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Abstract: With the delta variant of COVID-19, known as B.1.617.2, quickly ramping up infections
around the world, we need to understand what makes this variant more contagious. One study has
reported that the delta variant is 60% more transmissible than the alpha variant. As of August 2021,
the delta variant has quickly become the dominant strain. Despite countries like the US, where most
of the population is vaccinated, COVID-19 has made a resurgence in infections. Collectively, as a
country, we ask: is it more deadly? What makes it more “contagious” or “transmissible”? This review
article delves into the information we already know about the delta variant and how it compares with
the other SARS-CoV-2 variants. The current vaccine companies like AstraZeneca, Pfizer/BioNTech,
and Moderna have reported that their vaccines can provide protection against this variant but with a
slightly reduced efficacy. In this article, we do a comprehensive review and summary of the delta
B.1.617.2 variant and what makes it more contagious.
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1. Introduction
The recently discovered novel virus, Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2), was initially found in late 2019 in Wuhan, China [1]. Coronavirus disease
19 (COVID-19) is a zoonotic disease, and it is widely believed that SARS-CoV-2 stemmed
from animals like bats, snakes, and pangolins found in the market located in Wuhan [1].
According to Worldometers, SARS-CoV-2 has infected over 188 million people, and around
4 million deaths have resulted from this virus worldwide [2].
In addition to the millions of lives lost from COVID-19, the pandemic continues to
have a tremendous impact on both the mental and physical health of various individuals.
Healthcare workers are not the only group that have undergone excessive stress due to
this pandemic; the general population has illustrated psychiatric symptoms as well [3].
The growing concern among the people about the possibility of acquiring SARS-CoV-2
infection has greatly increased depression, stress, confusion, and anxiety in the general
population [4]. One study showed that SARS-CoV-2 infection had significantly decreased
the amount of physical activity per week in Italy [5]. Physical inactivity can lead to
significant increase in the rates of cardiac-related deaths [6]. The impacts of COVID-19
are significant on humans’ overall health; thus, taking a look at this delta variant that is
causing a recent surge of COVID-19 cases in the US, Europe, and other parts of the world
is crucial to the public health.
There are currently four variants that the CDC is monitoring. The first SARS-CoV-2
virus is B.1.1.7. This is called the alpha variant, and it was initially detected in the United
Kingdom [7]. B.1.351 is the beta variant that was first detected in South Africa. P.1 is the
gamma variant that was first detected in Brazilian travelers. The new variant of SARS-CoV2 known as the delta variant was originally found in India in December 2020 [8]. The delta
variant has spread over 60 countries very fast because of its capability to invade the host’s
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immune system compared to the original strain [6]. Over 26% of the Indian population
was infected with the delta variant in a three-month period. The high rate of transmission
is most likely due to the immune evasive property of the delta strain. Additionally, during
the second pandemic wave, there was a loss in population immunity, which was a result of
the delta variant [8]. In the US, the infection rates continue to increase despite vaccination
efforts and pandemic restrictions [9].
2. Pathogenesis of B.1.617.2
The delta variant of SARS-CoV-2, B.1.617.2, has 23 mutations compared to the first
identified COVID-19 strain (alpha strain) [10]. Twelve of those mutations are in the spike
protein (see Figures 1 and 2, and Table 1 below). The spike protein allows for the attachment
of host cells to enable entry into the cells. The spike protein is also the protein that is targeted
by the immune system for eradication of the virus. Once the spike protein is recognized as
foreign by the immune system, B cells produce antibodies to attach to this spike protein
for eradication. The spike protein is composed of two subunits, called S1 and S2. S1 binds
to the ACE2 receptor, and S2 aids with the fusion and integration of the virus to the host
cell [11]. The more the spike proteins mutate, the harder it is for the immune system to
identify them and for the antibodies to attach for the subsequent eradication of the virus.
This new spike protein evading the immune system allows for a better attachment to
human cells, thus infecting them more effectively.

Figure 1. SARS-CoV-2 structure and binding schematic. (A) Native resting state of the ACE-II
receptor on the host cell surface. (B) Spike protein binding to the ACE-II receptor. (C) Viral fusion
with the host cell membrane. Host cell proteases cleave the spike protein into S1 and S2 subunits.
S1 is responsible for binding to ACE-II, while S2 is responsible for viral fusion and entry. Upon S1
binding ACE-II, the HR 1 and 2 subunits form the 6-helix bundle (6-HB) in order to bring the viral
particle close to the host cell to allow for fusion and entry [11].
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Figure 2. Representation of the spike protein mutations found in the B.1.6172 variant. NTD = N-terminal domain,
RBD = receptor-binding domain, RBM = receptor-binding motif, SD1 = subdomain 1, and SD2 = subdomain 2.
Table 1. Characteristic mutations of B.1.617.2 [12]. S = spike protein gene, N = nucleocapsid gene,
ORF = open reading frames gene, and M = membrane protein gene.
Gene

Amino Acid

S
S
S
S
S
S
S
ORF1a
ORF1a
ORF1a
ORF1a
ORF1a
ORF1a
ORF1b
ORF1b
ORF1b
ORF1b
ORF3a
M
ORF7a
ORF7a
ORF7b
ORF8
N
N
N

T19R
del157/158
L452R
T478K
D614G
P681R
D950N
A1306S
P2046L
P2287S
V2930L
T3255I
T3646A
P314L
G662S
P1000L
A1918V
S26L
I82T
V82A
T120I
T40I
del119/120
D63G
R203M
D377Y

3. Delta Variant Mutations
The most notable gene mutations that are suspected to allow the delta variant to be
the most transmissible variant yet are the mutations found in the spike proteins. The spike
gene mutations in this B.1.617.2 variant are T19R, L452R, T478K, D614G, P681R, and d960N,
with deletions at positions 157 and 158.
Most notable are the L452R and P681R spike protein mutations. The L452R mutation
substitutes an arginine for a leucine at position 452. One study suggests that this allows for
the spike protein to attach to the ACE2 receptor with a higher affinity. The ACE2 receptor is
a receptor found in the human host in many cells of the body that allows the spike protein
of SARS-CoV-2 to bind to this receptor. This may help evade vaccine-stimulated antibodies
to bind to the spike protein, because the ACE2 receptor is bound with the spike protein
with a higher affinity [13]. Yet, other studies have shown that the L452R mutation can allow
the delta variant to evade being attacked by CD8 T cells, which are the cells that eradicate
the virus [14].
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The other notable mutation of the B.1.617.2 variant is the substitution P681R. The
arginine substitutes the proline at position 681, and this mutation helps cleave the precursor
spike protein to the activated forms of the spike protein called S1 and S2 [15,16]. This
would allow for superior fusion and integration of the virus to the host cell as compared to
variants without this mutation.
4. Epidemiology of the Delta Variant
According to the CDC, the delta variant spreads twice as easily as the alpha variant [17].
An infection and death rate profile from the WHO Coronavirus (COVID-19) Dashboard
shows the various waves, with the second wave starting around February of 2021 and
consisting of a higher percentage of the delta variant than the previous spike [18]. The
American Society for Microbiology reports that this newer strain accounts for 83% of
cases in the US and 90% in the UK. They even report a 40–60% increase in transmissibility
compared to the alpha variant, which itself was twice as contagious as the original strain
from Wuhan [19]. It is even apparent on a qualitative level that the infection and death
rates spiked much more rapidly despite occurring in a much shorter timeframe. The peak
cases in the first wave were 5,001,049 vs. 5,703,208 in the second; the peak death rate in the
first wave was 101,084 vs. 96,684 in the second; and the first wave gradually increased over
March, until it rapidly spiked from about October 2020 to February 2021, when the second
wave rapidly spiked from February 2021 to about June [18]. On a quantitative level, the
delta variant has been shown to have a 108% increase in hospitalization risk, 235% increase
in ICU admission, and 133% higher chance of death than the original variant [20].
One study in Scotland showed that the delta variant led to double the risk for hospitalization as compared to the alpha variant. The study also suggested that the delta variant
was more common in their younger and affluent populations [21]. Another study showed
that the delta variant has been spread rapidly in UK primary and secondary schools [22].
Even though the UK is a country with a high vaccination rate, it is of concern to see an
outbreak of the delta variant in primary and secondary schools because of students in the
US starting school in the fall season. Since the outbreaks have been mainly of school-aged
children, and since these school-aged children are the last to get the vaccine, this suggests
that adults who have gotten the vaccine are more protected than children who have not
gotten the vaccine. However, more data is needed to understand why school-aged children
are acquiring the delta variant—is it their unvaccinated status alone, or is it their unvaccinated status combined with a less fully developed immune system that is common in
young children?
High rates of transmission in the delta variant can lead to high rates of mutations and
the emerging of new strains. Due to the appearance of new variants of the coronavirus,
Moderna and Pfizer may likely need to produce booster doses for their vaccines.
As for vaccinated individuals getting breakthrough COVID-19 infections, a study in
the UK found that vaccinated individuals have similar protection against the delta variant
as they do with the alpha variant. Bernal et al. found that a single dose of either the
BNT162b2 or ChAdOx1 nCoV-19 will have similar efficacies of 30.7% against the delta vs.
48.7% against the alpha. Two doses of BNT162b2 were found to be 93.7% effective against
the alpha vs. 88% effective against the delta. ChAdOx1 nCoV-19 was found to be 74.5%
effective against the alpha and 67% effective against the delta [23]. Another study showed
that the Pfizer/BioNTech vaccine showed up to 88% protection, although not as effectively
as against the alpha variant [23]. Due to a decrease in effectiveness of the coronavirus
vaccines to new variants of SARS-CoV-2, it is expected that the number of deaths from
coronavirus will increase in the next twelve months [24]. Thus, it is expected that the
reduction in effectiveness of the COVID-19 vaccines will lead to a surge of a new pandemic.
However, various studies still support that vaccination will still decrease the chances of
morbidity and mortality from the new strain.
Besides a diminished efficacy in the ability of the vaccines to prevent infection, properties of infected individuals create further problems with containing the spread. One study
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demonstrated that fully vaccinated individuals with breakthrough infections have a similar
viral load as unvaccinated patients [25]. Further complicating the issue is a finding that,
among infected patients, non-hospitalized ones can even have a higher viral load than
hospitalized patients [26]. Since much of COVID-19 treatment and quarantining is based
on symptomatology and not necessarily viral load, infected individuals can continue to
readily spread the delta variant despite the current public health efforts.
5. Common Symptoms of the Delta Variant
Some common symptoms for the delta variant are fever, cough, shortness of breath,
vomiting, diarrhea, sore throat, and headache [20,27]. Other symptoms include: myalgias,
loss of taste, loss of smell, fatigue, and rhinorrhea [28]. Currently, studies indicate that
the symptoms of the delta variant and alpha variant are similar, but patients with the
delta variant become more rapidly ill and grow higher viral loads in the respiratory
tract. Examinations in the UK have shown the delta variant to uniquely cause auditory
impairment and gangrene from worse blood clots while less commonly causing cough and
loss of the sense of smell [19]. More studies and case reports are needed to document if the
delta variant truly causes different symptoms from the alpha variant in order to clarify the
conflicting reports.
6. Discussion
The B.1.617.2 variant is quickly becoming the common variant of the COVID-19
pandemic. The areas in the US that are showing the cases of the delta variant are in the
under-vaccinated populations. However, the cases in all 50 states are increasing, but this
can be a combination of the delta variant’s easier transmissibility, as well as Americans
using less masks and social distancing. More strains can emerge from the delta variant as
more people get infected. Due to the seriousness of this new delta variant, the Centers for
Disease Control and Prevention has now recommended that even vaccinated individuals
should wear masks indoors in populations where transmission rates of COVID-19 are
high. This happened after the daily COVID-19 cases have increased by four-fold since the
beginning of July 2021.
We call for a better look at the treatment of patients infected with the delta variant.
Since the symptoms are different than the alpha variant, we need more research looking
at what the best way is to help these patients who are infected with the delta variant. For
example, since steroids have been used in the alpha variant, are steroids still appropriate
to be used in patients infected with the delta variant, even though they do not commonly
present with difficulty breathing? A lot of information is known about the other variants of
the SARS-CoV-2 virus, but still, not much is known about the delta variant of this virus. As
more people get infected with the delta variant, more information will become available,
but one way to continue combatting this virus is to continue social distancing, use face
masks, use proper hygiene, and become fully vaccinated.
7. Conclusions
More studies need to be done to fully assess the delta variant, but in this comprehensive review, we investigated what makes this delta variant more contagious, the associated
symptoms, and the social impacts of this virus. It seems that the variant’s higher infectivity
is a combination of key mutations giving the spike protein higher affinity binding of ACE-II,
decreased efficacy of vaccines against it, and higher viral loads in infected individuals.
More research is needed to clarify the unique symptoms of this strain, as well as infection
profiles. Hopefully, newfound knowledge will help guide treatments and prevention
through vaccination strategies and other public policies.
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