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Abstract

The SARS-CoV-2 Delta variant has evolved as the dominant strain of the current pandemic. Studies have shown
that this variant has increased infectivity/viral load, and reduced neutralization by the host antibodies from
convalescent patients/vaccinees. Clinically, Delta variant infection has been observed/documented in conva-
lescent patients/vaccinees, although with less incidence of severe diseases, but can serve as reservoir to spread
the infection to the unvaccinated. The current understanding (as of 18 August 2021) on the virologic aspect
(including the amino acid substitutions), clinical implications, and public health implications will be discussed
in this mini review, and recommendations to health authorities will be provided.

Key words: SARS-CoV-2; COVID-19; coronavirus; Delta variant; transmissibility; vaccine

Introduction

Since its emergence in December 2019, COVID-19 has
evolved into a pandemic.1 As of 18 August 2021, there
are >200 million people with confirmed infection glob-
ally (actual number likely much higher), contributing to
>4 million deaths.2

SARS-CoV-2, closely related to the SARS-CoV, is a
member of the genus Betacoronavirus.3,4 A positive-
sense, single-stranded RNA virus of around 30 000
bases,5 it replicates using the viral RNA-dependent RNA
polymerase, which lacks proof-reading activity. There-
fore, the virus can easily generate genetic variations,

allowing a genetically diverse population that can be
selected through gained fitness and/or adaptation to
the environment.6 Hence, rapid development of vari-
ants with increased infectivity and/or escape from the
host immune response is to be expected, especially
with a huge pool of infected subjects globally. Note
that the genetic variations may or may not lead to
amino acid substitutions/variations (known as synony-
mous and non-synonymous substitutions).7,8

Even with estimated genetic variation/mutation rate
of one nucleotide substitution for every 10 replications,
a single infected person, presumed to carry >10 billion
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copies of the virus, can produce billions of variations per
day.9 When multiplied by the number of infected sub-
jects globally, an enormous number of variants will be
created. As the genetic scrambling is relatively random,
most variants will have no impact. However, if the vari-
ant has increased infectivity/replication rate/genome
stability, and/or can escape the host immune response,
these variants can evolve as the dominant viral strain
quickly.

The US government SARS-CoV-2 Interagency Group
developed a Variant Classification that defines three
types of variants: variant of interest (VOI), variant of con-
cern (VOC), and variant of high consequences (VOHC).10

As of 18 August 2021, four VOCs have been reported
(Table 1).10 The Alpha variant that initially emerged
in UK has since spread to >185 countries.10,11 Stud-
ies have shown its increased transmission ability (50%
increase), secondary infection attack rate, along with
increased severity based on hospitalization rates. How-
ever, this variant has minimal impact on neutralization
by convalescent and post-vaccination sera.10,11 The Beta
strain was first described in South Africa, displaying both
increased transmission and host antibody neutralization
escape.10 The origin of the Gamma variant was traced
to Japan/Brazil, and this variant has shown increased
immune escape to neutralization antibodies.10,12

The Delta strain, or B.1.617.2 variant of SARS-CoV-2,
was first described in India in October 2020.13 By mid-
2021, it had been detected in >142 countries.11 An addi-
tional spike amino acid change, K417N, was reported on
11 June (classified as the Delta Plus).14 As of 6 July 2021,
this variant and another sub-lineage have been aggre-
gated with the Delta variant.15 As of 17 August, >98% of
the newly diagnosed COVID-19 cases in the USA result
from the Delta variant.16 This mini review, with specific
emphasis on the biology, clinical and public implications
of the Delta variant, will provide the latest information
related to the Delta variant as of 18 August 2021 to com-
plement our previous review so that readers can have an
update on the latest on COVID-19.

Amino acid substitutions in the Delta
variant (B.1.617.2 variant)

COVID-19 gets its spike protein features from the coron-
avirus family.17 The spike proteins are flexible and hinge
at three different points, thereby allowing easier access
to the receptors on human cells.18 The receptor-binding
domain (RBD) of the spike protein is the key binding ele-
ment to the human angiotensin-converting enzyme 2
(hACE2) receptor.18 Two glycans play a key role in the
positioning of the RBD and binding affinity to the hACE2
receptors, and there is evidence that the unique presence
of the furin cleavage site found in SARS-CoV-2 is associ-
ated with its high infectivity in lungs.18

There are a number of amino acid substitutions
observed with the Delta variant,15 and the amino acid Ta
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substitutions observed on the spike protein are summa-
rized in Table 1. Some of the notable mutations found
in the Delta variant such as D614G, L452R, E484Q, P681R,
and T478K, can also be linked to other variants. Since
the first description of the D614G mutation in China, this
amino acid substitution has remained in all subsequent
VOCs, with the main attribute being enhanced binding
to hACE2 receptors.19 A key feature is L452R, which was
discovered to enhance infectivity and decrease the neu-
tralization ability of immune sera.20 Further studies also
reported that L452R enhances membrane fusion, viral
replication, and evades the HLA-A24 cell immunity.21

When L452R combined with E484Q, only a slight decrease
in neutralization activity of immune sera was observed
in vitro.22 The E484Q mutation has been observed to
share similar immune neutralization escape properties
with the E484K mutation in the Beta and Gamma vari-
ants. There were reports of reinfection being linked to
the E484K mutation.23 As E484K and E484Q are close
to each other, there is the concern regarding the rein-
fection potential of the Delta variant in convalescent
patients and vaccinees. The P681R in the Delta variant is
located near the furin cleavage site, similar to the P681H
observed in the Alpha (UK) variant. Studies have shown
that although P681R had decreased infectivity, it facili-
tates furin-mediated S cleavage, thereby enhancing viral
fusion to ACE, promoting syncytia formation, and possi-
bly facilitating immune escape.24

T478K mutation is also found in the B.1.1.519 and
B.1.214.3 lineages, located within the interaction domain
of ACE2, and can possibly alter the electrostatic surface
of the protein which greatly influences how treatments
interact with the virus.25 An in vitro experiment sug-
gested the mutation can escape immune recognition.25

An additional amino acid substitution K417N was also
reported on 11 June 2021 with the new variant Delta
Plus/AY.1.14,26 This variant has already spread to >30
countries by August 2021 and has been classified as a
VOC in India.13,26

Clinical implications

First identified in India, the Delta variant has evolved as
the major viral strain in the current pandemic. Studies
have shown that clinically, in addition to increased trans-
missibility, the variant has a shortened incubation time,
enhanced replication abilities, and is more infectious
compared to non-VOCs.27 A recent study reported that
viral load is 1260 times higher in Delta variant patients
than the original COVID-19 strain.27

In India, the major Delta variant-driven wave of infec-
tion started in March 2021 and started to recede by early
July.28 In the UK where vaccination rate was high (76%
adults), the Delta variant-driven surge started in July and
had begun to recede by August.28,29 Overall, there was
a 10% global increase in the number of infections and
a 3% increase in deaths reported in the week of 13 July

that were believed to relate mainly to the Delta vari-
ant surge (compared to the previous nine weeks with a
steady decline in COVID-19 incidents).30

In the US (with 50% of the population fully vac-
cinated), which had 8%–14% (7-day average of 13 500
COVID-19 cases/day) caused by the Delta variant in early
June 2021, there was an increase to 80%–87% (7-day aver-
age of 92 000 COVID-19 cases/day) in the last two weeks
of July.31 The Delta variant has evolved as the main driver
for this pandemic in the US. Computer models have pre-
dicted that this surge may peak sometime in September
and could increase the number of new infections signif-
icantly.31

A key question regarding the Delta variant is
whether it can infect vaccinees. A recent study on
the Delta variant-driven outbreak in Provincetown, Mas-
sachusetts, published in CDC’s Morbidity and Mortality
Weekly Report, reported that fully vaccinated people
accounted for 74% of nearly 469 COVID-19 cases (4/5
subjects hospitalized were fully vaccinated; and no one
died).32 Importantly, this study found that fully vacci-
nated people carried the same amount of Delta variant
virus in their noses/throats as the unvaccinated.32

From a scientific perspective, one can imagine that
vaccinated people may still carry a significant load
of a viral variant known to have better infectiv-
ity/replication/reduced neutralization by host antibod-
ies. A short spell of rapid viral replication can still
cause symptoms, but the host immune system (both B-
cells and T-cells) can be activated again to control/clear
the viral infection.33 Scientists in Singapore found that
although vaccinated and unvaccinated patients infected
with Delta variant had similar viral loads when diag-
nosed, those loads declined more rapidly in the vacci-
nated.34

As for clinical features, despite the increased trans-
missibility, secondary attack rate, infection with Delta
variant does not stray from the general set of COVID-
19 symptoms, although there were reports suggesting
less cough/loss of smell/cold-like symptoms, and reports
suggesting potentially more severe disease in the unvac-
cinated.35,36

Public health implications

The observation that the Delta variant can infect vac-
cinees (therefore, can spread the infection) led CDC to
change their recommendation that even fully vaccinated
people should wear masks in indoor public places and in
areas where transmission is high.37 The upcoming pub-
lic health challenges will be when children are back at
school, and when people move indoors during the com-
ing fall and winter. We expect that there will soon be
changes in public policy. Even before these challenges,
the US has already seen a major wave of new infections
coming, with several states reporting overloads of inten-
sive care units.38,39
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Remdesivir is the first antiviral drug authorized
for emergency use (EUA) by US FDA for the treat-
ment of COVID-19.40,41 There are as yet no pub-
lished data on the efficacy of remdesivir against
the Delta variant. Currently, there are three sets of
monoclonal antibodies against SARS-CoV-2 with EUAs:
bamlanivimab/etesevimab, casirivimab/imdevimab, and
sotrovimab.42 Bamlanivimab/etesevimab have been put
on hold because of reduced efficacy against the Beta and
Gamma strains, and the impact with the Delta variant is
currently being studied.42

A recent update on the effects of Pfizer mRNA 2
dose vaccination regime showed a reduction in hospi-
tal admissions (i.e. their efficacy endpoint) from 95%
to 87.9%, while the prevalence of the Delta variant is
increasing.19 As the host immune response is polyclonal
against different B-cell/T-cell epitopes on the RBD based
vaccine, it was not surprising that the vaccinees are
still protected, and although some epitopes might be
impacted by amino acid substitutions, exposure to vac-
cines enhances the host immune system and prevents
development of severe COVID-19.43 Recently, there was
an updated report that the Pfizer vaccine has 64% efficacy
against infection and preventing symptomatic cases, but
is 93% effective at preventing hospitalization/severe dis-
ease caused by the Delta variant.44 As of August 2021,
another set of data showed that Moderna dropped from
86% to 76% efficacy against infection and Pfizer has
dropped to 42%, while the Delta variant is evolving as the
dominant strain.45,46 The Johnson and Johnson (JNJ) vac-
cine demonstrated 73.1% efficacy in preventing severe
disease/hospitalization/death but no sub-analysis was
performed for its efficacy against the Delta variant.47

Against the Beta variant, however, the efficacy of JNJ vac-
cine dropped to 52%.47

Pfizer and BioNTech released a statement in early July
2021 that their booster trial showed neutralization titers
5 to 10 times higher against wild types and the Beta vari-
ant (no data on Delta variant yet) compared with their
two-dose mRNA regime.48 An updated vaccine targeting
the Delta variant and new regimens with booster shots to
provide high levels of protection are currently projected
to begin in August 2021.48

As vaccinees may still have some level of protection
against the Delta variant, with most vaccinees infected
with Delta variant being asymptomatic/having mild dis-
eases, and a vast majority of hospitalizations are unvac-
cinated individuals, the current COVID-19 pandemic has
evolved to be a pandemic of the unvaccinated.49

Nasally administered vaccines are also in devel-
opment, and it is possible that this may enhance
local immune response to better protect the upper air-
ways, which is where the body is first exposed to the
virus.50 There are no approved inhalational vaccines
yet, but in non-human primates, early humoral IgA
immune responses has been shown to reduce viral shed-
ding/transmission.50

It is also important to emphasize that these vari-
ants will sustain the current pandemic, and there will

certainly be more long-term social/psychological/mental
implications.

Conclusions

The SARS-CoV-2 Delta variant is a VOC and is currently
the dominant strain in the prevailing COVID-19 pan-
demic. The high infectivity/viral load in infected sub-
jects, and the enhanced susceptibility of the vaccinees to
infection are concerning. Public health measures includ-
ing continued use of facemasks/social distancing in pub-
lic areas should be considered by health authorities. Gov-
ernments should strongly encourage all their citizens to
be vaccinated. Clinics/hospitals should prepare for the
new wave of infection caused by the Delta variant. Vac-
cines based on the Delta variant should be developed as
soon as possible. The rapid evolution of SARS-CoV-2 vari-
ants suggests that we may see more SARS-CoV-2 variants
of higher infectivity and/or reduced neutralizing activity
of the convalescent/vaccinees in the future. A concerted
effort to break the spread of the virus globally may be the
only way to combat this pandemic.
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