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Updated Key Findings
December 14, 2021
 The Ontario Immunization Advisory Committee recommended that if an 11 or 12-year-old child is
inadvertently given a second dose of the Pfizer-BioNTech vaccine that is not authorized for their age,
the dose should be considered valid and the series complete.
 The National Advisory Committee on Immunization (NACI) recommends that a booster dose of an
authorized mRNA COVID-19 vaccine should be offered to vulnerable populations and those >50
years old, ≥6 months after completion of a primary COVID-19 vaccine series.
 The Australian Technical Advisory Group on Immunization (ATAGI) recommends COVID-19 booster
vaccinations with either Pfizer or Moderna, which are considered equally acceptable, for anyone
aged 18 and older who completed their primary course of COVID-19 vaccination 5 or more months
ago.
 On December 8th, 2021 a press release by Pfizer-BioNTech indicated that preliminary laboratory
studies demonstrate that three doses of the Pfizer-BioNTech COVID-19 vaccine increase neutralize
titers of the Omicron variant 25-fold compared to two doses.

Key Findings
December 3, 2021
 The Therapeutic Goods Administration (TGA) has granted provisional approval to Moderna for the
use of its vaccine in children (two 10μg doses) and as booster shot for adults (one 30μg dose) in
preparation for the recent emergence of the Omicron variant. This is in addition to Pfizer, which was
also recently approved.
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The National Advisory Committee on Immunization (NACI) recommends that a complete series with
the Pfizer-BioNTech COVID-19 vaccine (10 mcg) may be offered to children 5-11 years of age who do
not have contraindications to the vaccine, with a dosing interval of at least 8 weeks between the first
and second dose.
NNACI also recommends that children aged 5-11 years with a history of previous SARS-CoV-2
infection should be considered no longer infectious and symptoms of an acute illness should be
completely resolved prior to vaccination.
Health Canada has authorized Moderna's COVID-19 vaccine (also known as Spikevax) to be used as a
booster shot, using a half-dose of the vaccine.




Please note that for readability only the current and previous key findings are at the beginning of the
document, key findings from previous updates can be found at the end of this document.

Limitations



Due to the nature of the rapid review, the methodology or findings of the studies were not
critically appraised
While it is likely reasonable to predict effectiveness (and efficacy) of the mixing and matching
strategy from basic principles, one would note NACI recommendations are based on the preprints of the CombiVacS and EICOV/COVIM trials (and vaccine studies in Ebola). This measured
the reactogenicity and biochemical immunogenicity response. Caution should be taken in the
interpretation as this may not necessarily translate to real world increased or equal
effectiveness or even efficacy. However, it may be reasonable to conclude that we would
expect at least roughly similar clinical data.

Strength of Evidence
☐ Mature evidence

☒Emerging Supportive evidence

☐ Mixed evidence

☐ Weak evidence

Quality of Evidence Assessment
1. Adequacy of primary studies:
2. Methodological limitations:

3. Relevance to review question:
4. Generalizability of findings: The routine evidence search report for this version resulted in
identification of 7 grey and 6 non-grey articles.
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Of the 7 grey articles: 2 were news media article and 5 were reports.
Of the 1 non grey article: 1 was a observational study.

Background/Context
1. Clinical Context
Emerging evidence about the approved COVID-19 vaccinations in Canada: Pfizer (BNT162b2), Moderna
(mRNA- 1273), AstraZeneca (ChAdOx1-S), and Janssen (Johnson & Johnson) (AD26.COV2. S). Updates on
recommendations from Health Canada, Canadian National Advisory Committee on Immunization’s
(NACI), the European Medicines Agency (EMA), US Advisory Committee on Immunization (ACIP), and
the emerging evidence and recommendations warrant a new rapid review on vaccines efficacy,
effectiveness, and safety. The addition of information on vaccinesof interest (Covaxin, Coronavac,
Sinopharm, and Sputnik V) began on July 30, 2021 (the 8th update) and is located at the end of the
review. This review was condensed for the 10th version for readability, an earlier version with expanded
narrative on earlier studies can be requested from the Saskatchewan Health Authority Library
(Library@saskhealthauthority.ca).

2. Purpose
Update previous rapid review on the topic of efficacy and effectiveness of authorized COVID-19
vaccines inCanada.

3. Review Question(s): How effective are COVID-19 vaccines?

Method
For each Rapid Review, the initial question is posed by a decision-maker in the health care system
seeking the evidence base for a specific policy decision. According to the subject of the question, the
COVID Evidence Support Team (CEST) Intake Committee allocates the question to the appropriate
Working Group. Each Working Group may be comprised of a librarian, researcher, 1-2 clinicians, 1-2
subject matter experts, and a group leader. A reference interview is conducted to establish the
parameters of the question to ensure it is articulated in a clear, searchable manner. The librarians
assigned to the team then conduct a thorough search of the indexed literature, grey literature, news
sources, or other sources as agreed upon. Some reference lists for especially pertinent articles are also
reviewed. An Evidence Search Report is thereby created. See Appendix for more details on the search
strategy. A Rapid Review of the identified literature is then performed by the researcher using the
approach of a systematic review, but without a double review, formal assessment of quality of reported
study, or meta-analysis. Importantly, the review is completed in a time-sensitive manner. Relevant
evidence is summarized in both tabular and narrative form, key findings and limitations articulated, and
the quality of the body of evidence evaluated using a four-point grading system that assesses the
methodologies, adequacy of the included studies, the direct relevance to the question and the
generalizability of the findings related to the question. The draft Rapid Review Report is reviewed and
edited by the Working Group clinicians, experts, and leader. Once revisions are complete, the Rapid
Review is submitted to the requesting decision-maker and placed in the COVID-19 repository and
database. For certain topics with rapidly changing evidence, after a period of time an updated evidence
search is performed, the review process repeated, and an updated Rapid Review released.
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Summary of Evidence
SUMMARY TABLE 1: Overall
Efficacy and Effectiveness
Efficacy (single dose)
Efficacy (two doses)

Pfizer
(BNT-162b2)
52 - 92.6%
Adults (16+):
94.6
Youths (12-15):
100%1

Source

Moderna
(mRNA-1273)
-

Source

94.1%

(14),
(9),
(36),
(15),
(11),
(92)
(120)
(122)
(123)
(151)
(156)
(173)
(201)
(249)
(250)
(20)
(9),
(36),
(149)
(151)
(152)
(154)

(1), (8),
(14)
(1),
(49)
(128)

AstraZeneca
(ChAdOx1-S)
76%

Source

(4)

21.95 - 90.0%

(13),
(5), (7)

N/A

60- 85.7%

(92)
(122)
(201)

60- 93.3%2, 11

(11)
(123)
(156)
(173)
(250)

-

61%3

(4)

-

81%

(251)

56-64%

(7)

Janssen
(AD26.COV2.S)
66.1 - 66.9%

Source
(22),
(60)

Effectiveness (single dose)
Symptomatic disease

4799.5%2, 10, 11

Asymptomatic disease

75%

Symptomatic &
Asymptomatic disease

17%13 – 95%12

66%7
(157)
(156)

76.7%

(22),
(60)
(159)
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Hospitalization

Severe/Critical disease
Death

Transmission

649 – 88.5%2, 8

62%
72 – 85%

2

(157)
(161)
(156)
(251)
(9),
(11),
(12),
(75),
(72)
(173)
(9)
(9),
(11),
(73)

-

64%9

(72)

738 -94%2,

(11),
(12),
(75),
(173)

-

(73)

-

-

-

-

80%2

-

-

N/A

Effectiveness (two doses)
Symptomatic disease

85 - 97%2

Asymptomatic disease

68.3- 86%

(36),
(9),
(11),
(79),
(91),
(92)
(122)
(155)
(166)
(201)
(249)
(250)
(79)
(250)

91 – 98.2%

(92)
(122)
(201)
(250)

-

68.3

(250)

3.8 –58.9%6

(5)

N/A
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Symptomatic &
Asymptomatic disease

Hospitalization

Severe/Critical disease
Death
Transmission

64% - 96%

85 – 94.4%8, 9

92- 100%
97%2

(36),
(9),
(149),
(153)
(154)
(166)
(250)
(251)
(36),
(9),
(75),
(72),
(166)
(9
(173)
(73)

-

86.1- 91%4

(39)
(250)
(251)

79.6%

N/A

-

928 - 94%9

(12),
(75),
(72)

-

100%

(173)

-

-

N/A

-

-

N/A

N/A

*Please refer to specific studies for details on the number of days after injection the efficacy/effectiveness was calculated for
1
100% efficacy noted in the 12-15 age category (49).
2
Both of the Bernal et. al studies are considering effectiveness for those 70+ years (11), (73).
3
Efficacy study concerning asymptomatic disease (4).
4
Thompson et al. considered the effectiveness of both Pfizer and Moderna (39).
5
Lower limit is from South Africa where B.1.351 was the dominant circulating variable (13).
6
3.8% was found for recipients of two standard doses, and 58.9% for those who received a low dose then a standard dose (5).
7
Efficacy study concerning asymptomatic disease (60, 22)
8
The study by Isamil et al. considers persons who are 80+ years of age and 70-79 years old (75)
9
The study by Tenforde et al. was considering adults 65+ (72)
10
Chodick et al. is 89% effectiveness at days 14-21 (120)
11
A study by The Korean Disease Control and Prevention Agency (KDCA) for individuals aged 60+ years of age, after at least 14+ days from the time of injection
(123)
12
The study by Bianchi et al. calculated vaccine effectiveness for documented infection was calculated to be 61.9% (95% confidence interval [CI], 19.2%–82.0%)
14–20 days after first dose, 87.9% (95% CI, 51.7%–97.0%) 21–27 days after first dose (149)
13
The study by Moustsen-Helms had a lower effectiveness percentage than previously seen in any study, included here at 17% (153)
14
Andrejko et al. measured vaccine efficacy at 8-13 days and 14+ days after the second dose (250)
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Summary Table 2: Vaccine Efficacy/Effectiveness against Variants of Concern (VOC)
VOC
Vaccine
No. of
Findings
Doses
Alpha
Pfizer
2
Effectiveness:
 Infection: 95.3% (95% CI 94.9–95.7)
(B.1.1.7)
(BNT162b2)
 Asymptomatic Infection: 91.5% (90.7–92.2)
 Symptomatic Infection: 97.0% (96.7–97.2)
 Hospitalization: 97.2% (96.8–97.5)
 Severe or Critical Hospitalization: 97.5% (97.1–97.8)
 Death: 96.7% (96.0–97.3)
Alpha
(B.1.1.7)
Alpha
(B.1.1.7)
Alpha
(B.1.1.7)
Alpha
(B.1.1.7)
Alpha
(B.1.1.7)
Alpha
(B.1.1.7) &
Gamma (P.1)
Alpha
(B.1.1.7)

Source
(55)

Pfizer
(BNT162b2)
Pfizer
(BNT162b2)

2

After the early Pfizer campaign in the elderly transmission was halted in the 60+ category

(57)

2

(58)

AstraZeneca
(ChAdOx1-S)
Pfizer
(BNT162b2)
Pfizer
(BNT162b2)
Moderna
(mRNA-1273)
and Pfizer
(BNT162b2
Pfizer
(BNT162b2),
AstraZeneca
(ChAdOx1-S),
Moderna
(mRNA-1273)

1 or 2

Effectiveness:
 Documented infection: 89.5% (95% CI 85.9-92.3)
 Severe, Critical, or Fatal Infection: 97.4% (95% CI 92.2 – 99.5)
Efficacy:
 70.4% (95% CI 43.6-84.5)
Effectiveness:
 (Not specified) 93.4% (95%CI, 90.4 to 95.5%)
Effectiveness:
 (Not specified) 66.1% (95% CI: 54.0 to 75.0)
 21+ days after first dose effectiveness against infection for those 70+ living in
community dwellings 67% (95% CI 57-75) for B.1.17, and 61% (95% CI 45- 72) for P.1

(115)



(187)

2
2
1

1 or 2





Ontario Canada, considering “community-dwelling” Ontarians over 16 years of age
who had COVID-19 like symptoms, or a severe outcome attributable to COVID-19, and
who were tested for COVID-19 between December 14, 2020, and May 30, 2021.
Partial vaccination (14+ days past first dose), vaccine effectiveness against
symptomatic infection was 83% (95% CI, 80–86%) for Moderna (mRNA-1273), 66%
(95% CI, 64–68%) for Pfizer (BNT162b2), and 64% (95% CI, 60– 68%) for AstraZeneca
(ChAdOx1-S)
Full vaccination (7+ days past second dose) increased vaccine effectiveness against
symptomatic infection for Pfizer (BNT162b2) to 89% (95% CI, 86–91%), for Moderna
(mRNA-1273) to 92% (95% CI, 86–96%), however no vaccine effectiveness could be
made for AstraZeneca (ChAdOx1-S) due to an inadequate sample size

(35)

(115)
(133)
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Alpha
(B.1.1.7),
Beta
(B.1.351),
and Gamma
(P.1)
Alpha
(B.1.1.7) and
Delta
(B.1.617.2)

Pfizer
(BNT162b2)

1

Pfizer
(BNT162b2)

2

Beta
(B.1.351)

Pfizer
(BNT162b2)

2

Beta
(B.1.351)

Janssen
(Ad26.COV2.S)

1

Beta
(B.1.351)

Pfizer
(BNT162b2)

2

Pfizer
(BNT162b2),
AstraZeneca
(ChAdOx1-S),
Moderna
(mRNA-1273)

1 or 2

Beta
(B.1.351) and
Gamma (P.1)




UK – 140 younger HCWs and elderly participants
The adjusted odds ratio for inadequate neutralization activity against the B.1.1.7, P.1,
and B.1.351 variant in the older versus younger age group was 4.3 (95% CI 2.0-9.3,
p<0.001), 6.7 (95% CI 1.7- 26.3 p=0.008) and 1.7 (95% CI 0.5-5.7, p=0.41).
 Conclusion: that the elderly population may need additional measures to help protect
them against vaccine breakthrough, especially if VOCs ae circulating in the area
 Scotland between April 1- May 28, 2021, estimating effectiveness of the Pfizer
(BNT162b2) and AstraZeneca (ChAdOx1-S) vaccines 14+ days after the second dose
 The estimated effectiveness against COVID-19 infection:
o Pfizer (BNT162b2) 92% (95% CI 90–93) for Alpha (B.1.1.7) and 79% (75–
82) for Delta (B.1.617.2)
o AstraZeneca (ChAdOx1-S) 73% (95% CI 66–78) for Alpha (B.1.1.7) and
60% (53–66) for Delta (B.1.617.2)
Effectiveness:
 Documented infection: 70.05% (95% CI 70.5 – 78.9)
 Severe, Critical, or Fatal Infection: 97.4% (95% CI 92.2 – 99.5)
Efficacy after 14 and 28 days respectively:
 Moderate to severe–critical infection: 52.0% and 64.0%
 Severe to Critical Infection: 73.1% and 81.7%.
Effectiveness in nursing home residents
 Infection: 50%
Effectiveness in nursing home staff
 Prevented severe disease
 Ontario Canada, considering “community-dwelling” Ontarians over 16 years of age
who had COVID-19 like symptoms, or a severe outcome attributable to COVID-19, and
who were tested for COVID-19 between December 14, 2020, and May 30, 2021
 Partial vaccination (14+ days past first dose), vaccine effectiveness against
symptomatic infection was 48% (95%CI, 28–63%) for AstraZeneca (ChAdOx1-S), 77%
(95%CI, 69–92%) for Moderna (mRNA-1273), and 60% (95%CI, 52–67%) for Pfizer
(BNT162b2)
 Full vaccination (7+ days past second dose), only Pfizer (BNT162b2)’s vaccine
effectiveness against symptomatic infection given which was 84% (95% CI, 69–92%).

(188)

(189)

(58)

(60)

(113)

(187)
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Beta
(B.1.351) and
Delta
(B.1.617.1 &
B.1.617.2)

Pfizer
(BNT162b2),
AstraZeneca
(ChAdOx1-S),

1 or 2








Delta
(B.1.617.1)

Delta
(B.1.617) and
B.1.618
Delta
(B.1.617)
Delta
(B.1.617)
B.1.617.2
Delta
(B.1.617.2)



Moderna
(mRNA-1273)
and Pfizer
(BNT162b2)

Sera (in
vivo)

Moderna
(mRNA-1273)
and Pfizer
(BNT162b2)
Pfizer
(BNT162b2)
AstraZeneca
(ChAdOx1-S)
Pfizer
(BNT162b2)
AstraZeneca
(ChAdOx1-S)

Sera (in
vivo)




Sera (in
vivo)
2





2
2



Sera collected from 156 healthy individuals who had received Pfizer (BNT162b2) (one
dose= 37, two doses = 50), or AstraZeneca (ChAdOx1-S) (one dose= 50), two doses=
18).
Results:
Antibody titers were greatest against the original COVID-19 strain and lower against
the Delta (B.1.617.1 & B.1.617.2) or Beta (B.1.351)
o Individuals vaccinated with two doses of Pfizer (BNT162b2) mean
antibody titers reduced by 7.77-fold, 11.30-fold and 9.56-fold
respectively (significant, p<0.0001)
o Individuals vaccinated with two doses of AstraZeneca (ChAdOx1-S) mean
antibody titer = 1325.
o One dose of AstraZeneca (ChAdOx1-S) vaccine resulted in 34% of
samples having antibody titers ≤50. In comparison, only 13.5%
vaccinated with one dose of Pfizer (BNT162b2) had antibody titers ≤50
o The mean titer of antibodies detected in individuals with Pfizer
(BNT162b2) against all the VOCs analyzed was higher than those present
in sera from individuals vaccinated with AstraZeneca (ChAdOx1-S)
Conclusion: these results raise concerns about antigenic drift and subsequent
reduction in vaccine efficacy suggesting that a two-dose regiment is optimal for
protection, and that subsequent boosters against VOCs will likely be needed
B.1.617.1 variant of concern is 6.8-fold times more resistant to neutralization by sera
from COVID-19 convalescent and Moderna (MRNA-1273) and Pfizer (BNT162b2)
vaccinated individuals
A majority of sera from convalescent individuals and all sera from vaccinated
individuals were still able to neutralize the B.1.617.1 variant
4.7-fold decrease in neutralizing titer for the antibody cocktail
Antibodies the average titers were around 1:500. This was well above that found in
the sera of individuals who have recovered from a COVID-19 infection with earlier
unmutated viruses
Variant had modest ability to avoid neutralizing antibodies elicited by the vaccine (no
statistics provided)
Breakthrough in healthcare workers in a single hospital (no statistics provided)

Effectiveness
 87.9% (95%CI, 78.2 to 93.2%)
Effectiveness
 59.8% (95%CI: 28.9 to 77.3)

(190)

(111)

(112)

(114)
(114)
(115)
(115)
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Delta
(B.1.617.2)

Pfizer
(BNT162b2) and
AstraZeneca
(ChAdOx1-S)

2








Delta
(B.1.617.2)

Delta
(B.1.617)

Unspecified
(Pfizer
(BNT162b2),
AstraZeneca
(ChAdOx1-S),
Moderna
(mRNA-1273),
and Janssen
(Ad26.COV2. S)
approved in
England at time
of study)
Pfizer
(BNT162b2),
AstraZeneca
(ChAdOx1-S),
Moderna
(mRNA-1273)

2








1 or 2









Between April 5th and May 16th, 2021, a study in England looked at 1,054 people
confirmed as having the B.1.617.2 variant through genomic sequencing
Pfizer (BNT162b2) vaccine was 88% effective against symptomatic disease from the
B.1.617.2 variant 2 weeks after the second dose, compared to 93% effectiveness
against the B.1.1.7 variant
AstraZeneca (ChAdOx1-S) vaccine were 60% effective against symptomatic disease
from the B.1.617.2 variant after 2 doses compared to 66% effectiveness against the
B.1.1.7 variant
Overall, both vaccines were 33% effective against symptomatic disease from
B.1.617.2, 3 weeks after the first dose compared to around 50% effectiveness against
the B.1.1.7 variant
REACT-1 study tested 47,000 volunteers ages 5 and over for the 13th round of testing
between June 24 and July 5, 2021, when the Delta (B.1.617.2) VOC began to account
for more cases in the country
During that time around 1 in 170 people tested positive for COVID-19 or 0.59% in
comparison to the previous round of testing (May 20th to June 7th) where the rate of
infection was 0.15%, this is an approximately 4-fold increase in cases
For those 64 years and younger who had received two doses of COVID-19 vaccine the
prevalence of infection was 0.35% compare to 1.15% for unvaccinated people 64
years or younger.
For those 65+ years the prevalence among those who had two vaccines went from
0.24% in round 12 to 0.24% in round 13, still below the average of 0.59%

(163)

Ontario Canada, considering “community-dwelling” Ontarians over 16 years of age
who had COVID-19 like symptoms, or a severe outcome attributable to COVID-19, and
who were tested for COVID-19 between December 14, 2020, and May 30, 2021.
Partial vaccination (14+ days past first dose), vaccine effectiveness against
symptomatic infection was 56% for Pfizer (BNT162b2), 72% for Moderna (mRNA1273), and 67% for AstraZeneca (ChAdOx1-S).
Full vaccination (7+ days past second dose), vaccine effectiveness against
symptomatic infection Pfizer (BNT162b2) increased protection to 87% (95% CI, 64–
95%)
Partial vaccination (14+ days past first dose), vaccine effectiveness against severe
outcomes after 1 dose was 78% (95% CI, 65–86%) for Pfizer (BNT162b2), 96% (95% CI,
72– 99%) for. Moderna (mRNA-1273), and 88% (95% CI, 60–96%) for AstraZeneca
(ChAdOx1-S)

(187)

(186)
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Summary Table 3: Vaccine Safety
Adverse Reaction
Vaccine
VITT

AstraZeneca
(ChAdOx1-S)

VITT

AstraZeneca
(ChAdOx1-S)

No. of
Doses
Not
stated

Findings

1 or 2






VITT

AstraZeneca
(ChAdOx1-S)

1 or 2



VITT

AstraZeneca
(ChAdOx1-S)
Janssen
(Ad26.COV2.S)

Not
stated
1



VITT

Janssen
(Ad26.COV2.S)

1



ITP

Pfizer
(BNT162b2) /
Moderna
(mRNA-1273)

1 or 2



VITT



Currently no evidence that thromboses at typical locations (i.e., leg vein
thrombosis, pulmonary embolism), are more common post vaccination, and as
such patients with a previous positive history of thrombosis do not have a higher
risk of developing this rare complication
As of May 5, 2021, 7.5 million individuals had received two doses of the vaccines
and 8 VITT cases were observed
Overall, in the UK of 23.3 million doses (first and second) the estimated VITT cases
are 10.9 per million doses
as of April 4, 2021, there had been a total of 169 cases of cerebral venous sinus
thrombosis (CVST) and 53 cases of splanchnic vein thrombosis were reported to
Eudra Vigilance among around 34 million people vaccinated in the European
Economic Area and United Kingdom
In Canada as of May 13, 2021, there have been 28 suspected cases (18 verified
and 10 awaiting confirmation) with 2.3 million doses administered nationwide
Between March 2-April 21st the Vaccine Adverse Event Reporting System (VAERS)
had received 15 reports of VITT, all in female individuals (13 aged 18-49 years and
2 aged 50+ years) after receiving the Johnson & Johnson vaccine.
The estimated instance of VITT for the Janssen (Ad26.COV2.S) appears to be 1
case per 500,000 vaccine doses administered but there have been few cases so a
precise rate is difficult to determine
As of the end of January 2021, 36 immune thrombocytopenic purpura (ITP, also
known as idiopathic thrombocytopenic purpura) cases have been reported after
receiving either the Pfizer (BNT162b2) or Moderna (mRNA-1273) vaccine. It is still
unclear whether this relationship is coincidental or causal. The FDA and CDC have
stated that the incidence of ITP post COVID-19 vaccination was not higher than
that of the general population

Source
(63)

(116)

(117)

(118)
(64)

(86)

(65)
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ITP

AstraZeneca
(ChAdOx1-S) /
Pfizer
(BNT162b2)

1 or 2








Hematological or
vascular adverse
reactions

AstraZeneca
(ChAdOx1-S) /
Pfizer
(BNT162b2)

1 or 2



Thrombohemorrhagic
events
(cerebral/splanchnic
venous thrombosis
(CVT/SVT) and/or
thrombocytopenia)

AstraZeneca
(ChAdOx1-S) /
Pfizer
(BNT162b2)

1 or 2







Bell’s Palsy

Pfizer
(BNT162b2) /
Moderna
(mRNA-1273)

1 or 2



Analysis of 2.53 million people who received first doses of COVID-19 vaccines
between December 8, 2020, and April 14, 2021, comparing the incidence of blood
clots, unusual bleeding, and ITP in those who had been vaccinated and a matched
comparison group.
Of these 1.71 million people were vaccinated with the AstraZeneca (ChAdOx1-S)
vaccine and 0.82 million with the Pfizer (BNT162b2) vaccine.
It was estimated there are an additional 1.13 cases per 100 000 doses of ITP after
vaccination with the AstraZeneca (ChAdOx1-S) vaccine.
The background incidence rate of ITP is 6 to 9 per 100 000 people, and ITP has
emerged as a complication of COVID-19 infection with early epidemiological
evidence suggesting a rate of 0.34% among patients admitted to hospital.
There has been no noted increased risk of thrombocytopenic, thromboembolic,
and hemorrhagic adverse events was seen with the Pfizer (BNT162b2) vaccine
An association found between AstraZeneca (ChAdOx1-S) and ITP (0–27 days after
vaccination; adjusted rate ratio (aRR) = 5.77, 95% CI, 2.41–13.83) with an
estimated incidence of 1.13 (0.62–1.63) cases per 100,000 doses. As well as an
increased risk for arterial thromboembolic events (aRR = 1.22, 1.12–1.34) 0–27
days after vaccination, and for hemorrhagic events 0–27 d after vaccination, the
aRR was 1.48 (1.12–1.96). No association for ITP, thromboembolic, or
hemorrhagic adverse reactions was found for Pfizer (BNT162b2)
Comparison of the frequency of severe adverse events (SAEs) after receiving the
AstraZeneca (ChAdOx1-S) vaccine was compared to the SAEs following a Pfizer
(BNT162b2) vaccination using the Eudra Vigilance European Database up to
April16, 2021.
There were 30 cerebral/splanchnic venous thrombosis (CVT/SVT) and/or
thrombocytopenia for AstraZeneca (ChAdOx1-S) and 4 for Pfizer (BNT162b2), with
4.8 and 0.4 deaths per 1 million doses, respectively.
In comparison to rates of thrombohemorrhagic events in the general population
(including CVT, SVT, and thrombocytopenia) there was an increase in cases
following the AstraZeneca (ChAdOx1-S) vaccine among young people (18–24
years) and adult females (25–60 years), was no increase among recipients of
Pfizer (BNT162b2)
facial paralysis was not reported at a higher rate for mRNA vaccines than other
vaccines and concluded that if there was an association between the vaccines and
facial paralysis the risk is likely very low, as with other vaccines

(167)

(143)

(192)

(87)
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Bell’s Palsy

Facial Edema

Myocarditis

Myocarditis

Pfizer
(BNT162b2) /
Moderna
(mRNA-1273)
Pfizer
(BNT162b2) /
Moderna
(mRNA-1273)
Pfizer
(BNT162b2) /
Moderna
(mRNA-1273)

1 or 2



adverse reaction pertained to individuals who had a known history of Bell’s palsy

(88)

1 or 2



adverse reaction pertained to individuals who had previously undergone facial
cosmetic injections

(88)

2



(119)

Pfizer
(BNT162b2)

2



The COVID-19 subcommittee of the WHO Global Advisory Committee on Vaccine
Safety (GACVS) noted that while there had been a few reports of myocarditis after
mRNA vaccines more rigorous studies are needed to assess a potential causal
association between the event and the vaccine. Reporting of myocarditis and
other adverse events with these vaccines is encouraged for all health
professionals
In Israel, 275 cases of myocarditis were reported between December 2020 and
May 2021 among more than five million vaccinated people
There is a probable link between receiving the second dose (of Pfizer) vaccine and
the appearance of myocarditis among men aged 16 to 30
The Immunization Safety Office at the CDC has received reports of 1,226 cases of
myocarditis, with 827 (67.5%) reported after the second dose of either the
Moderna (mRNA-1273) or Pfizer (BNT162b2) vaccine.
In total, that's approximately 12.6 heart inflammation cases per million doses
administered in the United States. Among the 1,226 patients, 484 are younger
than 29, and roughly two-thirds are men


Myocarditis

Pfizer
(BNT162b2) /
Moderna
(mRNA-1273

2





(146)

(168)
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Myocarditis

Pfizer
(BNT162b2) /
Moderna
(mRNA-1273

2







Myocarditis

Pfizer
(BNT162b2) /
Moderna
(mRNA-1273

1 or 2





Anaphylaxis, facial
paralysis, and
cerebral venous sinus
thrombosis

Pfizer
(BNT162b2) /
Moderna
(mRNA-1273

1 or 2




USA the VAERS system received 1,226 reports of myocarditis after vaccination
with either the Pfizer (BNT162b2) and Moderna (mRNA-1273) vaccines between
December 29, 2020, and June 11, 2021
Reporting rates were 40.6 cases per million second doses among males aged
12−29 years and 2.4 per million second doses among males aged ≥30 years, and
rates for females in these age groups were 4.2 and 1.0 per million second doses,
respectively
The researchers estimated that if a million second doses of with either the Pfizer
(BNT162b2) and Moderna (mRNA-1273) were given to males aged 12–29 years
there would be an anticipated 39-47 cases of myocarditis, for the prevention of
11,000 COVID-19 cases, 560 hospitalizations, 138 ICU admissions, and six deaths
related to COVID-19. For males aged ≥30 years there would be between 3-4 cases
of myocarditis per million doses, with the corresponding estimated prevention of
15,300 COVID-19 cases, 4,598 hospitalizations, 1,242 ICU admissions, and 700
deaths related to COVID-19
The expected number of myocarditis cases based on the US incidence of 1 to 10
cases per 100 000 person-years or the international incidence rate of myocarditis
which is 22 cases per 100 000 person-years, comparing the expected to the
observed cases among the various levels of vaccination found that while the
overall number of cases was low they were higher than expected among military
members broadly and even higher among male military members
For 2.8 million total doses expected cases was 2 to 52 and observed cases was 23;
for 1,065,00 second doses expected cases was 1 to 20 and observed was 20; for
544,000 second doses to military members expected cases was 0 to 10 and
observed was 19; and for 436,00 to male military members expected cases was 0
to 8 and observed was 19
Of the 23 identified cases all received brief supportive care and were recovering
This study examined electronic health records (EHR) in the USA found adverse
reactions mentioned by physicians in over 1.2 million clinical notes between
December 1, 2020, and April 20, 2021.

(193)

(194)

(197)
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Guillain-Barré
syndrome

Janssen
(Ad26.COV2.S)

Summary Table 4: Mix and Match Efficacy
Dose Combinations
Study
Location
UK – ComOverall
Cov

UK- ComCOV



1

AstraZeneca (ChAdOxSS-1)
prime & Pfizer (BNT162b2)
boost
Pfizer (BNT162b2) prime &
AstraZeneca (ChAdOx1-S)
boost
Both AstraZeneca (ChAdOx1-S)
prime & boost
Both Pfizer (BNT162b2) prime
& boost
Overall

Compared the notes from individuals who received at least one dose of Pfizer
(BNT162b2, n = 51,795) or Moderna (mRNA-1273, n = 16,471) to notes from
68,266 unvaccinated individuals who were matched by demographic, geographic,
and clinical features it was found that anaphylaxis, facial paralysis, and cerebral
venous sinus thrombosis were rare and occurred at similar rates in vaccinated and
unvaccinated individuals
The CDC has received reports of 100 people, out of 13 million Americans, who got
the Janssen (Ad26.COV2. S) COVID-19 vaccine developing Guillain-Barré
syndrome,a neuro-immune system disorder that can cause muscle weakness and
occasionally paralysis. Most cases were reported in men, often 50+ years of age
and usually about two weeks after vaccination.

Findings
Both heterologous vaccine schedules (either an AstraZeneca (ChAdOxSS-1) prime with
Pfizer (BNT162b2) boost at 28 days or a Pfizer (BNT162b2) prime with AstraZeneca
(ChAdOx1-S) boost at 28 days) induced greater systemic reactogenicity following the
boost dose than the homologous vaccine schedule (two doses of the same vaccine, either
Pfizer (BNT162b2) or AstraZeneca (ChAdOx1-S)).
 feverishness reported by 37 (34%)


feverishness reported by 47 (41%)



feverishness reported by 11 (10%)



feverishness reported by 24 (21%)



Both the homologous and heterologous booster combinations elicited a robust
immune response with a 28-day interval and suggest allowing for flexibility in
deploying mRNA and viral vectored vaccines, subject to supply and logistical
considerations. Note that this article only discusses the 463 participants with a 28day prime-boost interval.

(213)

Source
(77)

(202)

Rapid Review Report: INF031801v019 RR (Version 19: December 26, 2021)

16

AstraZeneca (ChAdOxSS-1)
prime & Pfizer (BNT162b2)
boost
Pfizer (BNT162b2) prime &
AstraZeneca (ChAdOx1-S)
boost
Both AstraZeneca (ChAdOx1-S)
prime & boost
Both Pfizer (BNT162b2) prime
& boost
Spain

AstraZeneca (ChAdO1-S) prime
& Pfizer (BNT162b2) boost

Spain

Canada
(MOSAIC)
Germany

-



The geometric mean concentration (GMC) of day 28 post-boost COVID-19 anti-spike
IgG: 12,906 ELU/ml
 Geometric mean of T cell response at 28 days post boost was 185 SFC (spot forming
cells)/106 PBMCs (peripheral blood mononuclear cells)
 The geometric mean concentration (GMC) of day 28 post-boost COVID-19 anti-spike
IgG: 7,133 ELU/ml
 Geometric mean of T cell response at 28 days post boost was 99 SFC/106 PBMC
 The geometric mean concentration (GMC) of day 28 post-boost COVID-19 anti-spike
IgG: 1,392 ELU/ml
 Geometric mean of T cell response at 28 days post boost was 50 SFC/106 PBMC
 The geometric mean concentration (GMC) of day 28 post-boost COVID-19 anti-spike
IgG: 14,080 ELU/ml
 Geometric mean of T cell response at 28 days post boost was 80 SFC/106 PBMC
 440 under the age of 60
 showed that there was a boost in immune response with about a 150 time more
antibodies being present after the second dose.
 Individuals 18-60 year old who had received a single dose of AstraZeneca
(ChAdOx1-S) between 8–12 weeks before screening, and no previous COVID-19
infection. Participants were randomly assigned (2:1) to receive either a Pfizer
(BNT162b2) booster (intervention group, n= 450) or continue observation (control
group, n = 226).
 Overall Results show that having an AstraZeneca (ChAdOx1-S) prime vaccine and a
Pfizer (BNT162b2) booster resulted in a robust immune response, with an acceptable
and manageable reactogenicity profile
Study just announced

Overall



A single AstraZeneca
(ChAdOx1-S) prime
A single Pfizer (BNT162b2)



AstraZeneca (ChAdOx1-S)
prime & Pfizer (BNT162b2)
boost





Interim analysis found evidence that the heterologous AstraZeneca (ChAdOx1-S)
prime and a Pfizer (BNT162b2) boost with 10–12-week vaccine intervals is tolerated
well and there is a slightly more immunogenic response compared to homologous
Pfizer (BNT162b2) prime and boost with three-week vaccine intervals
systemic reactions (any reaction including fever, chills, fatigue, myalgia, headache,
etc.) 86.49% (95%CI: 80.05-91.08)
systemic reactions (any reaction including fever, chills, fatigue, myalgia, headache,
etc.) 38.76% (95%CI: 31.92-46.09
systemic reactions (any reaction including fever, chills, fatigue, myalgia, headache,
etc.) 51.52% (95%CI: 41.80-61.12)

(97)

(179)

(99)
(125)
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Pfizer (BNT162b2) prime &
boost



systemic reactions (any reaction including fever, chills, fatigue, myalgia, headache,
etc.) 64.78%, (95%CI: 57.09-71.78)
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At the time of this review Health Canada had authorized the use of the following vaccines: Pfizer
(BNT162b2) for individuals 12 years and older and pediatric version for individuals 5-11 years of age (49,
437)
, Moderna (mRNA-1273), AstraZeneca (ChAdOx1-S), and Janssen (Johnson & Johnson; (Ad26.COV2.
S) for individuals 18 years and up (4, 7, 23, 437). The term ‘vaccine efficacy’ is used to describe the results of
clinical trials, whereas ‘vaccine effectiveness’ is used to describe the results of real-world observational
studies. (70, 290).
Vaccine Efficacy
A meta-analysis completed by Calzetta et al. considering data from all Phase III trials available for Pfizer,
Moderna, and AstraZeneca, as well as the Sputnik V vaccine (which is not being used in Canada) found
the following efficacy ranking: Pfizer ≃ Moderna > Sputnik V >> AstraZeneca.
Pfizer Vaccine Efficacy. The Phase 3 Pfizer vaccine trial evaluated the efficacy of the vaccine in
participants 16 years and older. Overall the vaccine demonstrated a 95.0% efficacy for the prevention of
symptomatic COVID-19 infection identified at least 7 days after the second dose of the vaccine in
participants without evidence of prior COVID-19 infection (1-3). In people older than 65 years of age, the
efficacy was 94.7%(1-3).
Three additional studies from Israel have found the vaccine efficacy 14+ days after the first dose of Pfizer
against symptomatic infection to be between 51.4 - 91%. (14-16)
The FDA’s six-month tracking of Pfizer showed that the vaccine remained 97% protective against severe
COVID-19, protection against milder infection waned slightly. (346)
Based on clinical trial data showing 91% efficacy of the reduced-dose Pfizer vaccine at preventing
symptomatic SARS-CoV-2 infection in 5- to 11-yearolds, the FDA advisory panel voted in favor of approval
on October 26th, 2021. 4,650 children participated in the trial with nearly two-thirds receiving two 10mcg
doses, given 3 weeks apart (one-third that of an adult dose) with the others receiving a placebo. (406, 416)
Moderna Vaccine Efficacy. The Phase 3 of the Moderna vaccine trial demonstrated 94.1% efficacy for
the prevention of symptomatic COVID-19 infection identified at least 14 days after the second dose of
the vaccine (409).
AstraZeneca Vaccine Efficacy. The safety and efficacy of the AstraZeneca (ChAdOx1-S) against SARSCoV-2 has been presented in an interim analysis of four randomized controlled trials in Brazil, South
Africa, and the UK (5). The two trials that met the inclusion criteria had 11,636 participants (7548 in UK and
4088 in Brazil), all of whom were 18 years and older and received two doses of either the AstraZeneca
COVID-19 vaccine or a meningococcal vaccine (control), 28 days apart. In participants who received two
standard doses of the AstraZeneca vaccine, vaccine efficacy was 62.1% and in participants who received a
low dose followed by a standard dose (LD/SD), efficacy was 90.0%. Overall vaccine efficacy across both
groups was 70.4%. (409) In those with <6 weeks and >6 weeks between doses, vaccine efficacy was 53.4%
and 65.4%, respectively, that is, vaccine efficacy increased with greater time between doses.
The Canadian National Advisory Committee in Immunization (6) does not recommend the use of this
vaccine in individuals 65 years of age and older due to limited information on the efficacy in this age
group at this time.
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Johnson & Johnson Vaccine Efficacy. A phase 3 Randomized Control Trial conducted in the United States,
South Africa, Brazil, Chile, Argentina, Colombia, Peru, and Mexico with 44,325 participants receiving the
single-dose Johnson & Johnson vaccine found an overall VE of 63.7% and 76.3% in ≥18-59 year olds and
≥60 years and older groups, respectively, 14 days post-vaccination, and 66.1% and 66.2% in those age
groups, respectively, 28 days post-vaccination (22).
Summary of VE in the US, Brazil, and South Africa is in the following table (22).
Onset

US

Brazil

South Africa

at least 14 days after
vaccination
at least 28 days after
vaccination
at least 14 days after
vaccination
at least 28 days after
vaccination
at least 14 days after
vaccination
at least 28 days after
vaccination

Severity
Moderate to
Severe/Critical
VE % (95% CI)*
74.4 (65.0 – 81.6)

Severe/Critical
VE (95% CI)
78.0 (33.1 – 94.6)

72.0 (58.2 – 81.7)

85.9 (-9.4 – 99.7)

66.2 (51.0 – 77.1)

81.9 (17.0 – 98.1)

68.1 (48.8 – 80.7)

87.6 (7.8 – 99.7)

52.0 (30.3 – 67.4)

73.1 (40.0 – 89.4)

64.0 (41.2 – 78.7)

81.7 (46.2 – 95.4)

Long term safety and effectiveness of the vaccine in specific populations (e.g., pregnant/breastfeeding
women, pediatric populations <18 years of age, patients with autoimmune or inflammatory disorders,
immunocompromised patients, and frail patients with comorbidities) are yet to be investigated (318).
On October 8, the ECDC published an initial interim analysis presenting pooled estimates of VE against
severe acute respiratory infection due to laboratory-confirmed SARS-CoV-2 in hospitalized patients. The
report indicates high VE of 90% when assessed 14 days after a full vaccination course. (396)
Vaccine Effectiveness
Observational study results from around the world are being published rapidly with the findings
overwhelmingly indicating that vaccination is critical to reduce infection, (9-11, 36-37, 73, 91, 120, 150-153, 172, 274, 278)
hospitalization, (9-11, 37, 73, 91, 150, 172), ICU admission, (9-10, 173) and death among vaccinated individuals. (9-11,
150, 172, 278)

Countries, as well as individual cities or regions also are releasing press statements showing that most
of the individuals with COVID-19 who are requiring hospitalization, ICU admission, or death are
unvaccinated, or partially vaccinated (171, 198, 199, 242, 292, 304) Though breakthrough cases (infection after an
individual is fully vaccinated) are being seen particularly among the elderly population(90, 136-138, 166, 277,
304)
, or with variants of concern(277) where the original strain of COVID-19 has mutated in such a way that
the current COVID-19 vaccinations lose effectiveness in preventing infection.(35, 56-58, 113, 115, 132-133, 156, 163,
186-187, 189, 206-207, 277, 311)

Breakthrough cases show the importance of maintaining non-pharmaceutical interventions (i.e., masking,
social distancing (321), hand washing, lock downs until infection is controlled as many modeling and case
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studies have highlighted vaccination alone will not prevent infections especially if a variant becomes
dominant in a region.(43-44, 78, 100-101, 166, 241, 243-245) To highlight this, the CDC which previously had stated that
fully vaccinated individuals no longer needed to wear masks in public indoor settings or when able to
social distance changed their recommendation near the end of July 2021 stating that all individuals
regardless of vaccination status should wear a mask in public indoor settings "in areas with substantial and
high transmission"(246-248, 279, 292). The changes mark a reversal of the CDC's prior announcement (280).
A new SARS-CoV-2 Rapid Risk Assessment published on September 30, 2021 by the ECDC stated that the
EU countries that have not yet achieved high enough (comparable to 75% fully vaccinated population)
COVID-19 vaccination coverage in their total populations (61% population in EU has been fully
vaccinated), which are planning to relax non-pharmaceutical interventions during the next two weeks, run
a high risk of experiencing a significant surge of cases, hospitalizations and mortality until the end of
November 2021.(383)
A prospective community based, nested, case control study to determine vaccine effectiveness collected
data from 1,240,009 app users reporting a first vaccine dose. 6,030 later tested positive for COVID-19
(0.49%). Of the 971,504 users who had received a second dose, 2,370 were later diagnosed as having
COVID-19 (0.24%)with frailty being associated with post-vaccination infection in older adults (≥60 years).
The odds of hospitalization fell by about 70% overall, and the likelihood of having long COVID-19 was
halved. (348)
According to a news report based on preliminary data from researchers at the British Columbia Centre for
Disease Control (BCCDC) and the Quebec National Institute of Public Health (INSPQ) shows that the
strategy to delay and mix second doses of vaccines led to strong protection from infection, hospitalization
and death, despite highly contagious variants such as the Delta variant.
The analysis of close to 250,000 people in B.C. from May 30 to September 11, 2021 found two doses of
any of the three available COVID-19 vaccines in Canada were close to 95 per cent effective against
hospitalization — regardless of the approved vaccination combination. (397)
A systematic review evaluating the general effectiveness of all COVID-19 vaccines globally in a real world
setting reported that a single dose of vaccine was 41% effective at preventing SARS-CoV-2 infections, 52%
for symptomatic COVID-19, 66% for hospitalization, 45% for ICU admissions, and 53% for COVID-19related death; and two doses were 85% effective at preventing SARS-CoV-2 infections, 97% for
symptomatic COVID-19, 93% for hospitalization, 96% for ICU admissions, and 95% effective for COVID-19related death, respectively. The pooled vaccine effectiveness was 85% for the prevention of Alpha variant
of SARS-CoV-2 infections, 75% for the Beta variant, 54% for the Gamma variant, and 74% for the Delta
variant. (433)

Pfizer Vaccine Effectiveness. A case study considering a COVID-19 outbreak in a nursing home found that
the estimated effectiveness of partial vaccination in preventing COVID-19 infection was 63% (152).
For seniors having received their first dose of Pfizer (BNT162b2) 14+ days before, the estimate vaccine
effectiveness against infection was between 61-81%(11, 73, 152-153), for hospitalization between 73-80%(11, 73,
379)
, and for death to be to be 85%(11, 73). Effectiveness of partial vaccination among adults aged 65–74
years was 84%, those aged ≥75 years, effectiveness of partial vaccination was 66% (303, 382).
Effectiveness of the Pfizer (BNT162b2) vaccination after the first dose measured 14+ days after
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vaccination against “unspecified” infection was estimated to be between 63-78%(152, 172), 61 -75% against
infection (asymptomatic and symptomatic) (9-10, 36, 149, 154), 46 -57% against symptomatic infection (9, 120, 249,
323)
, 74-89% against hospitalization (9-10, 73, 172), 62-86% against severe disease (9, 10), and 72-89% and
against death (9, 11, 172, 265, 301). A second dose results in a vaccine effectiveness of against infection
(asymptomatic and symptomatic) 85-95% (36, 149, 154, 265, 434), 72-86% against asymptomatic infection (20, 79,
80, 265)
, 89-99.5% against symptomatic infection (9-11, 79, 80, 151, 181, 249), 75-97% against hospitalization (11, 91,
150, 443)
, 92% against severe disease (1, 9), and 72-98% against death (9, 91, 150). An observational study in the
US evaluating the effectiveness of a third dose of the Pfizer or Moderna vaccine at least six months (180
days) after the primary vaccination series reported a general effectiveness of 45.7% for documented
SARS-CoV-2 infection and 44.8% for COVID-19 hospitalization. (441)
Moderna Vaccine Effectiveness.
Observational studies considering the effectiveness of the Modena (mRNA-1273) vaccine have taken
place worldwide typically measuring vaccine effectiveness after the first and second dose (39-40, 72, 92, 122, 155,
171, 173, 200-201)
. The typical period measured is 14+ days after first dose for infection to be between 48-82%
(39, 72, 92, 122, 155, 200, 250-251)
, for hospitalization to be 86%(173, 443), and for severe disease to be 100%(173).
Studies that considered a second dose typically measured effectiveness 7+ days finding vaccine
effectiveness against infection to be between 79.2-98.6% (139, 171, 200-201, 250-251), for asymptomatic infection
to be 68.3% (250), for symptomatic infection to be between 91-95.6% (72, 92, 122, 155, 250), for severe disease to
be 98% (122), and for death to be to be between 72-98% (9, 91, 150). General vaccine effectiveness of the third
dose at least six months after the primary vaccinations series was 46.6% for documented SARS-CoV-2
infection and 50.0% for COVID-19 hospitalization. (441)
AstraZeneca Vaccine Effectiveness (Data on these Vaccines, Comments of Mix and Match in Later
Section).
Observational studies considering the effectiveness of the AstraZeneca (ChAdOx1-S) vaccine have taken
place worldwide measuring vaccine effectiveness of the AstraZeneca (ChAdOx1-S) vaccination after the
first and second dose (12, 72-75, 93-94, 123-124, 156-158). The time period measured is 14+ days after first dose for
infection to be between 55-67% (156, 158), for asymptomatic infection to be between 64-68%, for
symptomatic infection to be 67-86% (123, 156), for hospitalization to be between 92%-93% (75), and for
severe disease to be between 61-79%. (124) Studies that considered a second dose measured effectiveness
7+ days finding vaccine effectiveness for infection to be between 85-92%(156), for symptomatic infection
to be between 98% (156), for hospitalization to be 92-93% (75) and severe disease to be 79% (124).
Studies in Germany found the heterologous AstraZeneca-Pfizer immunization with a 10–12-week interval
is well tolerated and improves immunogenicity compared with homologous AstraZeneca vaccination
with 10–12-week interval and Pfizer vaccination with 3-week interval. (135). Analysis of the geometric
mean concentration of SARS-CoV-2 anti-spike IgG at 28 days post boost vaccination from one study
indicated that the AstraZeneca-Pfizer schedule was statistically superior to the AstraZeneca schedule in
terms of the SARS-CoV-2 anti-spike IgG, MNA NT50, PNA NT50, and cellular responses. (202)
AstraZeneca Vaccine Effectiveness.
For seniors, 70 years and older who received AstraZeneca or Pfizer, 14+ days after vaccination the
vaccine effectiveness against symptomatic infection is between 60-75% (11) and 80% for hospitalization
(11)
. Vaccination with a single dose of the AstraZeneca vaccine was associated with a significant
reduction in symptomatic SARS-CoV-2 positive cases in adults ≥70 years, with even greater protection
against severe disease: a single dose of vaccine is, combined with their effect against symptomatic

Rapid Review Report: INF031801v019 RR (Version 19: December 26, 2021)

22

disease, ~80% effective at preventing hospitalization. (305, 374). No safety concerns related to the vaccine
were identified (34, 347).

Johnson & Johnson Vaccine Effectiveness.
Corchado-Garcia et al. compared the infection rate of 2,195 individuals who received the single dose
Johnson & Johnson vaccine to the infection rate of 21,950 unvaccinated, propensity-matched individuals
between February 27th and April 14th 2021. Of the 1,779 vaccinated individuals who had at least two
weeks of follow-up, only 3 (0.17%) tested positive for COVID-19 15+ days after vaccination compared to
128 of 17,744 (0.72%) unvaccinated individuals, resulting in a 4.34-fold reduction rate of infection. This
gives a vaccine effectiveness of 76.7% for the prevention of COVID-19 infection at least two weeks after
vaccination. (159) Effectiveness of vaccination in preventing hospitalization among adults aged 65–74 and
≥75 years was estimated at 84% and 85% respectively (303, 295)
On October 12th, 2021, the Agency for Clinical Innovation and New South Wales Government stated that
the single-dose Johnson & Johnson elicited durable humoral and cellular immune responses with
minimal decreases for at least eight months after immunization. (395)
A cohort study of 620,000 pooled veterans in the United States in March 2021 found that protection
against infection was 88% for Johnson & Johnson, 92% for Moderna and 91% for Pfizer. By August 2021,
protection declined by 3%, 64% and 50%(393) respectively. (387, 392)
For the Johnson & Johnson one-dose regimen, vaccine effectiveness ramps to a peak level of 79% at 1
month and starts to decline a to 64.3% after 5 months. Because the Johnson & Johnson vaccine was not
deployed until March 2021, the information about its effectiveness beyond 5 months is limited. (408)
A cohort study evaluating vaccine effectiveness against hospitalization in 114,706 adults found that
overall vaccine effectiveness against death from the Delta variant 14 or more days after the second
vaccine dose was 90% for Pfizer and 91% for AstraZeneca.(410) A case-control study among 464
hospitalized persons aged 12–18 years, found that the effectiveness of 2 doses of Pfizer-BioNTech
vaccine against COVID-19 hospitalization was 93%, during the period when Delta was the predominant
variant (414)
Dosing schedule
To ensure COVID-19 vaccines illicit the highest level of effectiveness with the most efficient deployment
of limited vaccine resources, varying intervals between the initial vaccine (prime) and booster vaccine
(boost) have been considered in a couple studies (7, 95, 174, 288). The European Medical Association also
reiterated that they, “strongly encourage those who are eligible for vaccination but have not yet been
vaccinated to start and complete the recommended COVID-19 vaccination schedule in a timely
manner”, highlighting that being fully vaccinated provides the best protection against infection by
variants like the Delta variant, helps in preventing hospitalizations or severe disease, as well as prevents
the emergence of new variants (252, 284).
The AstraZeneca vaccine trials found through modelled analysis that a standard prime dose resulted in
efficacy of 76% between days 22 and 90, and higher efficacy was seen for a standard dose prime-boost
at a 12+ week interval (84.2%) compared to <6+weeks (54.9%) (7).
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In Canada the prime-boost interval was extended to 4 months as recommended by the Canadian National
Advisory Committee on Immunization which was based on available evidence and COVID-19 vaccine
supply (17).
Booster doses. Published data from clinical trials of Ad5-vectored COVID-19 vaccines to assess the
minimal dose required for protection and maximum immunogenicity while maintaining safety found that
heterologous prime-boost strategies are known to substantially increase immune responses when using
viral-vectored vaccines (315) Pfizer has released preliminary data showing that a third dose of the Pfizer
vaccine given 6 months after the second dose of the primary series increases neutralization of the Beta
variant (175). Preliminary studies in Israel have indicated that the vaccine's protection against serious
illness dropped(287) among those receiving their second dose of the primary series in January with the
vaccine's effectiveness against severe disease in those over 60 years has declined from 97% in January to
81% in June, 2021.(281-282).
This preliminary data has resulted in multiple countries discussing whether third doses will be available to
their citizens, with Israel (178, 353-354, Germany (255, 298), and the USA (256) having announced that they will
provide third doses for their senior and vulnerable citizens but not the general population, while the
advisory and health agencies in Canada and the UK (298) have said they are waiting on more information
before planning a third dose for any citizens (176, 177).
A systematic review highlighted that the protection imparted by the Pfizer 2-dose regimen wanes from
80.0% to 60.4% after 8 months and that a third dose (which increased neutralizing antibody titers 25.9-fold
relative to levels after 8 months of waning) increased protection to 87.2%. (404)
An observational study conducted on 4,791,398 individuals from the Israeli national database found that
among those 60 years of age or older, the rate of infection in the July 11–31, 2021 period was higher among
those who became fully vaccinated in January 2021 than among those fully vaccinated 2 months later, in
March. This was similar among those 40 to 59 years of age and among those 16 to 39 years of age, (405)
Thai study in adults measuring Immunogenicity in homologous (CoronaVac/CoronaVac) and heterologous
(CoronaVac/AZD1222) COVID-19 vaccine regimes against the wild-type strain and variants of concern Alpha
and Beta found a higher levels of spike RBD-specific IgG and higher neutralizing antibodies in the
heterologous regimen than the homologous regimen immediately after vaccination and 14-72 days after
vaccination. (335)
Moderna also released preliminary Phase 2 trial data comparing a standard Moderna vaccine to the
Moderna (mRNA 1273.351) booster vaccine (against the Beta- B.1.251 variant), which encodes for the
Wuhan SARS-CoV-2 spike vaccine, 6 months after the initial 2-dose series demonstrating that both the
original Moderna vaccine and new Moderna vaccine boosted neutralization of the wild-type strain of
COVID-19, as well as the Beta and Gamma variants. (76)
In an October 14th, 2021 report, the Australian Technical Advisory Group on Immunization (ATAGI)
recommended a third dose of vaccine as part of the primary course in individuals who are severely
immunocompromised and individuals with increased risk for COVID-19 exposure and transmission due
to occupational or institutional settings. (394)
On October 15th, 2021, the FDA unanimously approved a booster dose of Johnson & Johnson vaccine for
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all individuals 18 years old and older who received the initial single dose vaccine. (398) Similarly, on
October 21st, 2021, the advisory panel for the CDC advised that priority populations who received the
Moderna vaccine, and all those who received the Johnson & Johnson vaccine should receive a booster
dose, and that in general, people should continue with the original vaccine they received.417
The Strategic Advisory Group of Experts (SAGE) recommended, a third dose of Sinopharm or Sinovac
should be offered to those 60 years and older as part of an extended primary series. (399)

NACI’s latest guidelines suggest provinces could offer boosters to Canadians who received two doses of the
AstraZeneca vaccine or one dose of the Janssen vaccine. The committee also suggests that a third dose is
recommended for people over 70 who could become severely ill from the disease, as well as people from
First Nations, Inuit and Metis communities. (418) On Friday October 29th, 2021, NACI further issued new
guidance "strongly" recommending booster doses for seniors 80 years and older. It also said boosters "may"
be offered to other groups that "may be at increased risk of lower protection over time since vaccination,
increased risk of severe illness or who are essential for maintaining health system capacity”. (415)
In a study using national public health data in Israel of 728,321 individuals having received the Pfizer
vaccine showed that vaccine effectiveness evaluated at least 7 days after receipt of a third dose, compared
with matched controls (by age, sex, place or residence, and number of pre-existing chronic conditions)
receiving only two doses at least 5 months before, was estimated to be 93% for admission to hospital, 92%
for severe disease, and 81% for COVID-19 related death. Interestingly when stratifying into subgroups of
those at low risk for severe disease (for instance younger individuals or those with minimal co-morbidities),
there seems to be a diminishing benefit between 2 and 3 doses (70% among 16-39-year-old vs. 93% among
>70 years old). (420)
On November 12th, 2021, Health Canada also approved the use of Moderna’s ½ dose vaccine to be used as a
booster dose.
The National Advisory Committee on Immunization (NACI) recommends that a booster dose of an
authorized mRNA COVID-19 vaccine should be offered ≥6 months after completion of a primary COVID-19
vaccine series. The NACI recommendations are for the following groups:
• Adults ≥50 years of age,
• Adults living in long-term care homes for seniors or other congregate living settings that provide care for
seniors,
• Recipients of a viral vector vaccine primary series that was completed with only viral vector vaccines
(AstraZeneca/COVISHIELD or Johnson & Johnson COVID-19 vaccine),
• Adults in or from First Nations, Inuit and Métis communities, and
• Adults who are frontline healthcare workers (having direct close physical contact with patients) regardless
of the interval between doses in their primary series. (439)
The Australian Technical Advisory Group on Immunization (ATAGI) recommends a COVID-19 booster
vaccination with either Pfizer or Moderna, which are considered equally acceptable, for anyone aged 18
and older who completed their primary course of COVID-19 vaccination 5 or more months ago. (440)
Mixing Vaccines.
Countries’ ability to procure approved vaccines in quantities necessary to support their vaccine rollout
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plan and vaccine shortage (7, 77, 95, 97, 99, 174), as well as safety concerns raised about the AstraZeneca vaccine
(30, 31, 32, 61, 116, 160)
made the study of “mixing and matching” vaccines necessary. Mixing and matching is the
practice of administering different COVID-19 vaccines for the prime and booster vaccines. A homologous
schedule is when the prime and boost is with the same type of vaccine (mRNA/mRNA or viral vector-based
vaccines (VVBV)/VVBV); and a heterologous (283), when the combination is with different types of vaccines
(mRNA/VVBV). It should be noted that most of the mix and match studies available report reactogenicity,
adverse/side effects, and increased immunogenicity and those results do not necessarily correlate to
functional immunity.
Some studies (42, 97,99) in different counties such as the UK (77), Germany (125), and Spain (179) have considered
the heterologous mixing and matching vaccines as well as delayed booster intervals (97,99). Preliminary
results show that the extended heterologous prime-boost schedule was well tolerated (125) and that they
induced similar (125) to greater systemic reactogenicity (77) following the boost dose compared to the
homologous prime-boost schedule.
Based on the UK and Spanish study results, the Public Health Agency of Canada and NACI approved for
individuals who received AstraZeneca as their first dose to receive an mRNA vaccine (Pfizer or Moderna)
as their second dose (98). NACI later updated the recommendation to a preference for those that had
received an initial AstraZeneca to receive an mRNA vaccine as their second dose and they also stated that
the two mRNA products (Pfizer and Moderna) could be considered "interchangeable". (160)
In Canada, the Federal Government, through CIFT and the Vaccine Surveillance Reference Group (VSRG),
is funding a “mixing-and-matching” study entitled “Mix and match of the second COVID-19 vaccine dose
for SAfety and ImmunogeniCity” (MOSAIC) (99). Results will be reported as they become available.
The Australian Technical Advisory Group on Immunization (ATAGI) recommends a third dose of vaccine as
part of the primary course for severely immunocompromised individuals and supports the use of a single
booster six months following the primary vaccine course in these immunocompromised populations. The
Therapeutic Goods Administration Australia has provisionally approved a third dose of the Pfizer vaccine
for individuals 18 years or older and is recommending the its use as a single booster dose, irrespective of
the primary COVID-19 vaccine used. (413)
The Therapeutic Goods Administration Australia (TGA) has granted provisional determination (provisional
determination is a prerequisite of the provisional approval pathway but does not guarantee acceptance
of the submission for registration or successful provisional registration) to Moderna for its vaccine’s use in
children (two 10μg doses) and as booster shot for adults (one 30μg dose) in preparation of the recent
emergence of Omicron variant. (435)
A phase 1/2 open-label clinical trial with 458 individuals in the US evaluating safety, reactogenicity, and
humoral immunogenicity reported that receiving a booster injection with one of three approved vaccines
(Johnson & Johnson, or; nine combinations) increased the neutralizing activity against a wild-type
pseudovirus 4.2 fold and binding antibody titers 4.6 fold for all combinations; a homologous boost
increased neutralizing antibody titers 4.2 fold whereas a heterologous boost increased titers 6.2 fold. On
day 15 post vaccination, neutralizing and binding antibody titers varied by 28.7 fold and 20.9 fold,
respectively, across the nine prime-boost combinations. (431) As of November 9th, 2021, the CDC is
allowing a mix and match of mRNA booster doses in USA. (424)
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Vaccine efficacy/effectiveness on Asymptomatic Disease and Disease Transmission
Vaccination related viral load reduction was observed for both Pfizer and AstraZeneca, with vaccine
effectiveness asymptomatic infection between 72 – 86% (20, 36, 79, 80, 181) and 58.9% for Pfizer and
AstraZeneca respectively (5).
Vaccine effectiveness against disease transmission is still unknown however there has been a study
indicating the beginnings of herd immunity in Israel where researchers found a strong and robust
negative association between the level of vaccination of adults in the community and a later decline in
infection of the younger cohort. Generally, they found that for each 20 percentage points of individuals
who are vaccinated in a given population, the positive test fraction for the unvaccinated population
would decline approximately two-fold. While more studies would be needed to validate these results,
they are encouraging in support of herd immunity (126). A Finnish study assessing infections within the
households of HCWs, determined an indirect effectiveness of 8.7% two weeks and 42.9% 10 weeks after
the first dose and a gradual increase in direct effectiveness over time of 26.8% two weeks and 69.0% 10
weeks after the first dose, though it was not accounted for that 40% of that sample received a second dose
of vaccine four weeks following the first (182). Another study in a long-term care facility found that indirect
protection in the non-vaccinated could only be estimated for residents with no previous COVID-19
infection, at 81.4% and up to 12.8 infections prevented per 10,000 vaccinated. (161)
Another study assessing breakthrough asymptomatic infections among HCWs and whether their close
contacts were infected found only one close contact out of 74 to be symptomatic and this was at the
beginning of the quarantine period. 23 of the close contacts were spousal relationships, however, they
tested negative during the quarantine period, and none of them experienced COVID-19 symptoms. These
results indicate that the effectiveness of the Pfizer vaccine was likely the reason for reduced person-toperson transmission, partially through reduced viral loads as well as the absence of symptoms in initial
cases. (183). These findings were in line with two earlier studies that found that household transmission
was reduced when the index case was vaccinated with either the Pfizer or AstraZeneca vaccine (47) and
that vaccinating co-habiting HCWs was associated with a reduced risk of a documented COVID-19
infection, or COVID-19 related hospitalization among household members (158).
Population Subgroups
children and youth Following the March 2021 completion of Pfizer’s study assessing safety and efficacy
of their vaccine in children 12-15 years of age, (49, 128) the ACIP, CDC, NACI, and the European Centre for
Disease Prevention and Control recommended its use in children aged 12-15 years (103, 104, 105, 129) based
on the clinical trial results estimated a vaccine efficacy of 100% in 2,260 participants without a prior
history of COVID-19 infection.
On August 30th, 2021, after a systematic review of the data, the Advisory Committee on Immunization
Practices revised its interim recommendation to a standard recommendation for the use of the
Pfizer COVID-19 vaccine in individuals aged ≥16 years for the prevention of COVID-19.
TA CDC report dated September 24th, 2021 stated that the efficacy of the Pfizer vaccine in preventing
symptomatic, laboratory-confirmed COVID-19 in individuals aged ≥16 years without evidence of previous
SARS-CoV-2 infection was 91.1% in an ongoing phase II/III clinical trial based on data from 44,165 enrolled
participants. (372) Pfizer has indicated that the company will have full data on vaccines in children ages 6
months to 2 years, and 2 years to 5 years, as soon as the fourth quarter of 2021. (384-385)
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The National Advisory Committee on Immunization (NACI) are recommending that a complete series with
the Pfizer 10mcg COVID-19 vaccine may be offered to children 5-11 years of age who do not have
contraindications to the vaccine, with a dosing interval of at least 8 weeks between first and second dose.
Children aged 5-11 years with a history of previous SARS-CoV-2 infection (confirmed by PCR or antigen
testing from a respiratory specimen) should be considered no longer infectious based on current criteria,
and symptoms of acute illness should be completely resolved prior to vaccination. In addition, COVID-19
vaccines for children 5-11 years old should not routinely be given concomitantly (i.e. same day) with
other vaccines (live or non-live). (436)
Moderna also reported findings from a placebo controlled study of 3,732 adolescents 12 to 17 years of
age. The efficacy and immunogenicity of the Moderna COVID-19 Vaccine was estimated to be 100% and is
comparable to what was observed in adults. Based on results for SARS-CoV-2 neutralizing titers at 28 days
after the second dose, the antibody levels generated by the vaccine in adolescents was non-inferior to
that found in young adults 18 to 25 years of age. On August 27th, 2021, Health Canada authorized the use
of the Moderna vaccine in individuals 12 years and older (338)
A CDC report outlining the primary results from a randomized, double-blind, placebo controlled phase
II/III trial assessing the use of a reduced dose of the Pfizer vaccine in 2,268 children 5-11 with or without
previous SARS-CoV-2 infection showed a vaccine efficacy of 90.9% in preventing symptomatic, laboratoryconfirmed COVID-19 infection. (421)
The Ontario Immunization Advisory committee recommends that children who receive the 10 mcg dose
of the Pfizer-BioNTech vaccine for their first dose and who have turned 12 years of age by the time the
second dose is due are recommended to receive the 30 mcg dose of the Pfizer-BioNTech vaccine to
complete their primary series. If a second dose of 10 mcg dose is given inadvertently, the dose should be
considered valid and the series complete. (438)
Pregnancy and Breast-feeding. All currently available information based on data from completed
studies and safety monitoring systems in place indicate that COVID-19 vaccines are safe and generally
advisable for women at any stage of pregnancy with no observed increase in adverse birth outcomes,
as well as whilebreast-feeding unless advised otherwise by their doctor (50, 81, 162, 184, 185, 203, 204, 205, 262, 263).
Early data suggest receiving an mRNA COVID-19 vaccine during pregnancy reduces the risk for infection.
A study from Israel compared pregnant people who received an mRNA COVID-19 vaccine with those who
did not found that vaccination lowered the risk of infection with an adjusted hazard ratio of 0.22 (the
hazards of infection were 0.33% vs 1.64% in the vaccinated and unvaccinated groups, respectively). (425)
Post-vaccination antibodies have been found in umbilical cord blood, indicating that maternal
vaccination during pregnancy may result in protection for the baby. (207, 320). Further studies are ongoing
(107, 108, 264)
, including a Phase 2/3 trial (randomized, placebo-controlled, observer-blind study) by Pfizer
involving healthy pregnant women over the age of 18 who will receive the Pfizer vaccine between 24 to
34 weeks of gestation, with a booster 21 days later. (107)
Locally, the Government of Canada, through COVID-19 Immunity Task Force (CITF) and the Vaccine
Surveillance Reference Group (VSRG), has provided funding for two Canadian research teams to further
evaluate vaccine safety and effectiveness in pregnant people (108).
Furthermore, on November 11th, 2021, the CDC reported that COVID-19 vaccination is recommended for
people who are attempting to become pregnant now or in the future, as well as their partners. (423)
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Men and women. Sex differences in the efficacy and safety for the mRNA vaccines, Pfizer and Moderna,
and the non-replicative vector-based vaccines, Johnson & Johnson and Gam-COVID-Vac-Gamaleja was
investigated in a metanalysis. A pooled analysis of 37,706 Pfizer vaccine recipients, 30,351 Moderna
vaccine recipients, 39,321 Johnson & Johnson vaccine recipients and 19,866 Gam-COVID-Vac recipients
found equivalent efficacy in both men and women343.
Indigenous populations. In May 2021, the question of whether the efficacy of the Johnson & Johnson
vaccine was significantly reduced in Indigenous populations was raised as a concern based on preliminary
information released by Johnson & Johnson (51, 52, 53). However, the findings were based on a limited
sample (n=137) (54), with no further evidence found on the topic. Vaccination against COVID-19 in
Indigenous populations remains a high priority.
Elderly populations. Between Dec 8th, 2020, and July 4th, 2021, risk factor analysis on 1,240,009 COVID
Symptom Study app users in a prospective, community-based, nested, case-control study stated that
frailty was associated with post-vaccination infection in older adults (>/=60 years) after their first vaccine
dose, and individuals living in highly deprived areas had increased odds of post-vaccination infection
following their first vaccine dose. (349, 369)
In an observational study with 2,250 elderly participants, the incidence of AEFIs (adverse effect following
immunization) with the first dose in the 60–89 age group was 43.7% and 60% in the 60-89 age group In
general, 76% of two-dose recipients reported some AEFIs after either vaccine dose. The most frequent
AEFIs were local pain, asthenia, headache and joint pain. (356)
A review of effectiveness of the Pfizer or AstraZeneca vaccines for preventing symptomatic confirmed
Covid-19, admissions to hospital, and deaths in 156,930 adults aged 70 years and older in the UK showed
that the overall effectiveness of Pfizer is 61% and AstraZeneca is 73%. A single dose of either vaccine has
~ 80-85% effectiveness at preventing admission to hospital and preventing death. (378)
In an interim analysis of 32,867 medical encounters among adults of all ages during June–August 2021 by
the CDC, the VE against COVID-19 hospitalization among adults aged ≥75 years was significantly lower
than that among adults aged <75 years. This moderate decline should be interpreted with caution and
might be related a combination of factors. (367)
Due to high risks of sever COVID-19 from occupational or institutional exposure to Delta variant in
persons aged ≥65 years, the FDA authorized an additional dose of Pfizer vaccine ≥6 months after
completion of the primary series On September 22nd, 2021. (375)
Vaccine Breakthrough
Vaccine breakthrough, generally meaning COVID-19 infections among individuals who are fully
vaccinated (41 90, 102, 135, 138) are not unexpected given that vaccine efficacy and effectiveness is rarely 100%.
When breakthrough cases were initially reported they were rare and initially seen primarily among
seniors (90, 135, 136,137, 138, 166), or those highly exposed to COVID-19 (i.e., HCWs) (164, 165, 166, 265, 266). Even so,
when a breakthrough infection occurred the severity and length of the infection was reduced (136, 138, 166).
As VOCs have become the dominant strains in various regions, breakthrough infections are being seen in
higher numbers (41, 135, 138, 209). Fortunately, the increase in breakthrough cases has not yet seemed to
result in an increase in hospitalization, severe disease, or death (286) among the fully vaccinated (90, 102, 136,
138, 207 286, 317)
, so far. Of note is that data for Delta and more recent VOCs is still emerging.
Canadian data provided by the Public Health Agency of Canada (PHAC) shows that breakthrough

Rapid Review Report: INF031801v019 RR (Version 19: December 26, 2021)

29

infections among fully vaccinated Canadian’s account for 0.5% of reported infections since the
vaccination rollout began in December 2020 (data collected excludes Québec, Saskatchewan and
Newfoundland and Labrador), and as of June 21, 2021, there have been 2,731 COVID-19 infections
among fully vaccinated Canadians. Only 0.0027% of COVID-19 deaths occurred among partially
vaccinated individuals and 0.0018% among fully vaccinated individuals (191). The Canadian Broadcasting
Corporation reported that data from Public Health Ontario showed known breakthrough infections
accounted for less than one per cent of all reported COVID-19 cases in the province from Dec.14, 2020 to
Aug. 7, 2021. (345)
In a case control study, all-cause death within 60 days of SARS CoV-2 was assessed with 119 vaccinated
and 476 unvaccinated participants. Previous vaccination was associated with a 69.3% relative risk (RR)
reduction in death before 60 days, and an absolute risk (AR) reduction of 22.3%. (316)
An observational cohort study Examining SARS-COV-2 antibody levels and neutralizing capacity in nursing
home residents after vaccination found that vaccination with the Moderna vaccine elicited a stronger
humoral response compared to Pfizer. There were greater circulating IgG and neutralization antibody
titers 3 - 5 months after vaccination with Moderna as it contains a higher dose of mRNA, which may
imply that a higher dose is beneficial to generate protective immunity. Current mRNA SARS-CoV-2
vaccine regimens may not have equivalent efficacy in nursing home residents. The findings imply that
differences in the humoral immune response may contribute to breakthrough infections. (344)

Variants of Concern – Vaccine efficacy and effectiveness
In Vitro Studies. Initial studies had shown lower immunogenicity and neutralization in vaccinated
individuals when considering a combination of Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), and Delta
(B.1.617 & B.1.618) VOCs (28, 59 82, 83, 112, 114, 134, 188, 190, 300, 308-309). These findings show the importance of being
fully vaccinated (190) and indicate that vaccines may be less effective against the VOC strains of COVID-19;
additional measures may be needed to prevent breakthrough infections (188).

Vaccine effectiveness against Variants of Concern (VOCs)
Pfizer Vaccine
Alpha variant - Vaccine effectiveness was 91.5-97.2% for all infections, and 96.7% against death (55, 156, 163,
318, 340)
.
Delta variant - Globally, one or two doses of the Pfizer vaccine resulted about 33% to 88% protection,
against symptomatic COVID-19 infection. (163, 358) Vaccine effectiveness against hospitalization was 94-96%.
(46-99, 442)
and preventing death with single and double shot was 95-99% and 75-99% respectively. (305)
Gamma variant - Overall effectiveness against infection was 65-72% for non-VOC strains and 61% for
Gamma. (132, 206)
Omicron Variant - Preliminary laboratory studies demonstrate that three doses of the Pfizer-BioNTech
COVID-19 Vaccine increase the neutralization titers against the Omicron variant 25-fold, while two doses
show significantly reduced neutralization titers.
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Moderna Vaccine
Alpha variant - Vaccine effectiveness against infection was 88.1% and 100%, after the first and second
dose respectively. (207, 318, 340)
Beta variant - Vaccine effectiveness was 61.3% and 96.4% after the first and second dose and vaccine
effectiveness against fatal disease was 81.6% and 95.7% respectively. (207)
Delta variant -Moderna or Pfizer vaccination, demonstrated an overall vaccine effectiveness of 86-90%.
(340, 411, 442)

Gamma variant - Overall effectiveness against infection was 65-72% for non-VOC strains and 61% for
Gamma. (132, 206)
AstraZeneca Vaccine
Alpha variant -Single vaccination reduced the incidence of infection by 66-67% and PCR-positive result by
64%. (156, 163)
Delta variant -Vaccine effectiveness exceeded 90% with at least one dose was an mRNA vaccine, and
60∼70% when both doses were AstraZeneca. (163, 411, 442) Vaccine effectiveness against hospitalization was
71-95% (46-99. 442) and preventing death with single and double shot was 95-99% and 75-99% respectively.
(305)

Johnson & Johnson Janssen Vaccine
Beta variant - Vaccine efficacy against, moderate to severe infection and sever infection was 52-64.0%,
73.1% and 81.7% respectively (60).
Safety- General
A systematic review and meta-analysis of the randomized control trials was completed on all studies
published upuntil March 12, 2021, by Pormohammad et al.’s (139) findings indicated that the vaccines
approved in Canada (Pfizer (BNT162b2) Moderna (mRNA-1273), AstraZeneca (ChAdOx1-S), and Janssen
(Johnson & Johnson) (Ad26.COV2. S)) showed the highest efficacy after first and second doses. While the
mRNA vaccines had few adverse reactions, no trial participant had an extreme adverse reaction and all
stimulated robust immune responses (139, 403).
Lv et al. (140) combined data from the Vaccine Adverse Event Reporting System (VAERS) and the Centers
for Disease Control and Prevention (CDC) COVID Data Tracker from December 11, 2020, through
January 8, 2021, to estimate the mortality rate. As of January 8, 2021, only 55 deaths were reported
making the mortality rate of COVID-19 vaccination 8.2 per million, though 37 deaths were of long-term
care facility residents making their morality rate 53.4 per million. Additionally, individuals over 85 years
of age accounted for 25 of the deaths or 45.5%. These results support COVID-19 vaccination having
greater benefits than risks (297), even among the older, frailer, population (140).
Further, articles summarizing safety data available from observational studies for a combination of Pfizer
(BNT162b2), Moderna (mRNA-1273), AstraZeneca (ChAdOx1-S), and Janssen (Ad26.COV2. S) vaccines
continue to find that while there are some adverse reactions (commonly (pain, swelling, and fever at the
injection site), severe reactions are uncommon the benefit of receiving protection against COVID-19
outweighs the risk of adverse reaction (7, 29, 141 210, 211, 212, 267, 268, 269). The higher risk safety concerns seem to
be Vaccine-induced Thrombotic Thrombocytopenia (VITT) for both AstraZeneca (ChAdOx1-S) (30, 31, 32, 61, 116)
and Janssen (Ad26.COV2. S) vaccines (64), and myocarditis following either Pfizer (BNT162b2) or
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Moderna (mRNA-1273) vaccine(119, 147, 169), which will be discussed in separate sections. The side effects of
COVID-19 vaccines require active surveillance in the post-authorization phase, as the side effects can
potentially impact decisions regarding vaccination. (275)
In a review, 173 events of suspected anaphylaxis were reported: 139 and 34 events after administration of
AstraZeneca and Pfizer-BioNTech vaccines, respectively. The age of the 73 subjects who died after
vaccination ranged from 25 to 95 years. Thirty-five (47.9%) of the deaths were in women, and most deaths
occurred in elderly recipients or those with underlying medical conditions. The adverse event rate was
higher after the second dose than after the first dose. Both COVID-19 vaccines showed higher adverse
event rates among younger age groups (326) Other immediate and late reactions were comparable with
those seen in the general population, except for delayed itch and skin eruption, which were more common
among allergic patients. (330 – 331)
A meta-analysis found that following the vaccination, neuromuscular adverse events (NMAEs) are common
of which most were headache and myalgia with life-threatening unsolicited events being rare. NMAEs
should be continuously monitored during the ongoing global COVID-19 vaccination program. (351, 354, 357) New
adverse events attributable to BNT162b2 that were not previously identified in earlier reports included
decreased appetite, lethargy, asthenia, malaise, night sweats, and hyperhidrosis. (359)
A review involving 26,337,421 pooled cases estimated that vaccination with Pfizer-BioNTech resulted in
significantly higher anaphylactic reactions compared to Moderna (probability of 8 times with Pfizer versus
2.8 times with Moderna). (402)
A report by the CDC on November 8th, 2021, stated that women younger than 50 years old should
especially be aware of the rare risk of blood clots with low platelets after the Johnson & Johnson
(J&J/Janssen) COVID-19 vaccine. (425)
A cohort study evaluating the tolerability of the Pfizer vaccine in adults aged 75 years or older reported
that the rates of local reactions were 50.3% after the first dose and 45.2% after the second dose, and
rates of systemic reactions were 15.2% and 26.0%, respectively. The most common symptoms of
medically attended cases were nonspecific general weakness (26%) and dizziness (26%), followed by
muscle pain (22%), headache (13%), fever (13%), and skin rash or urticaria (13%). (432)

AstraZeneca (ChAdOx1-S) non-thromboembolic safety- AZ- New study results from the AstraZeneca US
Phase III trial show that the vaccine has a vaccine efficacy of 79% in preventing symptomatic COVID-19
and that of 100% in preventing severe disease and hospitalization (34). However, the Data and Safety
Monitoring Board (DSMB) that oversees the study has raised concerns about the quality of data and
lowered the vaccine efficacy to between 69% and 74% (32). Studies on safety are ongoing and thus far,
apart from VITT as discussed below, there have been no observed major adverse reactions (270, 271).
A prospective observational study among 1,603 healthcare workers concluded that being young, female, or
underweight and having diabetes mellitus were associated with an increased risk of developing grade 3 to
grade 4 allergic reactions after receiving the first dose of the AstraZeneca vaccine. (407)
Janssen (Johnson & Johnson) (Ad26.COV2. S) non-thromboembolic safety- The CDC released a statement
that they have received reports of 100 people, out of 13 million Americans, who got the Janssen
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(Ad26.COV2. S) COVID-19 vaccine developing Guillain-Barré syndrome, a neuro-immunological system
disorder that can cause muscle weakness and occasionally paralysis. Most cases were reported in men,
often 50+ years of age and usually about two weeks after vaccination. Guillain-Barré can occur following a
variety of infections, including the flu, cytomegalovirus and Zika virus, though in rare cases in people
develop the disorder days or weeks after receiving certain vaccines (213).
On July 12, 2021, the FDA added a warning to the Fact Sheet for the Johnson & Johnson (Janssen)
adenovirus-based COVID-19 vaccine about an increased risk of Guillain-Barré syndrome (GBS) following
administration of the vaccine in all populations 18 years and older. (370)
Pfizer (BNT162b2) & Moderna (mRNA-1273) non-thromboembolic and non-myocarditis safety- A
retrospective study by McMurry et al. examined electronic health records (EHR) in the USA comparing the
notes from individualswho received at least one dose of Pfizer (BNT162b2, n = 51,795) or Moderna
(mRNA-1273, n = 16,471) to notes from 68,266 unvaccinated individuals who were matched by
demographic, geographic, and clinical features.
Overall, they found that the most frequently noted adverse reaction within 7 days of each vaccine dose
included myalgia, headache (391), and fatigue (412), but the rates of EHR documentation for each side
effect were much lower than seen in clinical trials where participants were actively questions about
adverse reactions. They also noted that severe events like anaphylaxis, facial paralysis, and cerebral
venous sinus thrombosis were rare and occurred at similar rates in vaccinated and unvaccinated
individuals (197).
Orofacial and oculo-facial side effects (facial paralysis, edema) including Bell’s Palsy has been noted as a
potentialside effect following either the Pfizer (BNT162b2) or the Moderna (mRNA-1273) vaccine (87, 88,
215, 276)
. However, studies thus far have noted that facial paralysis was not reported at a higher rate for
mRNA vaccines than other vaccines (87), and the adverse reaction pertained to individuals who had
previously undergone facial cosmetic injections or people with a known history of Bell’s palsy (88).
“COVID arm”, a harmless hypersensitivity response that occurs after an mRNA COVID-19 vaccine
previously potentially mistaken for cellulitis has been documented by Lindgren et al. The hypersensitivity
reaction occurs approximately a week after administration of either the Pfizer (BNT162b2) or Moderna
(mRNA-1273) vaccine, appearing as a red, warm, pruritic, indurated, or swollen area in the vicinity of the
vaccine site. Lindgren et al. report 3 cases of COVID arm, 2 of which were mistaken for cellulitis. They
note the distinguishing features of COVID arm from cellulitis include pruritus as a common finding,
occurrence approximately a week after vaccination, a lack of progression of symptoms, rapid response to
topical steroids, and/or spontaneous resolution usually over 4 to 5 days (170).
A study considering the reactions of individuals receiving their second dose of either the Pfizer
(BNT162b2) or Moderna (mRNA-1273) vaccine who had allergic reactions to the first dose found that
100% of the 159 participants, including 19 individuals with first-dose anaphylaxis, tolerated the second
dose. One fifth of participants did ultimately report immediate, potentially allergic symptoms that were
associated with the second dose; however, those symptoms were self-limited, mild, and/or resolved with
antihistamines (272).
Thrombotic Events and Vaccine-induced Thrombotic Thrombocytopenia (VITT)
VITT emerged as a safety concern following vaccination with the AstraZeneca (ChAdOx1-S) vaccine (30,
61, CITATION), it was ultimately determined to be similar to heparin-induced thrombocytopenia (HIT) (32).
Cases have been seen primarily in individuals >55 years of age, more often in women (31), and mainly
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following the first vaccination rather than the second (116).
In addition to VITT there have been rare cases of cerebral venous sinus thrombosis (CVST), splanchnic
vein thrombosis, and ITP following vaccination with the AstraZeneca (ChAdOx1-S) vaccine (31, 117,192). There
has also been documented increases in incidences of ITP and arterial thrombotic events following
vaccination with the AstraZeneca (ChAddOx1-S) vaccine (142, 167, 192). It is noteworthy that the increased
rate of ITP after the AstraZeneca (ChAdOx1-S) vaccine is like that of other vaccines against conditions
such as hepatitis B, measles, mumps, rubella, and influenza. Additionally, it’s important to note that the
background incidence rate of ITP is 6 to9 per 100 000 people, and ITP has emerged as a complication of
COVID-19 infection with early epidemiological evidence suggesting a rate of 0.34% among patients
admitted to hospital (167). There seems to be no evidence that thromboses at typical locations (i.e., leg
vein thrombosis, pulmonary embolism), are more common post vaccination, and as such patients with a
previous positive history of thrombosis do not have a higher risk of developing this rare complication (62).
Throughout the monitoring of side effects agencies such as European Medicines Agency’s (EMA), (30, 31, 66,
67)
, the European Centre for Disease Control (116), the CDC (273), the Public Health Agency of Canada (PHAC)
(118)
, and the WHO (68) have supported the use of the vaccines in older adults. Additionally, many articles
assessing the safety of Astra Zeneca vaccine have found that the benefits of the vaccines outweigh the
risks significantly even after VITTT was established as a potential risk (63, 84, 85, 118). NACI had originally
recommended AstraZeneca (ChAdOx1-S) be used only in adults 55+ for both the prime and boost vaccine
(33)
but updated their recommendation to encouraging the use of an mRNA vaccine as a booster dose if
given an AstraZeneca prime dose (69).
Research on the exact mechanism, and rate of VITT, as well as rate of ITP and other thromboembolic
events for those who receive AstraZeneca (ChAdOx1-S) are ongoing, important safety findings are
summarized in Table 3: Adverse Reactions found after the key findings in this document (142, 143, 144).
A study comparing the incidence of cerebral venous thrombosis (CVT) and portal vein thrombosis (PVT)
in those recovering from a COVD-19 infection found the risk was significantly higher for those recovering
from COVID thanafter an mRNA vaccine (39/million and 4.1/million for CVT; 436.4/million and
44.9/million for PVT) (63). Other studies have also found no association of ITP, thromboembolic, or
hemorrhagic adverse reactions following a Pfizer (BNT162b2) vaccine (65, 142, 167, 192).
In spring of 2021 15 cases of VITT was reported to the Vaccine Adverse Event After Reporting System
(VAERS), all in female individuals (13 aged 18-49 years and 2 aged 50+ years) after receiving the Janssen
(Johnson & Johnson) (Ad26.COV2. S) vaccine. After pausing to evaluate the risk it was found through
modelling data looking at resumingthe use of the vaccine as per recommendation of the US Advisory
Committee on Immunization (ACIP) for persons 18+ at 50% of the pre-pause administration rates could
prevent 3926-9395 COVID-19–related hospital admissions, 928−2236 ICU admissions, and 586−1435
deaths (depending on assumed future COVID-19 transmission levels), compared with 26 expected cases
of VITT (64).
UK case series study using national data on COVID-19 vaccination and hospital admissions
among19 608 008 people who had the ChAdOx1 nCoV-19 vaccine, 9 513 625 who had the BNT162b2
mRNA vaccine, found increased risk of hematological and vascular events that led to hospital admission
or death after ChAdOx1 nCoV-19 vaccine (AstraZeneca) and BNT162b2 (Pfizer) vaccines. However, the
risk of most of these event was substantially higher and more prolonged after SAR-CoV-2 infection than
after vaccination in the same population. (322)
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Health Canada has updated the AstraZeneca (Vaxzevria) and Janssen COVID-19 vaccine product
monographs to include information on Thrombosis with Thrombocytopenia Syndrome (TTS) or VaccineInduced Immune Thrombotic Thrombocytopenia (VITT) following vaccination with AstraZeneca
(Vaxzevria) and Janssen COVID-19 vaccines as identified through post-marketing safety surveillance. (381)
Myocarditis
Myocarditis, inflammation of the heart, following the second dose of Pfizer (BNT162b2) was first observed
in Israel in males aged 16-30 years, with 275 mainly mild cases found between December 2020 and May
2021 among more than 5 million vaccinated individuals (145, 146). After monitoring of health data from
several countries and health organizations confirmed that myocarditis was a potential adverse reaction for
younger individuals, most commonlymale following the second dose of Pfizer (BNT162b2), and later
Moderna (mRNA-1273) (145, 147, 169, 193, 194, 195) and the WHO encourages all health professionals to report
incidences of myocarditis following vaccination (119). Health Canada also updated its labels for both the
Pfizer (BNT162b2) and Moderna (mRNA-1273) vaccines to describe very rare reports of myocarditis and
pericarditis following vaccination (196).
Articles reviewing the risk of myocarditis and peri-myocarditis continue to acknowledge that the benefit
of COVID-19 vaccination outweigh the rare risks of developing the condition (214,365-366). The condition
mainly is seen among adolescents aged 15-17 and more frequently after the second dose of mRNA
vaccination (364), causing mild symptomatology and revolving within few days to few weeks (365); there
have been no deaths related. Some researchers note that weighing the pandemic’s physical and socialemotional harms to youths against the risk of developing the condition could also be considered when
considering risks to youths (214).
One of the main concerns regarding vaccinating children and adolescents against SARS-CoV-2 are the
lack of sufficient data on vaccine-induced long-term immunogenicity in children and, even more
critical—safety data. The European Academy of Pediatrics (EAP) and the European Confederation for
Primary Care Pediatricians (ECPCP) strongly believe that action is necessary to clarify the future of SARSCoV-2 vaccination in children and adolescents at different levels. (353)
A case control study evaluating the safety of the Pfizer vaccine in pooled data from the Clalit Health
Services in Israel with 1,736,832 participants, observed a substantially increased the risk of many
different adverse events, including myocarditis (RR 18.28), acute kidney injury (RR 14.83), pulmonary
embolism (RR 12.14) among others in participants 16 years and older and vaccinated. The risk of adverse
events due to vaccination were mild, however SARS-CoV-2 infection is itself a strong risk factor and
increases the risk of serious adverse events (371, 376)
The CDC has now recommended that any individuals who develop myocarditis/pericarditis after a dose
of an mRNA COVID-19 vaccine should defer receiving a subsequent dose until additional safety data are
available. (422)

Vaccines of Interest (not yet approved in Canada)
This section will briefly examine the efficacy, effectiveness, and safety data for the following COVID-19
vaccines:Sputnik V, Sinovac/Coronavac, Sinopharm, and Covaxin. These vaccines were chosen in part
due to questions surrounding who should be considered “fully vaccinated” regarding policies created
by Canada and other countries. As of July 23, 2021, typically countries only recognize the vaccines
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approved in their country, especially when considering incoming international travelers (216, 217, 218). The
World Health Organization has stated that countries should recognize any COVID-19 vaccines it has
authorized for emergency use should be as they opentheir borders to vaccinated travelers (219).
It is of note that the federal government has agreed to buy tens of millions of doses of the other two
vaccinesHealth Canada is reviewing, which are Medicago’s and Novavax’s (220). Concerning
recombinant vaccines, the NVX-CoV2373 (Novavax) in its Phase II/III trials presented absent or mild
reactogenicity. Interestingly, the vaccine induced a strong Th1 response and a minimal Th2 response,
and the addition of the adjuvant enhanced this immune response. (332)
A two-dose regimen of the NVX-CoV2373 (Novavax) vaccine administered to 14,039 adult
participants in an observer-blinded, placebo-controlled trial conferred 89.7% protection against
SARS-CoV-2 infection and showed high efficacy against the Alpha (B.1.1.7) variant. A post hoc
analysis showed an efficacy of 86.3% against the Alpha variant and 96.4% against non-Alpha variants.
(389)

Local and systemic AEs were predominantly mild-to-moderate and transient. The most commonly
reported systemic AEs were headache, myalgia, fatigue, and malaise and were detected more
frequently among Novavax recipients and/or after the second injection. (388)
According to a new article, on November 1st, 2021, It was announced that Novavax would produce its
own COVID-19 vaccine at the National Research Council (NRC) site in Montreal. (429)
Covaxin – Health Canada is also considering approving Covaxin which is developed in India, after
accepting an application from its American distributor. As of July 15, 2021, Covaxin has now been
approved for emergency use in 13 countries, with 60 other countries considering approval (220). The
Covaxin vaccine uses a complete infective COVID-19 viral particle made of RNA surrounded by a protein
shell, which is modified so that it cannot replicate. Covaxin comes as a two-dose regimen, recommended
to be taken 28 days apart. Unlike other vaccines, Covaxin is available in multi-dose vials and is stable at
the 2-8°C that ordinary refrigeration can achieve. (221)
Covaxin Efficacy- There have been 25,800 participants have been enrolled in ongoing phase III trials for
Covaxin since November 2020. Bharat Biotech released interim efficacy data on March 3, 2021, which
showed a clinical efficacy of 81%. (221, 285) On July 15, 2021, Politics reported that the first clinical trials for
Covaxin found the vaccine to have more than 60% efficacy at preventing asymptomatic infections, 80%
efficacy at preventing symptomatic infections, and more than 90% efficacy at preventing severe infection.
They also reported that in more recent trials, Bharat researchers found Covaxin had a 65% efficacy against
the Delta variant (B.1.617). (220)
Covaxin Effectiveness- No real-world effectiveness studies were identified in the July 16th evidence
search report however there was on article by Tyagi et al. that reported on breakthrough cases in a
chronic care medical facility found that 113 out of 123 were vaccinated (28 with Covaxin, 85 with
Covishield – the ChAdOx1-S vaccine that is effectively the same as AstraZeneca’s vaccine). Of those 107
(94.7%) were fully vaccinate and 6 (5.3%) partially vaccinated. Of these they found symptomatic
infections occurred in 19 (16.9%) vaccinated individuals, with 15 (13.3%) occurring in vaccinated
individuals 14+ days after second dose. Most fully vaccinated individuals experienced mild symptoms
except one who required hospitalization. The researchers encouraged ongoing reporting of breakthrough
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cases (222).
A randomized, double-blind, placebo-controlled, multicenter, phase 3 clinical trial involving 24,419
participants aged 18 to 97 years showed that the overall estimated vaccine effectiveness of Covaxin was
77.8%. (430)
Covaxin Safety- Limited sources were found within the evidence search reports completed on July 16th
and 23rd on Covaxin, though none raised safety concerns they also did not address them. COVISHIELD
carries an overall favorable safety profile with AEFI rates much less than reported for other adenoviral
vaccines. Females, those with hypertension, individuals with history of allergy and hypothyroidism may
need watchful vaccine administration. This being an interim analysis and based on healthcare workers
who may not reflect the general population demographics. (271)
CoronaVac- CoronaVac developed by Sinovac Life Sciences, is an inactivated whole virion vaccine
requiring two doses 28 days apart. (223) On June 4, 2021, it was reported that the WHO had approved
CoronaVac with a 51% efficacy base on phase 3 trials in Brazil at preventing COVID-19. CoronaVac is
sustaining vaccination campaigns inmore than 40 countries, such as Chile and Botswana (224).
CoronaVac Efficacy- While phase 3 clinical trials are taking place in Brazil, Chile, Indonesia, and Turkey.
Interim efficacy results from these trials have just begun being reported, however efficacy estimates from
the manufacturers against mild COVID-19 infection have varied substantially among the sites: 50.7% (95%
confidenceinterval [CI], 35.6 to 62.2) in Brazil, 65.3% in Indonesia, and 83.5% (95% CI, 65.4 to 92.1) in
Turkey. (225, 226, 224, 227) Efficacy against hospitalization for Sinovac in Chile, Brazil and Turkey was 85%, 100%
and 100%, respectively (227).
CoronaVac Effectiveness- The Overall Vaccine efficacy was 50.7%, 83.7% and 100% against mild,
moderate and severe infection(285) ,A study in Chile by Jara et al. between February 2 through May 1,
2021, using data from individuals 16+ years of age affiliated with Fondo Nacional de Salud (FONASA- the
national public health insurance program which includes about 80% of the Chilean population) they
identified 10,187,720 were eligible for inclusion in the study Their analysis included approximately 615
million person-days in the unvaccinated group, 70 million person-days in the partially vaccinated group,
and 92 million person-days in the fully vaccinated group. During that time there were 218,784 COVD-19
cases, 22,866 hospitalizations, 7873 ICU admissions, and 4042 deaths. Using this data, they estimated
that the vaccine effectiveness against [symptomatic] COVID-19 infection for partially vaccinate individuals
(14 -28 days after receipt of the first dose) was 15.5% (95% CI, 14.2 to 16.8), 37.4% (95% CI, 34.9 to 39.9)
against hospitalization, 44.7% (95% CI, 40.8 to 48.3) against admission to the ICU, and 45.7% (95% CI, 40.9
to 50.2) against death. In the fully vaccinated group, the estimated adjusted vaccine effectiveness was
65.9% (95% CI, 65.2 to 66.6) against [symptomatic] infection, and 87.5% (95% CI, 86.7 to 88.2) against
hospitalization, 90.3% (95% CI, 89.1 to 91.4) against ICU admission, and 86.3% (95% CI, 84.5 to 87.9)
against death. (225)
In Turkey Akpolat et al. used the number of daily cases and daily deaths from Ministry of Health and the
number of deaths of healthcare workers from Medical Chambers finding that the number of healthcare
worker deaths declined once vaccination began even with high number of cases and new variants. When
comparing the pre- vaccination (March 2020-January 2021) and post-vaccination (April-May 2021) period
in which there were have 2.5 million and 1.8 million new cases, respectively. In addition, there were 227
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deaths pre-vaccination and 17 deaths post vaccination, indicating about 90% protection from death (223).
CoronaVac Safety- CoronaVac phase 1 and 2 trials were carried out in China among participants 18 to 59
years ofage and in participants 60 years of age or older. Phase 1 and 2 findings indicated that the vaccine
was safe and there was an immune response in most patients 14+ days after the second dose (225).
The phase 3 trial results from Turkey found that adverse events were reported in 1259 (18.9%)
individuals who receive CoronaVac and 603 (16.9%) individuals who received placebo. The most reported
local event was injection site pain, and the most reported systemic event was fatigue with both being
more common in the vaccine group. 11 participants (6 [0.1%] in the vaccine group and 5 [0.1%] in the
placebo group) had serious adverse events, of which one event (a severe allergic reaction) was judged to
be related to the vaccine (228, 229).
No significant safety concerns have been identified amid CoronaVac’s rollout in China, Brazil, Indonesia and
Chile. However, there were very low numbers of adverse events identified overall (i.e., only 49 serious
adverse events reported following 35.8 million Sinovac doses administered in China), which would suggest
substantial under- reporting (227).
Other studies on the safety of CoronaVac in specific populations (i.e., HCWs), have not found any lifethreatening adverse reactions however they have found more typical adverse reactions such as
nausea/vomiting, fever and sleepiness/fatigue, headache, joint pain, muscle pain, and redness (230, 231, 232,
210))
.
Sinopharm – Sinopharm (COVID-19 vaccine BIBP) is an inactivated vaccine with an adjuvant that is
routinely used in many other vaccines with a documented good safety profile. It is recommended that
individuals receive 2 doseswith an interval of 3–4 weeks between the first and second dose (233).
Sinopharm Efficacy- Sinopharm’s efficacy in preventing symptomatic infection was 78% in UAE, Bahrain,
Egypt andJordan combined, and efficacy against hospitalization was 79%. Though it’s important to note
that Sinopharm’s effectiveness against symptomatic infection varied (i.e., in Bahrain alone was 90%) (227).
The WHO reported in May 2021 that a large multi-country Phase 3 trial has shown that 2 doses,
administered at an interval of 21 days, have an efficacy of 79% against symptomatic SARS-CoV-2 infection
14 or more days after the second dose (233).
Sinopharm Effectiveness- No effectiveness studies were found within the evidence search reports on
July 16th or23rd, 2021. A study found Inactivated SARS-CoV-2 vaccine does not influence the profile of
prothrombotic antibody nor increase the risk of thrombosis in a prospective Chinese cohort (273)
Sinopharm Safety- A study in Jordan involving 409 HCWs who had received a Sinopharm, Pfizer
(BNT162b2), or AstraZeneca (ChAdOx1-S) vaccine reported side effects after each dose in the two-dose
regimen. They found that there were no side effects for 18% and 31% of participants after the first dose
and second dose, respectively. The remaining participants had mostly local side effects related to
injection site (74%). Systemic side effects were seen in the form of fatigue (52%), myalgia (44%),
headache (42%), and fever (35%) occurred mainly after the first dose. No serious SE were reported (234).
It is of note that only 79 people reported mostly mild adverse events following 1.1 million doses of
Sinopharm in China, which would suggest substantial under-reporting (227). Researchers drew blood
samples post vaccination from 406 HCWs with Sinopharm to try to determine if recipients would be at
risk for spontaneous thrombosis or thrombocytopenia in the 8 weeks following their vaccination. They
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found no evidence that the vaccination could cause risk of thrombosis (274).
PiCoVacc Safety - Data from phase II/III clinical trials showed 79.34% efficacy of PiCoVacc, i.e., a βpropiolactone inactivated vaccine developed by Sinovac Biotech (Beijing, China) (NCT04560881,
ChiCTR2000034780) with a good safety profile. This vaccine has been approved by the National Medical
Products Administration and conditionally marketed on 31 December 2020, being the first native COVID-19
vaccine in China. (332)
Sputnik V – Sputnik V (Gam-COVID-Vac) was developed by the Gamaleya Research Institute of
Epidemiology and Microbiology in Russia (235). It uses human adenovirus vectors, or common cold genes,
to trigger an immune response in the body, it is a 2-dose regimen with a booster needed 3 weeks after the
initial dose. It is similar to the AstraZeneca (ChAdOx1-S) and Janssen (Ad26.COV2. S) vaccines, but instead
of one adenovirus it uses two different adenoviruses, called rAd26 and rAd5, for the first and second
doses, respectively (236). Concerns about Sputnik V have been raised since the early licensing of the vaccine
after Russia licensed it based on early trials involving only 76 people, not after Phase 3 studies involving
tens of thousands of subjects, which is typically required. Early results were published in The Lancet,
however a group of 37 scientists from 12 countries wrote the publication questioning the data. The
skepticism has caused Russian officials and state media pundits to claim "Western bias" against anything
Russian, and they have accused U.S. and U.K. media of staging a smear campaign to steal away potential
international customers (235, 236). Though Sputnik V has been approved in 67 countries (including Brazil,
Hungary, India and the Philippines) it has yet to receive approval for emergency use from the European
Medicines Agency (EMA) or the World Health Organization (WHO) (236).
Sputnik V Efficacy- The results of a randomized, double-blind, placebo-controlled, phase 3 trial in
Moscow between September 7th and November 24th, 2020, published in February 2021, involved 14,964
adults who received the two doses vaccine and 4,902 received two doses of placebo. Only 16 subjects in
the vaccine group developed symptomatic COVID-19, compared with 62 in the placebo group which
suggests 91.6% (95% CI 85.6– 95.2) efficacy at preventing symptomatic infection and there were no
cases of moderate to severe disease in thevaccine group, but 20 in the placebo group which suggests a
100% efficacy at preventing severe infection (236, 237, 332).
Sputnik V Effectiveness- No effectiveness studies were found within the evidence search reports on July
16th or 23rd, 2021.
Sputnik V Safety- In studies thus far local reactions such as pain at the injection site, redness and
swelling, and systemic reactions such as fever, diarrhea and new or worsened muscle pain were
commonly reported, with rare reactions requiring medical intervention. No life-threatening adverse
reactions were noted following vaccinationwith Sputnik V thus far (237, 238, 239).
There was a concern raised over children of those vaccinated with Sputnik V developing COVID-19
symptoms. One small study by Mehraeen et al. looking at HCWs in Iran and their families found that
15/18 (83%) of the children of the Sputnik V recipients became symptomatic and developed transient
fever and chills for 1–2 days starting after 2–5 days following the vaccination of their parents. They note
that most of the adenovirus infection cases occur in patients under 5 years old, and the children in the
study were between 1-6 years of age. The researchers also emphasized that given the small sample size,
results should be validated by larger studies. (240)
A new inactivated whole-virion QazCovid-in® vaccine developed in Kazakhstan was tested with a
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randomized, single, placebo-controlled phase 1 and 2clinical trial on healthy adults aged 18 years and
older with 44 and 200 participants respectively. It was found the vaccine, induced predominantly mild
adverse events; no serious or severe adverse events were recorded for studied subjects in both trials. No
immediate reactions were reported within the first 2 h after either single or double administration of the
vaccine. During 7 days after the first vaccination, solicited local adverse events of mild severity (grade 1)
were observed in 6 vaccinated subjects (27%), which included pain at the injection site (table S2). One
mild systemic AE (increased body temperature, up to 37·1 °C) was observed on day 1 after the first
vaccination. No statistically significant difference between the placebo and vaccine groups was revealed
in the level of IgE antibodies (ELISA) in the serum specimens obtained before vaccination (day 1), 21 days
after the first and second immunizations (day 21 and 42, respectively. In the phase 2 study, 77% of
participants (77 of 100) aged 18–49 years and 39% of ≥50-year-old participants (39 of 100) reported
solicited local and systemic AEs after the first dose of the QazCovid-in® vaccine. Local reactions were
represented by transient (1–3 days) cases of pain, hyperaemia, induration, and itch at the injection site,
which were of grade 1 (mild severity) almost exclusively. Only six and two cases of grade 2 (moderate
severity) injection site pain were reported in the 18–49 and ≥50 years’ age groups, respectively. (336)
In a September 27th press release, Pfizer indicated that it has begun a large clinical study assessing its
investigational oral antiviral drug for the prevention of (symptomatic) infection among those exposed to the
virus. Merck and partner Ridgeback Biotherapeutics recently launched a late-stage trial of their
experimental drug molnupiravir for prevention of the COVID-19 infection in participants diagnosed with
symptomatic coronavirus infection. (386)
Antiviral pill (Molnupiravir): On November 4th, 2021, the United Kingdom became the first country to
approve Merck's COVID-19 antiviral pill (Molnupiravir), which is already under review at the Food and Drug
Administration (FDA) after showing strong initial results. (427) The pill was licensed for adults 18 and older
who have tested positive for COVID-19 and have at least one risk factor for developing severe disease. The
drug, known as Molnupiravir, is intended to be taken twice a day for five days by people at home with mild
to moderate COVID-19. (428)

Table 1: Summary of Evidence
Consult the Summary of Evidence table using the following link:
https://covid19evidencereviews.saskhealthauthority.ca/en/permalink/coviddoc295
This link provides access to the database where it is possible to view the spreadsheet for review.
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Previous summarizations used in the narrative until Version 9 (August 23, 2021)
can be found in furthest right column of the Evidence Table, summarizations
including more than one source will appear next to all sources included and have
the corresponding source numbers attached in brackets.
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Appendix 1: Evidence Search Details
Note: To view full search strategy details, please consult the associated Evidence Search Report.
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Appendix 2: Evidence Search Strategies
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3 (nCoV* or 2019nCoV or 19nCoV or COVID19* or COVID or SARS-COV-2 or SARSCOV-2 or SARS-

198315
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2 or Severe Acute Respiratory Syndrome Corona Virus 2).ti,ab,kf,nm,ot,ox,rx,px.
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18 9 and 17
19 limit 18 to ("reviews (maximizes specificity)" or "therapy (maximizes specificity)")
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20 (safe* or risk* or unsafe or harm* or efficacy or viability or viable or success* or valid* or

2270049

outcome? or evidence-based or guidance or guideline? or recommend* or best practice? or
consensus or advisory or statement? or standard* or literature review? or systematic*
review? or rapid review? or scoping review? or "review of literature" or "review of the
literature").ti,kf.
21 (prevent* adj3 (infect* or spread* or serious* ill* or hospitaliz* or outbreak* or crossinfect*

18356

or nosocomial or severity or severe or intubat* or death? or fatal* or epidemic? or pandemic?
or "loss of life" or "long covid" or intensive care or critical care)).ti,kf.
22 (control* adj3 (infect* or spread* or serious* ill* or hospitaliz* or outbreak* or crossinfect* or

19691

nosocomial or severity or severe or intubat* or death? or fatal* or epidemic? or pandemic? or
"loss of life" or "long covid" or intensive care or critical care)).ti,kf.
23 20 or 21 or 22
24 (18 and 23) or 19

2298865
2356

25 limit 24 to dt=20211126-20211210

101

26 limit 25 to english language

100

Embase <1974 to 2021 December 09>

#

Searches

1 Sars-Related Coronavirus/

Results
481

2 (Coronavirinae/ or Betacoronavirus/ or Coronavirus Infection/) and (Epidemic/ or Pandemic/)

10670

3 (nCoV* or 2019nCoV or 19nCoV or COVID19* or COVID or SARS-COV-2 or SARSCOV-2 or SARS-

180410

COV2 or SARSCOV2 or SARS coronavirus 2 or Severe Acute Respiratory Syndrome Coronavirus 2
or Severe Acute Respiratory Syndrome Corona Virus 2).ti,kw,hw,ot.
4 ((new or novel or "19" or "2019" or Wuhan or Hubei or China or Chinese) adj3 (coronavirus* or

169846

corona virus* or betacoronavirus* or CoV or HCoV)).ti,kw,hw,ot.
5 (longCOVID* or postCOVID* or postcoronavirus* or postSARS*).ti,kw,hw,ot.
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6 ((coronavirus* or corona virus* or betacoronavirus*) adj3 (pandemic* or epidemic* or

5285

outbreak* or crisis)).ti,kw,ot.
7 ((Wuhan or Hubei) adj5 pneumonia).ti,kw,ot.

58

8 or/1-7

210568

9 limit 8 to yr="2019 -Current"

210010

10 exp SARS-CoV-2 vaccine/
11 exp *vaccination/
12 (vaccinat* or vaccine? or inoculat* or immunization? or immunize? or immunity or

8323
79521
317621

immunogenicity or variolation?).ti,kw,ot.
13 (pfizer-biontech or biontech or pfizer or comirnaty or "BNT162b2" or "BNT 162B2" or

1686

tozinameran).ti,kf,ot.
14 (astrazeneca or vaxzevria or "AZD1222" or "AZD1222" or "AZD_1222" or covishield or

643

"ChAdOx1_nCoV-19" or "ChAdOx1 nCoV-19").ti,kf,ot.
15 (moderna or spikevax or "mrna-1273" or "mrna 1273" or "mrna1273").ti,kf,ot.

712

16 (janssen or "Ad26.COV2.S" or "johnson and johnson" or "johnson & johnson").ti,kw,ot.

333

17 (sinovac or coronavac or gamaleya or "sputnik V" or "sputnik 5" or bharat biotech or covaxin or

120

covovax).ti,kw,ot.
18 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17
19 9 and 18
20 (safe* or risk* or unsafe or harm* or efficacy or viability or viable or success* or valid* or

331303
15664
3129243

outcome? or evidence-based or guidance or guideline? or recommend* or best practice? or
consensus or advisory or statement? or standard* or literature review? or systematic* review?
or rapid review? or scoping review? or "review of literature" or "review of the literature").ti,kf.
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21 (prevent* adj3 (infect* or spread* or serious* ill* or hospitaliz* or outbreak* or crossinfect* or

19166

nosocomial or severity or severe or intubat* or death? or fatal* or epidemic? or pandemic? or
"loss of life" or "long covid" or intensive care or critical care)).ti,kf,ot.
22 (control* adj3 (infect* or spread* or serious* ill* or hospitaliz* or outbreak* or crossinfect* or

20855

nosocomial or severity or severe or intubat* or death? or fatal* or epidemic? or pandemic? or
"loss of life" or "long covid" or intensive care or critical care)).ti,kf,ot.
23 20 or 21 or 22

3161043

24 19 and 23

2215

25 limit 24 to medline

347

26 24 not 25

1868

27 limit 24 to dd=20211126-20211210

80

28 limit 27 to (english language and yr="2021 -Current")

77

Other Sources
COVID-19 AND (vaccin* OR immunization*)

Appendix 3: Review History
Previous Review
Date
December 13, 2021
November 26, 2021
November 12, 2021
October 28, 2021
October 16, 2021
September 24, 2021
September 10, 2021
August 25, 2021
August 23, 2021
August 10, 2021
July 20, 2021

Review Code
INF031801v018 RR
INF031801v017 RR
INF031801v016 RR
INF031801v015 RR
INF031801v014 RR
INF031801v013 RR
INF031801v012 RR
INF031801v10 RR [no separate review for v11RR in order to align review
numbers - previous versions were combined into one review]
INF031801v9 RR
INF031801v8 RR
INF031801v7 RR
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July 2, 2021
June 22, 2021
June 3, 2021
May 24, 2021
May 14, 2021
March 31, 2021

INF031801v6 RR
INF031801v5 RR
INF031801v4 RR
INF031801v3 RR
INF031801v2 RR
INF031801 RR

Appendix 4: Key Findings History
November 16, 2021
 The Center for Disease Control and Prevention (CDC) recommended that any individuals who
develop myocarditis/pericarditis after a dose of an mRNA COVID-19 vaccine should defer
receiving a subsequent dose until additional safety data are available.
 Starting November 9th, 2021, the CDC is allowing mix and match of booster shots in USA.
 The National Advisory Committee on Immunization (NACI) recommended boosters for high-risk
groups, in addition to immunocompromised groups who had a short period of time between
their first two shots as opposed to the recommended interval.
 NACI also recommended boosters for people who received two doses of the Astra Zeneca
vaccine, as the mRNA vaccines appear to offer better protection.
 On November 4th, 2021, the United Kingdom became the first country to approve Pfizer’s
competitor Merck's COVID-19 antiviral pill (Molnupiravir) which is already under review at the
Food and Drug Administration (FDA) after showing strong initial results. Other antivirals are
under consideration include an agent from Pfizer (Paxlovid). While promising, caution should be
taken with interpreting data from oral antivirals as currently, no published data exist and
conclusions are drawn from a clinical trial conducted by the pharmaceutical company and
results have not yet been vetted by outside scientists.
 India’s Covaxin COVID-19 vaccine by Bharat Biotech reported a vaccine effectiveness of 77.8%
from a clinical trial.
 On November 12th, 2021, a CDC reported vaccine efficacy of 90.9% with primary data from one
phase II/III clinical trial in preventing symptomatic, laboratory-confirmed COVID-19 in children
aged 5–11 years with or without evidence of previous SARS-CoV-2 infection.
November 2, 2021
 October 21st, 2021 Pfizer Inc. and BioNTech announced results from a Phase 3 randomized,
controlled trial evaluating the efficacy and safety of a 30-µg booster dose of the PfizerBioNTech COVID-19 with a relative vaccine efficacy of 95.6%.
 On 21st October, 2021, the advisory panel for the Centers for Disease Control and Prevention
(CDC) said people who received Moderna and Johnson & Johnson (J&J) COVID-19 vaccines
should receive a booster dose, and should continue with the original vaccine they recieved.
 NACI’s latest guidelines suggest provinces should offer boosters to Canadians who received
two doses of the Oxford-AstraZeneca vaccine or one dose of the Johnson & Johnson vaccine.
 The US Food and Drug Administration (FDA) vaccine advisory group on 26th October 2021
approved the emergency use of the Pfizer-BioNTech COVID-19 vaccine for children ages 5 to
11 at a reduced dosage from the stanard dosing available for those over 12.
 Therapeutic Goods Administration (Australia) has provisionally approved a third dose of the
Pfizer (Comirnaty) vaccine for individuals 18 years or older. Pfizer (Comirnaty) is
recommended as a single booster dose, irrespective of the primary COVID-19 vaccine used.
 On 29th October, 2021, NACI issued new guidance "strongly" recommending booster shots for
seniors 80 and older.
 A survey at University of Oxford, UK, found that social media played a part in children aged 9
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to 18 being more undecided than their older counterparts.
A report by the CDC found that the effectiveness of 2 doses of Pfizer-BioNTech vaccine against
COVID-19 hospitalization was 93% during the period of B.1.617.2 (Delta) variant dominance
among children and adolescents aged 12–18 years.

October 28, 2021
 On 12th October 2021, the Agency for Clinical Innovation and New South Wales
Government reported that Johnson & Johnson elicited durable humoral and cellular
immune responses with minimal decreases for at least eight months after immunization.
 On 14th October 2021, Australian Technical Advisory Group on Immunization (ATAGI)
recommended a third dose of vaccine as part of the primary course in individuals who are
severely immunocompromised and individuals at increased risk for exposure and
transmission.
 On 15th October 2021, the Food and Drug Administration (FDA) vaccine advisory group
unanimously approved a booster dose of Johnson & Johnson (J&J) vaccine for all
Americans 18 years old and older who received a single dose.
 Based on preliminary data from the British Columbia Centre for Disease Control (BCCDC) and
the Quebec National Institute of Public Health (INSPQ), the strategy to delay and mix second
doses of vaccines led to strong protection from infection, hospitalization and death, despite
highly contagious variants such as the Delta variant.
October 16, 2021
 On September 22, 2021, FDA authorized an additional (booster) dose of Pfizer-BioNTech
vaccine ≥6 months after completion of the primary series among persons aged ≥65 years, at
high risk for severe COVID-19, or whose occupational or institutional exposure puts them at
high risk for COVID-19.
 Health Canada has updated the AstraZeneca (Vaxzevria) and Janssen COVID-19 vaccine
product monographs to include information on Thrombosis with Thrombocytopenia
Syndrome (TTS) or Vaccine-Induced Immune Thrombotic Thrombocytopenia (VITT).
 The new SARS-CoV-2 Rapid Risk Assessment published on September 30, 2021 by the
European Centre for Disease Prevention and Control (ECDC) stated that the EU has not yet
achieved high enough COVID-19 vaccination coverage in their total populations (only 61.1%
vaccinated) to relax restrictions as there is considerable variation in vaccine uptake across
countries, resulting in large proportions of the EU/EEA population remaining susceptible to
infection.
 The ECDC also recommended that: “Vaccination against seasonal influenza, particularly for
vulnerable populations and healthcare workers, will be essential to mitigate the impact on
individuals and on healthcare systems in the coming months from the potential co-circulation
of the two viruses.
 Pfizer Inc (PFE.N) said on September 27, 2021, it has started a large study testing its
investigational oral antiviral drug for the prevention of COVID-19 infection among those who
have been exposed to the virus.
September 24, 2021
 The Joint Committee on Vaccinations and immunization (JCVI) in the UK give a precautionary
approach regarding vaccination of children aged 12 to 15 years who do not have underlying
health conditions.
 A prospective study has shown that the use of a booster dose (third dose, 5 months after full
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vaccination) with Pfizer (BNT162b2) substantially reduces the rate of confirmed COVID-19
infection and severe illness among individuals 60 and older.
Canada's National Advisory Committee on Immunization released recommendations on
September 10th 2021 to provide a third vaccine dose to immunocompromised and populations
with serious immunodeficiencies.
The JCVI is advising booster vaccines be offered to those more at risk from serious disease
such as residents in care homes, adults aged 50 years or over, frontline HCW, individuals with
underlying health conditions and adult household contacts of immunosuppressed individuals.

September 10, 2021
 CoronaVac/AZD1222 shows higher neutralizing antibody activity to original Wuhan strain and
Alpha and Beta variants compared to homologous two-dose CoronaVac vaccine.
 The neutralizing antibody levels of mRNA vaccine in adolescents 12 to 17 years of age was
similar to young adults 18 to 25 years.
 A study evaluating safety in 140 pregnant women showed no maternal or neonatal deaths
following the FDA emergency use of vaccines.
 Vaccine effectiveness of Pfizer and Moderna dropped during the Delta variant predominant
period from May to July of 2021.
 The odds ratio of vaccine effectiveness in men was higher with the Moderna vaccine and in
women was higher with the Sputnik vaccine whereas Pfizer and AstraZeneca had similar odds
ratio in both genders.
 On August 2021, the BNT 162b2 (Pfizer) vaccine was fully approved by the FDA based on an
initial Pfizer’s study (six months after vaccination clinical trial) and other real-world safety
evidence.
 An interim analysis in fully vaccinated 4,217 frontline workers in the USA with Pfizer-BioNTech ,
Moderna and Johnson & Johnson during Delta variant–predominant weeks, found Vaccine
effectiveness declined to 66% compared with 91% during the months preceding Delta
predominance.
August 25, 2021
 There are further findings supporting the effectiveness of vaccines in pregnant and
breastfeeding women.
 High vaccine efficacy (92-93%) was seen in adolescents between 12 and 15 years of age.
 A 9-week delay in administration of second dose of Moderna (mRNA-1273) could maximize
effectiveness of vaccine in preventing infection.
 Analysis of serum SARS-CoV-2 anti-spike IgG (GMRs) at 28 days post boost vaccination
indicated that the heterologous schedules(ChAd(Vaxzevria)/BNT(Comirnaty,Pfizer) and
(BNT/Chad) schedule had higher GMRs than homologous schedules (BNT/BNT or ChAd/ChAd)
vaccination.
 There is evidence that vector vaccines such AstraZeneca Chad0x1-S have active long-lasting
immune response. On the other hand, emerging evidence shows a decline in antibodies 3-6
months post Pfizer vaccination and may require booster.
 Israel presented data suggesting that the Pfizer/BioNtech vaccine's effectiveness against
severe disease in 60-year-old people has declined from 97% in January to 81% due to delta
variant.
 19 % of fully vaccinated healthcare workers in Israel who developed breakthrough infections
reported "long COVID" symptoms for more than 6 weeks
 60% of transplant patients who received a booster dose saw a rise in neutralizing antibodies
compared to the placebo group.
 The CDC changed their recommendation near the end of July 2021 stating that all individuals

Rapid Review Report: INF031801v019 RR (Version 19: December 26, 2021)

83

regardless of vaccination status should wear a mask in public indoor settings "in areas with
substantial and high transmission.
August 23, 2021
 There have been further effectiveness studies published that are in line with previous study
results.
 The CDC is once again recommending masks for individuals who are indoors in public
spaces, or "in areaswith substantial and high transmission” regardless of vaccination status
 Germany announced they would offer 3rd booster shots to older and immunocompromised
citizens
 Breakthrough infections continue to occur, especially with newer variants, though
vaccination appears to significantly reduce the likelihood that an individual will have a
serious COVID-19 infection (resulting in hospitalization, severe disease, or death)
 The HHS plans to administer 3rd doses to all Americans starting in fall (not just
immunocompromised patients)
 Due to inequality in vaccine access, the WHO has performed advocacy by calling for a
moratorium on third doses until all countries have a 10% vaccination rate
July 30, 2021
 There have been further effectiveness studies published that are in line with previous study
results.
 The final section of this review briefly examines the efficacy, effectiveness, and safety data
for the Sputnik V, Sinovac/Coronavac, Sinopharm, and Covaxin COVID-19 vaccines. This
information has not been included in previous updates and will be part of the review
moving forward.
 The federal government has agreed to purchase large quantities of two additional
vaccines that Health Canada is reviewing (Medicago’s and Novavax’s).
 Health Canada is considering approving yet another vaccine, Covaxin which is developed in
India.






Results from a Com-Cov mix and match study of 463 participants with a 28-day primeboost interval found that both the homologous and heterologous booster combinations
elicited a robust immune response and suggests allowing for flexibility in deploying
mRNA and viral vectored vaccines, subject to supply and logistical considerations.
The CDC released a statement that they have received reports of 100 people, out of 13
million Americans,who got the Janssen (Ad26.COV2.S) COVID-19 vaccine developing
Guillain-Barré syndrome, an immune system disorder that can cause muscle weakness and
occasionally paralysis. Most cases were reported in men, often 50+ years of age and usually
about two weeks after vaccination.
An outbreak of Gamma variant (P.1) in LTC home in Ontario occurred in April 2021 when an
unvaccinatedstaff member came to work while asymptomatic, resulting in the subsequent
breakthrough infections of 30 fully vaccinated residents and 15 fully vaccinate staff. The
study found that for fully vaccinated individuals there was an estimated vaccine
effectiveness against infection of 52.5% (95%CI 26.9-69.1%) inresidents and 66.2% (95%CI,
2.3-88.3%) in staff, and 78.6% (95%CI 47.9-91.2) against severe illness in residents with two
cases resulting in death. There was no severe illness or death in staff. This study
emphasizes the need for both vaccination and infection control measures for outbreak
management.
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July 16, 2021
 There have been further effectiveness studies published that are in line with previous study
results.
 June 24, 2021, it was announced that nearly all the 300 deaths per day in the country
were among unvaccinated individuals. For the entire month of May 2021 only 150 deaths
out of 18,000 (0.8%) were among fully vaccinated people
 Pfizer and BioNTech announced in a press release on July 8th that their ongoing third
booster trial were producing promising data. They intend to publish more definitive data
as it becomes available as well as submit to a peer-reviewed journal and intend to submit
the data to the FDA, EMA and other regulatory authorities in the coming week. Canada,
the UK, and the USA have stated that they will wait for more
information before making a decision on third doses, but Israel has said they will begin third
doses for those in higher risk groups for infection
 A study from Ontario Canada found that partial vaccination (14+ days past first dose), vaccine
effectiveness against symptomatic Delta (B.1.617) infection was 56% for Pfizer (BNT162b2),
72% for Moderna (mRNA- 1273), and 67% for AstraZeneca (ChAdOx1-S), and for full
vaccination (7+ days past second dose), vaccine effectiveness against symptomatic Delta
(B.1.617) infection Pfizer (BNT162b2) increased protection to 87% (95% CI, 64–95%) results
for fully vaccinated individuals with Moderna (mRNA-1273) and AstraZeneca (ChAdOx1-S)
were not provided. While the studies leading to these results have attempted to correct for
co-variates with logistic regression, Given the varying deployment of these vaccines (ie. Pfizer
was offered to certain patients at certain times, Moderna offered initially to areas where
storage was a concern, and AstraZeneca having differing guidelines for qualification for
administration), it is impossible to directly compare these numbers without significant
confounders. These numbers should not be used to make comparisons on brand superiority;
rather, as a general sense of how effective a single dose of any vaccine is.
 In Scotland between April 1- May 28, 2021 the estimated effectiveness of Pfizer
(BNT162b2) against variant COVID-19 infection was found to be 92% (95% CI 90–93) for
Alpha (B.1.1.7) and 79% (75–82) for Delta (B.1.617.2) For AstraZeneca (ChAdOx1-S) the
estimated effectiveness was found to be 73% (95% CI66–78) for Alpha (B.1.1.7) and 60%
(53–66) for Delta (B.1.617.2)
 Canadian data provided by the Public Health Agency of Canada (PHAC) shows that
breakthrough infections among fully vaccinated Canadian’s account for 0.5% of reported
since the vaccination rollout began in December 2020 (data collected excludes Québec,
Saskatchewan and Newfoundland and Labrador), additionally only 0.0027% of COVID-19
deaths occurred among partially vaccinated individuals and 0.0018% among fully vaccinated
individuals
 In terms of transmission from infected vaccinated individuals: A study of 40 HCWs who had
breakthrough asymptomatic COVID-19 infections following two doses of Pfizer (BNT162b2)
identified 74 close contacts who were in contact within 48 hours of the positive test result,
or during the 10-day quarantine period. Ofthose close contacts only 3 close contacts tested
positive at the beginning of the quarantine period (1 symptomatic, 2 asymptomatic) and of
the 23 spousal relationships (assumed to be in closer contact) none tested positive during the
quarantine period or experienced COVID-19 symptoms.
 A study considering 30,494 pregnant women vaccinated with Pfizer (BNT162b2) (16,039)
and Moderna(mRNA-1263) (14,455) as of March 10, 2021, found that the rates of side
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effects and complications in vaccinated pregnant women did not seem significantly
different from those of unvaccinated pregnant women. Follow up completed with 1815
pregnant women (275 already completed pregnancy) showed similar or lower rates of
miscarriages, preterm births, stillbirths, hypertensive disorders of pregnancy, diabetes,
growth restriction and perinatal mortality than what were expected from populationbased estimates.
July 2, 2021
 There have been further effectiveness studies published that are in line with previous study
results.
 NACI now recommends that those who received AstraZeneca (ChAdOx1-S) for their first
vaccine preferentially receive a mRNA COVID-19 vaccine as their second dose. They have
also advised that Pfizer (BNT162b2) and Moderna (mRNA-1273) can be used
interchangeably as first or second doses.
 Preliminary results from the Canadian Partnership for Tomorrow’s Health (CanPath) COVID19 Antibody Study, show a high degree of variability in the level of antibodies produced by a
single dose of a COVID-19 vaccine, emphasizing the importance of receiving a second dose in
a two-dose regimen.
 Public Health England reporting on a recently completed study between April 5th to May 16th
that found:
o 2 doses of the Pfizer (BNT162b2) vaccine were 88% effective against symptomatic
disease from the B.1.617.2 variant (Delta) 2 weeks after the second dose.
o 2 doses of the AstraZeneca vaccine were 60% effective against symptomatic disease
from the
B.1.617.2 variant (Delta).
o Both vaccines were 33% effective against symptomatic disease from the
B.1.617.2 variant (Delta), 3 weeks after the first dose.




The deputy director of the Immunization Safety Office at the CDC has said that the agency
has received reports of 1,226 cases of myocarditis, with 827 (67.5%) reported after then
second dose of either the Moderna (mRNA-1273) or Pfizer (BNT162b2) vaccine. In total,
that's approximately 12.6 heart inflammation cases per million doses administered in the
United States. The CDC has affirmed that the known and potential benefits of COVID-19
vaccination outweigh the known and potential risks of myocarditis and encourage people
to continue getting their second dose of either the Moderna (mRNA-1273) or Pfizer
(BNT162b2) vaccine.
“COVID arm”, is a harmless hypersensitivity response that occurs after an mRNA COVID-19
vaccine previously potentially mistaken for cellulitis. Distinguishing features of COVID arm
from cellulitis include pruritus as a common finding, occurrence approximately a week after
vaccination, a lack of progression of symptoms, rapid response to topical steroids, and/or
spontaneous resolution, usually over 4 to 5 days.

June 22, 2021
 There have been several effectiveness studies published that are supportive of
effectiveness rates foundin previous studies.
 A study considering 1 vaccine dose of either Pfizer (BNT162b2) or Moderna (mRNA-1273)
found that effectiveness against severe outcomes continued to increase over time with an
adjusted vaccine effectiveness after 14 days being was 70% (95%CI, 60 to 77%), increasing to
62% (95%CI, 44 to 75%) at 14–20 days, and 91% (95%CI, 73 to 97%) at ≥35 days. Whereas
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adjusted vaccine effectiveness 7 days after receiving 2 doses was 98% (95%CI, 88 to 100%).
Small numbers of breakthrough cases are being seen among fully vaccinated individuals
throughout several studies; however fully vaccinated individuals experience milder disease
and are less likely to seek emergency care when a breakthrough infection occurs.
An outbreak of B.1.351 among a nearly fully vaccinated long term care home (138/139
residents, and 204/243 staff with 1 or more vaccine) in location, Canada resulting in the
death of 3 residents highlights the need to continue non-pharmaceutical interventions
among vulnerable populations.
Out of more than 5 million vaccinated people in Israel between December 2020 and May
2021 myocarditis has been observed in 275 males aged 16-30 after their second dose of
Pfizer (BNT162b2).
The Canadian government is investing 1.8 million dollars in a Canada-wide study on children
and youth that will monitor the effects of illness from COVID-19, as well as the safety and
effectiveness of COVID-19vaccines. The study will be conducted through Canada’s IMPACT
(Immunization Monitoring Program ACTive) network.
A study out of Israel found a strong and robust negative association between the
vaccination of adults inthe community and a later decline in infection of the younger
cohort. They found that for each 20 percentage points of individuals who are vaccinated in
a given population, the positive test fraction for the unvaccinated population would decline
approximately twofold.

June 3, 2021
 Health Canada has updated their recommendation on the storage of Pfizer (BNT162b2)
once thawed, increasing the length of time it can be stored in a refrigerator from 5 to 31
days.
 An Israeli study (Chodick et al.) combining the effectiveness of first and second dose
recipients (n = 1,178,597 with 74% of participants being 7+ days after their second dose)
found vaccine effectiveness for preventing infection was approximately 82% for individuals
with underlying chronic conditions (diabetes, hypertension, cardiovascular diseases, or
cancer), and 71% for immunosuppressed patients, compared tothe population average of
90%.
 Results from a UK study (Parry et al.) evaluating a 3-week prime-boost interval compared to
an extended11-12 week prime-boost schedule for individuals 80+ years of age found the
peak antibody response was
3.5 higher for those on the extended schedule
 Britain has launched a nationwide study looking at the safety and effectiveness of a third
dose of COVID- 19 vaccine with findings expected in September 2021.
 NACI and the Public Health Agency of Canada have released a statement on mixing-andmatching vaccines stating that those who received an AstraZeneca (ChAdOx1-S) vaccine as
their first dose could receive
either a Pfizer (BNT162b2) or Moderna (mRNA-1273) as their second dose. They also stated
that those who had received Pfizer (BNT162b2) or Moderna (mRNA-1273) as their first dose
should receive the samevaccine as their second dose when possible but could receive the
alternate mRNA vaccine if needed. (See limitations)
 Moderna announced the results of the TeenCOVE study which showed 100% efficacy 14+
days after the second dose of Moderna (mRNA-1273).
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Three pregnancy and breastfeeding studies are underway or beginning recruitment
o A Phase 2/3 Trial by Pfizer and BioNTech
o A Canadian study through COVID-19 Immunity Task Force (CITF) and the Vaccine
Surveillance Reference Group (VSRG) in Canada
o The Society of Obstetricians and Gynaecologists of Canada (SOGC) now recommends
COVID-19 vaccination during pregnancy and is promoting voluntary registration in
the Canadian COVID-19 Vaccine Registry for Pregnant and Lactating Individuals, a
web-based, longitudinal survey aiming to record the outcomes and opinions
regarding the COVID-19 vaccines experiences.
 Most emerging data regarding COVID-19 vaccine efficacy against the B.1.617 variant of
concern is serological and should be interpreted with caution. Initial findings show reduced
neutralization capacity though still within a range that indicates that the COVID-19
vaccines should provide some protection against the new variant.
 The European Centre for Disease Prevention and Control reports risk for VITT following first
and second doses vaccination with AstraZeneca (ChAdOx1-S) in the UK is 10.9 cases per
million doses administered. As of May 5, 2021, only 8 cases were noted in the UK after 7.5
million second doses were administered.
May 24, 2021
 Preliminary results were released from the phase 2 trial evaluating a third booster dose of
Moderna vaccines, comparing a booster after 6 months of standard Moderna (mRNA1273) to Moderna mRNA 1273.351. Both the original Moderna (mRNA-1273) and new
mRNA-1273.351 boosted neutralization of the original COVID-19 strain, as well as the
B.1.351 and P.1 variants; mRNA- 1273.351 appeared to be more effective at increasing
neutralization of the B.1.351 virus than a boost with mRNA-1273. Note should be made
that this is a laboratory correlate, but a combination of scientific rationale with laboratory
evidence may form preliminary evidence. Further larger scale clinical evidence is needed
to reinforce findings.
 Preliminary findings of UK studies mixing vaccine formulations in doses 1 and 2 show a
greater systemic reactogenicity following the boost dose in comparison to receiving two
doses of the same vaccine. Some authorities believe this may indicate a greater immune
response, however there is limited evidence to indicate reactogenicity correlates closely
with immune function. At this time there is minimal evidence with which to measure the
efficacy or even safety of mixing vaccine formulations; further evidence is expected to be
available during the month of June 2021.
 A study in Israel found incident rate ratios for those fully vaccinated with Pfizer (BNT162b2)
to be 0.03 forsymptomatic infection and 0.14 for asymptomatic infection, giving an estimated
vaccine effectiveness (1-IRR) of 97% and 86%, respectively.
May 14, 2021
 A cohort study of 23,324 UK HCWs demonstrates that the effectiveness of a single dose
of Pfizer (BNT162b2) was 70% (21 days post injection) and 85% after the second dose
(7+ days post injection).
 A cohort study of 3,950 US HCWs demonstrates an effectiveness of 90% of both Pfizer
(BNT162b2) andModerna ((mRNA-1273) vaccines after two doses.
 Janssen (Ad26.COV2.S) after 14 and 28 days respectively had 52% and 64% efficacy against
moderate to severe-critical COVID-19 infection, and 73.1% and 81.7% efficacy against
severe to critical COVID-19 infection.
 A case-control study from the UK demonstrates that household transmission of COVID-19
was reduced by49% when the index case was vaccinated with Pfizer (BNT162b2) and by 47%

Rapid Review Report: INF031801v019 RR (Version 19: December 26, 2021)

88

when vaccinated with AstraZeneca (ChAdOx1-S).











Regarding asymptomatic infection, a randomized control trial of the AstraZeneca (ChAdOx1S) vaccine in the UK demonstrated a vaccine efficacy 70%, while a retrospective cohort study
from the US observed an effectiveness of 79% following one dose and 80% following two
doses of either mRNA vaccine.
Two doses of Pfizer (BNT162b2) showed an effectiveness of 89.5% - 95.3% against infection with
the
B.1.1.7 variant, and 70.05% against the B.1.351 variant.
AstraZeneca (ChAdOx1-S) showed a vaccine efficacy of 70.4% for B.1.1.7 variants,
limited evidence suggests a significant decrease in B.1.351.
Trials are underway in the UK to measure the effectiveness of immunization regimens
that employ different vaccines for the first and second doses – the results are
expected in June.
Health Canada notes the existence of a the risk of developing vaccine-induced thrombotic
thrombocytopenia (VITT) post vaccination for both AstraZeneca (ChAdOx1-S) and Janssen
(Ad26.COV2.S) in the order of 1:100,000 – 1:250,000. As well a causal link between immune
thrombocytopenic purpura(ITP) and the Pfizer (BNT162b2) and Moderna (mRNA-1273)
vaccines is being explored.
Based on guidelines by regulatory bodies in Canada, Europe, and the US, the benefits of
using AstraZeneca or Janssen vaccines may or may not outweigh the risks of VITT depending
on various external factors including but not limited to COVID-19 case numbers and
individual risk. However, NACIs May 3rd update on their recommendation indicates that the
AstraZeneca (ChAdOx1-S) and Janssen (Ad26.COV2.S)vaccines should only be used in
individuals 30+ years in whom the risk/benefit assessment favors proceeding with
immunization rather than waiting for an mRNA vaccine.



Health Canada has approved Pfizer (BNT162b2) for individuals 12-15 years of age
(previously 16+ yearsold had been approved).
March 31, 2021
 Johnson&Johnson vaccine (AD26.COV2.S) shows overall vaccine efficacy (VE) of 66.9% and
66.1% at least 14 and 28 days after vaccination, respectively, in preventing moderate to
severe/critical COVID-19 disease. The VE ranges from 52.0% in South Africa (dominantly
B.1.351 lineage) to 87.6% in Brazil (dominantly P.2 lineage). No deaths related to COVID-19
were reported in the Johnson&Johnson vaccine group.
 European Medicines Agency’s (EMA) safety committee confirms that the benefits of the
AstraZeneca vaccine outweigh the risk of side effects, and the vaccine is not associated with
an increase in the overall risk of blood clots (thromboembolic events). However, the vaccine
may be associated with cerebral venous sinus thrombosis (CVST) and disseminated
intravascular coagulation (DIC). While a causal link is yet to be proven, EMA recommends
that patients should seek immediate medical attention and inform healthcare professionals
of their recent vaccination is symptoms suggestive of clotting problems occur. At this time,
NACI recommends that AstraZeneca COVID-19 vaccine should not be used in adults under
55 years of age.
 FDA states that the Pfizer-BioNTech vaccine can be transported and temporary stored at
conventional temperatures (-25oC to -15oC) commonly found in pharmaceutical freezers
for a period of up to two weeks for frozen vials before dilution.
 Clinical studies of a booster shot (third dose) of Pfizer-BioNTech and Moderna have begun,
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using both standard and modified vaccine formulations to address concern of variant
escape, but the results are not available yet.
 Pfizer trial shows its vaccine is safe and effective for children aged 12 -15 years old (no cases
of COVID-19 among fully vaccinated groups versus 18 among placebo group). Moderna and
Johnson&Johnson trials in children have begun, but the results are not available yet.
March 5, 2021
 Pfizer (BNT-162b2) vaccine demonstrates 95.0% efficacy for the prevention of
symptomatic COVID-19 infection occurring at least 7 days after the second dose of the
vaccine (doses administered 21 days apart). Efficacy in individuals over 65 years is 94.7%
and efficacy in the prevention of severe disease following the first dose is 88.9%. In a
post-hoc analysis, vaccine efficacy of a single dose is 52.4% if counting cases occurring
after the first dose but prior to the second.
 Moderna (mRNA-1273) vaccine demonstrates 94.1% efficacy against symptomatic
COVID-19 infectionoccurring at least 2 weeks after the second dose of the vaccine (doses
administered 28 days apart).
Assessment starting 14 days after dose 1 shows 95.2% vaccine efficacy. In people older
than 65 years of age, the efficacy is 86.4%. Efficacy against severe COVID-19 disease is
100% and asymptomatic disease 62%.
 AstraZeneca (ChAdOx1) vaccine demonstrates 62.1% and 90.9% efficacy against
symptomatic COVID-19 confirmed by PCR in participants who received two standard doses
(SD/SD) and in participants who received a low dose followed by a standard dose (LD/SD),
respectively. Overall vaccine efficacy across both groups was 70·4%. Vaccine efficacy in
preventing hospitalization, severe disease, and death was 100%.
 Vaccine effectiveness from real-world observational studies:
o Israel – Pfizer (BNT-162b2) vaccine:
 46% and 92% for documented infection 14-20 days after first dose and
>=7 days after second dose, respectively.
 57% and 94% for symptomatic COVID-19 14-20 days after first dose and
>=7 days after second dose, respectively.
 74% and 87% for hospitalization 14-20 days after first dose and >=7 days
after second dose, respectively.
 62% and 92% for severe disease 14-20 days after first dose and >=7 days
after second dose, respectively.
o UK – Pfizer (BNT-162b2) and AstraZeneca (ChAdOx1) vaccines:
 During the period in which this study was conducted the B.117 variant of
SARS-CoV-2virus was the predominant strain circulating in the UK.
 A single dose of the Pfizer (BNT162b2) vaccine is 60-70% effective at
preventing symptomatic disease in adults aged 70 years and older, and 2
doses are approximately85-90% effective.
 A single dose of the Astra Zeneca (ChAdOx1) vaccine is 60-75%
effective against symptomatic disease.
 A single dose both Pfizer (BNT162b2) and Astra Zeneca (ChAdOx1)
vaccines is 80% effective at preventing hospitalisation.
 Pfizer vaccine is 85% effective at preventing death from COVID-19, however
insufficient time has elapsed since the launch of the AstraZeneca (ChAdOx1)
vaccine to permit a comparable estimate.
o Scotland - Pfizer (BNT-162b2) and Moderna (mRNA-1273) vaccines:
 Vaccine effectiveness against COVID-19 hospitalization increased over time
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until a peak at day 28-34 days post-vaccination for both vaccines, BNT162b2
at 85%, (95% CI 76 to 91), ChAdOx1 at 94% (95% CI 73 to 99). In the oldest
age group (≥80 years), based on a pooled analysis for both vaccines, a peak
vaccine effectiveness of 81% was observed after 28 days.
o South Africa – AstraZeneca (ChAdOx1):
 SARS-CoV-2 VOC B.1.351 was the primary variant circulating at the time of the
study.
 For mild-moderate symptomatic COVID-19 vaccine efficacy = 21.9% (95% CI 49.9; 59.8).
 Estimates of vaccine efficacy of a single dose of the Pfizer (BNT-162b2) vaccine against
symptomatic COVID- 19 >14 days post-vaccination range from 51.4 - 92.6%, while that of the
Astra Zeneca (ChAdOx1) vaccine from day 22 to day 90 post-vaccination was 76% (95% CI 59%86%).
 In the Astra Zeneca (ChAdOx1) clinical trial, vaccine efficacy was higher the longer the interval
between the two doses: vaccine efficacy was 82.4% with a 12+ week interval vs. 54.9% with an
interval of <6 weeks.
 Estimates of vaccine effectiveness in preventing asymptomatic COVID-19, based on limited
evidence, range from 58.9% to 75%, with one estimate as low as 3.8%.
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