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CURRENT SARS-CoV-2 EPIDEMIOLOGY, US
• Number total cases, US = 31,000,000 (total deaths = 

563,980)
• Number of people with one vaccine dose = 

125,000,000 (37.9% US pop)
• Number of people fully vaccinated = 78,000,000 

(23.6% US pop) – 3.7% increase from last week
• Average US hospitalizations (7d ave) = 5,507 (+4.5% 

change in 7d average)
• Average US deaths (7d ave) = 712 (+10.8% change 

since prior week)
• Driving factors for increased cases, hospitalizations, 

and deaths: 1) Elimination of mask requirements in 
some stated; 2) Increase in SARS-CoV-2 variants; 3) 
Spring Break

• Total infected or fully vaccinated = 109,000,000 
(~33%)

https://covid.cdc.gov/covid-data-tracker/#cases_casesper100klast7days



IMPACT OF COVID-19, US 2020

Ahmed FB, Anderson RN.  JAMA, 31 March 2021



Transmission        Virulence            Escape

↑ ? (30%↑)           2X

↑ +/- ~6-10 X  

↑ + 4X

NEW SARS-CoV2 Variants

Hou et al., Science 2020 Nov 12:eabe8499.
Plante et al., Nature 2020; Baric NEJM 2020

Wu et al., 2021 bioRxiv doi: https://doi.org/10.1101/2021.01.25.427948

D614G Rapidly Replaced the Ancestral Wuhan 
2019 Strain Around the World

Replicates More Efficiently and to Higher Titer in
Upper Airway Epithelial Cells

Significantly More Transmissible in Hamsters and 
Humans

~2 Fold More Sensitive to Neutralization as 
Compared to Original Wuhan Strain

RBD Structure-Open Position (Yurkovetskiy et al 2020)



POSSIBLE IMPLICATIONS OF NEW SARS-CoV-2 
VARIANTS, CDC

• Ability to spread more quickly in people. There is already evidence that one mutation, D614G, confers 
increased ability to spread more quickly than the wild-type[2] SARS-CoV-2. In the laboratory, 614G variants 
propagate more quickly in human respiratory epithelial cells, outcompeting 614D viruses. There also is 
epidemiologic evidence that the 614G variant spreads more quickly than viruses without the mutation.

• Ability to cause either milder or more severe disease in people.  In January 2021, experts in the UK 
reported that B.1.1.7 variant may be associated with an increased risk of death compared to other variants. 
More studies are needed to confirm this finding.

• Ability to evade detection by specific viral diagnostic tests. Most commercial reverse-transcription 
polymerase chain reaction (RT-PCR)-based tests have multiple targets to detect the virus, such that even if a 
mutation impacts one of the targets, the other RT-PCR targets will still work.

• Decreased susceptibility to therapeutic agents such as monoclonal antibodies.
• Ability to evade natural or vaccine-induced immunity. Both vaccination against and natural infection with 

SARS-CoV-2 produce a “polyclonal” response that targets several parts of the spike protein. The virus would 
likely need to accumulate multiple mutations in the spike protein to evade immunity induced by vaccines or 
by natural infection.  -

• Among these possibilities, the last—the ability to evade vaccine-induced immunity—would likely be the 
most concerning because once a large proportion of the population is vaccinated, there will be immune 
pressure that could favor and accelerate emergence of such variants by selecting for “escape mutants.” 
There is no evidence that this is occurring, and most experts believe escape mutants are unlikely to emerge 
because of the nature of the virus.

https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/scientific-brief-emerging-variants.html?CDC_AA_ refVal= 
https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fmore%2Fscience-and-research%2Fscientific-brief-emerging-variants.html



CORONAVIRUS VARIANTS AND MUTATIONS

https://www.nytimes.com/interactive/2021/health/coronavirus-variant-tracker.html?action=click&module=Top%20Stories&pgtype=Homepage



SARS-CoV-2 VARIANTS, 
CURRENT INFORMATION

https://www.nytimes.com/interactive/2021/health/coronavirus-variant-tracker.html?action=click&module=Top%20Stories&pgtype=Homepage



COVID-19 VARIANTS IN US, CDC
Key Points:
• Genetic variants of SARS-CoV-2 have been emerging and 

circulating around the world throughout the COVID-19 
pandemic.

• Viral mutations and variants in the United States are routinely 
monitored through sequence-based surveillance, laboratory 
studies, and epidemiological investigations.

• A US government interagency group developed a Variant 
Classification scheme that defines three classes of SARS-CoV-2 
variants: 
• Variant of Interest
• Variant of Concern
• Variant of High Consequence

• The B.1.1.7, B.1.351, P.1, B.1.427, and B.1.429 variants 
circulating in the United States are classified as variants of 
concern

• Viruses constantly change through mutation. A variant has 
one or more mutations that differentiate it from other 
variants in circulation. As expected, multiple variants of SARS-
CoV-2 have been documented in the United States and 
globally throughout this pandemic. To inform local outbreak 
investigations and understand national trends, scientists 
compare genetic differences between viruses to identify 
variants and how they are related to each other

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-surveillance/variant-info.html

• There are currently five VOCs in the United 
States:

• B.1.1.7: This variant was first identified in the US 
in December 2020. It was initially detected in the 
UK.

• B.1.351: This variant was first identified in the US 
at the end of January 2021. It was initially 
detected in South Africa in December 2020.

• P.1: This variant was first detected in the US in 
January 2021. P.1 was initially identified in 
travelers from Brazil, who were tested during 
routine screening at an airport in Japan, in early 
January.

• B.1.427 and B.1.429: These two variants were 
first identified in California in February 2021 and 
were classified as VOCs in March 2021.

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-surveillance/variant-info.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-surveillance/variant-info.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-surveillance/variant-info.html
https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant-cases.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-surveillance/global-variant-map.html


VARIANTS OF INTEREST,
CDC
• Variants of interest:  A variant with specific 

genetic markers that have been associated 
with changes to receptor binding, reduced 
neutralization by antibodies generated 
against previous infection or vaccination, 
reduced efficacy of treatments, potential 
diagnostic impact, or predicted increase in 
transmissibility or disease severity.

• Possible attributes of a variant of interest: 
1) Specific genetic markers that are 
predicted to affect transmission, 
diagnostics, therapeutics, or immune 
escape; 2) Evidence that demonstrates it is 
the cause of an increased proportion of 
cases or unique outbreak clusters; 3) 
Limited prevalence or expansion in the US 
or in other countries

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-surveillance/variant-info.html



VARIANTS OF 
CONCERN,
CDC• Variants of concern:  A variant for which there is 

evidence of an increase in transmissibility, more 
severe disease (increased hospitalizations or 
deaths), significant reduction in neutralization 
by antibodies generated during previous 
infection or vaccination, reduced effectiveness 
of treatments or vaccines, or diagnostic 
detection failures.

• Possible attributes of a variant of concern (In 
addition to the possible attributes of a variant of 
interest): 1) Evidence of impact on diagnostics, 
treatments, and vaccines (widespread 
interference with diagnostic test targets; 
evidence of substantially increased resistance to 
one or more class of therapies; evidence of 
significant decreased neutralization by 
antibodies generated during previous infection 
or vaccination; evidence of reduced vaccine-
induced protection from severe disease); 2) 
Evidence of increased transmissibility; 3) 
Evidence of increased disease severity

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-
surveillance/variant-info.html

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-


VARIANTS OF HIGH CONSEQUENCE, CDC

• A variant of high consequence has clear evidence that prevention measures or medical 
countermeasures (MCMs) have significantly reduced effectiveness relative to previously 
circulating variants.

• Possible attributes of a variant of high consequence (In addition to the possible attributes of a 
variant of concern) - Impact on Medical Countermeasures (MCM): 1) demonstrated failure of 
diagnostics; 2) evidence to suggest a significant reduction in vaccine effectiveness, a 
disproportionately high number of vaccine breakthrough cases, or very low vaccine-induced 
protection against severe disease; 3) significantly reduced susceptibility to multiple Emergency 
Use Authorization (EUA) or approved therapeutics; 4) more severe clinical disease and increased 
hospitalizations

• A variant of high consequence would require notification to WHO under the International Health 
Regulations, reporting to CDC, an announcement of strategies to prevent or contain transmission, 
and recommendations to update treatments and vaccines.

• Currently there are no SARS-CoV-2 variants that rise to the level of high consequence.

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-surveillance/variant-info.html



COVID-19 VARIANTS IN US, CDC

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-proportions.html



COVID-19 VARIANTS IN NC, 
UNC-MC, 15 April 2021
• Holding steady around 75% variants of 

interest/concern (N=740 cases sequenced)

• B.1.1.7 and B.1.526 continue to dominate, but 
B.1.1.7 is about twice as prevalent this past 
week.

• Several samples show S:L5F, S:E484K, S:D614G, 
and S:DA701Y; similar to but not quite the 
B.1.526 from New York. Notably, these lack T95I 
and D253G but do have the ORF1a 3675-3677 
deletion common in other VOCs (B.1.1.7, 
B.1.351, P.1). They show reduction but not 
complete loss of our ORF1a_del qPCR probe.

http://unc.cov2seq.org/

http://unc.cov2seq.org/


COVID-19 VARIANTS IN NC, UNC-MC, 2 April 
2021

UNC SARS-CoV-2 Surveillance (cov2seq.org)

http://unc.cov2seq.org/


P.1 VARIANT

https://www.nytimes.com/interactive/2021/health/coronavirus-variant-
tracker.html?action=click&module=Top%20Stories&pgtype=Homepage



INCREASED RESISTANCE OF SARS-CoV-2 VARIANTS 
BI.1.17 AND B.1.351 TO ANTIBODY NEUTRALIZATION

• Variants studied:  UK, B.1.1.7; South Africa, B.1.351

• Concern:  Described ease  of  transmission  and  extensive  mutations  in  the  spike  protein.

• Results, B.1.1.7 demonstrated to be  refractory  to  neutralization  by  most  mAbs to the N-
terminal domain (NTD) of spike and relatively resistant to a number of  mAbs to  the  receptor-
binding  domain  (RBD).    It  is  modestly  more  resistant  to  convalescent plasma (~3 fold) and 
vaccinee sera (~2 fold)

• Results, B.1.351 demonstrated refractory to neutralization by most NTD mAbs but also by 
multiple individual mAbs to the receptor-binding motif on RBD, largely due to an E484K mutation, 
although some mAb combinations retain activity.    Moreover,  B.1.351  was  markedly  more  
resistant  to  neutralization  by  convalescent plasma (~11-33 fold) and vaccinee sera (~6.5-8.6 
fold).

https://www.biorxiv.org/content/10.1101/2021.01.25.428137v2.full.pdf



IMPACT OF SARS-CoV-2 VARIANTS ON
RESPONSE TO MABs

While BAM/ETE has reduced activity against most of the variants, CAS/IMD activity against emerging 
variants is preserved. BAM alone seems to have significantly decreased activity (not pictured). 



Vaccines
• Pfizer and Moderna provide ~95% protection against 

SARS-CoV2 infection in humans
• S.A. Variant (~6-10 fold decrease in Ab binding)
• Moderna and Pfizer are reformulating

• Effect the performance of vaccines
• Novavax Vaccine: 89% effective

• South Africa: 49% effective (>90% of breakthroughs were 501Y.V.2)

• Astrazeneca Vaccine (67%)
• Overall vaccine efficacy against mild-to-moderate COVID-19 in 

South Africa was 21.9% (95% CI -49.9 to 59.8)
• Efficacy against B.1.351 was 10.4% (95% CI -76.8 to 54.8)

• Killed Vaccines (~51%) Janssen Adenovirus Vaccines (?)
• Variants? ~6 fold reduction in neutralization titers

SARS2 nLUC
Neutralization

1/5,000

Corbett et al., NEJM 2020 



Vaccine Distribution: ACIP Ethical Principles 

ACIP identified four ethical principles to guide the decision-making process if supply is limited:

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations-process.html

Maximize benefits and 
minimize harms Mitigate health inequities Promote justice Promote transparency

Respect and care for people 
using the best available data to 

promote public health and 
minimize death and severe 

illness.

Reduce health disparities in the 
burden of COVID-19 disease 
and death, and make sure 

everyone has the opportunity 
to be as healthy as possible.

Treat affected groups, 
populations, and communities 
fairly. Remove unfair, unjust, 

and avoidable barriers to 
COVID-19 vaccination.

Make a decision that is clear, 
understandable, and open for 
review. Allow and seek public 
participation in the creation 
and review of the decision 

processes.

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations-process.html


UNC Health

COVID-19 Vaccine Side-By-Side
Pfizer/BioNTech Moderna Janssen/J&J

Type mRNA (virus genetic code) mRNA (virus genetic code) Recombinant adenovirus (Ad26) vector
Antigen Spike protein, 30 µg Spike protein, 100 µg Spike protein

Doses Two injections, 21 days apart Two injections, 28 days apart Single dose
Study participants ~43,000 ~30,000 ~43,800

Age >16 years >18 years >18 years

Effectiveness ~95% against symptomatic COVID-19 ~95% against symptomatic COVID-19
Effectiveness at preventing illness: ~77%,
moderate-severe; 85%, severe, 100% 
hospitalizations and deaths

Safety Grade 3 AEs ≥2%=fatigue, 3.8%; headache, 
2%

Grade 3 AEs at ≥2%: local injection site 
reaction, 2.8%; injection site pain, 3.2%

No Grade 3 AEs ≥2%; Grade 3 AEs <2% 
include fatigue, 1.2%; myalgia, 1.4%; New 
reports, dizziness and syncope; Rare, clotting 

Preparation Requires reconstitution (0.9% normal saline) N/A N/A
Long-term storage -80 to -60 oC; protect from light -25 to -15o C; protect from light 2o to 8o C; protect from light

Short-Term Storage 2o to 8o C up to 5 days, or
Room temperature up to 2 hours

2o to 8o C up to 30 days,  or
Room temp (8o to 25o C) up to 12 hours 9o to 25o C up to 12 hours 

Stability after 1st

Puncture 6 hours, at room temperature 6 hours, at room temperature 6 hours, refrigeration; 2 hours, room temperature

Stability in Syringe 6 hours, at room temperature 6 hours, at room temperature 6 hours, refrigeration; 2 hours, room temperature

Administration Route Intramuscular (IM) Intramuscular (IM) Intramuscular (IM) 
Doses/Vial 5 doses (0.3 mL/dose) 10 doses (0.5 mL/dose) 5 doses/vial (0.5 mL/dose) 



UNC HEALTH VACCINE SITES, NC



UNC HEALTH, COVID-19 VACCINE 
DASHBOARD



COVID-19 VACCINE 
ADMINISTRATION, NC

https://covid19.ncdhhs.gov/dashboard/vaccinations





VACCINE EFFICACY AGAINST ASYMPTOMATIC 
INFECTION:  PFIZER VACCINE, ISRAEL

• Goal:  Assess Pfizer vaccine effectiveness in persons vaccinated, 12/20/20-2/1/21

• Methods:  Case-control (1:1 match to non-vaccinated controls); each group contained 596,618 persons

• Results:  Estimated  effectiveness  in  specific  subpopulations  assessed  for  documented infection and symptomatic 
Covid-19 was consistent across age groups, with  potentially  slightly  lower  effectiveness  in  persons  with  multiple  
coexisting  conditions.

Dagan N, et al. 24 February 2021 



Dagan N, et al. 24 February 2021 

VACCINE EFFICACY AGAINST 
ASYMPTOMATIC INFECTION:  PFIZER 
VACCINE, ISRAEL



Antibody response to first BNT162b2 dose in previously 
SARS-CoV-2-infected individuals
• Goal:  Assess vaccine response after Pfizer 

vaccine in HCP s/p COVID-19

• Methods:  Case-control analysis of 51 HCP; 
HCP tested 19-29 days after 1st dose

• Results:
• Among those with a previous SARS-CoV-2 

infection, vaccination increased anti-S titres
more than 140-fold from peak prevaccine
levels (figure)

• This increase appears to be at least one order 
of magnitude greater than reported after a 
conventional prime-boost vaccine strategy in 
previously uninfected individuals.

Manisty C, et al. Lancet 2021;25 February 



COVID-19 VACCINES: SAFETY MONITORING



CEREBRAL VENOUS SINUS THROMBOSIS 
(CVST)
• Background epidemiology

• Rare, 0.22–1.57 per 100,000, ~0.5-1% of all 
strokes

• Median age 37 years
• 8% of patients >65 years
• Female:male ratio of 3:1

• Risk factors
• Prothrombotic conditions (genetic or 

acquired)
• Oral contraceptives
• Pregnancy and the post-partum period
• Malignancy
• Infection
• Mechanical precipitants (lumbar puncture)

CVST signs and symptoms
• More common presentations

• Isolated intracranial hypertension 
syndrome (headache with or without 
vomiting, papilledema, and visual 
problems)

• Focal syndrome (focal deficits, seizures, 
or both)

• Encephalopathy (multifocal signs, mental 
status changes, stupor, or coma)

• Rare presentations
• Cavernous sinus syndrome
• Subarachnoid hemorrhage]
• Cranial nerve palsies

CDC, ACIP, 14 April



JOHNSON & JOHNSON VACCINE, 
THROMBOTIC EVENTS

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-04/02-COVID-Janssen-508.pdf

• J&J rate = 0.87 cases per million doses administered 
(no obvious risk factors but all were female)

• Pfizer = 0 reports, 97,9 doses administered
• Moderna = 3 reports, 84.7 million doses administered



Predictions
• SARS-CoV2 Population Genetics is extremely large, globally
• Perfect conditions to rapidly select for new variants: more transmissible

• Selection will likely begin to change as vaccine, seroprevalence rates 
increase

• Promote the emergence of strains that are antigenically distinct  (2-8 fold ↓ neutralization`)

• May select for strains with increased virulence  (UK B.1.1.7, B.1, South Africa B.1.351)

2-8 fold ↓

~200/8 ==  ~25

~50-80%
Asymptomatics
Mild Infections

Chen et al., 2020
Natural

Infection

Reinfected Early Stages
Of VOC

Emergence
NY: B.1.526 (27%)
E484K and S477N

Eli Lily/Regeneron hmAB↓

https://outbreak.info/situation-reports?country=United%20States&division=California&division=New%20York&pango=B.1.526&muts=S%3AS477N&selected=New%20York&selectedType=division


PROJECTIONS FOR THE FUTURE

• Known 
• Estimated U.S. persons who have had COVID-19: Total infections, 31,000,000; symptomatic illness, 563,000 deaths 

(https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/burden.html); current cases driven by transmission in young adults
• SARS-CoV-2 variants of clinical importance described in US; UK variant now most common SARS-CoV-2 strain
• Variants with increased transmissibility increasing worldwide in frequency
• US surveillance for SARS-CoV-2 inadequate (i.e., only ~1% of SARS-CoV-2 positive tests sequenced; 10% in UK)

• Likely
• Estimated US death toll of COVID-19:  ~650,000 by 30 May
• SARS-CoV-2 variants will rapidly spread in US

• Unknown
• Rapidity of spread of SARS-CoV-2 variants; impact of variants on natural and vaccine induced immunity; impact of variants on 

effectiveness of mAb therapy
• Rapidity of development of new mAbs and vaccines that “defeat” new variants
• Impact of variants on future surges: Surges also depend on: 1) holiday travel/gatherings (Easter, July 4); 2) summer camps; 3) 

adherence to masking (esp. in vaccinated persons); 4) whether vaccine prevents SARS-CoV-2 infection and infectiousness

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/burden.html


COMMUNITY PROTECTION (Herd Immunity)

Pollard AJ, Bijker EM.  Nature Rev Immunol 2021;21:83-100



UNC Health41

Path to Community Protection

Predictions:  1) continued but falling high cases counts (~200,000-
500,000, last week in March); 2) Surge in cases in 2-6 wks followed by 
surge in hospitalizations and deaths (driven by Spring break, easing 
mitigation strategies, rapid doubling in US of UK variant) 
https://www.nytimes.com/interactive/2021/02/20/us/us-herd-immunity-ovid.html

https://www.nytimes.com/interactive/2021/02/20/us/us-herd-immunity-ovid.html

