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Background
China experienced a surge in pneumonia cases in December 
2019, caused by β-coronavirus. International Committee on 
Taxonomy of Viruses (ICTV) labeled the virus as severe acute 
respiratory syndrome coronavirus-2 (SARS-CoV-2). The World 
Health Organization (WHO) formally designated the viral dis-
ease as coronavirus disease-19 (COVID-19) on February 11, 
2020.1 Now the whole world is fighting the deadly COVID-19 
as coronavirus has dispersed to almost all over the world.2 WHO 
reported more than 349 million confirmed COVID-19 cases 
and more than 5.5 million related deaths as of January 24, 2022.3 
The coronavirus is continuously changing its character through 
mutation. Therefore, new variants are sometimes more virulent 
and transmissible than the previous ones. The severity of symp-
toms and the performance of vaccines primarily depend on the 
viral strain involved in the infection. The respiratory distress or 
pneumonia are common symptoms of all COVID-19 patients. 
Besides nausea, abdominal pain, vomiting, diarrhea, loss of appe-
tite related to the gastrointestinal tract, and some neurological 
symptoms we see in most COVID-19 patients. The severity of 
those symptoms may vary among patients.4 On the other hand, 
some infected people can be asymptomatic at the same time. 
And even for many symptomatic cases, illnesses extent from 
mild and simple cold-like symptoms to terrible illness and 
death.5 On average, it needs 20 to 37 days for virus clearance 

from the beginning of being infected.6 How long this virus will 
exist inside the human body depends on many factors. Also, it 
varies from person to person. However, a study showed reduced 
interferon-C production by natural killer cells may favor the 
long-term existence of coronavirus.7

Coronavirus Variants
Coronavirus has traveled to every corner of the world and con-
tinuously mutates and changes its character. Research shows 
that the virus responsible for COVID-19 has the most muta-
tions on the targets of various nucleocapsid gene primers and 
probes.8 These changes may affect the virus’s properties. The 
new variants might have a speedy spreading capacity and cause 
disease severity. Also, new variants might alter the performance 
of vaccines, diagnostic tools, therapeutic medicines, and other 
preventive measures.9 The capacity of changing variants 
through genomic changes is one of the main characteristics of 
this virus. In the waves of the COVID-19 pandemic, the world 
is suffering from Alpha, Beta, Gamma, Delta variants, and 
most recently Omicron variants of this virus. WHO designated 
SARS-CoV-2 variants with Greek alphabet letters according 
to their characteristics and classified them as variants of con-
cern (VOCs) and variants of interest (VOIs) (Figure 1). The 
WHO defined VOCs and VOIs based on the viral genomic 
changes, transmissibility, neutralization power, detrimental 
effects, disease presentation, and emerging health risks on the 
human being.10 VOCs are refer to variants with increased 
transmissibility or increased in virulence or decreased in effec-
tiveness available diagnostics, vaccines, therapeutics. Also, 
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VOIs are refer to those variants with genetic changes that are 
predicted or known to affect virus characteristics and have sig-
nificant community transmissibility with emerging risk to 
global public health.10 The names are given according to the 
Greek alphabet that may work as a handy short form for the 
public, the policymakers, and others.9 Some recently discov-
ered strains are designated as variants under monitoring for 
further assessment (Figure 1). This list also includes some for-
mer VOIs mutants. The Alpha (B.1.1.7), Beta (B.1.351), 
Gamma (P.1), Delta (B.1.617.2), and Omicron (B.1.1.529) are 
classified as VOCs. On the other hand, Lambda (C.37) and 
Mu (B.1.621) are enlisted as VOIs (Table 1).11 After Alpha, 
Beta, Gamma, and Delta variants; Omicron another variant 
named Delta is the latest concern. However, multiple countries  
discovered the Omicron variant in Noverber 2021 that is the 
most infectious variant so far.11 Till now, this Omicron variant 
has spread more than 150 countries, and it is spreading faster 
than others.12 Moreover, WHO classified some variants as 

variants under monitoring (VUMs) based on the viral genetic 
changes that might affect virus characteristics. The Pango line-
age of designated SARS-CoV-2 VUMs are B.1.1.318, C.1.2, 
and B.1.640.11

The Alpha variant

B.1.1.7 variant was renamed as Alpha variant on December 18, 
2020. The Alpha variant was found in the earliest documented 
sample that was found in the United Kingdom in September 
2020. It is also noted as lineage B.1.1.7.13 It is defined by 17 
mutations, where 14 mutations are because of the change in 
amino acids. Three others are deletions of 8 mutations in the 
spike protein gene that help the virus for viral access to the 
human cell. Viral functions are potentially affected by at least 3 
mutations.14 Research reported the transmissibility of this vari-
ant is 43-90% more than the other variants (early SARS-CoV-2 
strains) that were existed in the UK previously. The same 

Figure 1. Working definition of SARS-CoV-2 variants. We collected this information from World Health Organization. Tracking SARS-CoV-2 variants.11

Table 1. The World Health Organization designated SARS-CoV-2 variants.

SARS-COV-2 VARIAnTS WHO lABEl PAnGO lInEAGE EARlIEST DOCUMEnTED SAMPlES DATE OF DESIGnATIOn

Variants of Concern Alpha B.1.1.7 UK, Sep, 2020 Dec 18, 2020

Beta B.1.351 South Africa, May, 2020 Dec 18, 2020

Gamma P.1 Brazil, nov, 2020 January 11, 2021

Delta B.1.617.2 India, Oct, 2020 May 11, 2021

Omicron B.1.1.529 Multiple countries, nov, 2021 nov 26, 2021

Variants of Interest lambda C.37 Peru, Dec, 2020 Jun 14, 2021

Mu B.1.621 Colombia, Jan, 2021 Aug 30, 2021

Variants Under 
Monitoring

– B.1.1.318 Multiple countries, Jan, 2021 Jun 2, 2021

– C.1.2 South Africa, May, 2021 Sep 1, 2021

– B.1.640 Multiple countries, Sep, 2021 nov 22, 2021

Source: We obtained data from World Health Organization. Tracking SARS-CoV-2 variants.11
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transmissibility of this variant has been seen in Switzerland, 
Denmark, and the United States.15

The Alpha variant is associated with increased severity of 
infection regarding hospitalizations and fatality rates,16 shows no 
effect on susceptibility when treating with EUA monoclonal 
antibody,17,18 increased transmission.19 The most common symp-
toms in infected people by this variant were chills, loss of appetite, 
headache and muscle aches, etc.20 According to a survey, sore 
throat, fever, myalgia, fatigue, cough, found common symptoms 
of B.1.1.7 infection. However, loss of smell or taste was reported 
as a less common symptom; and a higher prevalence of having at 
least one of the symptoms.21 Graham et al22 have studied on UK 
population and reported evidence of persistent cough, fever, diar-
rhea, delirium, hoarse voice, headache, unusual muscle pains, loss 
or change in smell or taste, skipped meals, severe shortness of 
breath, sore throat, chest pain, abdominal pain, and severe fatigue. 
Moreover, this strain was found to be resistant to neutralization 
by antibodies. Planas et al. reported increased resistance to neu-
tralizing antibodies by the strains. They found an escape of neu-
tralization occurred due to mutations. B.1.351 variant had shown 
more resistance than B.1.1.7, and wild type D614G got neutral-
ized easily.23,24 These escapes from neutralization lead to new 
complications in the global healthcare system.

The Beta variant

The WHO renamed B.1.351 or 20H/501Y.V2 as a Beta vari-
ant on December 18, 2020. It was first reported in South 
Africa. The earliest documented sample was found in May 
2020 in South Africa. The WHO enlisted the Beta variant as 
a variant of concern. There are 3 mutations on the surface 
named spike region: K417N, E484K, and N501Y. And there 
are also 5 spike mutations on the surface of the virus that are a 
matter of less concern.25 Compared to a preexisting variant, 
this variant has a faster spreading quality and causes severe ill-
ness in young people more frequently.26 The main characteris-
tics of this variant are increased transmission than the previous 
variant, to the combination of bamlanivimab and etesevimab. It 
shows faded susceptibility, but clinical evince of this decrease is 
not known.17 But options of other monoclonal antibody treat-
ments are available against this variant.18However, a two-dose 
regimen of the ChAdOx1 nCoV-19 vaccine did not show pro-
tection against mild-to-moderate COVID-19 due to the 
B.1.351 variant.27-29 Therefore, the challenge to fight this vari-
ant is resistance to neutralization with a higher risk of death.

The Gamma variant

The Gamma variant was designated on January 11, 2021, by 
WHO. The earliest documented sample was found in 
November 2020 in Brazil. It is also known as lineage P.1. This 
variant has 17 amino acid substitutions, in which 10 are present 
on the surface as spike protein. All of them, are of particular 
concern: N501Y, E484K, and K417T. Also, 2 mutations are 

found; one in its ORF8 region and one in its N region.30 In 
2020, a study among 180 samples identified the lineage P.2 of 
this virus, where the samples are taken from Rio de Janeiro. By 
genome sequencing, this P.2 was first identified in October 
2020 but appeared in early July 2020.31 The P.2 case can be 
asymptomatic in some cases.32 It has been found higher than 
expected reinfections with Gamma variant among the 
Brazilian.33 This variant involves household transmissions and 
can be traveled in a community without travel history.32 As of 
March 30, 2021, this variant has traveled to 45 countries. 
Reduced neutralization by MOA therapies, post-vaccination 
sera, and convalescent sera have attributed this variant. It also 
showed reduced sensitivity to bamlanivimab and etesevimab 
when they are used for combined MOA treatment. But this 
variant shows good sensitivity when treated with some EUA 
monoclonal antibodies.17,18

The Delta variant

The WHO considers the Delta variant as a VOC. The Delta 
variant was designated on April 4, 2021, as a VOI and desig-
nated on May 11, 2011, as a VOC by the WHO. The earliest 
documented sample was found in October 2020 in India. It is 
also recognized as lineage B.1.617.2. In India, it was first 
acknowledged during an aggressive wave of COVID-19 there 
in April and May 2021. It is rising so fast than the other vari-
ants. Now India is facing big trouble because of this variant. 
Countries that are linked closely economically to India (eg, 
countries in East Africa) are probably having a huge risk of 
affecting by the Delta. Cases with Delta variants in these 
countries are found among shipping crews at different ports. 
Again, Delta is the biggest risk for the countries having inad-
equate access to vaccines, especially the countries in Africa- 
where most nations can vaccinate less than 5% of their 
populations. This variant is 60% more transmissible than the 
Alpha variant that is already known as highly infectious. It 
can be said that this variant is somewhat resistant to vaccines; 
more especially in those subjects who have received just a first 
dose of vaccine.34 A first vaccine dose of either AstraZeneca’s 
or BioNTech’s vaccine can reduce the risk by 33% for the 
Delta variant and 50% for the Alpha variant.35 This Delta 
variant showed less sensitivity toward neutralizing antibodies 
inside the body.36

Another variant has also been identified named as Delta 
plus. Responsible authorities in India have called it a “VOI,” 
but WHO hasn’t matched that designation yet. It is also recog-
nized as B.1.617.2.1 or AY.1. It is a sub-lineage of the Delta 
variant. The difference between these 2 is not so many. For 
now, only one difference can be known which is an additional 
mutation in the spike protein found on the surface of the virus. 
Delta plus shows almost the same transmissibility as the Delta 
variant. Such mutation has also been found in the Beta and 
Gamma variants. India’s SARS-CoV-2 Consortium on 
Genomics reported some attributes of Delta plus variants and 
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that said its binding capacity to the cells of a human lung is 
stronger and it showed a potential reduction in response while 
treating with MOA. The response of Delta Plus against a vac-
cinated body is not still clear to the world.37

By comparing the variants, it can be stated that the Delta 
variant is the most dangerous variant of this virus so far. Studies 
say that it has the most effective transmissibility among all other 
variants. Delta and Delta plus affect the lungs more as they have 
transmissibility more than others. A big challenge is that patients 
are coming to hospitals affected by these variants with a worse 
lung condition in a very short period. It is a matter of hours to 
get into deadly conditions from an asymptomatic condition. 
Healthcare facilities are facing a huge challenge to face these 
cases as they need more high flow oxygen facilities and intensive 
care units that may not be enough so far. They are facing 
increased pressure of a patient with a new strong variant against 
medication, all of a sudden. These variations emerged as an open 
challenge to individuals as well as the healthcare system.

The Lambda variant

The Lambda variant was designated on June 14, 2021, by WHO. 
The WHO considers it to be a VOI that experts suspect it could 
be more dangerous than the original strain. The earliest docu-
mented sample of the Lambda variant was found in December 
2020 in Peru. It is also known as lineage C.37. In this country, 
the number of new cases each day is increasing daily. As said in 
the attributes of a VOI, the Lambda variant is showing a unique 
outbreak in the world. It is spreading so fast in South America. 
The variant is still a mystery. No one knows if it is more conta-
gious than other variants of the virus or if it affects vaccines. The 
mutation of the Lambda variant resembles those found in sev-
eral other highly contagious or worrisome variants, which means 
that it is worth studying. But much remains unknown, and it is 
not yet clear how much of a risk it poses. Still, no evidence may 
suggest that Lambda will exceed Delta, which is the highly 
transmissible variant and that’s now dominating most of the 
world. The variant contains 8 mutations, where 7 mutations in 
the gene for the spike protein and are found on the surface of the 
virus. These mutations may help the variant to be more infec-
tious or to destroy the immune system of the human body. But 
still, it is not clear that whether this variant has more ability to 
transmit than the other variants. Some researchers said that 
Lambda is not found to be worrisome as Delta and does not 
expect it to become as dominant globally.38

The Omicron variant

The newly discovered variant “Omicron” of SARS-CoV-2 has 
heavily mutated to its spike protein, the target of vaccines.39 
The Omicron has raised concerns regarding the transmission 
of coronavirus, immune system evasion, and vaccine resist-
ance.40 Many countries have already confirmed the first case of 
the Omicron variant and the symptoms are mid so far.40 Several 

countries have imposed travel restrictions on South African 
countries to curb the international spread of the Omicron vari-
ant. However, it is much difficult to implement health safety 
guidelines due to several factors.41 Therefore, the COVID-19 
situation may take a drastic turn due to the transmission of the 
Omicron variant. Thus, we recommend mass immunization for 
all adults at the earliest possible time. Along with the vaccina-
tion programs, avoidance of public gatherings, the unveiling of 
new genomes, and monitoring of abnormalities should be 
continued.42

Other VOIs
The WHO designated several variants of SARS-CoV-2 as 
VOIs including Eta, Lota, and Kappa strains. The first cases of 
these mutants were found in multiple countries between the 
last 2 months of 2020. Later WHO designated these variants 
as VOIs when their transmissibility, disease severity, immune 
escape, diagnostic or therapeutic escapes, and their epidemio-
logical impacts meet the criteria although these variants are not 
significantly as severe and fatal than VOCs. However, VOIs 
strains also cause mortality and severity of disease in patients of 
many countries due to immune escape.11,43

New Variants and New Challenges on Global Public 
Health
The world is facing the worst public health crisis than ever due 
to the ongoing pandemic. The world is searching for therapeu-
tic and preventative solutions. There are 2 uppermost priorities 
at this moment: first of all, to revise already-approved pharma-
cologically active agents or develop therapies to minimize the 
morbidity and mortality associated with the virus. Secondly, 
the scientific and pharmaceutical community is to be desig-
nated with the invention, testing, and production of a safe and 
effective vaccine as a longer-term solution to prevent further 
spreading.44 Though it sometimes raises the question that if a 
vaccine can fully protect someone from the virus as it changes 
its properties so fast and variants come forward with more 
strong mutations. But there is much evidence that said, vacci-
nation helps in reducing the spread of the virus and protects 
humans. A study found that people having a single dose and a 
double dose of the vaccine have respectively 75% and 94% less 
probability to get into hospital compared to others who have 
not taken any dose yet.34 The vaccination procedure helps trig-
ger or boost a long-lasting immune response against the virus 
responsible for COVID-19.45 Another study says this emer-
gence can only be avoided by increasing the vaccinated popula-
tion all over the world and by not relaxing epidemiological 
containment measures. Besides, it is necessary to revaccinate 
against new variants.46 Findings suggest that these vaccines 
should still work against Lambda, which is the latest variant 
among all so far. Experts warn that worldwide vaccination rates 
need to dramatically increase to prevent more variants from 
arising.47 So, the vaccinated population is to be increased glob-
ally to reduce spreading.
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Challenges for Poor and Developing Countries
Poor and developing countries are continuously facing new 
challenges due to the mutation of coronavirus.48-54 Developing 
countries have to make proper planning and road-map to vac-
cinate their whole population in a period.55-57 This time, indi-
vidual needs to aware of the health measures given by WHO to 
prevent infection and slow transmission. The hospitals should 
work on how to develop the system of supplying oxygen cen-
trally. Research institutions and universities can work together 
to develop some advanced systems to face this current situa-
tion. Herd immunity can be the only savior for third world 
countries as a vaccinated population is not an easy thing to 
make for them. Globally, policymakers should remake their 
structures of health sectors overall the world. Countries should 
make themself ready slowly for a further global health crisis. 
The theory of social distancing must be maintained by indi-
viduals. Developing countries may invest more to raise aware-
ness regarding health measures.58-65 It is a very different 
scenario the world is going through. No nation was prepared 
for this deadly situation, but the future world must have to be 
ready to fight against this kind of emergencies. So, the world 
needs to gather more possible data and work on it. In the 
meantime, getting a vaccinated population and maintaining 
health measures can be the ultimate target for the world.

Initiatives to Protect Public Health During Global 
Health Emergencies
In the current context, where vaccination campaigns have 
already begun in COVID-19-affected countries, the emer-
gence of new strains has generated global concerns about their 
potential impact on the severity of disease and antibody sensi-
tivity.66 Antibody generation is a time-consuming process, 
individuals should maintain safety measures even though they 
are vaccinated.67,68 All the VOCs designated strains are highly 
transmissible, particularly the Delta and Omicron variants. 
Gamma and Beta strains escape immunity and generate global 
public health concerns as they can elevate the rate of mass rein-
fection. The existing vaccines should be redesigned to prevent 
reinfection. Prevalence of disease severity of Beta, Delta, and 
Gamma variants was found very high although any of the 
VOCs strains have the potential of causing serious disease con-
ditions, in worst case death. COVID-19 affected nations 
should follow the guidelines provided by WHO. Mass vaccina-
tion can be a preventive action wherever several pieces of evi-
dence state that vaccination helps in minimizing severity and 
transmission. The nations must control the community trans-
mission of viruses and mass vaccination should be carried out 
at the same time. Extensive genome sequencing should be car-
ried out globally to faster understand and globally control the 
emerging strains. To prevent the rolling out of oxygen and 
therapeutic supply during the epidemic surge, the nations 
should prepare a nationwide systematic guideline and plan of 
action. Professionals, drugs, and devices for the treatment of 

severe conditions should be made available at the community 
level. The nations with VOCs strains should restructure and 
re-compile their plan of response as immediately as possible to 
manage the ongoing crisis, and the nations with VOIs and 
alerts for further monitoring should prepare their plans and 
infrastructure for possible worst cases.

Conclusions
The global healthcare facilities are facing challenges in rolling out 
of vaccination programs, ensuring oxygen supply, and treating 
severe COVID patients during epidemic waves. Implementation 
of mass vaccination programs, slowing down the transmission, 
redesign of vaccine, and following safety guidelines are effective 
solutions to the new challenges of viral mutations.
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