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The WHO declared a Public Health Emergency of 
Interna:onal Concern around 2019-nCoV because 
of the spread of the virus outside of China, 
describing it as an “unprecedented outbreak”.

– January 30, 2020

Hopeful…



The WHO declared a COVID-19 a pandemic.

– March 11, 2020

Not so Hopeful…



Outline

•Where we are right now

• Variants

• Vaccines and Variants
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New variants of concern spread more easily than early variants
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New variants of concern spread more easily than early variants
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Weekly growth in Variants of Concern in Ontario matches 
other countries.
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Case projections depend heavily on spread of variants

Scenarios based on 5 
models, 3-5 scenarios each. 

Optimistic scenario reflects:
• Modeling approach
• Low increase of VOCs over 

time
• Low transmissibility of 

VOCs
• Degree and timing of 

relaxing public health 
measures

Predictions informed by modeling from COVID-19 ModCollab, Fields Institute, McMasterU, PHO, YorkU
Data (Observed Cases): covid-19.ontario.ca
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SARS-CoV-2 Variants



What generates Variants 
of SARS-CoV-2?

Viruses, just like people, make 
mistakes.



What generates Variants of SARS-CoV-2?

• All viruses can develop 
muta2ons during viral 
replica2on
• The likelihood of muta2on 

arising is related to overall rates 
of viral replica2on
• The more viral replica.on cycles 

the more likely the occurrence of 
random muta.ons

• Right now there is a lot of viral 
replica2on with COVID-19 
worldwide 

Source: R Sanjuán & P Dominog-Calap Cell. Mol. Life Sci. (2016) 73:4433–4448

SARS-CoV-2 in in this group of viruses

SARS-CoV-2



Mutational Frequencies of SARS-CoV-2

• Nucleotide mutational 
frequency of six genomic 
segments of SARS-CoV-2 
over an 11-week period
• R5 (in yellow)is the 

genomic sequence that 
encompasses the Spike 
Protein of SARS-CoV-2
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evolutionary rate. Also, the evolution pattern suggests that all lineages share the same ancestry, such
as the Wuhan virus with multiple gene mutations over time.

Figure 1 also demonstrates that all March sequences were more distant from the sequence of
Wuhan except MT325592.1 (3/5/2020). Our findings support the notion that the US SARS-CoV-2 virus
genome is the product of the Wuhan SARS-CoV-2 evolution. However, it appears that the virus genome
is continuously changing and that could be a result of adaptation to the new environment.

2.2. Mutational Analysis in Genome

Mutations were grouped by the date and divided into seven days period, making a total of
11 weeks. Mutation frequency was calculated by taking the ratio of the number of total nucleotide
mutations and the number of genome sequences in each week. Mutation frequency for whole genomes
was observed to be low during the initial five weeks. However, after the first five weeks, the frequency
seems to have increased sharply until week nine and remained similar or even slightly down in
weeks 10 and 11 (Figure 2). To identify the regions with the most mutations over time, SARS-CoV-2
genome was divided into six regions of approximately 5 kb each and these were named as region 1
(1–5000 bp), region 2 (5001–10,000 bp), region 3 (10,001–15,000 bp), region 4 (15,001–20,000 bp), region 5
(20,001–25,000 bp), and region 6 (25,001–end) (Figure 3). This was done to facilitate the analysis of the
large genome of the SARS-CoV-2 virus, which is 29,903 kb [10]. It appears that the mutational frequency
of regions 1 (1–5000 bp), region 4 (15,001–20,000 bp), and region 5 (20,001–25,000 bp) increased over
time with the higher frequency in weeks 7–10. Overall, the mutation frequency during entire period
of analysis (11 weeks) was found to be highest in region 4, followed by regions 1, 5, and 6 (Figure 2).
Regions 2 and 3 had the lowest mutation frequency and appeared to be more conserved. Unique
mutations are also calculated by removing the redundant mutations identified in more than one week.
Unique mutations per region per week are summarized in Supplementary Table S4. The total number
of unique mutations accumulated during the entire 11 weeks were found to be highest in region 6
followed by region 1 as shown in Figure 4.
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Figure 2. Nucleotide mutational frequency of six genomic segments of SARS-CoV-2. Mutational 
frequency was calculated by the ratio of the number of total nucleotide mutations and the number of 
genome sequences in each week. The SARS-CoV-2 genome was divided into six regions, which are 
represented as R1-R6. 

Figure 2. Nucleotide mutational frequency of six genomic segments of SARS-CoV-2. Mutational
frequency was calculated by the ratio of the number of total nucleotide mutations and the number of
genome sequences in each week. The SARS-CoV-2 genome was divided into six regions, which are
represented as R1–R6.

Source: N Kaushal et al Pathogens 2020, 9, 565; doi:10.3390/pathogens9070565 



VOC Evolution & Nomenclature

Lineage Genomes Date range Comments 

A 223 5 January–27 April 2020 
The root of the pandemic lies in this 
lineage. Many Chinese sequences with 
global exports 

B 1,713 24 December 2019–3 May 
2020 

The base of this lineage lies in China, 
with extensive global travel between 
multiple locations 

B.1 7,438 24 January–10 May 2020 

Comprises the large Italian outbreak; it 
now represents many European 
outbreaks, with travel within Europe 
and from Europe to the rest of the 
world 

B.1.1 6,286 15 February–9 May 2020 Major European lineage; exports to the 
rest of the world from Europe 

Source: A Rambaut et al Nature Micro hWps://doi.org/10.1038/s41564-020-0770-5 



The SARS-CoV-2 Family Tree

Source: A Rambaut et al Nature Micro https://doi.org/10.1038/s41564-020-0770-5 



Why are we concerned about Variants?

• Possible consequences of emerging mutations

1. Increased transmissibility 

2. Increased virulence 

3. Decreased protection from current vaccines or 

previous natural infection 



Current SARS-CoV-2 Variants of Concern (VOC)
• The chief variants of concern presently are:
• B.1.1.7 (UK variant) 🇬🇧
• B.1.351 (South African variant) 🇿🇦
• B.1.128 (Brazilian variant) 🇧🇷
• B.1.427/429 (California variant) 🇺🇸
• B.1.525/526 (New York variant) 🇺🇸

RESULTS 

mRNA-1273 neutralization against mutant strains 

Variant Name Amino Acid Changes in Spike 
20E (EU1) A222V-D614G 
20A.EU2 S477N-D614G 
N439K-D614G N439K-D614G 
Mink Cluster 5 Variant ∆H69∆V70-Y453F-D614G-I692V-M1229I 
B.1.1.7  
(a.k.a., 20I/501Y.V1, VOC 202012/01) 

∆H69∆V70-∆Y144-N501Y-A570D-D614G-P681H-
T716I-S982A-D1118H 

B.1.351  
(a.k.a., 20H/501Y.V2) 

L18F-D80A-D215G-∆L242∆A243∆L244-R246I-
K417N-E484K-N501Y-D614G-A701V 

 
Table 1.  Spike mutations in SARS-CoV-2 variants evaluated in this study. 

To assess the ability of mRNA-1273 to elicit neutralizing antibodies against the new 

SARS-CoV-2 variants, we first evaluated sera from NHPs that received 30 µg of mRNA-1273 and 

participants in the Phase 1 clinical study immunized with mRNA-1273 at the authorized dose of a 

100 µg; both NHPs and humans received a primary series - two doses given approximately 28 

days apart. Neutralizing activity was measured with SARS-CoV-2 full-length S pseudotyped 

recombinant VSV-ΔG-firefly luciferase virus; antibody levels were measured in PsVN assays 

containing the S of the original Wuhan isolate (D614), the dominant strain of 2020 containing the 

D614G mutation, or S from 20E, 20A.EU2 and mink cluster 5 variants. (Table 1). Results 

demonstrate that the antibody response elicited by mRNA-1273 provides similar levels of 

neutralization against these SARS-CoV-2 S variants as against the Wuhan-Hu-1 (D614) strain. 

This observation includes the G614 variant that has been shown to have higher neutralizing titers 

in lentiviral PsVN assays (Fig. 1).  

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
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https://nyti.ms/35RWAIj

Inside the B.1.1.7 Coronavirus Variant
By Jonathan Corum and Carl Zimmer Jan. 18, 2021

At the heart of each coronavirus is its genome, a twisted strand of nearly
30,000 “letters” of RNA. These genetic instructions force infected human
cells to assemble up to 29 kinds of proteins that help the coronavirus
multiply and spread.

U.S.A. World Health
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TVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQ
TLEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYST
GSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYT
MSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLL
QYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKP
SKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMI
AQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFN
SAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDK
VEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCG
KGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHW
FVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHT
SPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWL
GFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT

Spike proteins in the B.1.1.7 lineage have two deletions and six
substitutions in this sequence of amino acids.

Written as letters, a B.1.1.7 spike protein looks like this:

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPF
FSNVTWFHAI[Deletion]SGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGT
TLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGV[Deletion]YHKNNKSWMESEF
RVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRD
LPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPR
TFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPN
ITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLND
LCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGG
NYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPT[Y]GV
GYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLP
FQQFGRDI[D]DTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNC
TEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQ
TQTNS[H]RRARSVASQSIIAYTMSLGAENSVAYSNNSIAIP[I]NFTISVTTEILPV
SMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQ
IYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIA
ARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMA
YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALNT
LVKQLSSNFGAISSVLNDIL[A]RLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAE
IRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNF
TTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITT[H]NTFVSGNCDVVIG
IVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEV
AKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGC
CSCGSCCKFDEDDSEPVLKGVKLHYT

These mutations alter the shape of the spike protein by changing how the

H69–V70 deletion

Y144/145

Coronavirus
spike gene,

B.1.1.7
lineage

N501Y mutation

A570D

P681H

T716I

S982A

D1118H
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Spike Protein Mutations

• N501Y is the most common
• Increases avidity for ACE2 receptor
• Likely main reason for increased transmissibility

• Deletions like H69-70 and other mutations like 
E484K likely contribute to decrease binding by 
neutralizing antibodies to spike protein
• Other mutations being studied as to their 

implications
• K417N
• L452R



Why are mutations in the Spike Protein so 
important?
• Viral receptor that allows for binding to 

ACE2, the human cell receptor
• If muta5ons in the spike protein increase that 

binding affinity, this could lead to ⬆
transmissibility of COVID-19

• Our current vaccine strategy is to produce 
anPbodies against the spike protein in the 
vaccine recipient
• If muta5ons in the spike protein reduce the 

binding of an5bodies to the site of their 
aIachment, vaccine-induced immunity might 
be reduced to our current COVID-19 vaccines



How Spike Protein Changes Affect Interac-ons with ACE2 and 
An-bodies

Source: NPR



Why are we concerned about Variants?

• Worldwide spread following their 
emergence
• More variants are continuing to 

arise with uncontrolled numbers of 
cases around the world

• Without control on the numbers 
of cases, variants with better 
fitness will eventually 
predominate over the wild type 
strain of SARS-CoV-2

Source: https://nextstrain.org/ncov/global



Alberta COVID-19 
Variant Case
• One case of SARS-CoV-2 variant 

B.1.1.7 imported from an 
international traveler to the 
province on January 1, 2021 
led to 42 cases
• There have now been 1,886 

cases found in Alberta



Transmission of SARS-CoV-2 Lineage B.1.1.7 in England 

Source: E Volz et al Preprint hSps://doi.org/10.1101/2020.12.30.20249034

 

 
Figure 6: (A) Map of the difference in median R ​t​ estimates for VOC and non-VOC variants for all 
STPs for weeks 48 and week 50. (B) Scatterplot of the reproduction numbers of VOC (S-) and 
non-VOC (S+) by STP and week. Point size indicates frequency of the VOC, while shape and 
colour signify week and NHS region, respectively. 
 
 
Discussion 
 
While evidence has accumulated that substitutions associated with the B.1.1.7 lineage are 
associated with significant changes in virus phenotype ​2–4,15​, assessing the extent to which these 
changes lead to meaningful differences in transmission between humans is challenging and 
cannot be evaluated experimentally. When randomised experimental studies are not possible, 
observational studies provide stronger evidence if consistent patterns are seen in multiple 
locations and at multiple times. While rapidly increasing frequency of a new lineage within a viral 
population is consistent with a selective advantage, it is also possible that increases in 
frequency may be caused by founder effects or genetic drift, especially for genetic variants 
which are repeatedly introduced from overseas​16,17​.  But in contrast to previous genetic variants 
which have achieved high prevalence, we see expansion of the VOC from within the United 
Kingdom and a pattern of faster epidemic growth in tandem with expansion of the VOC has 
been repeated in multiple regions.  In this paper we have focussed on spatiotemporally stratified 
analyses using a variety of statistical approaches to evaluate the relationship between 
SARS-CoV-2 transmission intensity and the frequency of the VOC, B.1.1.7 during 
November-December 2020 in different UK regions.  
 
 

 



B.1.1.7 Infectiousness
• Mean duration of the proliferation phase 

• B117 = 5.3 days
• Non-B117 = 2.0 days

• Mean duration of the clearance phase
• B117 = 8.0 days
• Non-B117 = 6.2 days

• Mean overall duration of infection 
(proliferation plus clearance)
• B117 = 13.3 days
• Non-B117 = 8.2 days

• Peak viral RNA Ct = 19.0 vs 20.2

       A)                                                                                      B) 76 

 77 
       C)                                                                                      D) 78 

 79 

 80 
 81 
                                                    E) 82 

 83 

 84 

 85 
 86 
Figure 1. Estimated viral trajectories for B.1.1.7 and non-B.1.1.7 SARS-CoV-2. Posterior distributions for the mean 87 
peak viral concentration (A), mean proliferation duration (B), mean clearance duration (C), mean total duration of acute 88 
infection (D), and mean posterior viral concentration trajectory (E) for the B.1.1.7 variant (red) and non-B.1.1.7 SARS-89 
CoV-2 (blue). In (A)–(D), distributions depict kernel density estimates obtained from 2,000 draws from the posterior 90 
distributions for each statistic. Points depict the individual-level posterior means for each statistic. In (E), solid lines 91 
depict the estimated mean viral trajectory. Shaded bands depict the 90% credible intervals for the mean viral trajectory.  92 
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VOC Transmissibility

• B.1.1.7 – 40-50% more transmissible1

• B.1.427/B.1.429 – 20%  more transmissible2

• B.1.351 – 50% more transmissible3

• B.1.128 - ?
• B.1.525/B.1.526 - ?

Sources: 
1. NextTag
2. Deng X, Garcia-Knight MA, Khalid MM, et al. Transmission, infectivity, and antibody neutralization of an emerging SARS-CoV-2 variant in California carrying a L452R spike protein 

mutation. MedRxiv 2021. doi: https://doi.org/10.1101/2021.03.07.21252647
3. Mahase E. Covid-19: what new variants are emerging and how are they being investigated? BMJ. 2021;372:n158. Available from: https://doi.org/10.1136/bmj.n15

https://doi.org/10.1101/2021.03.07.21252647


Variants: BoRom Line

• B.1.1.7, the VOC originally idenPfied in the UK is now dominaPng the 
trajectory of the pandemic curve in NA & Europe
• B.1.1.7 is associated with:
• Increased transmission 
• Increased risk of hospitaliza5on, ICU admission and death

• In general, there is a 10-day Pme lag unPl the full risk increase 
becomes apparent acer the iniPal rise in cases



SARS-CoV-2 Variants and 
Immune Escape



South Africa AZ Vaccine Suspension

• Based on a study of around 2,000 participants whose median age was 
31
• AstraZeneca vaccine had been showing a 75% efficacy against mild to 

moderate COVID cases until the B.1.351 strain became dominant in 
South Africa
• After that, the efficacy dropped to just 22% percent, based on 42 

symptomatic cases
• However, the number of cases involved was too small to draw firm 

conclusions



South Africa AZ Vaccine Study

• MC DBRCT in South Africa of 
HIV- subjects
• Participants 18-65 years of 

age (mean age =31)
• Placebo = 1010
• Vaccine = 1011

• A 2-dose regimen of the 
ChAdOx1 nCoV-19 vaccine 
did not show protection 
against mild-to-moderate 
COVID-19 due to the B.1.351 
variant 

n engl j med   nejm.org 11

Efficacy of the ChAdOx1 Vaccine against B.1.351

vaccinated participants in the studies conducted 
in the United Kingdom and Brazil (Fig. 2A and 
Table S5). The extent to which the effectiveness 
of other Covid-19 vaccines may be affected by 
variants with mutations similar to those of 
B.1.351 (and P.1) could depend on the magnitude 
of neutralizing antibody induced by vaccination. 
Whether an enhanced antibody response result-
ing from a longer interval between the first and 
second doses of the ChAdOx1 nCov-19 vaccine, 
as described elsewhere,17,24 might confer better 
residual neutralizing activity against the B.1.351 
variant than that observed in our trial is not 
known.

Although the mRNA Covid-19 vaccines have 
modest neutralizing antibody activity after the 
first dose, they produce a greater increase in 
neutralizing activity after the second dose than 
that produced by the ChAdOx1 nCoV-19 and 
heterologous Sputnik V (adenovirus-26 followed 

by adenovirus-5 vector) Covid-19 vaccines.5,6,9

Neutralizing activity of the two mRNA vaccines 
against the B.1.351 variant has also been ob-
served to be lower, by a factor of 8.6 (mRNA-
1273 vaccine [Moderna]) or 6.5 (BNT-162b2 vac-
cine [Pfizer]) on pseudovirus neutralization 
assay, than activity against the D614G virus, 
whereas no difference was evident against the 
N510Y.V1 (B.1.1.7)–like mutant.19,28,29

Results of a recent interim analysis of the 
NVX-CoV2373 nanoparticle spike protein Covid-19 
vaccine (Novavax), described in a press release, 
have not yet been published. However, reports 
suggest that the vaccine may have lower efficacy 
against the B.1.351 variant than against the 
original virus or the B.1.1.7 variant.12 In the ab-
sence of established correlates of protection 
against Covid-19 caused by the original virus or 
by B.1.351 or other variants, clinical evidence of 
the effectiveness of other Covid-19 vaccines 

Figure 3. Kaplan–Meyer Plot of ChAdOx1 nCoV-19 Vaccine Efficacy against Symptomatic Covid-19 Illness of Mild 
or Moderate Severity after Two Doses, as Compared with Placebo.

The shading represents 95% confidence intervals. The tick marks indicate data censored at the time of one of the 
following events: a Covid-19 infection that did not meet the trial criteria for symptomatic Covid-19 illness, withdrawal 
from the trial, or death. The inset shows the same data on an expanded y axis.
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Other Preliminary Reports on Vaccine 
EffecMveness vs. B.1.351
• Preliminary data from 

J&J/Janssen® single-dose 
vaccine suggested it was 72% 
effecPve against moderate to 
severe COVID-19 in the U.S. 
compared with 57% effecPve in 
South Africa
• Novavax® said the efficacy of 

its vaccine in studies from the 
U.K. was 89% compared to 60% 
in South Africa



Efficacy of Pfizer-BioNTech Vaccine vs. Variants

• 20 serum samples obtained from 15 participants in the RCT
• 2 or 4 weeks after the administration of the 2nd dose of BNT162b2 

Source: Y Liu et al NEJM 2021 DOI: 10.1056/NEJMc2102017 



Moderna Neutralizing Antibody Titres from Vaccine 
Recipients to B.1.1.7
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Serum Neutralizing Activity Elicited by mRNA-1273 Vaccine —  
Preliminary Report

To the Editor: The mRNA-1273 vaccine against 
SARS-CoV-2 elicited high neutralizing-antibody 
titers in phase 1 trial participants1,2 and has been 
shown to be highly efficacious in preventing 
symptomatic Covid-19 disease and severe dis-
ease.3 The recent emergence of SARS-CoV-2 vari-
ants in the United Kingdom (the B.1.1.7 lineage) 
and in South Africa (the B.1.351 lineage) has led 
to concerns about increased transmission and the 
potential of these variants to circumvent immu-
nity elicited by natural infection or vaccination.

We assayed the serum neutralizing activity 
against recombinant vesicular stomatitis virus 
(rVSV)–based SARS-CoV-2 (a pseudovirus-based 

model) in specimens obtained from participants 
in the phase 1 trial of the mRNA-1273 vaccine. 
We tested pseudoviruses bearing the spike pro-
tein from the original Wuhan-Hu-1 isolate, the 
D614G variant, the B.1.1.7 and B.1.351 variants, 
and other variants (20E [EU1], 20A.EU2, N439K-
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Figure 1. Neutralization of B.1.1.7 and B.1.351  
SARS-CoV-2 Pseudoviruses in Serum Samples.

Serum samples obtained from participants who re-
ceived the mRNA-1273 vaccine in a phase 1 trial were 
collected on day 36 (7 days after the participants re-
ceived the second dose of the vaccine). Neutralization 
was measured with the use of a recombinant vesicular 
stomatitis virus (rVSV)–based pseudovirus neutraliza-
tion assay that incorporated D614G or the indicated 
spike mutations present in the B.1.1.7 variant (Panels 
A and B) or the B.1.351 variant (Panels C and D). The 
red dots indicate the results from serum samples of 
the individual participants, the white dots, white dia-
monds, and white triangles the same samples tested 
against the variants shown on the x axis, and the hori-
zontal dashed lines the lower limit of quantification. 
The reciprocal neutralizing titers on the pseudovirus 
neutralization assay at a 50% inhibitory dilution (ID50)
are shown. In Panels A and C, boxes and horizontal 
bars denote the interquartile range (IQR) and the me-
dian neutralizing titer, respectively. Whisker end 
points are equal to the maximum and minimum val-
ues below or above the median at 1.5 times the IQR. 
In Panels B and D, the lines connect the D614G and 
variant neutralization titers in matched samples. We 
detected reductions by a factor of 1.2 in titers of neu-
tralizing antibodies against the B.1.1.7 variant (Panel 
B) and by a factor of 6.4 against the B.1.351 variant 
(Panel D). Statistical analysis of matched pairs was 
performed with the use of the Wilcoxon signed-rank 
test.
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Moderna Neutralizing Antibody Titres from Vaccine 
Recipients to B.1.351

Source: K Wu et al NEJM 2021 DOI: 10.1056/NEJMc2102179 
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Serum Neutralizing Activity Elicited by mRNA-1273 Vaccine —  
Preliminary Report

To the Editor: The mRNA-1273 vaccine against 
SARS-CoV-2 elicited high neutralizing-antibody 
titers in phase 1 trial participants1,2 and has been 
shown to be highly efficacious in preventing 
symptomatic Covid-19 disease and severe dis-
ease.3 The recent emergence of SARS-CoV-2 vari-
ants in the United Kingdom (the B.1.1.7 lineage) 
and in South Africa (the B.1.351 lineage) has led 
to concerns about increased transmission and the 
potential of these variants to circumvent immu-
nity elicited by natural infection or vaccination.

We assayed the serum neutralizing activity 
against recombinant vesicular stomatitis virus 
(rVSV)–based SARS-CoV-2 (a pseudovirus-based 

model) in specimens obtained from participants 
in the phase 1 trial of the mRNA-1273 vaccine. 
We tested pseudoviruses bearing the spike pro-
tein from the original Wuhan-Hu-1 isolate, the 
D614G variant, the B.1.1.7 and B.1.351 variants, 
and other variants (20E [EU1], 20A.EU2, N439K-
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Figure 1. Neutralization of B.1.1.7 and B.1.351  
SARS-CoV-2 Pseudoviruses in Serum Samples.

Serum samples obtained from participants who re-
ceived the mRNA-1273 vaccine in a phase 1 trial were 
collected on day 36 (7 days after the participants re-
ceived the second dose of the vaccine). Neutralization 
was measured with the use of a recombinant vesicular 
stomatitis virus (rVSV)–based pseudovirus neutraliza-
tion assay that incorporated D614G or the indicated 
spike mutations present in the B.1.1.7 variant (Panels 
A and B) or the B.1.351 variant (Panels C and D). The 
red dots indicate the results from serum samples of 
the individual participants, the white dots, white dia-
monds, and white triangles the same samples tested 
against the variants shown on the x axis, and the hori-
zontal dashed lines the lower limit of quantification. 
The reciprocal neutralizing titers on the pseudovirus 
neutralization assay at a 50% inhibitory dilution (ID50)
are shown. In Panels A and C, boxes and horizontal 
bars denote the interquartile range (IQR) and the me-
dian neutralizing titer, respectively. Whisker end 
points are equal to the maximum and minimum val-
ues below or above the median at 1.5 times the IQR. 
In Panels B and D, the lines connect the D614G and 
variant neutralization titers in matched samples. We 
detected reductions by a factor of 1.2 in titers of neu-
tralizing antibodies against the B.1.1.7 variant (Panel 
B) and by a factor of 6.4 against the B.1.351 variant 
(Panel D). Statistical analysis of matched pairs was 
performed with the use of the Wilcoxon signed-rank 
test.
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Why are we concerned about Variants?

• Possible consequences of emerging mutations

1. Increased transmissibility ✅

2. Increased virulence ✅

3. Decreased protection from current vaccines or 

previous natural infection ❓



COVID-19 Vaccines



Vaccine-induced Immunity to SARS-CoV-2

1. Protective immunity ✅
• Immunity protects the individual from more severe disease

2. Sterilizing immunity ❓→✅
• Immunity confers protection from infection

3. Transmission immunity ❓→✅
• Immune individuals do not transmit infection
• Herd immunity when sufficient numbers vaccinated

Good

↓

Better

↓

Best



Dynamics of the Adaptive Immune Response to Vaccines

2021-03-12, 12:38 PMPrinciples of Vaccination | SpringerLink

Page 15 of 40https://link.springer.com/protocol/10.1007%2F978-1-4939-3387-7_3#citeas

antibodies (affinity, avidity) and the dynamics of the peak response (priming); long-
term protection requires the persistence of antibodies and the generation of immune
memory cells capable of rapid and effective reactivation [24].

8 Immune Memory

As illustrated, T-helper lymphocytes play an important role in the regulation of both
T and B cell responses as well as cytotoxic T-lymphocytes. However, the most
important property of adaptive immunity is its capacity to establish an
immunological memory response, assuring a stronger and faster protective immune
response whenever challenged again by the same pathogen. While the primary
immune response on average takes 10–14 days to build up, immunological memory
shortens the immunological reaction time to a couple of days, thereby effectively
preventing future reinfection with the same agent (Fig. 6).

Fig. 6

Dynamics of the adaptive immune response. Adapted from
“Understanding Modern Vaccines: Perspectives in Vaccinology,
Volume 1”, 2011 Elsevier, Oberdan, L., Cunningham, A., Stern, P.L.:
Chapter2. Vaccine immunology; p. 45

At the first encounter with an antigen usually only a small number of lymphocytes
expressing a given antigen specificity are available. Upon activation by antigen
recognition, T and B lymphocytes will go through rapid proliferation, leading to the
accumulation of an increased number of cells expressing receptors for the specific
antigen. Some of these cells will differentiate into effector cells while others will
become “memory cells,” able to survive for longer periods of time within the host.
Any exposure to an antigen (pathogen or vaccine) therefore leads to a long-term
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Vaccine Effectiveness in Acute Care HCWs
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SARS-CoV-2 Infection after Vaccination  
in Health Care Workers in California

To the Editor: Data from phase 3 clinical trials 
of messenger RNA (mRNA) vaccines through No-
vember 2020 showed 94.1% efficacy for the 
prevention of symptomatic severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) in-
fection at 14 days after the second dose of the 
mRNA-1273 vaccine (Moderna)1 and 95% efficacy 
at 7 days after the second dose of the BNT162b2 
vaccine (Pfizer).2 Since the results of these trials 
were published, a nationwide surge in coronavirus 
disease 2019 (Covid-19) has been noted, SARS-
CoV-2 variants with increased infectivity have 
emerged, the Food and Drug Administration has 
granted emergency use authorization for these 
two mRNA vaccines, and vaccination has been 
initiated across the United States.

Since the start of the vaccination campaign, 
the development of Covid-19 has been reported 
in persons who have received one or both doses 
of vaccine.3 Both the University of California, San 
Diego (UCSD) and the University of California, 
Los Angeles (UCLA) health systems began to vac-
cinate health care workers on December 16, 2020. 
On December 2, in addition to defining a low 
threshold for testing of symptomatic persons, 
UCSD mandated that asymptomatic health care 
workers undergo weekly testing by polymerase-
chain-reaction (PCR) assay of nasal swabs. On 
December 26, UCLA instituted an optional testing 
program for asymptomatic health care workers 
with PCR assay of nasal swabs. This program has 
allowed for increased detection of asymptomatic 
SARS-CoV-2 infections after vaccination.

Pooled data were obtained in deidentified for-
mat from an electronic employee health record 
system at UCSD and UCLA.4 Exemption from in-
stitutional review board approval was obtained.

From December 16, 2020, through February 9, 
2021, a total of 36,659 health care workers received 
the first dose of vaccine, and 28,184 of these per-
sons (77%) received the second dose. Among the 
vaccinated health care workers, 379 unique per-
sons tested positive for SARS-CoV-2 at least 1 day 

after vaccination, and the majority (71%) of these 
persons tested positive within the first 2 weeks 
after the first dose. After receiving both vaccina-
tions, 37 health care workers tested positive; of 
these workers, 22 had positive test results 1 to 
7 days after the second dose. Only 8 health care 
workers tested positive 8 to 14 days after the sec-
ond vaccination, and 7 tested positive 15 or more 
days after the second vaccination (Table 1). As of 
February 9, a total of 5455 health care workers 
at UCSD and 9535 at UCLA had received the sec-
ond dose 2 or more weeks previously; these find-
ings correspond to a positivity rate of 0.05%.

In our cohort, the absolute risk of testing 
positive for SARS-CoV-2 after vaccination was 
1.19% among health care workers at UCSD and 
0.97% among those at UCLA; these rates are 

Table 1. New SARS-CoV-2 Infections among Vaccinated Health Care Workers 
from December 16, 2020, through February 9, 2021.

Days after 
 Vaccination Vaccinated Persons

With New Infection 
(N = 379)

Tested 
(N = 14,604)*

Eligible for Testing 
 (N = 36,659)†

number number (percent)

Dose 1

Days 1–7 145 5794 35,673 (97.3)

Days 8–14 125 7844 34,404 (93.8)

Days 15–21 57 7958 32,667 (89.1)

Day 22 or later, 
before dose 2

15 4286 32,327 (88.2)

Dose 2

Days 1–7 22 5546 23,100 (63.0)

Days 8–14 8 4909 16,082 (43.9)

Day 15 or later 7 4167 14,990 (40.9)

*  Shown are the numbers of unique health care workers who underwent testing 
(not the number of individual tests).

†  Shown are the numbers and percentages of persons among 36,659 vaccinated 
health care workers who were eligible to undergo testing each week as of 
February 9, 2021.
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Figure 1. Early Results of SARS-CoV-2 Vaccination.

Panel A shows the percentage of persons with new SARS-CoV-2 infection among 23,234 employees of the Universi-
ty of Texas Southwestern Medical Center (UTSW) who were eligible to receive SARS-CoV-2 vaccine, stratified ac-
cording to vaccination status from December 15, 2020, through January 28, 2021. Vaccination status was deter-
mined at the time of the first SARS-CoV-2–positive test on or after December 15; if no infection was detected 
between December 15 and January 28, the vaccination status on January 28 was used. Nonvaccinated persons were 
those for whom there was no record of vaccine received at UTSW, partially vaccinated persons were those who had 
received one dose or who had received the second dose of the BNT162b2 vaccine less than 7 days before the index 
date or the second dose of the mRNA-1273 vaccine less than 14 days before the index date, and fully vaccinated 
persons were those who had received the second dose of the BNT162b2 vaccine at least 7 days before the index 
date or the second dose of the mRNA-1273 vaccine at least 14 days before the index date. I bars denote 95% confi-
dence intervals. Panel B shows that the number of positive tests was projected to increase without vaccination 
(black line). The shaded area denotes the 95% confidence interval. The actual number of positive tests (black dots) 
decreased from January 9 (blue line) onward (25 days after the initiation of employee vaccinations).
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Summing up

•Where we are
• Right now we’re in a 3rd wave and in 

Ontario, a high % of SARS-CoV-2 
variants

• Variants
• A cause for concern due to increase in 

transmissibility and virulence
• Vaccines
• They’re effective and safe with more on 

the horizon




