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As the epidemic time of COVID-19 outbreaks
worldwide has extended and the range of prevalence
has expanded, SARS-CoV-2 viruses have continuously
evolved and mutated, and multiple virus variants have
successively emerged. Recently, the Delta and Lambda
variants have attracted considerable attention in China
for their transmissibility, infective incubation period,
and pathogenicity. In this review, we describe the
epidemic characteristics and prevention and control
measures for Delta and Lambda.

The coronavirus disease 2019 (COVID-19), which
was discovered in Wuhan in late December 2019, is an
acute respiratory infectious disease caused by severe
acute  respiratory  syndrome  coronavirus 2
(SARS-CoV-2) (1—4). On March 13, 2020, the World
Health Organization (WHO) declared COVID-19 as
a global pandemic (5). As of September 21, 2021,
more than 228 million people have been infected
globally and nearly 4.6 million people have died (6).

As the COVID-19 pandemic continued and spread
more widely, a variety of SARS-CoV-2 variants have
emerged. These variants have the characteristics of
faster  replication  and  transmission,  higher
pathogenicity and potential immune escape, which led
to a rebound of the epidemic recently (7). The WHO
has classified several variants into variants of concern
(VOC) and wvariant of interest (VOI) based on
differences in transmissibility and pathogenicity, and
the rest of the descendent lineages are designated as
variants under monitoring (8). Currently, there are
four VOCs, among which, the Delta variant has
gradually become the dominant strain in many
countries. The recent domestic outbreaks in China
associated with the imported cases were mainly caused
by the Delta variant (9-10). Among the two VOlIs, the
Lambda variant has recently appeared in South
America and even in a few countries, and had a
tendency to replace the Delta variant as the dominant
strain (11).

Currently, four types of COVID-19 vaccines are
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available globally, including mRNA-1273 (Moderna
INC., USA), BNT162b2 mRNA (Pfizer, New York,
USA), AZD1222 (Oxford/AstraZeneca, UK), Janssen
Ad26.CoV2.S (Johnson & Johnson, New Jersey,
USA), etc. (12). Four types of COVID-19 vaccines
including  BBIBP-CorV  (Sinopharm,  Shanghai,
China), WIBP-CorV (Sinopharm, Shanghai, China),
Ad5-nCoV (CanSinoBIO, Tianjin, China), and
CoronaVac (Sinovac Biotech, Beijing, China) have
been approved in China (13). As of September 21,
2021, 2.48 billion people worldwide have completed
the whole course of vaccination, of which, the top 3
countries are China, European Union, USA, and
China ranked the first at 1,022 million people (74).
The effect of vaccination on the SARS-CoV-2 virus,
especially the current predominant strain of Delta
variant, has become the focus of global concern.

Non-pharmaceutical interventions (NPIs) primarily
refer to effective measures that can be taken to slow the
spread of a virus in the absence of a safe and effective
vaccine, treatment, or other prophylactic measures
(15). Evidence has shown that social distancing,
personal hygiene, mask wearing, case isolation, schools
and businesses closure, transportation banning,
gatherings cancelation, and other NPIs have played an
important role in stopping the virus transmission and
depressing the peak of the epidemic during the first
COVID-19 event in Wuhan, China (75-16).
However, the dominant SARS-CoV-2 strain has
mutated significantly since, raising questions of what
are the differences between the variants and whether
the NPIs are still effective for the variants, especially
the current predominant Delta variant and the
emergent Lambda variant.

To be prepared in advance and to provide a basis for
the control of infection (17), the pathogenicity,
prevalence, transmissibility of Delta and Lambda
variants, as well as the efficacy of vaccine and NPIs are
reviewed in this article.
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DELTA VARIANT

The Delta (B.1.617.2) variant was first identified in
October 2020 in Maharashtra, India and was classified
as a VOC in May 2021 by WHO. As of July 29, 2021,
the Delta variant has been reported in at least 132
countries/territories and become a predominant strain
in many countries.

Pathogenicity

The Delta variant contains 10 mutation sites in the
spike  glycoprotein  (/8), including 3 essential
mutations, [452R, E484Q), and D614G (19). The
L452R mutation is located in the S1 region of the
spike glycoprotein, which has a receptor binding
domain (RBD) that binds directly to the ACE2
receptor and is also a major target of anti-SARS-CoV-2
neutralizing antibodies (20). The L452R mutation has
been shown to increase the infectivity of Delta variant
and enhance the ability of neutralization escape (17).
The P681R mutation, located near the S1/52 cleavage
site of the S-protein, promotes the cleavage of the S-
protein, which also increases the infectivity of the
Delta antibody
recognition (27). In addition, several studies have
found that the T478K mutation enhances the ability of
the virus to bind to humans (7).

To date, the Delta variant has been further derived
as the Delta plus variant or later named AY.1 variant.
The AY variants included AY.4-AY.11 in the United
Kingdom, AY.12 in Israel, AY.23 in Singapore and
Indonesia, and AY.25 circulated in North America
(22). This Delta plus variant contains an additional
K417N S-protein mutation compared to the original
Delta variant, which was also found in the Beta and
Gamma variants. Some reports indicated that the Delta

variant and completely blocks

plus variant was more infectious and pathogenic than
the original Delta variant (23).

Epidemiological Features

The first case infected with the Delta variant was
identified in the UK in mid-April 2021 and then the
Delta variant strain triggered the third wave of SARS-
CoV-2 epidemic in the country, forcing the
government of the UK to postpone the full reopening
till June 21 (Z7). Besides the UK, the cases infected
with Delta variant steadily increased in Denmark and
the Delta variant became the dominant strain (24). In
United States, according to a nationwide sampling
survey, the proportion of the Alpha variant, the
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original strain of the virus, decreased from over 70% in
late April down to about 42% in mid-June 2021,
indicating that the Delta variant had been already
dominating (25). In Africa, cases infected with the
Delta variant were reported in Congo, Malawi,
Uganda, and South Africa, raising concerns that the
Delta variant will cause a surge of cases in African
countries due to the limited access to vaccines and will
pose the greatest risk to Africa (24).

For the Delta plus variants, according to the
REGENERON, a Global Initiative on Sharing All
Influenza Data (GISAID)-related online virus statistic
database, more than 70% of the cases currently in
Israel were infected with a Delta plus variant, including
AY.12 which was about 59% currently prevalent and
AY.4, AY.5, AY.6, and AY.9. The proportion of all
cases infected with Delta plus variants in Latin America
(AY.12 and AY.4), Singapore (AY.23), and Indonesia
is accounted for 38%, 98%, and 71%, respectively
(11).

Infectivity and Transmissibility

The high infectivity and viral load of the Delta
variant has contributed to the continuity of the global
COVID-19 pandemic. Studies in the UK indicated
that the risk of hospitalization and infectiousness of
Delta variant was 100% and 60%, respectively, more
than the Alpha variant strain and that the Delta variant
could infect 5 to 9 persons, more than the prototype
strain that was isolated in Wuhan (2 to 3 persons) (24).
In the Guangzhou outbreak caused by the Delta
variant, compared with the other SARS-CoV-2 virus,
the incubation period of the first-, second-, and third-
generations of cases was 4, 5 to 6, and 10 days,
respectively, which was shortened by 5 days, and the
days from exposure to becoming infectious was
significantly lower by roughly 2 to 4 days (26).
Individuals infected with Delta variant could develop
typical clinical symptoms 2 to 3 days after infection
and could cause five generations of cases within 10
days with a Ry of 4.04 to 5.0, which was much higher
than that of the prototype strain that was isolated in
Wuhan (2.2 to 3.77) (17).

Evidence indicated that the transmission routes of
SARS-CoV-2 included respiratory droplets, fomites,
and aerosol (27-28). The risk of spread of the Delta
variant increased through aerosol transmission. Three
separate incidents, including five cases associated with
playing squash at a sports venue in Maribor, Slovenia
(29), a cluster of cases associated with a shopping mall
in Wenzhou, China (30), and an outbreak occurred in
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the rehearsal of Skagit Valley Hymn in West Virginia,
USA (31), indicated potential aerosol transmission of
the Delta variant. The index case of recent domestic
outbreak in Guangzhou was infected in the hospital
where the imported case was isolated and tested, which
was later determined to be where the aerosol
transmission very likely occurred (32).

Vaccine Effect

One of the important measures to prevent severe
illness and death is vaccination, but the effectiveness of
vaccines has been weakened by the Delta variant and
breakthrough  infections have been reported
continuously. A study found that Delta variant has a
two-fold reduction in neutralizing titers compared to
the other prior strains one month after vaccination
with Pfizer (33). Overall, 71 of 218 Delta variant
infections at the 5 study sites met the definition of
vaccine breakthrough in a Singaporean study (34). A
study from the UK found that the 6 types of
neutralization antibodies of the Delta variant in sera
collected from AstraZeneca and Pfizer vaccine
recipients reduced more than 5-fold (35). Another UK
study found that a single dose of either the
AstraZeneca or Pfizer vaccine could reduce risk of
individual infection with the Delta variant by 33%,
which was lower than that with the Alpha variant
(50%). Furthermore, 2 doses of the AstraZeneca
vaccination could increase protection efficacy against
Delta variant by 60%, which was lower than that
against the Alpha variant (66%); meanwhile, 2 doses of
Pfizer’s vaccination could increase 88% prevention
effectiveness to the Delta variant in comparison with
93% of Alpha variant (24,36). A study in Israel showed
a 2.5-fold reduction in neutralization titers for Delta
variants, while, a 1.7-fold, 10-fold, and 2-fold
reduction in Alpha, Beta, and Gamma variants,
respectively, between 4 and 14 days after the uptake of
the second dose of Pfizer vaccine, resulting in an only
39% protection rate against symptomatic infection
with Delta variant (22). US CDC reported a 66%
protection rate after vaccination against Delta variant
infection, which was considered a slight decrease
following the continuous vaccination campaign (37).
Another study in a nursing home in the United States
reported a significant decrease in the effectiveness of
the mRNA vaccine to prevent infection with Delta
variant from 74.7% before the Delta variant emerged
between March 1 to May 9, 2021, down to 53.1%
after Delta variant dominated in the country (38). The
recent outbreak in Guangdong revealed that the
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inactivated vaccine developed in China has a relevant
high effectiveness to Delta variant including a 69%
prevention of infection and more than 95%
effectiveness of severe disease (/7). The Phase III
clinical data of Jiffy recombinant COVID-19 vaccine
indicated that the total protection efficiency was 82%
and the protection rate against Delta variant was

78% (19).

LAMBDA VARIANT

Although the Lambda variant has not been
spreading as fast as Delta variant, the Lambda variant
has been widely spread in South America and reported
from over 35 countries/regions since it was first
identified in Peru, where the case-fatality ratio has
reached as high as 596 per 100,000 people (39).

Pathogenicity

The Lambda variant belongs to the C.37 lineage and
classified as a VOI on June 14, 2021 by the WHO.
The mutations in the domain of RBD and N-terminal
domain (NTD) of the SARS-CoV-2 S protein can lead
to the immune evasion because RBD and NTD are
associated with the escape neutralization (40). A study
published on BioRxiv preprint showed that the unique
7-amino-acid deletion of the RSYLTPGD246-253N
mutation in the NTD of Lambda S protein resulted in
its escape from neutralizing antibodies, which was the
cause of the rapid spread of the Lambda variant in the
Southern American countries (47). In addition, the
T76l and 1452Q mutations of Lambda variant can
make the virus highly infectious (34) .

Epidemiological Features
In the past two months, The Lambda variant has
been predominant in Peru, Chile, Argentina,
Colombia, Uruguay, Paraguay, and other South
American countries (23), According to the GISAID
database, since the first case of Lambda variant was
reported in the United States on July 22, 2021, 1,060
cases infection with Lambda variant have been
reported, and later, Lambda variant has spread from
America to Asia (42). On August 6, a 30-year-old
woman arrived at Tokyo Haneda Airport from Peru
and was diagnosed with Lambda variant infection, who

was the first case of Lambda variant in Japan.
Although the impact of Lambda variant in Peru is
increasing, the number of cases of Lambda variant in
other countries has not yet exceeded that of Delta
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variant. The proportion of Lambda variant in the UK
and United States is less than 0.1% and 0.3%,
respectively. To explain the inconsistent performance
of Lambda variant in different countries/regions, the
“founder effect” which means that the predominant
variant is usually firstly introduced and spread in a
densely and restricted population, might be an
important factor (42).

Vaccine Effect

Similar with the Delta variant, partial mutations of
the Lambda variant cause the virus to escape
neutralizing antibodies, but a small amount of
mutations may not be enough to make the Lambda
variant completely escape from the immune system,
even unusual mutations due to T cell function. In
comparison with the D614G mutation, the L452Q
mutation of the Lambda variant increases its ability to
bind to cells by 2-fold and the L452Q and F490S
mutations  increased the serum
convalescent patients by 3.3-fold, which was lower
than Beta variant (4.9-fold), the study also found that
the serum resistance of Lambda variant to Pfizer and
Moderna vaccine increased by 3- and 2.3-fold,
respectively, but the mRNA vaccines such as Pfizer and
Moderna remained effective for Lambda variants (43).
Similarly, a study of the impact of the CoronaVac
vaccine on the Lambda variant found that neutralizing
antibodies had only 3.05-fold less than the prior
variant (44), indicating that part of the neutralizing
antibody was retained.

resistance  of

THE CONTROL AND PREVENTION
MEASURES

The global COVID-19 pandemic is still ongoing,
and the viruses continue to adapt, changing their
characteristics such as the infectivity, transmissibility,
and pathogenicity. On August 30, 2021, the WHO
announced the Mu variant (B.1.621) and classified it
as a VOI (8,45), which has mutations associated with
potential immune escape. More studies of the
phenotypic and clinical characteristics of Mu variant,
and the monitoring of any changes with the co-
circulation of the Delta, Lambda, and the other
variants are needed (45—46).

The emerging SARS-CoV-2 variants pose great
challenges to the prevention and control of epidemics.
The WHO recommends that ongoing pandemic

prevention strategies and measures will continue to
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work on variants (8). The Chinese experiences
illustrated that vaccination alone cannot block
infection and transmission due to the ultra-short
incubation period (79). To prevent and control the
transmission of Delta and Lambda variants, China
continues to adopt proactive strategies and implement
a series of NPIs (21,45,47—48) .

In addition, the research on Delta and Lambda
variants should be further promoted, especially on the
mutation sites related with immune recognition and
vaccine efficacy (49). The WHO encourages countries
to strengthen gene monitoring and viral sequencing
capabilities and calls for close cooperation among
countries to strengthen the monitoring of variation and
the evaluation of biological characteristics of variants,
which needs timely sharing of the information to early
alert the potential important immune escape variants
(8,42).
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