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Dear Friends and Colleagues.
| hope you and family are doing well. While the number of cases of Covid (6% decrease over the past 2 weeks), hospitalizations (20% decrease over the past 2 weeks), and deaths (45% decrease over the past 2 weeks) in
Colorado are continuing to decrease, new cases (9% increase over the past 2 weeks), hospitalizations (5% increase over the past 2 weeks), and deaths (27% increase over the past 2 weeks) are increasing nationally. The
heterogeneous pattern of disease raises an obvious question: Are these different rates of Covid caused by the host or the virus?
Not being an epidemiologist or virologist, I'll venture to say that it's multifactorial. There is general consensus among epidemiologist that:

e Atleast 50% of transmission events are from pre-symptomatic individuals

e Transmission is primarily facilitated by close and high frequency contacts and confined environments

o Household contacts > social and extended family contacts > community exposures > healthcare contacts in terms of transmission (see figure and attached paper)

e Kids are less susceptible than adults, but just as infectious

e Quarantine/isolation of the case is not enough in itself, control of transmission requires a comprehensive approach that includes contact tracing and quarantine, and population-level interventions.

*  More information can be found at the January 7t DOM Town Hall: "COVID-19: What Happened post-Thanksgiving and What's Next?”:

However, given the emergence of genetic variants of SARS-CoV-2 that are estimated to be 50% more transmissible than the wild-type virus (see attached paper from JAMA), | think the characteristics of the virus may
have something to do with the heterogeneous pattern of disease in the U.S. Below are several points that Eric Poeschla (division head of ID and expert in RNA viruses) would like you to consider:
e New SARS-CoV-2 variants have been identified in the U.K, South Africa & Brazil.
e Variant B.1.1.7 (aka N501Y.V1) rapidly became dominant and replaced other variants in the U.K. and then in Ireland in December. It has an unusually large number of amino acid substitutions (over 20) and some
small deletions too.
® Variant B.1.1.7 is also present in the U.S. and at least 45 other countries. The first U.S. case identification was by the CDPHE here in Colorado in the last week of December, and multiple other states quickly
reported this variant too.
e Theincreased transmissibility hypothesis is not yet fully proven, but on a practical level we must plan as if it is true. If there is a roughly 50% increase in transmissibility as suggested by the extensive recent U.K.
data, it is possible the U.S. and Colorado will see a substantial further Covid-19 surge between late February and later in the spring.
® Variant B.1.1.7 can be detected in standard diagnostic PCR assays with some assays (e.g., TagPath) due to how a six nucleotide deletion in the Spike gene prevents binding of a probe to the amplicon for this gene
but not the probe to other viral genes. However, a small percentage of viral isolates are genotyped so it’s likely that we’re underestimating the penetrance of B.1.1.7 in the U.S.
e Thereis no evidence for increased pathogenicity for any of these variants.
*  The mechanism(s) for the increased transmissibility are as yet unclear. Some mutations observed increase affinity of the spike protein for the ACE2 receptor, but other things may also be in play.
*  For some of the variants, the possibility that they could partially evade some antibody responses in some people has been raised by lab analyses and experiments but this is still a hypothesis. Importantly there is

no evidence that the vaccines will not work against these variants. The overwhelming probability is that the polyclonal antibody responses produced by the mRNA vaccines will be protective for at least this next

year.
e |tis critical for us to double down on (a) decreasing transmission better with nonpharmaceutical interventions and (b) vaccine rollout.
e More information can be found at the January 13 DOM Covid-19 Town Hall: " li ic Vari

So basically we have a race between administration of vaccines to enough of the population and potential acceleration in the spread of Covid-19. These more transmissible genetic variants of SARS-CoV-2 place more
pressure on the vaccine rollout, and we all hope that President-elect Biden’s goal of getting 100 million doses of Covid-19 vaccines administered by the end April is achievable. While Colorado is doing well in terms of
vaccine administration (>220,000 receiving one dose and approximately 50,000 receiving two doses as of today; https://covid.cdc.gov/covid-data-tracker/#vaccinations) and has a clear plan in terms of vaccine
distribution (see Vaccine Distribution Plan), there are some inconsistencies in who is getting vaccinated at each healthcare facility and this has been a source of confusion. Thus, vaccine distribution in Colorado will be

the topic of our next DOM Town Hall (January 21).

Town Halls: Last week’s Town Hall with Eric Poeschla focused on the genetic variants of SARS-CoV-2 ("Implications of Genetic Variants of SARS-CoV-2: A New Pandemic Phase?”). Given the need to accelerate our
vaccination efforts, I've decided to have our next DOM Town Hall to focus on statewide and medical center distribution of the vaccine; John Douglas and his colleagues from CDPHE will join us for this discussion. DOM
Town Halls are accessible at our website (h m hool.cuanschutz.i medicine/faculty-affair: vid-19). Recent Town Hall include:

e Dec2,2020 "UCH COVID Comman nter "What it is and How it Works”

e Dec 10, 2020 "Vaccine Distribution”

e Dec 17,2020 "Your Charge is Low: How to Manage Pandemic Depletion"

e Jan7,2021"COVID-19: What Happened post-Thanksgiving and What's Next?”

e Jan 13, 2021 "Implications of Genetic Variants of SARS-CoV-2: A New Pandemic Phase?”
* Jan 21,2021 (7-8 PM): “Vaccine Distribution: Statewide vs. Medical Center Allocation”

Join Zoom ing: https://ucdenver.zoom.us/j/96282507513?pwd=V3FIbGo0YOVBcGhoRWIsL 2xYSUZQ7z09
Meeting ID: 962 8250 7513; Passcode: 961584

In closing, please find a way to celebrate Martin Luther King Jr. Day tomorrow. While we’ve come a long way and should take some time to celebrate our successes, last week made me realize again how much more work
is in front of us. Although only some of us have experienced direct discrimination, all of us have been witness to discriminatory words and actions. As healthcare providers, educators, and scientists, we’re obliged to level
the playing field, provide care to all who need it, educate and train those who seek knowledge, and make discoveries that improve human health. Our profession, by its very nature, embodies the values of the civil rights

movement, and every other movement that promotes equality and inclusion. Let’s celebrate tomorrow and not forget there’s a lot of work to do after the celebrations are over.

Covid-19 will be with us for a while but we’ll get through this together. Please let me know how | can help you and whether there are topics or concerns you'd like me to address. My very best wishes.
David

David A. Schwartz, M.D.
University of Colorado

12631 East 17th Avenue, B178
Aurora, CO 80045

Office: 303-724-1780

Cell: 919-824-9458

FAX: 303-724-1799
david.schwartz@cuanschutz.edu
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The engines of SARS-CoV-2 spread

Fighting SARS-CoV-2 requires a clear framework for understanding epidemic spread

By Elizabeth C. Lee'?, Nikolas I. Wada?,
M. Kate Grabowski'23, Emily S. Gurley'?,
Justin Lessler*?

evere acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) has

spread rapidly across the globe, caus-

ing epidemics that range from quickly

controlled local outbreaks (such as

New Zealand) to large ongoing epi-
demics infecting millions (such as the United
States). A tremendous volume of scientific
literature has followed, as has vigorous de-
bate about poorly understood facets of the
disease, including the relative importance of
various routes of transmission, the roles of
asymptomatic and presymptomatic infec-
tions, and the susceptibility and transmissi-
bility of specific age groups. This discussion
may create the impression that our un-
derstanding of transmission is frequently
overturned. Although our knowledge of
SARS-CoV-2 transmission is constantly deep-
ening in important ways, the fundamental
engines that drive the pandemic are well es-
tablished and provide a framework for inter-
preting this new information.

The majority of SARS-CoV-2 infections
likely occur within households and other
residential settings (such as nursing homes).
This is because most individuals live with
other people, and household contacts in-
clude many forms of close, high-intensity,
and long-duration interaction. Both early
contact tracing studies and a large study of
more than 59,000 case contacts in South
Korea found household contacts to be greater
than six times more likely to be infected with
SARS-CoV-2 than other close contacts (I, 2).
Household contacts accounted for 57% of
identified secondary infections in the South
Korean study, despite exhaustive tracking of
community contacts. Globally, the proportion
of cases attributable to household transmis-
sion will vary because of multiple factors,
including household size. Contact studies
suggest that 17 to 38% of contacts occur in
households, implying that 46 to 66% of trans-
mission is household-based (using the stan-
dard formula for attributable fraction) (3).
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This is consistent with household contact
being a key driver of transmission for other
respiratory viruses.

Even among close contacts within house-
holds, there are considerable heterogeneities
in transmission risk. Spouses of index cases
are more than twice as likely to be infected as
other adult household members, and symp-
tomatic index cases may be more likely to
transmit the virus (4). Moreover, older age
is associated with increased susceptibility
to infection, increased transmissibility, and
severe disease (4). Older members may face
extra risk in multigenerational households
if younger members have unavoidable work
or school obligations, although young chil-
dren may be less susceptible to infection and
transmit the virus less readily (4).

Just as in households, those who live
in congregate residences such as prisons,
worker dormitories, and long-term care fa-
cilities have intense, long-duration, close
contact. There are more potential contacts in
these settings, which are often among older
age groups. The confluence of these factors
can lead to high infection rates in outbreaks
(attack rate); for example, 66% of residents
were infected in a homeless shelter, 62% in
a nursing home, and 80% in a prison dormi-
tory (5, 6). Even when residents rarely leave,
these facilities are highly connected to com-
munities through workers and guests.

Although transmission may be easiest
and most frequent in households and con-
gregate residences, community transmission
connects these settings and is, therefore,
essential to sustain the epidemic, even if it
directly causes fewer cases. Inevitably, “com-
munity contacts” include a heterogeneous
mix of interactions. The probability that any
of these interactions results in transmission
stems from a complex interplay of pathogen
attributes, host characteristics, timing, and
setting. Hence, the properties of community
transmission are difficult to measure, and
this is where much of the remaining debate
around SARS-CoV-2 transmission occurs.

A crucial factor in community transmis-
sion is that infected individuals not experi-
encing symptoms can transmit SARS-CoV-2.
Infectiousness may peak before symptom
onset (7). Viral loads appear to be similar
between asymptomatic and symptomatic
patients (8), although the implications for
infectiousness are unclear. People experienc-
ing symptoms may self-isolate or seek medi-
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cal care, but those with no or mild symptoms
may continue to circulate in the community.
Because of this, those without severe symp-
toms have the potential to be “superspread-
ers” and may have an outsized influence on
maintaining the epidemic.

Superspreading events, in which one per-
son infects many, are often as much the result
of setting as host characteristics. Apparent
superspreading events of SARS-CoV-2 have
occurred during choir practice (9), in depart-
ment stores, at church events, and in health
care settings (5). These are all settings where
one individual can have many close contacts
over a short period of time. Transmission can
also be amplified if multiple subsequent in-
fections occur in rapid succession, and out-
breaks with high attack rates have occurred
in close-contact settings such as schools
(14%), meat processing plants (36%), and
churches (38%) (5, 10).

Both superspreading events and trans-
mission-amplifying settings are part of a
more general phenomenon: overdispersion
in transmission. Overdispersion means that
there is more variation than expected if cases
exhibit homogeneity in transmissibility and
number of contacts; hence, a small number
of individuals are responsible for the ma-
jority of infections. This phenomenon has
been described for diseases as diverse as
measles, influenza, and pneumonic plague
(I1). For SARS-CoV-2, studies suggest that
~10% of cases cause 80% of infections (7).
Overdispersion is characterized by a large
number of people who infect no one, and
most people who do transmit infect a low-to-
moderate number of individuals. Large su-
perspreading events (such as those infecting
10 or more people) are likely quite rare, al-
though they are far more likely to be detected
and reported.

Such events have driven much of the de-
bate around the relative importance of dif-
ferent modes of transmission. In household
settings, contacts are so long and intense
that it matters little whether large drop-
lets, fomites (contaminated surfaces), or
aerosolized particles are driving spread; all
have ample opportunity. In community set-
tings, where there is greater variety in the
nature of infectious contacts, these distinc-
tions become more important, particularly
because they affect policy. Aerosolization of
fecal matter caused one of the largest su-
perspreading events of the 2003 SARS-CoV
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epidemic (72), and aerosolizing medical
procedures facilitate the spread of corona-
viruses (12, 13). Several SARS-CoV-2 trans-
mission events suggest that aerosolized viral
particles may play a role in transmission in
everyday settings. Although the frequency
of aerosolized transmission is uncertain, ex-
tended close contact and sharing of spaces
poses the greatest risk. It is also difficult to
generalize the importance of different modes
of transmission across settings because their
relative contributions can be modified by en-
vironmental conditions. For example, low-
absolute humidity environments are associ-
ated with influenza virus trans-
mission in temperate regions,
probably because these condi-
tions facilitate small droplet
spread, yet influenza outbreaks
are still common in tropical re-
gions, with fomites potentially
playing a larger role (14).

A mode of transmission need
not be frequent to be impor-
tant, and regardless of the cause,
overdispersion has considerable
implications. First, overdisper-
sion means that most infected
individuals who enter a commu-
nity will not transmit, so many
introductions may occur before
an epidemic takes hold; likewise,
overdispersion also increases
the probability of disease extinc-
tion as the epidemic recedes and

Households and
congregate living

v

spread are also essential to sustain the pan-
demic, even if long-distance transmission
events are rare (see the figure). Only a small
number of such long-distance connections
are needed to create a “small world” net-
work in which only a few infection events
can transmit the virus between any two in-
dividuals worldwide. This is one reason why
early travel bans could not stop the global
spread of SARS-CoV-2, although they may
have slowed the pandemic. However, travel
restrictions can work: Extreme measures in
China played an important part in achieving
domestic suppression of the virus.

SARS-CoV-2 spread across spatial scales
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is mostly
transmitted within households and household-like settings. A decreasing
proportion of transmission events take place at increasing spatial scales, but
these events become more critical for sustaining the pandemic.

4 Superspreading events

Communities

P

Interregional

i

could have large effects even if they offer only
modest protection. Conversely, control mea-
sures at larger spatial scales (for example,
interregional) must be widely implemented
and highly effective to contain the virus.
Indeed, few nations have managed to curb
infection without stay-at-home orders and
business closures, particularly after commu-
nity transmission is prevalent.

The impact of accumulated SARS-CoV-2
immunity on transmission will vary across
spatial scales. Any immunity conferred by in-
fection or vaccination mitigates transmission
in households or communities in near-direct
proportion to the number of
potential infectees that become
immune, plus ancillary benefits
due to herd immunity. However,
because of overdispersion and
small-world network properties,
the ability for the virus to spread
between communities is less sen-
sitive to accumulating immunity.
If even a few regions exist with
a sufficient proportion of sus-
ceptible individuals to support
viral spread, SARS-CoV-2 can
continue to circulate in humans.

More is learned about SARS-
CoV-2 transmission every day,
and important uncertainties re-
main. The relative risk of trans-
mission in different community
settings, such as restaurants
and retail stores, is still unclear,

fewer people are infected (II).

When large transmission events

do occur, epidemics can expand rapidly, but
as the epidemic grows, overdispersion will
matter less to the trajectory until incidence
decreases and case counts are low again.
Second, overdispersion gives transmission
networks “scale-free” properties, in which
connectivity in the network is dominated
by a few highly connected nodes. Compared
with networks with more evenly distributed
connections, the connectivity of scale-free
networks is less sensitive to random node
removal but more susceptible to targeting of
highly connected nodes (I1).

If transmission is highly overdispersed,
broad and untargeted interventions may be
less effective than expected, whereas inter-
ventions targeted at settings conducive to
superspreading (such as mass gatherings
and hospitals) may have an outsized effect.
Although some determinants of overdisper-
sion may not be amenable to targeted inter-
ventions, others related to occupation or set-
ting could be. For example, rapidly improved
infection control procedures within health
care facilities played a critical role in contain-
ing the nascent SARS-CoV pandemic of 2003.

Intercity, interregional, and international
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Proportion of transmission events

Phylogenetic data provide some insight
into global connectivity and the scale at which
intercommunity mixing is most relevant to
spread. Major SARS-CoV-2 clades are pres-
ent in all global regions. Within the United
States, where interstate travel continued dur-
ing lockdowns, the mix of viral lineages was
similar across states (15). This suggests that
viral lineages spread quickly throughout the
country and that reintroductions are highly
probable should an area achieve local elimi-
nation of the virus.

The engines of the SARS-CoV-2 pandemic—
household and residential settings, commu-
nity, and long-distance transmission—have
important implications for control. Moving
from international to household scales, the
burdens of interventions are shared by more
people; there are few international travelers,
but nearly everyone lives in households and
communities. Measures to reduce household
spread may appear particularly challenging,
but because they directly affect so many, they
need not be perfect. Household mask use
and partitioning of home spaces, isolation or
quarantine outside the home, and, in the fu-
ture, household provision of preventive drugs

Published by AAAS

as is the impact of mitigation

measures in these contexts. It is
still unknown how seasonality and hetero-
geneities in the population distribution and
duration of immunity will affect future trans-
mission dynamics. Filling these and other
knowledge gaps will clarify how the engines
of transmission interact to drive the pan-
demic—and how best to fight back.
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Opinion

Genetic Variants of SARS-CoV-2—What Do They Mean?

Over the course of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) pandemic, the clini-
cal, scientific, and public health communities have had
to respond to new viral genetic variants. Each one has
triggered a flurry of media attention, a range of reac-
tions from the scientific community, and calls from gov-
ernments to either “stay calm” or pursue immediate
countermeasures. While many scientists were initially
skeptical about the significance of the D614G altera-
tion, the emergence of the new “UK variant"—lineage
B.1.1.7—has raised widespread concern. Understanding
which variants are concerning, and why, requires an ap-
preciation of virus evolution and the genomic epidemi-
ology of SARS-CoV-2.

Mutations, Variants, and Spread

Mutations arise as a natural by-product of viral rep-
lication." RNA viruses typically have higher mutation
rates than DNA viruses. Coronaviruses, however, make
fewer mutations than most RNA viruses because they
encode an enzyme that corrects some of the errors
made during replication. In most cases, the fate of a
newly arising mutation is determined by natural selec-
tion. Those that confer a competitive advantage with

Understanding which variants
are concerning, and why, requires

an appreciation of virus evolution and
the genomic epidemiology of SARS-CoV-2.

respect to viral replication, transmission, or escape
from immunity will increase in frequency, and those
that reduce viral fitness tend to be culled from the
population of circulating viruses. However, mutations
can also increase and decrease in frequency due to
chance events. For example, a “founder effect” occurs
when a limited number of individual viruses establish a
new population during transmission. The mutations
present in the genomes of these viral ancestors will
dominate the population regardless of their effects on
viral fitness. This same interplay of natural selection
and chance events shapes virus evolution within hosts,
in communities, and across countries.

Although the terms mutation, variant, and strain
are often used interchangeably in describing the
epidemiology of SARS-CoV-2, the distinctions are
important. Mutation refers to the actual change in
sequence: D614G is an aspartic acid-to-glycine substi-
tution at position 614 of the spike glycoprotein.
Genomes that differ in sequence are often called
variants. This term is somewhat less precise because
2 variants can differ by 1 mutation or many. Strictly

speaking, a variant is a strain when it has a demonstra-
bly different phenotype (eg, a difference in antigenic-
ity, transmissibility, or virulence).

Evaluation of a new SARS-CoV-2 variant should in-
clude assessment of the following questions: Did the vari-
ant achieve prominence through natural selection or
chance events? If the evidence suggests natural selec-
tion, which mutation(s) are being selected? What is the
adaptive benefit of these mutations? What effect do
these mutations have on transmissibility and spread,
antigenicity, or virulence?

Spike D614G

The D614G mutation in the spike glycoprotein of SARS-
CoV-2 was first detected at a significant level in early
March 2020 and spread to global dominance over the
next month.? The mutation initially appeared to arise
independently and simultaneously sweep across mul-
tiple geographic regions. This apparent convergent
evolution was suggestive of natural selection and an
adaptive benefit of D614G. However, subsequent
sequencing efforts identified the D614G mutation in
viruses in several Chinese provinces in late January.
This raised the possibility that global dispersal of this
mutation could have resulted from
chance founder events, in which viruses
harboring 614G just happened to initi-
ate the majority of early transmission
events in multiple locations.

This plausible null hypothesis led
many in the evolution community to
doubt that the D614G mutation was
adaptive, despite in vitro data showing
its effects on receptor binding. A recent population ge-
netic and phylodynamic analysis of more than 25 000
sequences from the UK found that viruses bearing 614G
did appear to spread faster and seed larger phyloge-
netic clusters than viruses with 614D.3 The effect size was
modest, and the varying models did not always achieve
statistical significance. More recently, complementary
workin animal modelsindicates that 614G viruses trans-
mit more efficiently.*>

Spike N453Y and Mink

Concerning outbreaks of SARS-CoV-2 began to emerge
on mink farms in the Netherlands and Denmark in late
spring and early summer 2020.6 Genomic and epide-
miologic investigation of an early outbreak in the
Netherlands demonstrated human to mink, mink to
mink, and mink to human transmission.” In early
November 2020 Danish authorities reported 214 cases
of human coronavirus disease 2019 (COVID-19) associ-
ated with mink farms. Many SARS-CoV-2 sequences
from the Netherlands and Danish outbreaks had a
Y453F mutation in the receptor binding domain of
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Figure. Spread of a New SARS-CoV-2 Variant

Iz' Phylogenetic tree of circulating lineages of SARS-CoV-2 in the United Kingdom
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A, Phylogenetic tree showing the relationship of lineage B.1.1.7 (20B/501Y.V1,
orange branch and tips) to other circulating lineages. The long branch length for
this lineage reflects the fact that it accumulated a significant number of

mutations prior to being discovered. B, Frequencies of circulating lineages over
time. Lineages are colored as in the tree, with lineage B.1.1.7 (20B/501Y.V1)
shown in orange.

spike, which might mediate increased binding affinity for mink
ACE2 (angiotensin-converting enzyme 2). Eleven individuals from
the Danish outbreak had a variant termed cluster 5, which had 3
additional mutations in spike (del69_70, 1692V, and M1229I). An
initial investigation of 9 human convalescent serum samples sug-
gested a modest and variably statistically significant reduction in
neutralization activity against cluster 5 viruses (mean, 3.58 fold;
range, 0-13.5). The apparent adaptation of SARS-CoV-2 to mink was
nevertheless concerning because continued evolution of the virus
in an animal reservoir could potentially lead to recurrent spillover
events of novel SARS-CoV-2 from mink to humans and other mam-
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mals. For this reason, many countries have increased surveillance
efforts and in some cases implemented large-scale culls (ie, selec-
tive slaughter) of mink on farms.

Lineage B.1.1.7 and N501Y

Lineage B.1.1.7 (also called 501Y.V1) is a phylogenetic cluster that
is rapidly spreading in southeastern England® (Figure). It had accu-
mulated 17 lineage-defining mutations prior to its detection in
early September, which suggests a significant amount of prior evo-
lution, possibly in a chronically infected host. As of December 28,
2020, this variant accounted for approximately 28% of cases of
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SARS-CoV-2 infection in England, and population genetic models
suggest that it is spreading 56% more quickly than other lineages.®
Unlike D614G, which could plausibly have benefited from early
chance events, lineage B.1.1.7 expanded when SARS-CoV-2 cases
were widespread and has seemingly achieved dominance by out-
competing an existing population of circulating variants. This is
strongly suggestive of natural selection of a virus that is more trans-
missible at a population level. While public health interventions like
masks, physical distancing, and limitations on large gatherings
should remain effective, control of a more transmissible variant
would likely require more stringent application and widespread
adoption of these measures.

Eight of the lineage B.1.1.7 mutations are in the spike glycopro-
tein, including N501Y in the receptor binding domain, deletion 69_70,
and P681H in the furin cleavage site. All of these mutations could
plausibly influence ACE2 binding and viral replication. The 501Y spike
variants are predicted to have a higher affinity for human ACE2, and
a different variant, also with an N501Y mutation, is rapidly spread-
ing in South Africa. The effects of these mutations on antigenicity
are currently unclear.

Antigenicity and Vaccine Effectiveness

Genomic surveillance of SARS-CoV-2 variants has largely focused
on mutations in the spike glycoprotein, which mediates attach-
ment to cells and is a major target of neutralizing antibodies. There
is intense interest in whether mutations in the spike glycoprotein
mediate escape from host antibodies and could potentially
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spike mutation D614G on transmissibility and
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compromise vaccine effectiveness, since spike is the major viral
antigen in the current vaccines. At this point, strong selection of a
variant at the population level is probably not driven by host anti-
body because there are not sufficient numbers of immune indi-
viduals to systematically push the virus in a given direction. In con-
trast, if a variant has one or more mutations in spike that increase
transmissibility, it could quickly outcompete and replace other cir-
culating variants. Because current vaccines provoke an immune
response to the entire spike protein, it is hoped that effective pro-
tection may still occur despite a few changes at antigenic sites in
SARS-CoV-2 variants.

Separating cause from consequence is important in evaluating
data on antibody neutralization of spike variants. Regardless of why
the mutations were selected, it is reasonable to expect that many
mutations in spike might affect neutralization by convalescent sera.
It is therefore important to consider both the magnitude of the
change in neutralization and the number of serum samples evalu-
ated. Another issue is that viral glycoproteins are subject to evolu-
tionary trade-offs. Sometimes a mutation that enhances one viral
property, such as binding to a receptor, can reduce another prop-
erty, such as escaping host antibody. Indeed, recent evidence sug-
gests this could be the case for D614G.™° It is possible that muta-
tionsin spike that are “good" for the virus right now could also make
it less fit in the context of population-level immunity in the future.
Defining these dynamics, and their potential influence on vaccine
effectiveness, will require large-scale monitoring of SARS-CoV-2 evo-
lution and host immunity for a long time to come.

humans. Science. 2020;eabe5901. doi:10.1126/
science.abe5901
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