluiw elep pue 1Xa) 0] pare|al sasn Joj Buipn|oul

https://pubmed.
ncbi.nlm.nih.gov

[19433698/

https://www.ices
.on.ca/Publicatio
ns/Atlases-and-
Reports/2006/Ca
nadian-Institute-
for-Health-
Information

https://pubmed.
ncbi.nlm.nih.gov

/17599603/
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; Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnosg or,?ofee codes; Validation
3 condition ICD-10-CA diagnosis or or other data sourcg g studies or
4 CCl procedure codes 5 % documentation
5 c © for some codes
6 Same as above History of pulmonary ICD-10-CA (DAD, SDS, OHIP ICD-9: 677, 415, 6@[, 451,452 | --
7 embolism, deep vein NACRS): 1260, 1269, = i
8 thrombosis, or other venous | 088201, 088202, 088203, | AND c o
9 thromboembolism 088204, 088209, 1636, § (rj:%
1(1) 1822, 1828, 1829, 1801, one of the foIIowmgﬁ-@
12 1802, 1803, 1808, 1809, radiological profess%raoal‘ifee codes
13 022301, 022303, 022309, | fora VTE dlagnostlc%estgollled within
14 022501, 022503, 022509, | 3 days: J198, 1498, Jﬁ;ﬂ493 J202,
15 087102, 087104, 087109, | J502, J206, 1506, J1§52-p1882 X406,
16 087304, 087309, 1676, X407, X125, X188, )@(&3}(405 X408,
17 181, 1820, 1823, 0228, X126, X410, X231, X2523X233, X127,
18 0229, 0878, 0879 X413, X421, X425, Jgsgﬁ(aso 1859,
o 1860 et
21 AND @ 3
22 > 3
23 one of the following CCI s 3
24 codes for diagnostic 2 Z
25 imaging during the same e 3
26 admission: 3KX30DA, 5 3
27 3KX30DB, 3KX30DC, 0 2
28 3KX30DD, 3KR10VC, 3 S
29 2 o
30 3KR10VN, 3KR12VA, % %
31 3KX10VA, 3KX10VC, S s
32 3KX10VN, 3KX10VX, 3 o
33 3KX12VA, 3IM10VC, & §
34 3IM10VX, 3IM10VY, 8 o
35 3IM12VA, 3GT70CA, &
36 3GT70CC, 3GT70CE, %
37 3GT70KC, 3GT70KD, 8
gg 3GT70KE, 3JY10VA, §
40 3JY10VC, 3JY10VN, «_02
41 3JY10VX, 3JY12VA, 8
42 3JY20WC =
43 o
44 &
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml - 8
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Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnos§ or,?fee codes; Validation
condition ICD-10-CA diagnosis or or other data sourcg § studies or
CCl procedure codes ' documentation
for some codes
Other Any time before Asthma The ICES-derived ASTHMA | OHIP ICD-9: 493 https://pubmed.
baseline January 15, 2021 database was used to ncbi.nlm.nih.gov
variables (time zero) identify patients with /20011725/

diagnosed asthma before
the index date, based on 2
OHIP diagnostic codes or 1
DAD diagnostic code.

ICD-10-CA: J45, )46

® 1X8] 0] paje|al sasn Joj Buipn|oul

adns uawaublasug

)

Same as above

Chronic obstructive
pulmonary disease (COPD)

The ICES-derived COPD
database was used to
identify patients with
diagnosed COPD before
the index date, based on 1
OHIP diagnostic code or 1
DAD diagnostic code.

ICD-10-CA: J41-J44

OHIP ICD-9: 491, 49

bu

© (s3gv) in

https://pubmed.
ncbi.nlm.nih.gov

/19863368/ The
COPD algorithm

was validated in
those aged > 35
years.

Same as above

Chronic hypertension

The ICES-derived HYPER
database was used to
identify patients with:

a) 1 hospital admission
with a hypertension
diagnosis, or

b) an OHIP claim with a
hypertension diagnosis
followed within 2 years by
either an OHIP claim or a
hospital admission with a
hypertension diagnosis.

ICD-10-CA (DAD, SDS): 110-
113, 115

OHIP ICD-9: 401-40

‘salIfojouyoal rejiwis kg ‘Bulureny |v ‘Buluiw erep

https://pubmed.
ncbi.nlm.nih.gov

/20101286/
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5 Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnos§ orfee codes; Validation
3 condition ICD-10-CA diagnosis or or other data sourcg § studies or
4 CCl procedure codes 5 9 documentation
Q ©
5 © for some codes
6 Same as above Immunocompromised (HIV -- The ICES-derived HIE dagabase was | https://pubmed.
7 or organ transplant) used to identify pat@ntiwnh pre- ncbi.nlm.nih.gov
8 existing HIV, based Qn 3<phy5|C|an /21738786/
9 claims in 3 years. g 3;
10 = DO N
e Q
11 SR
12 OHIP ICD-9: 042-044 3 N
a3g
13 532
14 CORRLINK links CORR Zri#l DAD data
15 and includes patlenéwﬁo received
16 an organ transplantaa@@does not
17 include dialysis pat@w%o
13 Same as above Dementia The ICES-derived OHIP ICD-9: 290, 33; https://pubmed.
20 DEMENTIA database was 5 8%’ ncbi.nlm.nih.gov
py used to identify individuals | ODB @ = [27567819/
9 with 1 hospitalization for | 1 prescription for a gholfhesterase
23 dementia and/or 3 inhibitor g_ 2
24 outpatient visits for 2 Z
25 dementia, each separated « §
26 by 30 days, within 2 years, gé %
27 or 1 prescription from o =~
28 ODB 3 S
29 ' 5 ¢
30 T a
31 ICD-10-CA (DAD, SDS): o s
32 FO0-F03, G30 3
33 a B
34 5 =
35 P
36 o
37 @
38 g
39 5
40 Q
41 5
>0
42 o
43 o
44 &
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml - 10
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Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnos§ orfee codes; Validation
condition ICD-10-CA diagnosis or or other data sourcg § studies or
CCl procedure codes 5 2 documentation
c & for some codes
Within 1 year Frailty Identified based on the - 3 p https://pubmed.
before January 15, following rules, using DAD T o ncbi.nlm.nih.gov
2021 (time zero) and OHIP databases: g m > /28974280/
1. Long-term care o 35
residence (i.e., s
. =N
admitted g2 N
from/discharged to, a g% g
nursing home after T
. X c O
hospital stay, or =1
location of physician 3=8
billing claim was long- S53
T 83
term care facility); S®s
2. Receipt of palliative She
care; 5 ) g
3. Two or more domains > %
derived from frailty s S
scales (i.e., cognitive 2 z
impairment, falls, e 3
general health status, gg’ %
incontinence, nutrition ° 3
issues, functional ?-; >
performance) and - 5
health services § %
utilization (i.e., 2 2 3 o
hospital stays or ED 8 §
visits, geriatrician or 3 =2
home care visit). Py
Within 5 years Anemia ICD-10-CA (DAD, SDS, OHIP ICD-9: 280-285, 77% -
before January 15, NACRS): D50-D53, D55, g
2021 (time zero) D56, D572-D574, D58- §
D61, D63, P55, P560, P570 S
3
>0
E
[
@
&
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5 Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnosg orfee codes; Validation
3 condition ICD-10-CA diagnosis or or other data sourcg § studies or
4 CCl procedure codes 5 2 documentation
5 c & for some codes
6 Same as above History of transient ischemic | Transient Ischemic Attack: | -- El p http://canadians
7 attack or acute ischemic At least 1 hospitalization T o trokenetwork.ca/
8 stroke or ED visit with 1 of the é m > en/wp-
?O following diagnosis codes: o 35 content/uploads
1 583 /2014/08/Stroke
12 ICD-10-CA (DAD, NACRS): %cg N Core ENG.pdf
13 G450-G453, G458, G459, S22

©2=
14 H340 T

X c o
15 oo

L p
16 Acute Ischemic Stroke: 3=8
17 1 hospitalization with a S53
18 main diagnosis coded with g é;i
;g one of the following She
21 codes: 5 S 3

> 3
22 Z S
23 ICD-10-CA (DAD): 163 5 o
24 (except 1636), 164, H341 2 2
25 e 3
26 ASTHMA: Ontario Asthma dataset; CCl: Canadian Classification of Interventions; CHF: Ontario Congestive Heart Failur%dat%set; CIHI: Canadian Institute for
27 Health Information; CORR: Canadian Organ Replacement Registry; COVAXON: Ontario COVID-19 Vaccine Data; DAD: Dischgrge Abstract Database; DEMENTIA:
;2 Ontario Dementia dataset; ED: Emergency Department; HIV: Ontario HIV dataset; HYPER: Ontario Hypertension datas%; IED-9: International Classification of
30 Diseases, 9th Revision; ICD-10-CA: International Classification of Diseases, 10th Revision, Canada; ICU: Intensive Care Lgﬂt,%.HIN: Local Health Integration
31 Network; LOINC: Logical Observation Identifiers Names and Codes; NACRS: National Ambulatory Care Reporting System; ngB: Ontario Drug Benefit; ODD:
32 Ontario Diabetes Dataset; OHIP: Ontario Health Insurance Plan; OLIS: Ontario Laboratories Information System; OLISC§9: Qntario Laboratories Information
33 System COVID-19 Laboratory Data; RPDB: Registered Persons Database; SDS: Same Day Surgery @_ §
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Figure S1. Study cohort creation.

BMJ Open

2,938,215 individuals with known ABO blood group in
Ontario, Canada, January 2007 to December 2020

\4

465,954 individuals were excluded due to:
47,812 SARS-CoV-2 PCR +VE test result before baseline
1504 Missing or invalid sex, birth or death date
291,893 Non-Ontario resident at baseline
90,324 Aged less than 12 years at baseline
33,454 Ineligible for OHIP at baseline
714 Death before baseline
253 Duplicate vaccination records

2,472,261 individuals included in the main cohort

614,455 individuals in the sub-cohort, who had
SARS-CoV-2 PCR testing during the follow-up period
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2 Table S2 (Additional analysis 1). SARS-CoV-2 vaccination and associated risk of SARS-CoV-2 infection, or severe COVID-19 (hospit@iza%m or death) — each assessed
3 starting at least 14 days after the first vaccination. This analysis is limited to 614,455 individuals who had SARS-CoV-2 PCR testing dﬂ_rin@the follow-up period, from
>
4 January 15, 2021 onward. o @
5 c ©
o P
6 Ei >
7 No. with outcome Ungdjlg:sted Adjusted
g No. person-days of (rate per 10,000 ha; Fr(]igi:atio hazard ratio
10 Study outcome Exposure state? follow-up? person-days) (QB%‘EI%) (95% CI1%)®°
11 SARS-CoV-2 infecti Unvaccinated (N = 609,129) 67,185,613 51,187 (7.62) 1.0(E(ﬁ=.@rent) 1.00 (referent)
-CoV-2 infection e
g Vaccinated (N = 439,058) 27,220,438 4995 (1.84) 0.25 (82530 0.26) | 0.28(0.27 t0 0.29)
14 w2
15 s COVID-19 Unvaccinated (N = 609,129) 71,414,615 2890 (0.40) 1.00;,’(%&rent) 1.00 (referent)
16 evere - : ST
17 Vaccinated (N = 439,058) 27,470,663 491 (0.18) 0.50 (84630 0.56) 0.22 (0.20 to 0.25)
18 i’gg
;g aExposure is time-varying, therefore, some individuals may have contributed time as unvaccinated, and then subsequeng_\mgs vaccinated.
21 bAdjusted for age, sex, rural residence, area income quintile — each at baseline -- as well as prior diabetes mellitus, malig?nané/, heart failure, cardiac
22 ischemia or arrhythmia, chronic kidney disease or venous thromboembolism. § ey
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Table S3. SARS-CoV-2 vaccination and associated risk of SARS-CoV-2 infection, or severe COVID-19 (hospitalization or death), strag'fie%by O and non-0 blood groups,
among the entire cohort. Data are presented by time-varying exposure after first vaccination type vs. unvaccinated, with study outh)_még‘ assessed starting at least 14
>
days after the first vaccination. o §
5 k
&
No. with Qutéome Adjusted
Stratified by No. person-days of (rate peg 1n(1);:600 hazard ratio
Study outcome blood group Exposure state? follow-up? persor%cclzﬁis) (95% Cl1%)®°
Unvaccinated (N = 1,401,213) 172,490,490 30,68%(‘?—,@) 1.00 (referent)
Non-O Adenovirus-vectored (N = 80,411) 4,637,314 260 (§§@ 0.49 (0.43 to 0.55)
Modified RNA (N = 912,274) 48,108,108 2717 §758) 0.46 (0.44 to 0.48)
SARS-CoV-2 infection 5S2
Unvaccinated (N = 1,063,785) 130,718,702 20,50%@%7) 1.00 (referent)
o) Adenovirus-vectored (N = 62,947) 3,626,421 174 @38 0.49 (0.42 t0 0.57)
Modified RNA (N = 688,250) 36,951,138 1844 gbg.}é) 0.46 (0.44 to 0.48)
& 5
> 3
= 3
Unvaccinated (N = 1,401,213) 175,034,046 1677 ﬁ).l_@) 1.00 (referent)
= =2
Non-O Adenovirus-vectored (N = 80,411) 4,649,419 15 (@.0?@ 0.27 (0.16 to 0.45)
Modified RNA (N = 912,274) 48,242,495 296 @.o@ 0.31(0.27 to 0.36)
Severe COVID-19 S 9
Unvaccinated (N = 1,063,785) 132,404,148 1213 0.09) 1.00 (referent)
0 Adenovirus-vectored (N = 62,947) 3,634,743 12 (@032 0.33(0.18 t0 0.58)
Modified RNA (N = 688,250) 37,046,550 168 @05& 0.27 (0.22 t0 0.32)
P=EN
o o
3Exposure is time-varying, therefore, some individuals may have contributed time as unvaccinated, and then subsequen?ly, 5 vaccinated.
bAdjusted for age, sex, rural residence, area income quintile — each at baseline -- as well as prior diabetes mellitus, maIignanEy, heart failure, cardiac
ischemia or arrhythmia, chronic kidney disease or venous thromboembolism. i
Z
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Results
Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, exangnedkfor eligibility, confirmed | 6, eFig 1
eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage NA
(c) Consider use of a flow diagram m eFig1
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information _é)@osures and potential Table 1
confounders % a B
(b) Indicate number of participants with missing data for each variable of interest ;é g Table 1
(c) Summarise follow-up time (eg, average and total amount) ] cé = 6
Outcome data 15* | Report numbers of outcome events or summary measures over time Qg § Figure 1
Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precglgn?‘(eg, 95% confidence 6, Figure 1
interval). Make clear which confounders were adjusted for and why they were included %g%
(b) Report category boundaries when continuous variables were categorized _g, ,I% = NA
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meanlngfulgrﬁo;;)erlod
Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analysé&® %- Figure 2
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s &
Discussion é 3
Key results 18 | Summarise key results with reference to study objectives 2 '8. 7
Limitations ; 3
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity ?::Jf a@lyses, results from 7,8
similar studies, and other relevant evidence = 3>
Generalisability 21 Discuss the generalisability (external validity) of the study results _% B 8
Other information E §
Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, f:%)r tlge original study on 9

which the present article is based
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2 <
3 ]
. Abstract 2
5 Objective: To compare outcomes between O and non-0 blood groups, and by mRNA and Ad-V g*
6 c
7 vaccines. %
8 D
9 Design: Population-based cohort study. >
10 @
1 Setting: All of Ontario, Canada. Linked datasets captured clinical encounters, vaccinations and é-? S
o)) =

g laboratory testing for SARS-CoV-2. 2 Q
2 S

1‘5‘ Participants: Individuals aged 12+ years with known ABO blood group and free of SARS-CoV-2 é: %
o ©

16 before January 15, 2021. 2 3
18 Main outcomes measures: The main exposure, first SARS-CoV-2 vaccination, was modeled in a - e
19 2 o
20 time-varying manner. O and non-O blood group was known prior to vaccination. SARS-CoV-2 % §
21 a2 R
22 infection, and severe COVID-19 (hospitalization or death), were assessed starting 14 days after ‘% S
o P

;i vaccination, up to June 27, 2021. g m;
da<

;Z Results: 2,472,261 individuals were included. 1,743,916 (70.5%) had at least one vaccination, of aé-g
251

27 which 24.6% were fully vaccinated. Those vaccinated were more likely to be female, older in 8% 'g
28 S3s
29 age, residing in a higher income area, and have higher rates of certain comorbid conditions, like §$_0§
30 oo
31 cancer, diabetes and hypertension. Relative to unvaccinated, after receiving their first mRNA %%E
32 ot =
33 (aHR 0.46, 95% Cl 0.44-0.47) or Ad-V (aHR 0.49, 95% Cl 0.44-0.54) vaccine, the risk of SARS-CoV- g.,);g
3@

g;’ 2 infection was lower, as was severe COVID-19 (aHR 0.29, 95% Cl 0.20-0.43 [mRNA]; 0.29, 95% She
S

g? C1 0.26-0.33 [Ad-V]). Stratifying by blood group produced similar results. For example, after first E; é
38 mMRNA vaccination, the aHR of severe COVID-19 was 0.31 (95% Cl 0.27-0.36) among non-0, and g E
39 2 Z
40 0.27 (95% Cl 0.22 to 0.32) among O blood groups, relative to unvaccinated. Fully vaccinated @ 3
41 g 3
42 individuals had the lowest risk of SARS-CoV-2 and severe COVID-19. o %
43 . . : _ . 3 S
44 Conclusions SARS-CoV-2 infection and severe COVID-19 are reduced by vaccination. This effect 5 o
- 3

22 does not vary by vaccine type or blood group, but is more pronounced among fully, than § NA
s ©

47 partially, vaccinated individuals. SN
48 S 3
49 & =
50 Z
51 Keywords: SARS-CoV-2; COVID-19; vaccination; ABO blood group; effectiveness; cohort study. o
52 @
53 g
54 =
55 Q
56 3
57 =
58 c
59 2 &
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Strengths and limitations of this study
e This study was limited to persons who had ABO blood group testing, and who are more
likely to have required blood transfusion or to have been pregnant in the past.
e We did not know who had acquired natural immunity to SARS-CoV-2.
e The potential for immortal time bias was mitigated by treating vaccine exposure as time
varying, and by setting follow-up time to a common starting date.
e The current study was largely completed prior to the emergence of the SARS-CoV-2

Delta/B.1.617 variant.
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1 =
2 3
3 . g
2 Introduction =
5 Emergence of the SARS-CoV-2 pandemic, and COVID-19 related disease, led to rapid ‘;:'
6 c
7 development of various vaccines. Efficacy was demonstrated for the modified RNA (mRNA) %
8 D
9 vaccine of the SARS-CoV-2 spike protein, to induce neutralizing antibodies,[1] as well as a >
10 @
1 recombinant, replication-incompetent adenovirus vector that encodes a full-length and é-? S
o)) =
'_\
g stabilized SARS-CoV-2 spike protein (adenovirus-vectored [Ad-V]).[2] Demonstrated vaccine é ]
o
1‘5‘ efficacy shown from pooled data of randomized clinical trials is 95% (95% ClI 94 to 95) and 80% é: %
o ©
16 (95% CI 56 to 93), respectively.[3] Even within 14 days of receipt of a first dose, vaccine efficacy 2 %
17 a o
18 can reach 80%.[4, 5] % E
19 2 o
20 It is of interest that adults with O blood group appear to be at lower risk of SARS-CoV-2 % §
21 a2 R
22 infection and COVID-19-related severe illness, compared to those with A, B and AB (i.e., non-0O) ‘% S
o P
;i blood groups.[6, 7] Those with O blood group are identified by their anti-A and anti-B § rjng
7] <
;Z antibodies; these same antibodies may offer immunoprotection against SARS-CoV-2, as they aé-g
25
27 are concomitantly produced by certain epithelial cells within the respiratory and digestive tract 8% o
28 o= g
29 — prime targets for COVID-19 tissue injury.[7] What is not known, however, is whether §$_0 2
30 ~5 Qo
31 vaccinated persons with O blood group experience different rates of SARS-CoV-2 infection and %%E
32 ot =
33 COVID-19 disease than those of non-O blood group. Such information might guide vaccine type, g.,);g
3 oy]
g;’ recipient prioritization, and the need for repeat vaccination. 5 @é
S
g? The current study evaluated SARS-CoV-2 infection and COVID-19 disease in a population with i g
Z o
38 a universal vaccination system offered to those aged 12+ years, a high uptake of at least one g E
39 2 Z
40 vaccine.[8] and systematic collection of vaccination and infection data. Herein, we compared @ 3
41 g 3
42 outcomes between O and non-0 blood groups, and by mRNA and Ad-V vaccines. o %
43 3 3
44 2 £
45 g @
46 Method % e
j; This population-based retrospective cohort study was performed in Ontario, Canada. Patient- S §
«Q
49 level datasets included all hospitalizations, emergency department visits, the majority of & =
50 >
51 laboratory tests for SARS-CoV-2, and all SARS-CoV-2 vaccinations administered within E
52 ®
53 Ontario,[9] as further detailed in Table S1.[6, 10] Datasets were linked using unigue encoded o)
(e}
54 =
55 identifiers and analyzed at ICES. 3
56 3
57 =
58 o
59 4 &
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Study eligibility required that an individual was aged 12+ years, a resident of Ontario, had
undergone ABO testing, and also did not have a SARS-CoV-2 positive swab before January 15,
2021 (Table S1 and Figure S1).

Exposures and outcomes

The main study exposure was a first SARS-CoV-2 vaccination, handled in a time-varying
manner, with a lag of 14 days after vaccination to ensure that the person had a chance to
develop immunity. December 15, 2020 was the date when high-risk persons were first
vaccinated, and January 15, 2021 the time when Canada began mass vaccinating its citizens.

[11] So, for example, a person who was vaccinated on January 1, 2021 or earlier was considered
exposed on January 15, 2021, whereas a person who was vaccinated on February 1, 2021 was
considered exposed on February 15, 2021 and unexposed before that date.

The main study outcome was SARS-CoV-2 infection, defined as a positive SARS-CoV-2 PCR test —
regardless of indication, symptoms or illness severity — arising during the follow-up period, from
January 15, 2021 to June 27, 2021. The second study outcome was a severe COVID-19, defined as
a positive SARS-CoV-2 PCR test in conjunction with either a hospitalization within +/- 3 days, or a
death within -1 to +3 days, of that positive PCR test. A +/- 3-day margin was to allow for PCR
testing antecedent to, or following, the hospital admission. The -1 day window permitted the
possibility that a PCR specimen was labeled on the day following a COVID-19 death. Both study
outcomes were assessed starting at least 14 days after vaccination, among those vaccinated.[12]

(Table S1).

Data analyses

For the overall cohort, study outcomes were based on population-at-risk denominators, which
included both those who did and did not necessarily undergo SARS-CoV-2 PCR testing after
January 15, 2021. Time-to-event analyses generated incidence rates, and Cox proportional
hazard models produced unadjusted and adjusted hazard ratios (HR), comparing first-
vaccinated to unvaccinated persons (referent). Censoring occurred if a person lost their Ontario

Health Insurance Plan coverage, were outcome-free by June 27, 2021 (the end of study period),
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1 =
2 H
2 or the day after they died (if a death occurred). HR were adjusted for age, sex, rural residence, 2
5 area income quintile — each at baseline -- as well as prior diabetes mellitus, malignancy, heart 5
6 c
7 failure, cardiac ischemia or arrhythmia, chronic kidney disease or venous thromboembolism %
8 D
9 (Table S1). Additional analysis 1 restricted the at-risk denominator those individuals who >
10 g @
1 underwent SARS-CoV-2 PCR testing at least 14 days after their first vaccination. s o
o)) =
'_\
g The main cohort model was repeated, with each study outcome assessed by more specifically é ]
o

o
1‘5‘ comparing first mRNA vaccination or first Ad-V vaccination to unvaccinated persons (referent). < %
o ©
]
16 Next, and central to the study, we examined the risk of each study outcome in relation to 2 °
17 a o
18 first-vaccination status, further stratified by O and non-0O blood groups. This was done among % E
19 2 o
20 the entire cohort, as well as restricted to those who underwent SARS-CoV-2 PCR testing at least % §
21 s X
2 14 days after their first vaccination. @ 3
o P
= o]
;i Consideration was given to receipt of a second vaccination as a time-dependent variable. Sme
® S =
» n<
25 Hence, “fully vaccinated” and “partially vaccinated” persons were each compared to 22N
26 25N
27 unvaccinated individuals, stratified by O and non-O groups — with these analyses conducted 8% o
28 o= g
29 among the whole cohort, as well as limited to just those who had SARS-CoV-2 testing in the Qg%
30 oo
. . Q>
g; observation period. gé.g
ot =
33 Analyses were planned a priori. Statistical analyses were performed using SAS version 9.4 for §$§
34 . ERE
35 UNIX (SAS Institute Inc., Cary, NC). 5598
36 @ 3
37 > %
38 Patient and public involvement 5 3
39 = o
40 No patient was consulted or involved in this study. @ 3
41 g 38
42 Did we involve patients/service users/carers/lay people in the design of this study? No. o 3
43 . T, . 3 S
44 Was the development of outcome measures informed by patients’ priorities, experience, and 5 o
45 g @

?

46 preferences? No. % 5
2; Were patients/carers/lay people involved in the recruitment to and conduct of the study? No. § §
49 How will the results be disseminated to study participants? Not applicable. & =
50 &
51 Are patients/carers/lay people thanked in the contributorship statement/acknowledgements? o
52 @
53 Not applicable. W
54 %
55 Q
56 5
57 g
58 c
59 6 >
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Was the development of the research question and outcome measures informed by patients’

priorities, experience, and preferences? No.

Results

Among 2,938,215 individuals, 2,472,261 met the inclusion criteria (Figure S1). Of these,
1,743,916 (70.5%) had at least one vaccination (Table 1). Those vaccinated were more likely to be
female, older in age, residing in a higher income area, and have higher rates of certain comorbid
conditions, like cancer, diabetes and hypertension (Table 1). Of those vaccinated, 1,600,524
(91.8%) first received an mRNA vaccine, and 143,358 (8.2%) an Ad-V vaccine. A second vaccine
was administered to 24.6% of individuals by June 13, 2021 (i.e., by 2 weeks before the end of the
study observation period), comprising the mRNA vaccine among 415,632 (23.8%), and the Ad-V
among 12,855 (0.7%) (Table 1).

After a median follow-up of 163 days (IQR 163 to 163), the rate of SARS-CoV-2 positivity was
0.54 per 10,000 person-days among first-vaccinated persons, and 1.69 per 10,000 person-days
among non-vaccinated persons -- an unadjusted HR of 0.38 (95% Cl 0.37 to 0.39) and an adjusted
HR of 0.46 (95% CI 0.45 to 0.48). The corresponding HR were equally protective for those
receiving a first mRNA vaccine (adjusted HR 0.46, 95% Cl 0.44 to 0.47) or first Ad-V vaccine
(adjusted HR 0.49, 95% Cl 0.44 to 0.54), each relative to being unvaccinated (Table 2). The
adjusted HR for severe COVID-19 was 0.29 (95% Cl 0.26 to 0.33) comparing vaccinated to
unvaccinated persons, with similar estimates by vaccine type (Table 2).

There were 439,058 (25.2%) vaccinated people who had SARS-CoV-2 PCR testing during follow-
up period, from January 15, 2021 onward, compared to 175,397 (24.1%) unvaccinated individuals
— a small standardized difference of 0.03. Restricting the at-risk denominator to 614,455
individuals, and comparing the vaccinated to the unvaccinated, the adjusted HR were 0.28 (95%
Cl1 0.27 to 0.29) for SARS-CoV-2 positivity, and 0.22 (95% Cl 0.20 to 0.25) for severe COVID-19,
albeit, at much higher event rates than seen in the entire cohort (Additional analysis 1, Table S2)

Among the entire cohort, the protective effect associated with a first mRNA or Ad-V vaccine
against SARS-CoV-2 infection or severe COVID-19 was equally seen among those with O and

non-0 blood groups (Figure 1, upper). This pattern was also seen by vaccine type (Table S3),
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z g
2 and among the 614,455 individuals who had SARS-CoV-2 PCR testing (Figure 1, lower). i
5 In the entire cohort, relative to the unvaccinated, fully vaccinated individuals had the lowest ‘;:'
6 c
7 risk of SARS-CoV-2 infection, followed by partially vaccinated persons (Figure 2, upper). For %
8 D
9 example, among those with blood group O, the corresponding adjusted HR were 0.39 (95% Cl >
10 @
1 0.34t0 0.43) and 0.48 (95% Cl 0.45 to 0.50). Moreover, the HRs did not differ by blood group. é-? S
o)) =
g The same was evident for severe COVID-19 (Figure 2, upper). Restricting to the sub-cohort who é g
o
1‘5‘ had SARS-CoV-2 testing, the protective effect conferred by full and partial vaccination was é: %
o ©
16 similar by blood groups (Figure 2, lower) 2 S
17 @ 3
18 = B
19 3 2
20 Discussion c ¢
21 a2 R
2 Main findings ‘§ %
;i This population-based cohort study observed a lower risk of SARS-CoV-2 infection, as well as é m;
3a<
;Z severe COVID-19 hospitalization or death, in association with SARS-CoV-2 vaccination. This aé-g
25
27 conferred protective effect did not vary by vaccine type or blood group, but was more g3 o
28 CEE
29 pronounced among fully, than partially, vaccinated individuals. §$_0§
30 238
31 2z
32 . . . oS
33 Comparison with other studies g.,);g
3%
g;’ A 2021 meta-analysis of 54,218 persons showed a lower risk of SARS-CoV-2 infection She
S
g? comparing O vs. non-0 blood group (odds ratio 0.71, 95% CI 0.60 to 0.84).[13] In a cohort study i g
Z o
38 of 225,556 adults and children in Ontario, before SARS-CoV-2 vaccination, we previously g E
39 2 Z
40 observed a lower relative risk of SARS-CoV-2 infection (0.88, 95% Cl 0.84 to 0.92) and severe @ 3
41 g 3
42 COVID-19 illness or death (0.87, 0.78 to 0.97) among those with O vs. non-O blood group.[6] o %
43 5 o
44 The current study is the first to explore effect modification of O blood group on vaccine 5 ;
- 3
22 effectiveness against SARS-CoV-2 infection or related illness. Just as we found no effect § NA
s ©
j; modification, prior research on the smallpox vaccine suggested no differences in “vaccine S §
«Q
49 success” by ABO blood group,[14] nor for influenza A,[15] rabies [16] and cholera [17] vaccines. & w
50 >
51 Thus, if O blood group is somehow protective against SARS-CoV-2 infection or illness, it is E
52 @
53 unlikely to generate any additive benefit to that conferred by available mRNA and Ad-V o)
54 _ =
55 vaccines. Q
56 3
57 =
58 o
59 8 &
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The current study observed a relative risk reduction against severe COVID-19 of between 82-
85% after full vaccination, and between 67-70% following partial vaccination (Figure 2). In Chile,
among those aged 60+ years and fully vaccinated, vaccine effectiveness was 67% against
infection, 85% for the prevention of hospitalization, and 87% for the prevention of Covid-19-
related death, with corresponding estimates of 16%, 37% and 46% after partial vaccination.[18]
Our findings about vaccine effectiveness are similar to those of randomized clinical trials of
SARS-CoV-2 vaccination,[1-4] or another observational study from Ontario.[10] Taken together,

SARS-CoV-2 vaccination by mRNA or Ad-V is effective at preventing serious disease.

Limitations

This study was limited to persons who had ABO blood group testing, and who are more likely
to have required blood transfusion or to have been pregnant in the past.[6] As a study strength,
identification of blood group status preceded SARS-CoV-2 vaccination or index PCR testing.
While we excluded those with SARS-CoV-2 infection prior January 15, 2021, we did not know
who had acquired natural immunity. While vaccination and study outcomes were fully
ascertained within a universal healthcare system, a minority of individuals may have been
vaccinated outside of Ontario, and not identified herein. The potential for immortal time bias —
the influence of misclassified follow-up time for individuals who were vaccinated, which could
differentially favour their survival — was mitigated by treating vaccine exposure as time varying,
and by setting follow-up time to a common starting date of January 15, 2021.[19] All study
covariates, including demographic and clinical variables, were captured prior to time zero. A
protective effect of vaccination was seen in the additional analyses restricted to those who
underwent PCR testing. This was akin to using a test-negative design, in which common access
to, and uptake of, medical care can reduces unmeasured confounding related to healthcare-
seeking behaviours.[20] While the current study was largely completed prior to the emergence
of the SARS-CoV-2 Delta/B.1.617 variant, it is unlikely that ABO blood group would be expected
to modify vaccine effectiveness within the subsequent period. Last, adverse events following
immunization were not studied herein, nor the tendency for such adverse events related to

ABO blood group.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 35

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby 1e Gzoz ‘0T aung uo /wod fwg uadolway/:dny wouj pspeojumod "2zoz AINr 8T UO ¥¥6650-TZ0Z-uadolwg/9eTT 0T Se paysiignd 1su1 :usdo NG


http://bmjopen.bmj.com/

Page 11 of 35 BMJ Open

Conclusions
The protective benefit offered by mRNA or Ad-V SARS-CoV-2 vaccination — especially full

vaccination — is not further modulated by ABO blood group status. Large-scale population or

oNOYTULT D WN =

9 targeted vaccination programs should continue, with ongoing research about how to mitigate

1 emerging viral variants.
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Figure legends

Figure 1. SARS-CoV-2 vaccination and associated risk of SARS-CoV-2 infection, or severe COVID-
19 (hospitalization or death), stratified by O and non-O blood groups. Data are presented for
the entire cohort (upper panel), and 614,455 individuals who had SARS-CoV-2 PCR testing
during the follow-up period (lower panel). Analyses are by time-varying exposure after first
vaccination. Unadjusted hazard ratios are in red, and adjusted hazard ratios in blue, adjusted for
age, sex, rural residence, area income quintile — each at baseline -- as well as prior diabetes
mellitus, malignancy, heart failure, cardiac ischemia or arrhythmia, chronic kidney disease or
venous thromboembolism.

Figure 2. Full or partial SARS-CoV-2 vaccination and associated risk of SARS-CoV-2 infection, or
severe COVID-19 (hospitalization or death), stratified by O and non-0 blood groups. Data are
presented for the entire cohort (upper panel), and 614,455 individuals who had SARS-CoV-2
PCR testing during the follow-up period (lower panel). Analyses are by time-varying exposure
after first vaccination. Unadjusted hazard ratios are in red, and adjusted hazard ratios in blue,
adjusted for age, sex, rural residence, area income quintile — each at baseline -- as well as prior
diabetes mellitus, malignancy, heart failure, cardiac ischemia or arrhythmia, chronic kidney
disease or venous thromboembolism.
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Table 1. Characteristics of 2,472,261 individuals in Ontario, Canada aged 12 years and older, with known ABO
blood group, and without evidence of SARS-CoV-2 infection before January 15, 2021. All data are presented as a
number (%) unless otherwise indicated.

Any SARS-Cov-2
vaccination

No SARS-COV-2
vaccination

Standardized

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Characteristic (N =1,743,916) (N = 728,345) difference
On January 15, 2021 (time zero)
Mean (SD) age, y 50.8 (18.4) 40.6 (15.4) 0.60
12-17 13,009 (0.7) 11,509 (1.6) 008
18-39 589,158 (33.8) 415,983 (57.1) 0.48 E§
40-59 568,693 (32.6) 208,310 (28.6) 009 &
60-69 218,653 (12.5) 42,386 (5.8) 023 £
70-79 209,118 (12.0) 29,116 (4.0) 030 &
80+ 145,285 (8.3) 21,041 (2.9) 024 %
Female 1,200,499 (68.8) 548,647 (75.3) 0.15 k3
Area income quintile (Q)2 Q1 (lowest) 298,360 (17.1) 182,483 (25.1) 0.20 3
Q2 332,128 (19.0) 153,526 (21.1) 0.05 E
Q3 360,666 (20.7) 147,174 (20.2) 001 @&
Q4 375,199 (21.5) 134,421 (18.5) 0.08 ¢
Q5 (highest) 373,655 (21.4) 108,469 (14.9) 0.17 B
Rural residence® Rural 164,607 (9.4) 76,733 (10.5) 0.04 b
Pregnant 23,137 (1.3) 19,410 (2.7) 0.10 SE
O blood group 315,903 (43.4) 751,212 (43.1) 0.01 o
Pre-existing conditions z
Diabetes mellitus 292,661 (16.8) 70,062 (9.6) 0.21 %
Malignancy 405,034 (23.2) 104,741 (14.4) 0.23 3
Heart failure 89,604 (5.1) 18,085 (2.5) 0.14 Y
Cardiac ischemia or arrhythmia 144,692 (8.3) 27,106 (3.7) 0.19 ‘;
Chronic kidney disease 90,732 (5.2) 19,760 (2.7) 0.13 )
Venous thromboembolism 41,006 (2.4) 13,342 (1.8) 0.04 @
Stroke or transient ischemic attack 31,638 (1.8) 6,763 (0.9) 0.08 i
Chronic hypertension 571,167 (32.8) 116,201 (16.0) 0.40 £
Asthma 300,546 (17.2) 126,172 (17.3) 000 3
Dementia, or frailty 264,694 (15.2) 107,972 (14.8) 0.01 Eg
Anemia 265,861 (15.2) 96,060 (13.2) 006 ¢
Chronic obstructive pulmonary 89,413 (5.1) 20,352 (2.8) 0.12 3
disease L
HIV or organ transplant 9,754 (0.6) 2,770 (0.4) 0.03 527
At time of first vaccination P
Vaccine type Modified RNA 1,600,524 (91.8) - - 3
Adenovirus-vectored 143,358 (8.2) -- - 8
Unspecified 34 (0.0) -- --
Vaccine name Astrazeneca 117,100 (6.7) -- --
Covishield 26,086 (1.5) -- --
Janssen 172 (0.0) -- --
Moderna 315,370 (18.1) -- --
Pfizer 1,285,154 (73.7) - -
Unspecified 34 (0.0) - -
14
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aMlissing for 6180 (0.25%) of all persons
bMissing for 5247 (0.21%) of all persons

CBefore January 15, 2021
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Any SARS-Cov-2 | No SARS-COV-2 g

vaccination vaccination Standardized 8

Characteristic (N =1,743,916) (N = 728,345) difference E

At time of second vaccination =

Vaccine type Modified RNA 415,632 (23.8) -- -- @

Adenovirus-vectored 12,855 (0.7) -- -- g

Unspecified 16 (0.0) -- - §

No second dose 1,315,413 (75.4) -- -- 2

Vaccine name Astrazeneca 12,692 (0.7) b i

Covishield 157 (0.0) - & 5

Janssen 6 (0.0) - ;1 Q

Moderna 86,791 (5.0) - i g

Pfizer 328,841 (18.9) - PR}

Unspecified 16 (0.0) -- f§ e

No second dose 1,315,413 (75.4) -- @ §

Received two vaccine doses by 428,503 (24.6) -- " g

June 13, 2021 (14 days prior to end ;3_ §

of follow-up) & X

Vaccine dose 2 same as dose 1 Same 424,517 (24.3) - Gi S

Different 3,969 (0.2) - $ &

- (&

Unknown 17 (0.0) -- pMc

N n<

No second dose 1,315,413 (75.4) P g. N

Median (IQR) follow-up for 163.0 163.0 0.39 E‘Dl AN

assessing the primary study (163.0-163.0) (163.0-163.0) :;‘3 ¥

outcome, d = g

Median (IQR) follow-up for 163.0 163.0 0.16 i-‘»% g,_
. P

assessing the secondary study (163.0-163.0) (163.0-163.0) 28

outcome, d = 3

Had SARS-CoV-2 PCR testing during 439,058 (25.2) 175,397 (24.1) 0.03 g 3

=0

follow-up period, from January 15, E:

2021 onward T
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Table 2. SARS-CoV-2 vaccination and associated risk of SARS-CoV-2 infection, or severe COVID-19 (hospitalization or death) — eacE'as

BMJ Open

1Ado92 Aq palo
-uadolwa/9eT

éBssed starting at least 14 days

after the first vaccination, among the entire cohort. Data are presented by time-varying exposure after first vaccination vs. unvaccmate@ (upper blue), as well as by first

vaccination type vs. unvaccinated (lower maroon). Q 8
5 k
&
No. with outcome (rate Ungdjlg:sted Adjusted
No. person-days of per 10,000 person- hagamgiatio hazard ratio
Study outcome Exposure state? follow-up? days) (QB%EI%) (95% CI1%)®°
) ) Unvaccinated (N = 2,464,998) 303,209,192 51,187 (1.69) 1.ocﬁ( @ ent) 1.00 (referent)
SARS-CoV-2 infection - o4
Vaccinated (N = 1,743,916) 93,324,805 4995 (0.54) 0.38 (6:3720 0.39) | 0.46 (0.45 to 0.48)
e
Unvaccinated (N = 2,464,998) 307,438,194 2890 (0.09) 1.0 eferent) 1.00 (referent)
Severe COVID-19¢ - S =@
Vaccinated (N =1,743,916) 93,575,031 491 (0.05) 0.71 (@:@4& 00.79) 0.29 (0.26 t0 0.33)
533
=mz
:5 (-D'D
Unvaccinated (N = 2,464,998) 303,209,192 51,187 (1.69) 1. O(ﬁ(reﬁrent) 1.00 (referent)
SARS-CoV-2 infection | Adenovirus-vectored (N = 143,358) 8,263,735 434 (0.53) 0.39 (@3@0 0.43) 0.49 (0.44 to0 0.54)
Modified RNA (N = 1,600,524) 85,059,246 4561 (0.54) 0.38 (3 37%0 0.39) 0.46 (0.44 t0 0.47)
Unvaccinated (N = 2,464,998) 307,438,194 2890 (0.09) 1. O(Egre§rent) 1.00 (referent)
Severe COVID-19¢ Adenovirus-vectored (N = 143,358) 8,284,162 27 (0.03) 0.46 (§.31§o 0.68) 0.29 (0.20t0 0.43)
Modified RNA (N = 1,600,524) 85,289,045 464 (0.05) 0.73 (B.66%0 0.82) 0.29 (0.26 t0 0.33)
=

3aExposure is time-varying, therefore, some individuals may have contributed time as unvaccinated, and then subsequenﬂy, ;L,s vaccinated.

(1]
b (0]
> H

bAdjusted for age, sex, rural residence, area income quintile — each at baseline -- as well as prior diabetes mellitus, mah@an@}/ heart failure, cardiac

ischemia or arrhythmia, chronic kidney disease or venous thromboembolism.
‘In the vaccinated and unvaccinated groups, respectively, there were 21 deaths (0.02 per 100,000 person-days) and 133 deaghs (0.04 per 100,000 person-
days), from 1 day before, up to 3 days after, a SARS-CoV-2 positive PCR test, with a corresponding adjusted hazard ratio of o4 (95% Cl1 0.14 to 0.41).
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SARS-CoV-2 infection

Severe COVID-19

SARS-CoV-2 infection

Severe COVID-19

BMJ Open
No. with outcome / no. at risk
(rate per 10,00, person-days)
ENTIRE COHORT:
9 Unvaccinated: 30,685/1,401,213 (1.78) 1.00 (referent) m
Q
S Vaccinated: 2,977/992,704 (0.56) -
4
7 Unvaccinated: 20,502/1,063,785 (1.57) 1.00 (referent) m
°r Vaccinated: 2,018/751,212 (0.50) -
b Unvaccinated: 1,677/1,401,213 (0.10) 1.00 (referent)®
Q
é i Vaccinated: 311/992,704 (0.06) — T
+
Unvaccinated: 1,213/1,063,785 (0.09) 1.00 (referent) m
O
Vaccinated: 180/751,212 (0.04) —_——————
——
614,455 SARS-CoV-2 PCR TESTED:
Unvaccinated: 30,685/342,161 (8.1) 1.00 (referent) ®
Q
[l
2 Vaccinated: 2,977/245,857 (1.97) -
’—
B Unvaccinated: 20,502/266,968 (6.95) 1.00 (referent) m
°r Vaccinated: 2,018/193,201 (1.67)
’—
B ] Unvaccinated: 1,677/342,161 (0.42) 1.00 (referent) ®
(@]
c )
S Vaccinated: 311/245,857 (0.20)
+
Unvaccinated: 1,213/266,968 (0.39) 1.00 (referent) m
O
Vaccinated: 180/193,201 (0.15) —T—
+

ﬁ—ﬁ—ﬁ—ﬁ—ﬁ—ﬁ—ﬁ—ﬁﬂ—ﬁhﬂﬁw‘
0.2 0.3 0.4
For peer review only - http://bmjopen.bmj.cq_@/si&e@b
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No. with outcome / no. at risk
1 (rate per 10,000 person-days)
2
3 ENTIRE COHORT:
4 Unvaccinated: 30,685/1,401,213 (1.78) 1.00 (referent) wm
5 (@)
6 5 S L Partially vaccinated: 2,645/992,704 (0.59) -
b z
3]
7 .;g Fully vaccinated: 332/241,235 (0.43) ——
8 ‘; -
9 > _
10 Q Unvaccinated: 20,502/1,063,785 (1.57) 1.00 (referent) ®
11 b4
12 ;i) O +  Partially vaccinated: 1,749/751,212 (0.51) —e
13 Fully vaccinated: 269/187,268 (0.43) —
14 J
15
16
17 o
18 Unvaccinated: 1,677/1,401,213 (0.10) 1.00 (referent) m
(@]
;g z Partially vaccinated: 33/241,235 (0.04) ——
pd
21 e Fully vaccinated: 278/992,704 (0.06) ———
o
2 s
o
24 o
25 S .
% $ Unvaccinated: 1,213/1,063,785 (0.09) 1.00 (referent) ®
27 (e} Partially vaccinated: 161/751,212 (0.05) ——
;2 Fully vaccinated: 19/187,268 (0.03) ——
30
g; 614,455 SARS-CoV-2 PCR TESTED:
33 Unvaccinated: 30,685/342,161 (8.14) 1.00 (referent) m
34 c Q , ,
) S  Partially vaccinated: 2,645/245,857 (2.39) -
36 £ Fully vaccinated: 332/82,480 (0.81) -
37 o -
38 § ;
39 S Unvaccinated: 20,502/266,968 (6.95) 1.00 (referent) g
40 %
41 ff; O Partially vaccinated: 1,749/193,201 (2.01) --
42 Fully vaccinated: 269/66,181 (0.80) >
43 \
44
45
46 M b
47 Unvaccinated: 1,677/342,161 (0.42) 1.00 (referent) ®
(@]
48 o s r Partially vaccinated: 278/245,857 (0.25) —
49 < z
50 g Fully vaccinated: 33/82,480 (0.08) -
51 S
52 o b
53 2 Unvaccinated: 1,213/266,968 (0.39) 1.00 (referent) m
Q
(7]
54 o Partially vaccinated: 161/193,201 (0.18) ——
55
56 Fully vaccinated: 19/66,181 (0.06) -
57 —
59 ) 00 01 02 03 04 05 06 07 08 09 1.0
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Hazard ratio (95% confidence interval)
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Table S1. Variables used to define cohort entry and exclusion criteria, as well as study exposures, outcomes, adjustment, and stratification.

94314-2,94316-7, XON13512-9,
XON13529-3, XON13528-5,
XON13531-9, XON13527-7. These
codes, plus keywords such as
“COVID”, “SARS-CoV-2”, “Novel
coronavirus” or “nCOV” or
microorganism SNOMED codes
(840533007 [SARS-CoV-2],

Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnosis or fee codes; Validation
condition ICD-10-CA diagnosis or or other data source studies or
CCl procedure codes documentation
for some codes
Inclusion ABO-Rh specimen Individuals with an ABO -- LOINC codes 882-1, 883-9, 10331-7 --
criteria date January 2007 | blood group test result in in the Ontario Laboratory
to December 2020 | Ontario, Canada Information System (OLIS) - includes
most outpatient laboratory
information in Ontario
Exclusion SARS-CoV-2 Individuals with a SARS-CoV- | -- OLISC19 - includes Test Request For the ICES
criteria specimen date 2 RNA PCR positive (TR)/LOINC codes for SARS-CoV-2 methodology
January 15, 2020 to | laboratory result in Ontario, and other respiratory virus testing: and Python
January 14, 2021 Canada prior to time zero TR12936-1, TR12937-9, 94315-9, script for

cleaning and
parsing OLIS lab
results for SARS-
CoV-2 and other
respiratory
viruses, see
https://github.co
m/icescentral/C

168209000 [No Virus ldentified]), OVID19-Lab-
were used to define the data pull Results
from OLIS.
January 15, 2021 Implausible or missing sex, -- Registered Persons Database (RPDB) | --
(time zero) birth date or death date - contains demographic information
and encrypted healthcare numbers
for all individuals eligible for OHIP
Same as above Non-Ontario resident or not | -- RPDB --
eligible for OHIP at time zero
Same as above Aged less < 12 years at time | -- RPDB --
zero
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 1
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Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnosis or fee codes; Validation
condition ICD-10-CA diagnosis or or other data source studies or
CCl procedure codes documentation
for some codes
Same as above Death occurred before Discharge disposition is RPDB, COVAXON, OLISC19 --
baseline, before the not alive (DAD, NACRS)
vaccination date, or > 1 day
before the SARS-CoV-2
specimen date
December 15, 2020 | Duplicate vaccination record | -- COVAXON --
to June 13, 2021
Study December 15, 2020 | COVID-19 partially -- COVAXON --
exposures to June 13,2021 vaccinated status
Same as above COVID-19 1* dose type -- COVAXON --
(mRNA, viral vector,
unknown, none)
Same as above COVID-19 fully-vaccinated -- COVAXON --
status (fully-vaccinated,
partially-vaccinated,
unvaccinated)
Stratification | January 2007 to ABO blood group (O, other) -- LOINC codes 882-1, 883-9, 10331-7 --
variable December 2020 in OLIS
Main study SARS-CoV-2 Earliest SARS-CoV-2 positive | -- OLISC19 --
outcome specimen date test.

January 15, 2021
(time zero) to June
27,2021, censored
at loss OHIP
eligibility or the day
after death.
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Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnosis or fee codes; Validation
condition ICD-10-CA diagnosis or or other data source studies or
CCl procedure codes documentation
for some codes
Secondary SARS-CoV-2 Earliest SARS-CoV-2 positive | DAD (hospital admission, OLISC19 (SARS-CoV-2 test), RPDB --
study specimen date test AND a hospital not alive at discharge), (death)
outcome January 15, 2021 admission within -/+ 3 days NACRS (hospital
(time zero) to June | or death within -1 to +3 days | admission, not alive at
30, 2021, censored | of the SARS-CoV-2 specimen | discharge), SDS (not alive
at loss OHIP date. at discharge)
eligibility or the day
after death.
Covariates January 15, 2021 Age -- RPDB --
(time zero)
Same as above Sex -- RPDB --

Same as above

Area income quintile

Statistics Canada Census

Same as above

Rural residence

Statistics Canada Census

Any time before
January 15, 2021
(time zero)

Diabetes mellitus

The ICES-derived ODD
database was used to
identify patients with
diagnosed diabetes before
the index date, based on 2
OHIP diagnostic codes or 1
OHIP fee code or 1
DAD/SDS diagnostic code,
within 2 years.

ICD-10-CA: E10, E11, E13,
E14

OHIP ICD-9: 250
OHIP fee codes: Q040, K029, K030,
K045, K046

https://pubmed.

ncbi.nlm.nih.gov
/11874939/
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; Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnosis or fee codes; Validation

3 condition ICD-10-CA diagnosis or or other data source studies or

4 CCl procedure codes documentation
5 for some codes
6 Same as above History of heart failure The ICES-derived CHF OHIP ICD-9: 428 https://pubmed.
7 database was used to ncbi.nlm.nih.gov
8 identify patients with CHF, /23735455/

9 based on 1 ED,

1(1) hospitalization or

12 outpatient claim, and a

13 second claim in 1 year.

14 The CHF database is

15 limited to those 40 years

16 of age or older.

17

18 ICD-10-CA (DAD, SDS):

;g 1500, 1501, 1509

21 Within 5 years History of malignant ICD-10-CA (DAD, SDS, -- --

22 before January 15, | neoplasm NACRS): C00-C97

23 2021 (time zero)

24 Same as above Chronic kidney disease (CKD) | CKD diagnosis CKD diagnosis https://pubmed.
25 ICD-10-CA (DAD, NACRS): ICD-9 (OHIP): 403, 585 ncbi.nlm.nih.gov
26 E102, E112, E132, E142, /23560464/

27 112, 113, NO8, N18, N19

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44
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Assessment

Timing

Disease, procedure or
condition

CIHI-DAD, SDS or NACRS
ICD-10-CA diagnosis or
CCl procedure codes

OHIP ICD-9 diagnosis or fee codes;
or other data source

Validation
studies or
documentation
for some codes

Chronic dialysis Chronic dialysis https://pubmed.
At least 2 of the following | At least 2 of the following OHIP fee nchi.nlm.nih.gov
CCl (DAD, SDS) codes codes separated by 90 days, but < /20613656/
separated by 90 days, but | 150 days, in the year before the
< 150 days, in the year index date: R849, G082, G083, G085,
before the index date: G090-G096, G294, G295, G323,
1PZ21 G325, G326, G330-G333, G860-
G866, H540, H740
Treatment codes (CORR): 060, 111,
112,113,121, 122,123,131, 132,
133,141, 151, 152, 211, 221, 231,
241,242, 251, 252,311, 312, 313,
321, 322,323, 331, 332, 333, 413,
423,433,443, 453
Exclude kidney transplant | Exclude kidney transplant https://pubmed.
CCI (DAD): 1PC85 OHIP fee codes: S435, S434 nchi.nlm.nih.gov
/26019887/
CORR treatment code: 171 plus > 1
Transplanted Organ Code [1-3]: 10,
11,12,18,19
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 5
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; Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnosis or fee codes; Validation

3 condition ICD-10-CA diagnosis or or other data source studies or

4 CCl procedure codes documentation
5 for some codes
6 Same as above History of cardiac ischemia At least 1 hospitalization -- https://pubmed.
7 (DAD) or ED (NACRS) visit nchi.nlm.nih.gov
8 with a diagnosis or /20847972/
9 procedure coded with 1 of

10 .

1 the following codes:

12

13 Angina:

14 ICD-10-CA: 120, 12382, 124

15

16 Chronic Ischemic Heart

17 Disease:

18 ICD-10-CA: 125

19

5(1) Myocardial infarction:

22 ICD-10-CA: 121, 122

23

24 Coronary Artery Bypass

25 Grafting:

26 CCl: 11J76, 1180

27

28 Percutaneous Coronary

;g Intervention:

31 CCl: 11326, 11350, 11J55,

32 11J57

33

34

35

36

37

38

39

40

41

42

43

44

45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 6
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Assessment

Timing

Disease, procedure or
condition

CIHI-DAD, SDS or NACRS
ICD-10-CA diagnosis or
CCl procedure codes

OHIP ICD-9 diagnosis or fee codes;
or other data source

Validation
studies or
documentation
for some codes

Same as above

History of cardiac arrhythmia

At least 1 hospitalization
(DAD) or ED (NACRS) visit
with a diagnosis or
procedure coded with 1 of
the following codes:

Atrial Fibrillation/Atrial
Flutter:
ICD-10-CA: 148

Ventricular Arrhythmia &
Tachycardia:

ICD-10-CA: 1470, 1472,
1490, 1493

Permanent Pacemaker:
CCl: 1HZ53GRNM,
1HZ53LANM, 1HZ53GRNK,
1HZ53LANK, 1HZ53GRNL,
1HZ53LANL

Implantable Cardioverter-
Defibrillator:

CCl: 1HZ53GREFS,
1HZ53LAFS, 1HZ53SYFS,
1HZ53HAFS

https://pubmed.
ncbi.nlm.nih.gov
/19433698/

https://www.ices
.on.ca/Publicatio
ns/Atlases-and-
Reports/2006/Ca
nadian-Institute-
for-Health-
Information

https://pubmed.
ncbi.nlm.nih.gov
/17599603/
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; Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnosis or fee codes; Validation
3 condition ICD-10-CA diagnosis or or other data source studies or
4 CCl procedure codes documentation
5 for some codes
6 Same as above History of pulmonary ICD-10-CA (DAD, SDS, OHIP ICD-9: 677, 415, 671, 451, 452 --

7 embolism, deep vein NACRS): 1260, 1269,

8 thrombosis, or other venous | 088201, 088202, 088203, | AND

?0 thromboembolism 088204, 088209, 1636,

1 1822, 1828, 1829, 1801, one of the following OHIP

12 1802, 1803, 1808, 1809, radiological professional fee codes

13 022301, 022303, 022309, | for a VTE diagnostic test billed within

14 022501, 022503, 022509, | 3 days: J198, J498, J193, 1493, J202,

15 087102, 087104, 087109, | J502, J206, 1506, 1182, 1482, X406,

16 087304, 087309, 1676, X407, X125, X188, X401, X405, X408,

17 181, 1820, 1823, 0228, X126, X410, X231, X232, X233, X127,

18 0229, 0878, 0879 X413, X421, X425, 1659, 1660, 1859,

19

20 J860

21 AND

22

23 one of the following CCI

24 codes for diagnostic

25 imaging during the same

26 admission: 3KX30DA,

27 3KX30DB, 3KX30DC,

;g 3KX30DD, 3KR10VC,

30 3KR10VN, 3KR12VA,

31 3KX10VA, 3KX10VC,

32 3KX10VN, 3KX10VX,

33 3KX12VA, 3IM10VC,

34 3IM10VX, 3IM10VY,

35 3IM12VA, 3GT70CA,

36 3GT70CC, 3GT70CE,

37 3GT70KC, 3GT70KD,

gg 3GT70KE, 3JY10VA,

40 3JY10VC, 3JY10VN,

41 3JY10VX, 3JY12VA,

42 3JY20WC

43

44

45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 8
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Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnosis or fee codes; Validation
condition ICD-10-CA diagnosis or or other data source studies or
CCl procedure codes documentation
for some codes
Other Any time before Asthma The ICES-derived ASTHMA | OHIP ICD-9: 493 https://pubmed.
baseline January 15, 2021 database was used to nchi.nlm.nih.gov
variables (time zero) identify patients with /20011725/
diagnosed asthma before
the index date, based on 2
OHIP diagnostic codes or 1
DAD diagnostic code.
ICD-10-CA: )45, J46
Same as above Chronic obstructive The ICES-derived COPD OHIP ICD-9: 491, 492, 496 https://pubmed.
pulmonary disease (COPD) database was used to nchi.nlm.nih.gov
identify patients with /19863368/ The
diagnosed COPD before COPD algorithm
the index date, based on 1 was validated in
OHIP diagnostic code or 1 those aged > 35
DAD diagnostic code. years.
ICD-10-CA: J41-)44
Same as above Chronic hypertension The ICES-derived HYPER OHIP ICD-9: 401-405 https://pubmed.
database was used to ncbi.nlm.nih.gov
identify patients with: /20101286/
a) 1 hospital admission
with a hypertension
diagnosis, or
b) an OHIP claim with a
hypertension diagnosis
followed within 2 years by
either an OHIP claim or a
hospital admission with a
hypertension diagnosis.
ICD-10-CA (DAD, SDS): I110-
113, 115
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 9
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Assessment

Timing

Disease, procedure or
condition

CIHI-DAD, SDS or NACRS
ICD-10-CA diagnosis or
CCl procedure codes

OHIP ICD-9 diagnosis or fee codes;
or other data source

Validation
studies or
documentation
for some codes

oNOYTULT D WN =

Same as above

Immunocompromised (HIV
or organ transplant)

The ICES-derived HIV database was
used to identify patients with pre-
existing HIV, based on 3 physician
claims in 3 years.

OHIP ICD-9: 042-044

CORRLINK links CORR and DAD data
and includes patients who received
an organ transplant, and does not
include dialysis patients.

https://pubmed.

ncbi.nlm.nih.gov
/21738786/

Same as above

Dementia

The ICES-derived
DEMENTIA database was
used to identify individuals
with 1 hospitalization for
dementia and/or 3
outpatient visits for
dementia, each separated
by 30 days, within 2 years,
or 1 prescription from
ODB.

ICD-10-CA (DAD, SDS):
FO0-F03, G30

OHIP ICD-9: 290, 331

ODB
1 prescription for a cholinesterase
inhibitor

https://pubmed.

ncbi.nlm.nih.gov
/27567819/
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Assessment

Timing

Disease, procedure or
condition

CIHI-DAD, SDS or NACRS
ICD-10-CA diagnosis or
CCl procedure codes

OHIP ICD-9 diagnosis or fee codes;
or other data source

Validation
studies or
documentation
for some codes

Within 1 year
before January 15,
2021 (time zero)

Frailty

Identified based on the
following rules, using DAD
and OHIP databases:

1. Long-term care
residence (i.e.,
admitted
from/discharged to, a
nursing home after
hospital stay, or
location of physician
billing claim was long-
term care facility);

2. Receipt of palliative
care;

3. Two or more domains
derived from frailty
scales (i.e., cognitive
impairment, falls,
general health status,
incontinence, nutrition
issues, functional
performance) and
health services
utilization (i.e., 2 2
hospital stays or ED
visits, geriatrician or
home care visit).

https://pubmed.

ncbi.nlm.nih.gov
/28974280/

Within 5 years
before January 15,
2021 (time zero)

Anemia

ICD-10-CA (DAD, SDS,
NACRS): D50-D53, D55,
D56, D572-D574, D58-
D61, D63, P55, P560, P570

OHIP ICD-9: 280-285, 773
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; Assessment | Timing Disease, procedure or CIHI-DAD, SDS or NACRS OHIP ICD-9 diagnosis or fee codes; Validation

3 condition ICD-10-CA diagnosis or or other data source studies or

4 CCl procedure codes documentation
5 for some codes
6 Same as above History of transient ischemic | Transient Ischemic Attack: | -- http://canadians
7 attack or acute ischemic At least 1 hospitalization trokenetwork.ca/
8 stroke or ED visit with 1 of the en/wp-

?0 following diagnosis codes: content/uploads
11 /2014/08/Stroke
12 ICD-10-CA (DAD, NACRS): Core_ENG.pdf
13 G450-G453, G458, G459,

14 H340

15

16 Acute Ischemic Stroke:

17 1 hospitalization with a

18 main diagnosis coded with

19 .

20 one of the following

2 codes:

22

23 ICD-10-CA (DAD): 163

24 (except 1636), 164, H341

25

26 ASTHMA: Ontario Asthma dataset; CCl: Canadian Classification of Interventions; CHF: Ontario Congestive Heart Failure dataset; CIHI: Canadian Institute for
27 Health Information; CORR: Canadian Organ Replacement Registry; COVAXON: Ontario COVID-19 Vaccine Data; DAD: Discharge Abstract Database; DEMENTIA:
;g Ontario Dementia dataset; ED: Emergency Department; HIV: Ontario HIV dataset; HYPER: Ontario Hypertension dataset; ICD-9: International Classification of
30 Diseases, 9th Revision; ICD-10-CA: International Classification of Diseases, 10th Revision, Canada; ICU: Intensive Care Unit; LHIN: Local Health Integration
31 Network; LOINC: Logical Observation Identifiers Names and Codes; NACRS: National Ambulatory Care Reporting System; ODB: Ontario Drug Benefit; ODD:
32 Ontario Diabetes Dataset; OHIP: Ontario Health Insurance Plan; OLIS: Ontario Laboratories Information System; OLISC19: Ontario Laboratories Information
33 System COVID-19 Laboratory Data; RPDB: Registered Persons Database; SDS: Same Day Surgery

34

35

36

37

38

39

40

41

42

43

44
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Figure S1. Study cohort creation.

2,938,215 individuals with known ABO blood group in
Ontario, Canada, January 2007 to December 2020

465,954 individuals were excluded due to:
47,812 SARS-CoV-2 PCR +VE test result before baseline
1504 Missing or invalid sex, birth or death date
291,893 Non-Ontario resident at baseline
90,324 Aged less than 12 years at baseline
33,454 Ineligible for OHIP at baseline
714 Death before baseline
253 Duplicate vaccination records

v
2,472,261 individuals included in the main cohort

614,455 individuals in the sub-cohort, who had
SARS-CoV-2 PCR testing during the follow-up period
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Table S2 (Additional analysis 1). SARS-CoV-2 vaccination and associated risk of SARS-CoV-2 infection, or severe COVID-19 (hospitalization or death) — each assessed
11 starting at least 14 days after the first vaccination. This analysis is limited to 614,455 individuals who had SARS-CoV-2 PCR testing during the follow-up period, from
12 January 15, 2021 onward.

No. with outcome Unadjusted Adjusted
16 No. person-days of (rate per 10,000 hazard ratio hazard ratio
17 Study outcome Exposure state’ follow-up® person-days) (95% Cl1%) (95% CI1%)"
) ) Unvaccinated (N = 609,129) 67,185,613 51,187 (7.62) 1.00 (referent) 1.00 (referent)
19 SARS-CoV-2 infection -
20 Vaccinated (N = 439,058) 27,220,438 4995 (1.84) 0.25(0.25t0 0.26) | 0.28 (0.27 to 0.29)

23 Unvaccinated (N = 609,129) 71,414,615 2890 (0.40) 1.00 (referent) 1.00 (referent)
Severe COVID-19
24 Vaccinated (N = 439,058) 27,470,663 491 (0.18) 0.50 (0.46 to 0.56) 0.22 (0.20 to0 0.25)

27 ®Exposure is time-varying, therefore, some individuals may have contributed time as unvaccinated, and then subsequently, as vaccinated.
28 bAdjusted for age, sex, rural residence, area income quintile — each at baseline -- as well as prior diabetes mellitus, malignancy, heart failure, cardiac

ischemia or arrhythmia, chronic kidney disease or venous thromboembolism.
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Table S3. SARS-CoV-2 vaccination and associated risk of SARS-CoV-2 infection, or severe COVID-19 (hospitalization or death), stratified by O and non-O blood groups,

among the entire cohort. Data are presented by time-varying exposure after first vaccination type vs. unvaccinated, with study outcomes assessed starting at least 14

days after the first vaccination.

No. with outcome Adjusted
Stratified by No. person-days of (rate per 10,000 hazard ratio
Study outcome blood group Exposure state’ follow-up® person-days) (95% CI%)"
Unvaccinated (N = 1,401,213) 172,490,490 30,685 (1.78) 1.00 (referent)
Non-O Adenovirus-vectored (N = 80,411) 4,637,314 260 (0.56) 0.49 (0.43 to 0.55)
Modified RNA (N =912,274) 48,108,108 2717 (0.56) 0.46 (0.44 to 0.48)
SARS-CoV-2 infection
Unvaccinated (N = 1,063,785) 130,718,702 20,502 (1.57) 1.00 (referent)
0] Adenovirus-vectored (N = 62,947) 3,626,421 174 (0.48) 0.49 (0.42 to 0.57)
Modified RNA (N = 688,250) 36,951,138 1844 (0.50) 0.46 (0.44 to 0.48)
Unvaccinated (N = 1,401,213) 175,034,046 1677 (0.10) 1.00 (referent)
Non-O Adenovirus-vectored (N = 80,411) 4,649,419 15 (0.03) 0.27 (0.16 to 0.45)
Modified RNA (N =912,274) 48,242,495 296 (0.06) 0.31(0.27 to 0.36)
Severe COVID-19
Unvaccinated (N = 1,063,785) 132,404,148 1213 (0.09) 1.00 (referent)
0] Adenovirus-vectored (N = 62,947) 3,634,743 12 (0.03) 0.33 (0.18 to 0.58)
Modified RNA (N = 688,250) 37,046,550 168 (0.05) 0.27 (0.22 t0 0.32)

®Exposure is time-varying, therefore, some individuals may have contributed time as unvaccinated, and then subsequently, as vaccinated.

Adjusted for age, sex, rural residence, area income quintile — each at baseline -- as well as prior diabetes mellitus, malignancy, heart failure, cardiac

ischemia or arrhythmia, chronic kidney disease or venous thromboembolism.
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SE
(2 7)
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Results
Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, exangnedkfor eligibility, confirmed | 6, eFig 1
eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage NA
(c) Consider use of a flow diagram m eFig1
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information _é)@osures and potential Table 1
confounders % a B
(b) Indicate number of participants with missing data for each variable of interest ;é g Table 1
(c) Summarise follow-up time (eg, average and total amount) ] cé = 6
Outcome data 15* | Report numbers of outcome events or summary measures over time Qg § Figure 1
Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precglgn?‘(eg, 95% confidence 6, Figure 1
interval). Make clear which confounders were adjusted for and why they were included %g%
(b) Report category boundaries when continuous variables were categorized _g, ,I% = NA
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meanlngfulgrﬁo;;)erlod
Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analysé&® %- Figure 2
= o
s &
Discussion é 3
Key results 18 | Summarise key results with reference to study objectives 2 '8. 7
Limitations ; 3
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity ?::Jf a@lyses, results from 7,8
similar studies, and other relevant evidence = 3>
Generalisability 21 Discuss the generalisability (external validity) of the study results _% B 8
Other information E §
Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, f:%)r tlge original study on 9

which the present article is based
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