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was shown to regulate expression of

SULT2A1. Indeed, CA7S was enriched in

the gallbladder after injection of LCA in

portal blood. Strikingly, cecal microbial

transplant from SG mice to germ-free

mice resulted in increased cecal CA7S

through the ASBT-LCA-VDR-SULT2A

pathway and triggered GLP-1 secretion

through TGR-5 induction.

In summary, this study identifies a host

primary bile acid, CA7S, generated

through microbiome-dependent signaling

that could represent a pharmaceutical

alternative to bariatric surgery. However,

remaining is the important question of

the extent to which the production and

function of CA7S in humans resembles

those observed in mice. The bile acid

pool of rodents is distinct from humans

in that CDCA, and consequently LCA,

are minor bile acids. The human liver

also preferentially sulfates the C3 posi-

tion, whereas the mouse liver sulfates

C7 preferentially (Dawson and Setchell,

2017). Importantly, the current study con-

firms the resistance of CA7S to bacterial

desulfation (Chaudhari et al., 2020; Eys-

sen et al., 1976). However, bacterial bile

acid sulfatases remain poorly character-

ized, and stability of CA7S might differ

among individual gut microbiomes. Yet

CA7S has many exciting attributes as a

hydrophilic, non-toxic, non-absorbed,

and higher-affinity TGR-5 agonist with po-

tential for future prevention or treatment

for obesity and T2D.
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In the latest issues of Cell Host & Microbe and Cell, three articles describe newmutations in the SARS-CoV-2
Spike receptor binding domain that escape neutralizing responses. These highlight the importance of surveil-
lance of SARS-CoV-2 evolution to anticipate andmanage new variants that could impact reinfection, vaccine
efficacy, and immunotherapies.
Severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2) entry, mediated

by the trimeric viral Spike glycoprotein,

is the first step of the viral replication cy-

cle. Themature SARS-CoV-2 Spike trimer
322 Cell Host & Microbe 29, March 10, 2021
is composed of the exterior S1 and trans-

membrane S2 subunits. The S1 subunit

mediates attachment using its receptor-

binding domain (RBD) to interact with

the host protein angiotensin converting
ª 2021 Elsevier Inc.
enzyme 2 (ACE2), while the S2 subunit

governs the fusion between the viral and

cellular membranes. Hence, Spike plays

a central role in viral replication and is of

particular interest due to its abundance
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Figure 1. Potential effects of emerging SARS-CoV-2 Spike variants
The Spike receptor binding domain (RBD) is facing strong selective pressure by neutralizing antibodies,
particularly on its receptor binding motif (RBM), resulting in the emergence of Spike variants. Mutations in
the RBM could increase Spike affinity for its host receptor or alter its conformational state, facilitating viral
entry. Such modifications can affect Spike antigenicity, enabling immune evasion from humoral re-
sponses. In turn, this could enhance the viral replication fitness and potentially change viral pathogenesis.
At the population level, this might lead to an increase in viral transmission and fatality rate.
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at the surface of virions and infected cells

and its high immunogenicity. Spike is

considered the major target of the cellular

and humoral responses against SARS-

CoV-2 upon natural infection. Accord-

ingly, the majority of current vaccine stra-

tegies (including mRNA-based and viral

vector-based vaccines) are mostly

focused on the elicitation of anti-Spike im-

munity. Similarly, interventional immuno-

therapies are largely directed against

Spike with clinical trials testing the thera-

peutical benefits of convalescent plasma

(or hyperimmune immunoglobulins)

(NCT04381936, NCT04348656, NCT043

62176, and NCT04546581), monoclonal

antibodies (NCT04452318, NCT044979

87, NCT04501978, and NCT04625972),

and soluble ACE2 receptor decoy

(NCT04335136). At the other end, the vi-

rus canmutate and generate new variants

to escape different selective conditions.

Given the relatively low mutation rate of

Coronaviruses, emergence and selection

for new Spike variants are most likely

due to evading immune pressures that

could otherwise compromise the favor-

able replication environment that it en-

counters in the human population.

In vitro selection of SARS-CoV-2

escape variants by monoclonal neutral-

izing antibodies was initially performed

using serial passages of replication-

competent chimeric SARS-CoV-2 vi-

ruses (Weisblum et al., 2020) or by
deep-mutational scanning using RBD

libraries (Starr et al., 2021). Liu et al.,

Greaney et al., and Thomson et al. use

complementary approaches to isolate

and characterize preoccupying escape

mutations that can evade polyclonal

neutralizing responses from convales-

cent individuals (Greaney et al., 2021;

Liu et al., 2021; Thomson et al., 2021).

Using a traditional approach, Liu et al.

generated escape variants in vitro by

culturing a VSV-SARS-CoV-2 chimeric

virus in presence of a panel of anti-RBD

monoclonal neutralizing antibodies (Liu

et al., 2021). Greaney et al. used a yeast

surface display system to efficiently

screen for RBD variants with reduced

convalescent plasma binding (Greaney

et al., 2021). Using epidemiological

data, Thomson et al. identified in vivo-

selected escape variants from circulating

SARS-CoV-2 strains (Thomson et al.,

2021). Strikingly, these three comple-

mentary approaches identified key muta-

tions in the receptor-binding motif (RBM)

of the Spike RBD negatively impacting

convalescent plasma neutralizing activity

(i.e., E484K and N439K). As pointed out

by Thomson et al., the RBM represents

a major sequence variation hotspot,

consistent with its immunodominant

nature as a primary target for neutralizing

antibodies. Surveillance of recent arisen

RBM mutations are of particular interest

because of their apprehended effect on
C

SARS-CoV-2 replication. As such, while

evading immune pressure, in some cases

RBM variants can increase viral entry by

increasing the affinity for the ACE2 re-

ceptor or by altering the overall Spike

conformation to favor fusion-competent

states (Lu et al., 2020). This could result

in a favorable intra-host viral replication

fitness with enhanced SARS-CoV-2 in-

ter-host transmissibility at a population

level. Incidentally, selection of highly

pathogenic strains might heighten dis-

ease severity and contribute to an in-

crease in the infection fatality rate (see

Figure 1).

Even though all three studies focused

on the importance of RBD variants and

their role in anti-SARS-CoV-2 neutralizing

capacity, RBD is not the only Spike

domain targeted by immune responses.

With RBDbeing themain target of neutral-

izing antibodies, it is judicious to prioritize

the surveillance of mutations located in

the RBD, especially since some of them

were shown to have a direct effect on re-

ceptor affinity. However, plasma from

convalescent donors also generate

escape mutations in the N-terminal

domain (NTD), indicative of immune pres-

sure (Weisblum et al., 2020). Accordingly,

several neutralizing Abs targeting the NTD

were isolated, featuring them as potential

alternatives or complementary to RBD-

directed Abs (Liu et al., 2020). Moreover,

despite being comparatively under-

studied at the moment, the bulk of the

antibody responses in infected patients

is dominated by non-neutralizing anti-

bodies directed toward the highly

conserved S2 subunit (Shrock et al.,

2020). Although current efforts are mostly

focused on neutralization, increasing evi-

dence argues for the importance of other

antiviral properties of antibodies,

including Fc-mediated effector functions,

which have been shown to contribute to

their protective efficacy against SARS-

CoV-2 in animal models (Sch€afer et al.,

2021). Along with B cell immunity, recent

studies showed that the Spike is also the

major target for CD4+ and CD8+ T cell im-

munity (Tarke et al., 2021). The NTD and

the S2 fusion peptide region were defined

as immunodominant regions able to

trigger CD4+ T cell responses, while

CD8+ T cell responses were directed

against equally distributed epitopes

throughout the Spike polyprotein

sequence.
ell Host & Microbe 29, March 10, 2021 323
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The hazard caused by the emergence of

single variants could potentially be con-

tained by polyclonal antibody responses

elicited by natural infection, vaccination,

or using combinations of monoclonal anti-

bodies in therapeutic interventions. How-

ever, themainproblem resides in theemer-

gence of new SARS-CoV-2 variants

presenting an accumulation of mutations

in different Spike domains, creating diver-

gent strains able to evade polyclonal re-

sponses. This includes the B.1.1.7 lineage

(also known as 501Y.V1 or VOC202012/

01), which first emerged in the United

Kingdom and has now spread worldwide.

Other variants of concern include the

B.1.351 lineage (501Y.V2) and the P.1 line-

age (501Y.V3), whichwere first identified in

South Africa and Brazil, respectively.

These variants have cumulated at least

nine non-synonymous mutations/dele-

tions throughout the Spike coding region.

Selected mutations were found in the

RBM (up to three mutations), including

the E484K mutation, identified in vitro in

the Liu et al. and Greaney et al. studies. In

these concerning variants, RBMmodifica-

tions are often accompanied with

numerous substitutions and/or deletions

in the NTD region (up to seven), demon-

strating a particular in vivo selective pres-

sure on this site. At least one mutation

was also found in the S2 subunit for all

three new lineages, confirming the major

immune pressure under which the Spike

protein evolves. Additional variants are

currently under high scrutiny because of

the presence of key mutations in the

RBM, including the 20A.EU2 variant

(S477N), the CAL.20C variant (L452R),

and the Danish mink cluster 5 (Y453F).

The establishment of sequencemonitoring

initiatives bypublic health agencies like the

coronavirus disease 2019 (COVID-19) Ge-

nomics UKConsortium (COG-UK) are crit-

ical to contain the rise of these preoccupy-

ing variants by informing andworking hand

in hand with governments, healthcare sys-

tems, and biopharmaceutical companies.

Hopes are now turned toward vaccines

that are being deployed globally, which, in

conjunction with public health measures,

could stop the progression of the

COVID-19 pandemic. The immune re-

sponses generated by mRNA and adeno-

viral vector-based vaccines are restricted
324 Cell Host & Microbe 29, March 10, 2021
to the Spike glycoprotein. Thus, their effi-

cacy could be influenced by the emer-

gence of new SARS-CoV-2 Spike variants

presenting a major antigenic drift. Recent

reports highlighted the deleterious effect

of RBM mutations on the neutralization

activity of vaccine-elicited antibodies

(Wang et al., 2021). One advantage

conferred by the mRNA platform is its

adaptability and flexibility to rapidly

generate new versions accounting for

emerging variants. These variants could

impact the long-term protective immunity

that appears to be elicited by natural

infection and vaccination. The emergence

of new variants with the distinct capacity

to evade polyclonal antibody responses

could potentially lead to a growing num-

ber of reinfections. In this context, devel-

opment of second-generation neutral-

izing antibody cocktails targeting more

conserved regions in the RBD or the S2

subunit should be considered, although

only a handful of these antibodies have

been identified to date. Altogether, these

studies shed light on the critical impor-

tance of monitoring SARS-CoV-2

sequence variation for a rapid identifica-

tion of new variants that could require ad-

justments in vaccine strategies and thera-

peutic interventions.
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