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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) disclose the variants
of concern (VOC) including Alpha (B.1.1.7), Beta (B.1.351), Gamma (P1), Delta
(B.1.617.2), and Omicron (B.1.1.529). Its spike protein (S) present on the surface of the
virus is recognized by the host cell receptor, the angiotensin-2 converting enzyme (ACE2)
which promotes their entry into the cell. The mutations presented by VOCs are found in
RBD and the N-terminal region of S protein. Therefore, mutations occurring in RBD can
modify the biological and immunogenic characteristics of the virus, such as modifying the
spike affinity for ACE2, increasing the virus transmissibility, or conferring the ability to
escape the immune responses. The raise of a potential new SARS-CoV-2 variant capable
of evading the host defenses at the same time maintaining its fitness justifies the
importance of continued genetic monitoring of the pandemic coronavirus.
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INTRODUCTION

According to theWorld Health Organization (WHO), in December 31, 2019, the first notification of
patients in Wuhan Province, China, presenting an “unknown viral pneumonia” was carried out. In
January 9, 2020, the virus was isolated and its genetic sequence was shown to be a “new
coronavirus”; two days later, the first death was reported by China. On February 11, 2020, the
disease caused by the new coronavirus is officially named COVID-19 (Coronavirus disease
2019) (1).

The clinical symptoms of COVID-19 are fever, fatigue, cough, cardiac injury, breathlessness, sore
throat, multi-organ failure, and others manifestations. The worsening of disease is associated with
individual risk factors such as age, gender, cardiovascular disease, obesity and other comorbidities
(2). Reports from China at the onset of outbreak and from other countries thereafter clearly
demonstrated that the majority of patients (81%) have mild symptoms without pneumonia or mild
pneumonia. Among patients with more significant symptoms, 14% have severe respiratory distress,
and 5% respiratory failure, septic shock and/or multiple organ failure (1, 3).

COVID-19 is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a
betacoronavirus members of the family Coronaviridae. SARS-CoV-2 has been characterized as a
positive‐sense single‐stranded RNA. Its spike protein present on the surface of the virus is
responsible for its invasion of host cells, being recognized by the angiotensin-2 converting
org July 2022 | Volume 13 | Article 8340981
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enzyme (ACE2) in host cells which promotes their cellular entry.
The ACE2 receptor is found in several mammalian organs,
including lungs, heart, gastrointestinal tract, and kidney.
However, the viral entry into the host cell is facilitated via
proteolytic cleavage of ACE2 mediated by the transmembrane
serine protease-2 (TMPRSS2), transforming spike protein into
S1 and S2 fragments. The S1 fragment contains the receptor
binding domain (RBD), a region of the protein S that binds to
ACE2 (4, 5).

The rate at which mutations occur in the SARS-CoV-2 is
about 10–4 nucleotide substitutions per site per year (6), much
less than the rates for influenza virus (7) and HIV (8). However,
we have observed a higher mutation rate for SARS-CoV-2 than
expected. This is because the transmission rates of this virus are
high, infecting a very high number of individuals in the
pandemic (9). The more people infected, the greater is the
likelihood of mutations appearing. These mutations may then
generate viral variants, which may modify the biology of the
virus, and impact of disease.

Since the beginning of the pandemic some variants has
appeared and continue occurring. The World Health
Organization in collaboration with partners, expert networks,
national authorities, institutions and researchers have been
monitoring and assessing the evolution of SARS-CoV-2 since
January 2020. This informal group named Technical Advisory
Group on Virus Evolution (TAG-VE), supports a larger WHO-
coordinated global risk monitoring and assessment framework
for SARS-CoV-2 variants, which include other WHO advisory
groups, such as the Expert Advisory Group on COVID-19
Vaccine Composition (TAG-CO-VAC), the Strategic Advisory
Group of Experts on Immunization (SAGE), and the Strategic
and Technical Advisory Group for Infectious Hazards (STAG-
IH) (9).

The TAG-VE shall have up to 30 members, these have
experience in virology, bioinformatics, epidemiology,
laboratory sciences, pharmacology, clinical management, or in
one or several diagnostic, therapeutic and/or vaccine products. In
Frontiers in Immunology | www.frontiersin.org 2
the selection of the TAG-VE Members, consideration shall be
given to attaining an adequate distribution of technical expertise,
geographical representation and gender balance (9). The group
periodically monitors the appearance of new mutations and their
impacts on the biology of the virus, evaluating the emergence of
variants, their transmissibility, disease severity, diagnosis and
treatment, in an attempt to contain the spread of these new
potential variants. According to their clinical impact on the
pandemic, they are classified as either interest or concern
variants (10, 11).

Variants of interest are defined as those with genetic changes
that are predicted or known to affect virus characteristics such as
transmissibility, disease severity, host immune escape, diagnostic
or therapeutic resistance. They are identified to cause significant
community transmission or multiple COVID-19 clusters, in
multiple countries with an increasing relative prevalence
alongside the number of new cases over time, or other
apparent epidemiological impacts to suggest an emerging risk
for global public health, as it happened for the Lambda
variant (10).

The variants of concern, besides having all the characteristics
of the variants of interest, can show a sort of different
characteristics including increased rates in transmissibility or
detrimental change in COVID-19 epidemiology; increased
virulence or change in clinical disease symptoms; decrease in
the effectiveness of public health and social measures or available
diagnostics, vaccines, therapeutics. The major viral mutants
identified to date exhibit ing one or more of these
characteristics (Table 1) are named Alpha (B.1.1.7), Beta
(B.1.351), Gamma (P1), Delta (B.1.617.2) and Omicron
(B.1.1.529) variants (10).
ALPHA VARIANT

The Alpha variant (B.1.1.7) was dominant in the United
Kingdom in early 2021 (Figure 1), containing several deletions
TABLE 1 | Variants and spike mutations, including specific RBD mutations. The most important RBD positions that interacts with ACE2 are E484, S494, N501, K417,
L452 (12–14).

Variants Deletions Mutation S1+S2 RBD
mutations

Earliest
Documented in

Alpha
(B.1.1.7)

DH69, DV70,
DY144

N501Y, A570D, D614G, E484K, T716I, S982A, P681H, D1118H E484K,
S494P,
N501Y

United Kingdon (10,
15)

Beta
(B.1.351)

D241/4, D242,
D243

N501Y, A701V, D614G, E84K, D215G, K417N, and D80A K417N,
E484K,
N501Y

South Africa (10,
16)

Gamma
(P1)

N501Y, L18F, D614G, E484K, T1027I, K417T, D138Y, R190S, H655Y, P26S, T20N K417N,
E484K,
N501Y

Brazil (10, 17, 18)

Delta
(B.1.617.2)

D156, D157 T478K, L452R, D614G, G142D, D950N, T19R, P681R, R158G, E484Q L452R,
E484Q

India (10, 19)

Omicron
(B.1.1.529)

DH69-V70,
D143-145,
D211-212

A67V, T95I, G142D, G339D, S371L, S373P, S375F, K417N, N440K, G446S, S477N, T478K, E484A,
Q493K, G496S, Q498R, N501Y, Y505H, T547K, D614G, H655Y, N679K, P681H, N764K, D796Y,
N856K, Q954H, N969K, L981F

K417N,
E484A,
N501Y

South Africa (10,
20)
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and mutations in its spike protein (Figure 2) such as N501Y,
A570D, DH69/DV70, DY144, P681H, T716I, S982A, and
D1118H. The N501Y substitution, common to the other
variants, seems to be associated with greater transmissibility, as
it has a greater affinity for ACE2. After the first identification of
B1.1.7 phylogeny, an E484K mutation in the protein S was
identified (15). This replacement, as well as the N501Y appears
Frontiers in Immunology | www.frontiersin.org 3
to increase the spike affinity to ACE2, being related to resistance
to antibody neutralization targeting the original epitope (21).
N501Y mutation slowed the dissociation of the RBD from the
ACE2 receptor, resulting in a fourfold greater affinity than wild-
type RBD (22).

In vitro studies with serum from patients vaccinated with
BNT162b2 or ChAdOx1 has demonstrated that mutation in the
spike protein reduce the antibody neutralization of B.1.1.7
variant as compared to the original virus (23, 24). However,
other studies show little or no difference in the neutralization
antibody capacity of the plasma of vaccinated individuals against
the B.1.1.7 variant compared to the original strains (25–27).

In Qatar, the BNT162b2 vaccine effectiveness was estimated
with a test-negative case–control study design. This study
showed that the effectiveness of this vaccine against the alpha
variant was 89.5% to develop the disease and 97.4% against
severe and fatal cases of the disease (28).

In Brazil, the effectiveness of ChAdOx1 and CoronaVac/
Sinovac was evaluated in two outbreaks of the alpha variant, in
a convent and a Long Term Care Facility for the elderly. They
observed that vaccination did not prevent people from becoming
infected, but there was a reduction in the number of deaths,
symptoms and severe cases of the disease, even in this population
whose average age was around 77 years, with 1 dose of ChAdOx1
or two from CoronaVac/Sinovac (29).

In UK, a group evaluated a cohort that had already
participated in the ChAdOx1 vaccine efficacy trials. These
participants received booster doses, according to the
vaccination protocol, and periodically provided upper airway
swabs on a weekly basis and also if they developed symptoms
of COVID-19 disease. In this work, they showed that
although the neutralization assays with the plasma of these
individuals showed a reduction in neutralization against
this variant, the clinical data show an efficacy of the ChAdOx1
vaccine of approximately 70% against the symptomatic
cases. This indicates that either a low neutralization rate is
already sufficient for protection, there may be complement
activation and elimination of infected cells, antibody-
FIGURE 2 | Main mutations present in SARS-CoV-2 Spike protein variants. In
the center, structures from Spike proteins (colored in ivory) in their closed and
open states (complexed with ACE2, in light brown). The RBD domain is
highlighted in salmon. Closes from the ACE2 interaction interfaces of RBD
domains are depicted for Beta, Gamma, and Omicron (top), Alpha (bottom left),
and Delta (bottom right) variants. Mutated residues are colored in red with their
respective name and positions. To improve the visualization of variants mutated
regions, transparency was applied to ACE2 protein surfaces.
FIGURE 1 | Time line emergence of COVID-19 VOCs.
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dependent NK cell activation, macrophage opsonization, or
other immunological mechanisms such as induction of T cells
specific for spike (30).
BETA VARIANT

The Beta variant (B.1.351) was identified in South Africa,
appearing after the first wave of the epidemic, becoming
prevalent in three provinces (the Eastern Cape, Western Cape
and KwaZulu–Natal), during the second wave (Figure 1). The
Beta variant has eight mutations in the spike (Figure 2), three of
which are known and common to other variants, such as K417N,
E484K and N501Y substitutions, affecting key sites of RBD
associated with escape of neutralizing antibodies (31). It is not
known whether this combination confers a greater affinity to the
host invasion ACE2 receptors. In addition to RBD, the N-
terminal domain (NTD) of spike is a target site for antibody
neutralization, as mutations in this region show substantial or
complete escape from neutralizing antibodies (16).

Recently, a group using a live-virus neutralization assay has
compared the neutralization of a non-variant of concern to Beta
variant, using plasma collected from adults who were
hospitalized with COVID-19 during the two waves of infection
in South Africa. The results showed that the Beta variant was
efficiently neutralized by plasma from infected individuals in the
second wave, but there was a decrease, around 15 times, in the
neutralization efficiency when plasma collected from infected
individuals who was diagnosed in the first COVID-19 wave (32).

Studies on the effectiveness of available vaccines against the
strains of concern found the Oxford-AstraZeneca vaccine with
only 10% protection against mild-to-moderate disease associated
to Beta variant in young populations with an average median age
about 30 in South Africa (33). In contrast, Johnson & Johnson’s
vaccine showed 64% protection against moderate-to-severe
clinical forms of disease (34). The Pfizer/BioNTech was
reported to be less effective against Beta variant than other
variants based on a small analysis of breakthrough infections
in Israel (35). However, a test-negative case–control study design
carried out in Qatar showed that the effectiveness of this vaccine
against the beta variant was 75%, and against severe and fatal
cases, the effectiveness was 97.4% (28).
DELTA VARIANT

The Delta variant, Lineage B.1.617, was first identified in India in
the Maharasha city (Figure 1), and was shown to have the
highest transmissibility, when compared to the Alpha (B.1.1.7),
Beta (B.1.351), and Gamma (P.1) variants. People infected with
this variant have a viral load about 1,000 times greater than
people infected with the wild strain virus (SARS-CoV-2 WT), in
addition to its higher replicating rate. This explains why this
variant is so transmissible, and why it became the dominant
variant worldwide, until the emergence of the Omicron
variant (19).
Frontiers in Immunology | www.frontiersin.org 4
The Delta variant belongs to the B.1 strain, which contains a
mutation in the spike protein (D614G) that already exists in the
alpha and beta variants, indicating that it can increase the affinity
of the Spike protein for the host ACE2 receptors (36, 37). The
B.1.617 contains 3 sub lineages identified as B.1.617, B.1.617.2,
and B.1.617.3, with B.1.617.2 being the most transmissible in
humans. The B.1.617 has also many other mutations inside the
lineage. In the spike protein (Figure 2), mutations are found in
RBD (L452R and T478K), NTD (R158G, T19R, G142D, D156-
157), S2 region (D950N), and a mutation at the site close to furin
cleavage. These mutations may increase the efficiency of
replication as well as the regulation of S protein, thus reducing
the chances of being recognized by neutralizing antibodies (36).

Recent studies has tested the efficacy of Pfizer/BioNTech and
Oxford-AstraZeneca vaccines to Delta variants, showing reduced
sensitivity of SARS-CoV-2 variant Delta to antibody
neutralization (36, 38). However, a test-negative case–control
study design carried out in Israel showed that the effectiveness of
these vaccines after the complete vaccine program was similar to
the efficacy of clinical trials (39).

In China, due to a public policy of zero tolerance, in 2020
practically all cases of COVID-19 were imported, with almost no
internal transmission of the virus. In this way, the immunity of
the Chinese population is practically all induced by the vaccine
formulations used in the country, which allows a good
assessment of the effectiveness of vaccines, in the isolated
outbreaks that occurred in 2021 as a result of cases of the
Delta variant. This work evaluated the efficacy of two
attenuated virus vaccines, CoronaVac/Sinovac and BBIBP-
CorV vaccine, as well as an adenovirus vector vaccine, Can-
sino’s Ad5 vaccine, against this variant in this 2021 outbreak,
which occurred near Yunnan province. They used a retrospective
cohort design among close contacts of infected individuals to
determine vaccine effectiveness. They observed that the two
inactivated virus vaccines were 74.6% effective against
symptomatic COVID-19, and 100% against severe cases of the
disease. The same was observed for the adenovirus vector
vaccine (40).

A meta-analysis study corroborates these results. This article
brought together five papers on vaccine effectiveness from Pfizer/
BioNTech, three from Oxford-AstraZeneca and one from
CoronaVac/Sinovac. Overall, the three vaccines were effective
after the two doses, the Pfizer/BioNTech had approximately 83%
of effectiveness after the second dose, and 97% after the third
dose. For Oxford-AstraZeneca the effectiveness was
approximately 80%, and for CoronaVac/Sinovac approximately
65% after the second dose, and 63% after the third dose. For
severe forms of the disease, vaccine effectiveness was
approximately 98% for Pfizer/BioNTech, 91% for Oxford-
AstraZeneca and 75% for CoronaVac/Sinovac (41).
GAMMA VARIANT

The Gamma variant was detected in Japan in travelers arriving
from Brazil in January 2021 (17) (Figure 1). By April it had
July 2022 | Volume 13 | Article 834098
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already been worldwide spread in 36 countries, with local
transmission occurring in five, including Brazil. This variant
differs from the original Wuhan strain presenting twelve
mutations in the spike (Figure 2), including N501Y, K417T
and E484K (18). Despite having an accumulation of three
different mutations, it seems that this variant has replication
potential similar to the original strain, and is likewise neutralized
with serum from individuals vaccinated with the Pfizer/BioNTec
vaccine (18).

The Gamma strain has also been linked to reinfection cases in
Manaus, Brazil, suggesting its efficiency to circumvent the
acquired immune response from other previous strain
infections. This may explain the rapid spread of the Gamma
variant in Brazil. In Manaus, at the end of 2020, we have
observed a drastic increase in the number of cases for this
variant, and consequently in the number of deaths during
pandemic. Analyzes integrating viral genomic tracking and
mortality data estimate that Gamma variant it is about 1.7 to
2.4 times more transmissible as compared to previous SARS-
CoV-2 non-Gamma infection.

One study evaluated the potential of neutralizing antibodies
after two doses of CoronaVac/Sinovac vaccine against the
original B.1 strain and the Gamma variant. Antibody titers in
individuals who had received two doses of CoronaVac/Sinovac
21 days before sample collection were near 1:80 for B.1 and 1:20
for P.1 isolates. Collectively, the data suggest that P.1 lineage
virus might escape from neutralizing antibodies induced by an
inactivated SARS-CoV-2 vaccine, especially at 5 months after
vaccination as immunity wanes (42).

Previous non-P1 lineage infections can induce about 54-79%
protection against P1 variant (43). The efficacy of the
CoronaVac/Sinovac inactivated virus vaccine in Brazil, where
75% of infections has occurred in the presence of Gamma
variant, was estimated about 50% protection against
symptomatic infection (44).

A test-negative case–control study design evaluated the
efficacy of CoronaVac/Sinovac in elderly people over 70 years
of age during the Gamma variant outbreak in São Paulo, Brazil.
The data show that this vaccine is 47% effective against
symptomatic COVID-19, 57% against severe COVID-19 and
67% against deaths (44).

A multicentric study carried out in Brazil to assess the
effectiveness of the Oxford-AstraZeneca vaccine in preventing
symptomatic COVID-19 showed that against the Gamma
variant this vaccine was 64% effective, but the number of
confirmed cases of this variant was small, therefore this
estimate is weak (45).
OMICRON VARIANT

The new Omicron variant (B.1.1.529) was first detected in
Botswana, on November 11, 2021(Figure 1). Soon after, it was
detected in Hong Kong in a patient who had arrived from a trip
to South Africa (10). In these countries, cases had highly
increased from one week to another after its detection, which
Frontiers in Immunology | www.frontiersin.org 5
was partially attributed to the increase in surveillance (20). The
Omicron has some deletions, such as 69–70del, which prevents
Spike from being detected by the RT-PCR test. It also shows
more than 30 mutations in the S protein (Figure 2), with about
15 ones present in the RDB, some of them in regions that overlap
the mutations of the other variants of concern, such as those that
occur in residues K417, E484, and N501 (10). These deletions
and mutations are associated with increased transmissibility by
increasing the affinity of the spike protein with ACE2, and also
associated to host immune escape and reduced neutralization of
vaccine-induced antibodies (46–49).

Studies have indicated that the third dose of Pfizer/BioNTech
and Moderna mRNA vaccines are efficient to neutralize the
Omicron variant. The first and second doses of these vaccines
resulted in low to none neutralization for this variant. However,
patients who received a third dose exhibited efficient
neutralization against the variant (50). The same was observed
when the booster was heterologous, with the vaccination
schedule being CoronaVac/Sinovac and the booster (third
dose) of Pfizer/BioNTech (51), or the vaccination schedule of
Oxford-AstraZeneca and the booster of Pfizer/BioNTech (52).

Furthermore, in vitro infection experiments demonstrated
that the Omicron pseudovirus also depends on the human
ACE2 receptor for target cell entry and infects host cells four
times more efficiently than the wild-type pseudovirus, and 2
times more when compared to the Delta pseudovirus (50).
Corroborating these findings, other studies showed that
Omicron had a growth advantage over Delta in Gauteng,
South Africa, where it presented 5.4-fold weekly increase in
clinical cases as compared to Delta variants (49).

In general, infection with the Omicron variant appears to
cause milder symptoms in relation to other variants. In countries
where the vaccination programs are advanced it can be
demonstrated high index of vaccine protection in all analyzed
populations. However, in countries where vaccination is still
incipient, the spreading of Omicron variant is associated with an
increased number of infection cases, but this epidemiology is not
accompanied by an increase in mortality rates, still indicating a
low virulence of this variant. In fact, the replication capacity of
Omicron is significantly attenuated in vitro and in vivo as
compared to others such as SARS-CoV-2 WT, Alpha, Beta and
Delta variants. This is explained by its lower efficiency in using
TMPRSS2, as mutations in the spike gene of Omicron variant
cause its inefficient cleavage by the host protease, leading to
reduced recognition by host protease (53).
IMPLICATIONS ON BOTH HOST IMMUNE
RESPONSE AND VACCINE EFFICACY

Some mutations capable of altering the fitness of SARS-CoV-2
were detected in the Spike protein early in the pandemic, due to
an international effort in viral monitoring worldwide (10). Some
of them are located in the RBD (Figure 2). Spike protein is the
main neutralizing target for antibodies generated after SARS-
CoV-2 infection (more than 90% of neutralizing antibodies) (54),
July 2022 | Volume 13 | Article 834098
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especially the RBD and is the SARS-CoV-2 component of mRNA
and adenovirus-based vaccines licensed for use (55–57). The
immunodominant epitopes are present in the region of the RBD
that overlaps the ACE2 binding site (54).

The interaction of the Spike protein with the host cell occurs
dynamically in a three-dimensional structure. Neutralizing
antibodies can act in different ways, first by blocking the
binding site (RBD) with ACE2 (58, 59). A few of these, bind to
a motif surrounding the N-linked glycan at residue 343. These
antibodies, exemplified by S309 (60), do not block ACE2
interaction, and destabilizing the S-trimer may be their
mechanism of action. Neutralizing anti-NTD mAbs do not
block ACE2 interaction and bind to a so-called supersite on
the NTD (61, 62), however, they generally fail to provide a broad
protection as the supersite is disrupted by a variety of NTD
mutations present in the variants of concern (VOC).

The main vaccines applied today aim to induce an immune
response, either humoral or cellular, against the spike protein.
This is the case of Oxford-AstraZeneca (55), Pfizer/BioNTech
(56) and Moderna (57). The variants of concern have mutations
in RBD and the N-terminal region of S protein. Therefore,
mutations occurring in RBD could potentially modify the
biological and immunogenic characteristics of the virus, may
affecting the spike affinity for ACE2, thus affecting the virus
transmissibility, or conferring the ability to escape the immune
response (63). This may affect the effectiveness of these vaccines.
These mutations in the VOCs, without changing the viral fitness,
can be selected during the course of the infection, by the host’s
immune system, by therapy with convalescent plasma, by
vaccines and also by treatment with antibodies (64).

Vaccination induces a humoral and cellular response, so it is
plausible to assume that the production of antibodies against
Spike, preventing its binding to ACE2 and consequently
infection, is an important mechanism in the control of the
disease (65). Several studies show that vaccines developed
against COVID-19 are capable of inducing neutralizing
antibodies against Spike. It is not known, however, the amount
of neutralizing antibodies needed to control the infection (66),
there seems to be a relationship of the higher the neutralizing
antibody titers, the greater the protection (67).

Since neutralization is an important mechanism for infection
control, concern about variants is legitimate. Some works show
Frontiers in Immunology | www.frontiersin.org 6
that there is a reduction in neutralization by antibodies in in vitro
assays for existing variants. However, in clinical practice, vaccines
are being effective in reducing severe cases of the disease. This only
reinforces the doubt about the necessary amount of neutralization
to control the disease, as well as its relevance, since vaccines also
induce a specific T response to the spike protein (68).
CONCLUDING REMARKS

Mutations would have evolutionary relevance if they could
promote phenotypic changes in the viral behavior that
promote its susceptibility to natural selection. In most RNA
viruses, the variations that confer greater ability to evade the
immune system are usually associated with increased fitness, that
is, their ability to infect the host and being transmitted. This
could be the case of antigenic changes causing viral evasion
responses to host defense thus subverting the neutralizing action
of antibodies, induced by a natural immune or vaccine responses
(69). The HIV virus, for example, is one of the viruses with the
greatest capacity to produce high fitness-variants capable of
evading the host immune system.

However, when the selective pressure occurs under reverse
transcriptase or protease, due to treatment with antiretroviral
drugs, the variants that appear resistant to these drugs have a
reduced replicative capacity and transmission (70). Influenza`s
virus hemagglutinin, for instance, is extremely immunogenic and
any variation on it allows evasion of the immune system, without
loss of fitness (71). Therefore, much attention is currently given
to the continued genetic monitoring of new SARS-CoV-2
variants of concern that could be able to evade the host
immune defense mechanisms and promote an deadly wave of
epidemiological outbreak (69).
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et al. Signatures in SARS-CoV-2 Spike Protein Conferring Escape to
Neutralizing Antibodies. PloS Pathog (2021) 17(8):e1009772. doi: 10.1371/
journal.ppat.1009772

32. Cele S, Gazy I, Jackson L, Hwa SH, Tegally H, Lustig G, et al. Escape of SARS-
CoV-2 501y.V2 From Neutralization by Convalescent Plasma. Nature (2021)
593(7857):142–6.

33. Madhi SA, Baillie V, Cutland CL, Voysey M, Koen AL, Fairlie L, et al.
Efficacy of the ChAdOx1 Ncov-19 Covid-19 Vaccine Against the B.1.351
Variant. N Engl J Med (2021) 384(20):1885–98. doi : 10.1056/
NEJMoa2102214

34. Sadoff J, Gray G, Vandebosch A, Cárdenas V, Shukarev G, Grinsztejn B, et al.
Safety and Efficacy of Single-Dose Ad26.Cov2.S Vaccine Against Covid-19. N
Engl J Med (2021) 384(23):2187–201.

35. Kustin T, Harel N, Finkel U, Perchik S, Harari S, Tahor M, et al. Evidence for
Increased Breakthrough Rates of SARS-CoV-2 Variants of Concern in
BNT162b2-mRNA-Vaccinated Individuals. Nat Med (2021) 27(8):1379–84.
doi: 10.1038/s41591-021-01413-7

36. Planas D, Veyer D, Baidaliuk A, Staropoli I, Guivel-Benhassine F, Rajah MM,
et al. Reduced Sensitivity of SARS-CoV-2 Variant Delta to Antibody
Neutralization. Nature (2021) 596(7871):276–80. doi: 10.1038/s41586-021-
03777-9

37. Li M, Lou F, Fan H. SARS-CoV-2 Variants of Concern Delta: A Great
Challenge to Prevention and Control of COVID-19. Signal Transduct Target
Ther (2021) 6(1):349. doi: 10.1038/s41392-021-00767-1

38. Mlcochova P, Kemp SA, Dhar MS, Papa G, Meng B, Ferreira IATM, et al.
SARS-CoV-2 B.1.617.2 Delta Variant Replication and Immune Evasion.
Nature (2021) 599(7883):114–9. doi: 10.1038/s41586-021-03944-y

39. Bernal JL, Andrews N, Gower C, Gallagher E, Simmons R. Effectiveness of
Covid-19 Vaccines Against the B.1.617.2 (Delta) Variant. N Engl J Med (2021)
385(7):585–94. doi: 10.1056/NEJMoa2108891

40. Ma C, Sun W, Tang T, Jia M, Liu Y, Wan Y, et al. Effectiveness of
Adenovirus Type 5 Vectored and Inactivated COVID-19 Vaccines Against
Symptomatic COVID-19, COVID-19 Pneumonia, and Severe COVID-19
Caused by the B.1.617.2 (Delta) Variant: Evidence From an Outbreak in
Yunnan, China, 2021. Vaccine (2022) 40(20):2869–74. doi: 10.1016/
j.vaccine.2022.03.067

41. Pormohammad A, Zarei M, Ghorbani S, Mohammadi M, Aghayari Sheikh
Neshin S, Khatami A, et al. Effectiveness of COVID-19 Vaccines Against Delta
(B.1.617.2) Variant: A Systematic Review and Meta-Analysis of Clinical
Studies. Vaccines (Basel) (2021) 10(1):23–38. doi: 10.3390/vaccines10010023

42. Souza WM, Amorim MR, Sesti-Costa R, Coimbra LD, Brunetti NS, Toledo-
Teixeira DA, et al. Neutralisation of SARS-CoV-2 Lineage P.1 by Antibodies
Elicited Through Natural SARS-CoV-2 Infection or Vaccination With an
Inactivated SARS-CoV-2 Vaccine: An Immunological Study. Lancet Microbe
(2021) 2(10):e527–35. doi: 10.1016/S2666-5247(21)00129-4

43. Faria NR, Mellan TA, Whittaker C, Claro IM, Candido DDS, Mishra S, et al.
Genomics and Epidemiology of the P.1 SARS-CoV-2 Lineage in Manaus,
Brazil. Science (2021) 372(6544):815–21. doi: 10.1126/science.abh2644

44. Hitchings MDT, Ranzani OT, Torres MSS, de Oliveira SB, Almiron M, Said R,
et al. Effectiveness of CoronaVac Among Healthcare Workers in the Setting of
High SARS-CoV-2 Gamma Variant Transmission in Manaus, Brazil: A Test-
Negative Case-Control Study. Lancet Reg Health Am (2021) 1:100025. doi:
10.1016/j.lana.2021.100025

45. Clemens SAC, Folegatti PM, Emary KRW, Weckx LY, Ratcliff J, Bibi S, et al.
Efficacy of ChAdOx1 Ncov-19 (AZD1222) Vaccine Against SARS-CoV-2
Lineages Circulating in Brazil. Nat Commun (2021) 12(1):5861. doi: 10.1038/
s41467-021-25982-w

46. Greaney AJ, Starr TN, Gilchuk P, Zost SJ, Binshtein E, Loes AN, et al.
Complete Mapping of Mutations to the SARS-CoV-2 Spike Receptor-Binding
July 2022 | Volume 13 | Article 834098

https://doi.org/10.24875/BMHIM.20000183
https://doi.org/10.1016/j.chom.2021.05.012
https://doi.org/10.1016/j.chom.2021.05.012
https://www.who.int/publications/m/item/terms-of-reference-for-the-technical-advisory-group-on-sars-cov-2-virus-evolution-(tag-ve)
https://www.who.int/publications/m/item/terms-of-reference-for-the-technical-advisory-group-on-sars-cov-2-virus-evolution-(tag-ve)
https://www.who.int/publications/m/item/terms-of-reference-for-the-technical-advisory-group-on-sars-cov-2-virus-evolution-(tag-ve)
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://www.who.int/docs/default-source/coronaviruse/voc_voi_290921.pdf?sfvrsn=61b3acff_5
https://www.who.int/docs/default-source/coronaviruse/voc_voi_290921.pdf?sfvrsn=61b3acff_5
https://doi.org/10.1038/s41598-022-04950-4
https://doi.org/10.1101/2021.06.23.449639
https://doi.org/10.1016/j.bbrc.2021.12.079
https://doi.org/10.1038/s41586-021-03470-x
https://doi.org/10.1038/s41586-021-03402-9
https://doi.org/10.1073/pnas.2106535118
https://doi.org/10.1073/pnas.2106535118
https://doi.org/10.1038/s41467-022-28089-y
https://doi.org/10.1016/S0140-6736(21)02758-6
https://doi.org/10.1016/S0140-6736(21)02758-6
https://doi.org/10.1016/j.cell.2020.08.012
https://doi.org/10.7554/eLife.69091
https://doi.org/10.1038/s41586-021-03412-7
https://doi.org/10.1038/s41591-021-01270-4
https://doi.org/10.1038/s41591-021-01270-4
https://doi.org/10.1056/NEJMc2102017
https://doi.org/10.1016/S1473-3099(21)00287-5
https://doi.org/10.1016/S1473-3099(21)00287-5
https://doi.org/10.3390/v13112127
https://doi.org/10.1371/journal.ppat.1009772
https://doi.org/10.1371/journal.ppat.1009772
https://doi.org/10.1056/NEJMoa2102214
https://doi.org/10.1056/NEJMoa2102214
https://doi.org/10.1038/s41591-021-01413-7
https://doi.org/10.1038/s41586-021-03777-9
https://doi.org/10.1038/s41586-021-03777-9
https://doi.org/10.1038/s41392-021-00767-1
https://doi.org/10.1038/s41586-021-03944-y
https://doi.org/10.1056/NEJMoa2108891
https://doi.org/10.1016/j.vaccine.2022.03.067
https://doi.org/10.1016/j.vaccine.2022.03.067
https://doi.org/10.3390/vaccines10010023
https://doi.org/10.1016/S2666-5247(21)00129-4
https://doi.org/10.1126/science.abh2644
https://doi.org/10.1016/j.lana.2021.100025
https://doi.org/10.1038/s41467-021-25982-w
https://doi.org/10.1038/s41467-021-25982-w
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Scovino et al. SARS-CoV-2 Variants
Domain That Escape Antibody Recognition. Cell Host Microbe (2021) 29
(1):44–57.e9. doi: 10.1016/j.chom.2020.11.007

47. Harvey WT, Carabelli AM, Jackson B, Gupta RK, Thomson EC, Harrison EM,
et al. SARS-CoV-2 Variants, Spike Mutations and Immune Escape. Nat Rev
Microbiol (2021) 19(7):409–24. doi: 10.1038/s41579-021-00573-0

48. Garcia-Beltran WF, Lam EC, St Denis K, Nitido AD, Garcia ZH, Hauser BM,
et al. Multiple SARS-CoV-2 Variants Escape Neutralization by Vaccine-Induced
Humoral Immunity. Cell (2021) 184(9):2523. doi: 10.1016/j.cell.2021.04.006

49. Viana R, Moyo S, Amoako DG, Tegally H, Scheepers C, Althaus CL, et al.
Rapid Epidemic Expansion of the SARS-CoV-2 Omicron Variant in Southern
Africa. Nature (2022) 603:679–86. doi: 10.1038/s41586-022-04411-y

50. Garcia-Beltran WF, St Denis KJ, Hoelzemer A, Lam EC, Nitido AD, Sheehan
ML, Berrios C, et al, et al. mRNA-Based COVID-19 Vaccine Boosters Induce
Neutralizing Immunity Against SARS-CoV-2 Omicron Variant. Cell (2022)
185(3):457–66. doi: 10.1101/2021.12.14.21267755

51. Campos GRF, Almeida NBF, Filgueiras PS, Corsini CA, Gomes SVC, Miranda
DAPd, et al. Booster Dose of BNT162b2 in a CoronaVac Primary Vaccination
Protocol Improves Neutralization of SARS-CoV-2 Omicron Variant.MedRxiv
(2022). doi: 10.1101/2022.03.24.22272904

52. Andrews N, Stowe J, Kirsebom F, Toffa S, Rickeard T, Gallagher E, et al.
Covid-19 Vaccine Effectiveness Against the Omicron (B.1.1.529) Variant. N
Engl J Med (2022) 386(16):1532–46. doi: 10.1056/NEJMoa2119451

53. Shuai H, Chan JF, Hu B, Chai Y, Yuen TT, Yin F, et al. Attenuated Replication
and Pathogenicity of SARS-CoV-2 B.1.1.529 Omicron. Nature (2022)
603:693–99. doi: 10.1038/s41586-022-04442-5

54. Piccoli L, Park YJ, Tortorici MA, Czudnochowski N, Walls AC, Beltramello M,
et al. Mapping Neutralizing and Immunodominant Sites on the SARS-CoV-2
Spike Receptor-Binding Domain by Structure-Guided High-Resolution
Serology. Cell (2020) 183(4):1024–1042.e21. doi: 10.1016/j.cell.2020.09.037

55. Voysey M, Clemens SAC, Madhi SA, Weckx LY, Folegatti PM, Aley PK, et al.
Safety and Efficacy of the ChAdOx1 Ncov-19 Vaccine (AZD1222) Against
SARS-CoV-2: An Interim Analysis of Four Randomised Controlled Trials in
Brazil, South Africa, and the UK. Lancet (2021) 397(10269):99–111. doi:
10.1016/S0140-6736(20)32661-1

56. Walsh EE, Frenck RW, Falsey AR, Kitchin N, Absalon J, Gurtman A, et al.
Safety and Immunogenicity of Two RNA-Based Covid-19 Vaccine Candidates.
N Engl J Med (2020) 383(25):2439–50. doi: 10.1056/NEJMoa2027906

57. Jackson LA, Anderson EJ, Rouphael NG, Roberts PC, Makhene M, Coler RN,
et al. An mRNA Vaccine Against SARS-CoV-2 - Preliminary Report. N Engl J
Med (2020) 383(20):1920–31. doi: 10.1056/NEJMoa2022483

58. Dejnirattisai W, Zhou D, Ginn HM, Duyvesteyn HME, Supasa P, Case JB,
et al. The Antigenic Anatomy of SARS-CoV-2 Receptor Binding Domain. Cell
(2021) 184(8):2183–2200.e22. doi: 10.1016/j.cell.2021.02.032

59. Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S, et al. Structure of the SARS-CoV-2
Spike Receptor-Binding Domain Bound to the ACE2 Receptor. Nature (2020)
581(7807):215–20. doi: 10.1038/s41586-020-2180-5

60. Pinto D, Park YJ, Beltramello M, Walls AC, Tortorici MA, Bianchi S, et al.
Cross-Neutralization of SARS-CoV-2 by a Human Monoclonal SARS-CoV
Antibody. Nature (2020) 583(7815):290–5. doi: 10.1038/s41586-020-2349-y

61. Cerutti G, Guo Y, Wang P, Nair MS, Wang M, Huang Y, et al. Neutralizing
Antibody 5-7 Defines a Distinct Site of Vulnerability in SARS-CoV-2 Spike N-
Frontiers in Immunology | www.frontiersin.org 8
Terminal Domain. Cell Rep (2021) 37(5):109928. doi: 10.1016/
j.celrep.2021.109928

62. Chi X, Yan R, Zhang J, Zhang G, Zhang Y, Hao M, et al. A Neutralizing
Human Antibody Binds to the N-Terminal Domain of the Spike Protein of
SARS-CoV-2. Science (2020) 369(6504):650–5. doi: 10.1126/science.abc6952

63. Han P, Su C, Zhang Y, Bai C, Zheng A, Qiao C, et al. Molecular Insights Into
Receptor Binding of Recent Emerging SARS-CoV-2 Variants. Nat Commun
(2021) 12(1):6103. doi: 10.1038/s41467-021-26401-w

64. Liu Z, VanBlargan LA, Bloyet LM, Rothlauf PW, Chen RE, Stumpf S, et al.
Identification of SARS-CoV-2 Spike Mutations That Attenuate Monoclonal
and Serum Antibody Neutralization. Cell Host Microbe (2021) 29(3):477–
488.e4. doi: 10.1016/j.chom.2021.01.014

65. Earle KA, Ambrosino DM, Fiore-Gartland A, Goldblatt D, Gilbert PB, Siber GR,
et al. Evidence for Antibody as a Protective Correlate for COVID-19 Vaccines.
Vaccine (2021) 39(32):4423–8. doi: 10.1016/j.vaccine.2021.05.063

66. Khoury DS, Cromer D, Reynaldi A, Schlub TE, Wheatley AK, Juno JA, et al.
Neutralizing Antibody Levels are Highly Predictive of Immune Protection
From Symptomatic SARS-CoV-2 Infection. Nat Med (2021) 27(7):1205–11.
doi: 10.1038/s41591-021-01377-8

67. Feng S, Phillips DJ, White T, Sayal H, Aley PK, Bibi S, et al. Correlates of
Protection Against Symptomatic and Asymptomatic SARS-CoV-2 Infection.
Nat Med (2021) 27(11):2032–40. doi: 10.1038/s41591-021-01540-1

68. Tregoning JS, et al. Progress of the COVID-19 Vaccine Effort: Viruses,
Vaccines and Variants Versus Efficacy, Effectiveness and Escape. Nat Rev
Immunol (2021) 21(10):626–36. doi: 10.1038/s41577-021-00592-1

69. Burioni R, Topol EJ. Assessing the Human Immune Response to SARS-CoV-2
Variants. Nat Med (2021) 27(4):571–2. doi: 10.1038/s41591-021-01290-0

70. Eriksen J, Albert J, Axelsson M, Berglund T, Brännström J, Gaines H, et al.
Contagiousness in Treated HIV-1 Infection. Infect Dis (Lond) (2021) 53(1):1–
8. doi: 10.1080/23744235.2020.1831696

71. KarlssonHedestamGB, FouchierRA,Phogat S, BurtonDR, Sodroski J,WyattRT,
et al. The Challenges of Eliciting Neutralizing Antibodies to HIV-1 and to
InfluenzaVirus.NatRevMicrobiol (2008) 6(2):143–55. doi: 10.1038/nrmicro1819

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Scovino, Dahab, Vieira, Freire-de-Lima, Freire-de-Lima and
Morrot. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
July 2022 | Volume 13 | Article 834098

https://doi.org/10.1016/j.chom.2020.11.007
https://doi.org/10.1038/s41579-021-00573-0
https://doi.org/10.1016/j.cell.2021.04.006
https://doi.org/10.1038/s41586-022-04411-y
https://doi.org/10.1101/2021.12.14.21267755
https://doi.org/10.1101/2022.03.24.22272904
https://doi.org/10.1056/NEJMoa2119451
https://doi.org/10.1038/s41586-022-04442-5
https://doi.org/10.1016/j.cell.2020.09.037
https://doi.org/10.1016/S0140-6736(20)32661-1
https://doi.org/10.1056/NEJMoa2027906
https://doi.org/10.1056/NEJMoa2022483
https://doi.org/10.1016/j.cell.2021.02.032
https://doi.org/10.1038/s41586-020-2180-5
https://doi.org/10.1038/s41586-020-2349-y
https://doi.org/10.1016/j.celrep.2021.109928
https://doi.org/10.1016/j.celrep.2021.109928
https://doi.org/10.1126/science.abc6952
https://doi.org/10.1038/s41467-021-26401-w
https://doi.org/10.1016/j.chom.2021.01.014
https://doi.org/10.1016/j.vaccine.2021.05.063
https://doi.org/10.1038/s41591-021-01377-8
https://doi.org/10.1038/s41591-021-01540-1
https://doi.org/10.1038/s41577-021-00592-1
https://doi.org/10.1038/s41591-021-01290-0
https://doi.org/10.1080/23744235.2020.1831696
https://doi.org/10.1038/nrmicro1819
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	SARS-CoV-2’s Variants of Concern: A Brief Characterization
	Introduction
	Alpha Variant
	Beta Variant
	Delta Variant
	Gamma Variant
	Omicron Variant
	Implications on Both Host Immune Response and Vaccine Efficacy
	Concluding Remarks
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


