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A B S T R A C T   

It has been more than one year since the first case of the coronaviruses was infected by COVID-19 in China. The 
world witnessed three waves of the corona virus till now, and more upcoming is expected, whereas several 
challenges are presented. Empirical data displayed that the features of the virus effects do vary between the three 
periods. The severity of the disease, differences in symptoms, attitudes of the people have been reported, 
although the comparative characteristics of the three waves still keep essentially indefinite. In contrast, the sense 
of danger toward the cries gradually decreases in most countries. This may be due to some factors, including the 
approved vaccines, introducing alternative plans from politicians to control and deal with the epidemic, and 
decreasing the mortality rates. However, the alarm voice started to rise again with the appearance of new variant 
strains with several mutations in the virus. Several more questions began to be asked without sufficient answers. 
Mutations in COVID-19 have introduced an extreme challenge in preventing and treating SARS-COV-2. The 
essential feature for mutations is producing new variants known by high tensmibility, disturbing the viral fitness, 
and enhancing the virus replication. One of the variants that has emerged recently is the Delta variant 
(B.1.617.2), which was firstly detected in India. In November 2021, a more ferocious mutant appeared in South 
Africa, also called omicron (B.1.1.529). These mutants grabbed world attention because of their higher trans-
missibility than the progenitor variants and spread rapidly. Several information about the virus are still confusing 
and remains secret. There are eight approved vaccines in the market; however, the investigation race about their 
effect against reinfection and their role against the new variants is still under investigation. Furthermore, this is 
the first time vaccinating against COVID-19, so the question remains: Will we need an annual dose of the corona 
vaccines, and the side effects don't been observed till now?   

1. Introduction 

Since World War II, the COVID-19 pandemic has become the most 
critical global health emergency in this century and the greatest chal-
lenge for the human population [1]. In addition to being a global health 
calamity, coronaviruses pandemic have several critical effects in all 
fields of life, including; environmental, economic, social, political, and 
cultural. The first wave was so dangerous that almost no place on earth 

was saved from the impact of this epidemic, despite the differences in 
seasons; the southern hemisphere was affected later, but no less severely 
[2]. It is worth mentioning that the rate of cases and death in Africa, 
except in South Africa, was lower. This may be due to the low average 
age and Ebola disease some years ago, which helped to experience and 
decrease the problem [3]. The World Health Organization (WHO) is 
officially announced COVID-19 as a pandemic on 11 March 2020. This is 
because increasing the cases number dramatically outside China. On 

* Corresponding authors. 
E-mail addresses: elshabasy1010@gmail.com, rehansh1010@yahoo.com (R.M. El-Shabasy), m.taher923@gmail.com (M.M. Taher).  

Contents lists available at ScienceDirect 

International Journal of Biological Macromolecules 

journal homepage: www.elsevier.com/locate/ijbiomac 

https://doi.org/10.1016/j.ijbiomac.2022.01.118 
Received 30 November 2021; Received in revised form 16 January 2022; Accepted 18 January 2022   

mailto:elshabasy1010@gmail.com
mailto:rehansh1010@yahoo.com
mailto:m.taher923@gmail.com
www.sciencedirect.com/science/journal/01418130
https://www.elsevier.com/locate/ijbiomac
https://doi.org/10.1016/j.ijbiomac.2022.01.118
https://doi.org/10.1016/j.ijbiomac.2022.01.118
https://doi.org/10.1016/j.ijbiomac.2022.01.118
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijbiomac.2022.01.118&domain=pdf


International Journal of Biological Macromolecules 204 (2022) 161–168

162

April 10, 2020, 1.5 million cases were confirmed in 184 countries and 
more than 92,000 deaths worldwide [1]. In February of this year, 
around 115 million cases became infected, and the death rate was 
estimated at more than 2.5 million worldwide [4]. Most individuals 
infected by COVID-19 were mild to moderate respiratory illness and 
recovered without specific treatment. However, older adults with 
medical complications are at a higher risk of severe prognosis [5,6]. 

On the other hand, environmental conditions could affect the present 
pandemic of COVID-19 [7,8]. Several studies have investigated the ef-
fect of temperature that plays a significant role in virus survival [1,8]. 
For instance, Chin and his group are recently reported that SARS-CoV-2 
is very stable at 4 ◦C, but the sensitivity of the virus increased toward 
heat [9]. The survival time was reduced to 5 min as the incubation 
temperature rose to 70 ◦C. Epidemiological investigations have revealed 
the connection between COVID-19 and meteorological parameters; 
however, findings are controversial [10,11]. A published study by Xie 
and Zhu described that a 1 ◦C increase was connected with a 4.861% rise 
in the daily infected cases of COVID-19, when mean temperature (lag 
0–14) was lower than 3 ◦C [11]. A positive relation between diurnal 
temperature range and daily deaths of COVID-19 and a negative corre-
lation for relative humidity was recently reported [10]. 

In contrast, Yao and his colleges have reported that the transmission 
of COVID-19 did not show an association with temperature in different 
Chinese cities [12]. The viral mutations are also seasonable indepen-
dent. It is more expected to happen in winter, spring, and autumn, 
whereas not preferable in summer [13]. The virus's slow spreading in 
Summer may be related to the higher temperature, as established by a 
temporal multivariate time series model in study [14]. 

Preventive methods are the offered approach to avoid cases 
spreading because an epidemic will increase if we cannot control it very 
well. Protective strategies focus on careful control against infection and 
patient isolation, including suitable measures to be accepted through 
diagnosis and the introduction of effective clinical care to infected pa-
tients [15]. The current situation is that the coronavirus is spreading 
elsewhere while facing significant immune pressure from vaccines and 
naturally infected and recovered people [4,16]. 

2. Symptoms of COVID-19 

With increasing numbers of infected cases, there is a simultaneous 
growing number of recovered patients. Not all people who have recov-
ered from SARS-CoV-2 infection are free of symptoms. The symptoms 
also become changeable. Several reports have revealed bone and joint 
pain, continued fatigue, dizziness, insomnia, palpitations, and head-
aches. Other symptoms were appeared for irreversible pulmonary 
scarring and dysfunction, particularly in cases with severe pulmonary 
disease [17]. Several information about the viruses are still scare till 
now. The long-term investigations remain insufficient, and these pa-
tients' outlook is still wholly missing, although several studies have 
addressed this issue [5]. The long-COVID refers to various symptoms 
affecting different organs reported by patients following COVID-19 
infection [18]. For example, recent research displayed that half of 
cases (478 patients) after four months of COVID-19 hospitalization get 
one feature of long-term COVID at least [19]. Another report with 4182 
instances of COVID-19 appeared that 13% of respondents self-reported 
long- COVID features, with some evidence for higher rates in women 
and older people [20]. The additional study followed 1733 patients 
hospitalized for COVID-19 for six months and found fatigue or muscle 
weakness in 63%, sleep difficulties in 26%, anxiety or depression in 
23%, and lower rates of myalgia and headache [21]. It is expected that 
there will be many chronic consequences of COVID-19 beyond that will 
exceed the first wave of acute infections, and still, the coming time may 
reveal a lot of secrets. One long-term effect of COVID-19 that is 
becoming noticeably obvious is its influence on cognitive function and 
in patients with mild symptoms. Neurological symptoms appeared with 
one-third of COVID-19 patients, and there have been anecdotal accounts 

of ‘COVID-19 delirium’, manifesting as agitation, paranoid hallucina-
tions, and confusion with a lot of hospitalized cases (<20%) [22,23]. 
Patients over 65 years old are considered one of the groups most sus-
ceptible to severe manifestations of COVID-19. Usually, they have mild 
cognitive impairment; therefore, the risk increased for developing 
delirium because of the underlying neurocognitive impairment [24,25]. 
Inflammation associated with COVID-19 developing blood-brain bar-
rier, silent infarcts, coagulopathy, thrombosis that could increase 
neurological injury [26]. In addition to poor patient outcomes, the se-
vere agitation associated with delirium in many COVID-19 patients 
creates difficulties for staff and compounds the stress of caring for these 
highly sick patients. 

On the other hand, risk factors (Fig. 1) for severe SARS-COV-2 
infection and increasing mortality rates comprise smoking, advanced 
age, and medical comorbidities, e.g., diabetes mellitus, hypertension, 
and obesity, the most common [27,28]. These risk factors showed a 
baseline neurocognitive frailty which enhanced the exposure to cogni-
tive complications during inflammation cases [29]. Similar to periop-
erative neurocognitive disorders associated with surgery and anesthesia. 
Therefore, the maximum risk persons for intense SARS-COV-2 infection 
may also display the most fundamentally susceptible people for cogni-
tive decline in the case of SARS-COV-2 inflammation. 

3. Development of COVID-19 between three waves 

Different countries worldwide have faced a three-wave pattern of 
reported cases; the first wave occurs in spring, the second period at the 
end of summer and autumn, and the third at the beginning of 2021. 
Many changes happened between the three waves of COVID-19 around 
the world, as tabulated in Table 1. The people's attitude toward the crisis 
was variable, and the sense of danger decreased gradually across the 
globe. This is may be due to some factors such as (i) vaccination avail-
ability, (ii) rate of death (iii) alternative plans from governments, as 
revealed in Fig. 2. For example, the first wave of infections in the USA 
started in March 2020, whereas the emergency was announced in the 
country [5]. The epidemic hit the area for the first time without any 
previous alarm, and the fighting tools were overwhelmed. Critically ill 
patients increased over the government's capacity, operating rooms 
were used as intensive care units, and temporary satellite hospitals were 
initiated to apply care for non-critical cases [30]. The country succeeded 
in flattening the curve after extreme mandatory precautions. After some 
months, different states started returning to their normal lives with 
ignorance of their stay-at-home restrictions. Hence the number of pa-
tients increased at a surprising rate, particularly in western and southern 
states [31]. Although epidemiologists still debate that the coronaviruses 
pandemic is far from over, the widespread administration of a COVID-19 
vaccine helped remove the high-hearted fear of people [32]. 

3.1. 1st wave effect 

The SARS-COV-2 epidemic was started in Wuhan, China, with the 
appearance of the first case in December 2019; however, the first wave 
was internationally detected in March 2020. The main causes of this 
wave are still secret; it looked like a ghost and fear from the unknown. 
The first wave was considered a disaster that heavily affected every field 
in life and represented a significant challenge in public health and 
disturbed social and economic activities globally [33]. For example, the 
economy was negatively affected worldwide; good production was 
almost stopped in all places, and the unemployment rate was highly 
increased. Another social problem appeared, e.g., violence in the family 
was increased significantly between children due to the extended stay at 
home [2]. 

3.2. 2nd wave effect 

Owing to the low numbers of infected cases in the summer season 
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and also in that time mostly the infected young patients were exit from 
hospitals and became almost empty, some places of society were over 
thought the pandemic, disregarding the initial announcement for the 

coming second wave [2]. Like the other viruses, e.g., influenza blaze up 
seasonally, COVID-19 resumed in autumn as predictable. As several 
experts predicted, the second wave hit the countries with a much higher 
force than the first. The leading cause of robust second wave was not a 
relaxation of intervention, but rather the failure to enforce interventions 
as occurred in Europe [34]. 

During the second wave, politics were changed with different pri-
orities than the 1st wave. In Germany, for example, the instructions were 
very sharp at the beginning of this pandemic, and the government 
managed very well in the 1st wave, but this position was changed 
quickly. This is may be due to some different factors and altered in-
structions from politicians. Now economic life has become the priority 
in the list, and businesses are open continuously rather than strictly 
decreasing contacts and thus infections and death rates [2]. In the sec-
ond wave period, a complicated equation appeared as an alarm. Most 
countries are almost all filled to achieve the balance between successful 
medical care with a growing economy. During that wave, most countries 
were lost a lot of valuable time, and the number of infected cases 
dramatically increased [2]. However, seroconversions showed a lower 
effect than the 1st wave. This is because of the high restrictions of 
outdoor activities, obligatory face masks, and prevention of any people 
gathering. Such precautions caused hindrance for viral inoculation, 
whereas high inocula led to more severe SARS-CoV-2 infection [35]. 

Risk factors

      Age

    Smoking

medical comorbidi�es

      Hypertension

    Diabetes mellitus

    Obesity

Fig. 1. Risk factors of COVID-19.  

Table 1 
Comparison between the three waves of COVID-19.  

Subject 1st wave 2nd wave 3rd wave 

Time March 2020 July 2020 After Christmas 
2021 

Precautionary 
measures 

Extremely high 
(Obligatory) 

Mandatory Neglected from 
some people 

Changes in 
symptoms 

Fever, cough, sore 
throat, chest and 
muscle pain, 
confusion, 
dyspnoea, headache, 
anosmia, and 
ageusia  

- Communal cold, 
fever, pneumonia, 
dyspnea and 
cough Sudden 
death 

Flu symptoms 
and 
neurological 
effect 

Mortality rate Horrible rates Increasing rates Lower 
compared to 
prior waves 

Economical 
effect 

Completely stopped Affected Less affected 

Social activities Completely stopped Decreased Returned as it is 
Vaccination Not available Under investigation Available 
Re-infection Not appeared Available More common 
Mutations Not present Not appeared Present new 

variants  

* Decreasing the rate of death
* Vaccine availability

* Resume the life normally
* Having alternatIve plans

* unkown epdiemic
*Highly percau�ons
* Mandetory stay at home
* Increasing the rate of death
* Stop in all fields of the life
* The available informa�on not
sufficient
* No vaccine avialble

Increasing sense of danger

Decreasing sense of danger

Fig. 2. Factors affecting the sense of danger toward coronaviruses crisis.  
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3.3. 3rd wave impact 

The third wave of COVID-19 witnessed several changes worldwide 
and different features observed, such as increasing infected numbers due 
to home contacts. In addition, significant availability of speedy antigen 
tests helped in rapid diagnosis and then isolation, whereas severe cases 
and mortality rates were less than in prior waves. The most notable 
feature in this wave was the discovery of a new strain (B.1.1.7) that has 
higher potential transmissibility; hence, re-infections became more 
common. These several mutations that appeared within the virus may be 
the main cause of the third wave and the social activities and contacts 
between people without obligatory precautions. On the other hand, 
vaccination achieved positive results between patients, health care 
workers, and the elderly [36]. 

4. A new strain of COVID-19 

Recent studies reported the high affinity of viruses to evade barriers 
for transmission, mainly when infections are still numerous [36]. 
Changes in coronaviruses are considered a perfect storm to allow im-
mune escape mutants to emerge. This could initially occur with partial 
resistance but with possible superior resistance if coronavirus variants 
develop further [4]. It is worthy of mentioning that the higher infections 
rates, the higher chances of mutations. This way will support the virus to 
survive and proliferate [36]. Virus evolutions will not be controlled 
when we approach herd immunity and do not keep restrictions [4]. 

Globally, with virus transmission, many SARS-COV-2 variants have 
recently appeared [37]. The different levels of genetic changes are 
basically due to some factors, including; the global absence of immunity 
against this new pathogen. In addition, mutation rates of the SARS-COV- 
2 that encode an enzyme with proof-reading function raise the fidelity of 
replication processes [38]. A recent study investigates gene sequences of 
COVID-19 to identify mutations. The results showed that 26,844 single 
mutations were followed in 203,346 human genomes of SARS-CoV-2, 
while the most common mutations involved S proteins and NSP3 [13]. 
By the end of December 2020, around 5000 mutations were recognized 
in the S protein. Virus mutations that lead to the spread of new emerging 
strains are distributed worldwide, particularly in the United Kingdom, e. 
g., lineage B.1.1.7 and variant 20I/501Y.V1. This variant is distributed 
due to several spike (S) protein changes, including deletion 145, N501Y, 
deletion 69–70, D614G, A570D, T716I, P681H, D1118H, and S982A 
[13]. The additional new strain discovered in South Africa (lineage 
B.1.351, variant 20H/501Y.V2) involved eight mutations through S 
protein; D80A, L18F, R246I, D215G, E484K, K417N, A701V, and 
N501Y. The variant 20 J/501Y.V3 and lineage P.1 has also spread in 
Brazil through three S protein mutations, N501Y, E484K, and K417N, in 
common with 20J/501Y.V2 [13]. The most significant character of all 
these variants is that they share N501Y mutation concerning the SARS- 
CoV-2 spike (S) protein which is considered the primary target of most 

COVID-19 vaccines. Mutations such as E484K, K417N, and N501Y in the 
S protein could disturb viral fitness and transmissibility (Fig. 3). How-
ever, the ongoing research on the influence of such variants on COVID- 
19 vaccines still lacks [4,13,39]; hence further and deep investigations 
are highly recommended. 

Another study has revealed that global dispersal and the growing 
frequency of the COVID-19 spike protein variant D614G during the 
autumn of 2020 was evocative of a selective advantage, basically in 
increased transmissibility [40]. A blend of mutations in the B.1.1.7 
strain makes it exceptionally infectious, while the variant of B.1.351 can 
evade antibodies owing to E484K [4] as indicated in Table 2. Lately, the 
appearance of N501Y mutants associated with super spreading events 
and outbreaks typically improved transmissibility. Stimulatingly, such 
variant was initially recognized in Denmark among the infected minks, 
while emergence in other parts proposes that it might increase inde-
pendently from such animals [4]. This mutation could support SARS- 
COV-2 capability for binding with human receptor angiotensin- 
converting enzyme 2 (ACE2), therefore increasing the spread of the 
COVID-19 pandemic [41,42]. 

On the other hand, it is worthy of spotting the light on the new 
variants that recently appeared in South Africa; Omicron (B.1.1.529) 
and Delta in India (lineage B.1.1617). The first case of the delta was 
announced in October 2020, and the variant has an advanced rate of 
transmission and infection compared with other previously known 
variants [43]. However, on 9 November 2021, omicron was discovered 
[44]. With some concern regarding the virus nature, there are no rules 
for control or ceiling of expectation as the time between the two variants 
is very short (almost one month), and this didn't happen before. Addi-
tionally, omicron was distinguished by remarkable diffusion speed, 
whereas the transmission rate of this variant is much higher than the 
pre-existing variants because of the greater number of mutations [45]. 
The high number of mutations present in the S protein in the omicron 
variant may increase the virus's ability to evade infection-blocking an-
tibodies and other immune responses such as the T cell response. This 
observation agrees with preliminary evidence suggesting an increased 
risk of reinfection with omicron compared to different strains, but the 
information is still scarce [46]. The initial studies observed that the 
variant has several spike protein mutations, more than 30 mutations in 
the virus area, which encodes these proteins responsible for the entrance 
of the virus to human cells [43]. These mutations that happened in 
omicron are also identified in the previous strains of COVID-19, 
including alpha and delta variants [47]. However, several omicron 
mutations have not been previously appeared, which mandates further 
investigations to determine it. The number of mutations was twice the 
delta variant. Ten mutations were found on the RBD of the omicron 
variant, while there were only two in delta variants [48]. A recent study 
discussed that mutation group (H655Y, N679K, P681H) in the virus is 
correlated by increasing entrance ability to the human cell; therefore, 
this suggests higher transmissibility [49]. In addition, R203K and G204R 

SARS-2

Muta�ons

E484K

N510Y

K417N

Properi�es

Disturb viral fitness

Increase transmibility

Increase virus 
replica�on

New strains
(Mutants)

B.1.1.7

B.1.351

B.1.1617

P.1

B.1.1.529

Fig. 3. Examples of recent new strains and mutations with the most significant features of COVID-19.  
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mutations were previously observed in alpha strain and also seen in 
omicron, and these mutations enhanced the infection rates [43]. 

On the other hand, there is currently no information suggesting that 
omicron symptoms differ from those of other strains [46]. Initially re-
ported infections were among younger people (university students) who 
tend to have milder disease. Understanding of overall severity of disease 
associated with omicron will take several days, likely many weeks. A 
report from the African Medical Association displayed that omicron is 
seven times more contagious than the delta variant, but the reported 
cases and deaths in Africa have continued to decline, and the people 
infected by omicron did not show any serious aggravation in their 
condition [46]. 

Many secrets are still present regarding these newly emerging mu-
tants, and most researchers are quite slow and passive in dealing with 
these potential emergencies. Subsequently, we highly recommended 
further and profound studies. 

5. Vaccination effect against the new variants of COVID-19 and 
re-infection 

Vaccination is considered an effective method applied to prevent 
several infectious diseases. Vaccines introduced to the body cause an 
immune response like infection occurs naturally, but there is no disease 
production [50]. The immunity created through vaccines requires 
identifying the vaccine-active agent as a foreign substance to the cell, its 
destruction, and producing an immune memory so that succeeding 
communication with pathogens. In contrast, the body has an effective 
and faster defense immunity response. The vaccine immunization aimed 
to avoid definite infections and hinder their consequences [51]. 

Currently, vaccination is considered the best way to fight infections 
of COVID-19. In a surpassing race, COVID-19 vaccines have been 
amazingly developed to be spread by Christmas 2020, achieving suc-
cessful results and increasing herd immunity through a couple of months 
[4]. Many vaccine candidates have been clinically and pre-clinical 
investigated recently; there are 171 COVID-19 agents tested in pre- 
clinical trials and 64 COVID-19 agents vaccines in clinical trials [13]. 
To the best of our knowledge, there are more than eight vaccines 
accepted for vaccination against COVID-19 among important categories 
under an Emergency Use Authorization [52]. The currently applied 
vaccines in the market include Pfizer-BioNTech BNT162b2 [53], Mod-
erna mRNA-1273 [54], Sinopharm, China's CoronaVac™, EpiVacCor-
ona, and Russia's Sputnik vaccines [55], Janssen's Ad26.COV2.S and 
AstraZeneca's ChAdOx1 novel coronavirus 2019 (nCoV-19) [56]. 
Despite a massive number of hospitalized and death cases, immunity 
caused by natural infections had only been estimated by 20–25% of the 
population by the end of 2020, even in hotspot areas [36,57]. All the 

vaccines that have been appeared worldwide are attentive to the spike 
protein that accumulates great rates of mutations through viral evolu-
tion; as proven in the genome sequences from the new emerging COVID- 
19 variants, it is imperative to study the impact of such mutations on the 
actual efficacy of COVID-19 vaccines [58]. Currently, most research 
groups worldwide focused on their investigations about anti-COVID 
agents but still the most important questions: Are these currently 
applied vaccines protect against COVID-19 re-infection, especially in the 
upcoming expected waves? 

The protection afforded by COVID-19 infection is still unknown [59]. 
A number of recent studies have investigated the reinfection with 
phylogenetically distinct SARS-CoV-2 variants, but these are still rare 
[60–62]. Tests on infected patients during the pandemic of SARS in 2003 
displayed that antibodies response from infection persists more than two 
years [63]. In contrast, infection with a mutual seasonal human coro-
navirus strain does not convene permanent defense against reinfection, 
while reinfection within six months is not common [64]. The new var-
iants that appeared in Brazil and South Africa increase worrying because 
these spike mutants decreased neutralizing antibodies, suggesting more 
re-infections and could render vaccines less effective [4]. In contrast, 
another study revealed that convalescent patients of COVID-19 and 
vaccinator persons can neutralize the variant of N501Y, and hence this 
enhanced protection of the current vaccines against 20B/501Y.V1 strain 
[37]. This means that vaccines are succeeded in avoiding re-infections. 
Others have assessed parallel protection of earlier infection. Among the 
medical sector workers in the UK, the antibodies percent (91%) strongly 
reduced the risk of symptomatic reinfection in the next six months [65]. 
In association with the Moderna vaccine report, prior infection esti-
mated 76% protectiveness in the placebo arm. The numbers were min-
imal (only one case of reinfection), and the confidence intervals were 
far-reaching [66]. Lately, a preclinical investigation established that 
the Ad26.COV2.S vaccine improved the presence of neutralizing anti-
bodies and induced defense against the COVID-19 spike variant (G614) 
through the performance of immune challenge tests in a Syrian hamster 
model [67]. Furthermore, at the beginning of this year, the new vaccine, 
Covaxin, displayed significant results in neutralizing the variant in the 
UK and reducing the capability of immune escape by the mutant virus 
[68]. Likewise, the neutralizing effect of antibodies promoted by the 
ChAdOx1 nCoV-19 vaccine was 9-fold lower against the B.1.1.7 variant 
than canonical non-B. 1.1.7 lineage; however, its efficiency against the 
B.1.1.7 variant (74.6%) was comparable to that of the vaccine against 
other lineages (84%) [69]. The vaccine effect against the newly emerged 
strain B.1.1.529 is currently under investigation. For example, the latest 
U.K. data confirmed that all COVID-19 vaccines continued to be less 
effective against symptomatic infection from omicron compared with 
delta. After two doses of the Pfizer or Moderna vaccines, effectiveness 

Table 2 
Basic characteristics of SARS-COV-2 variants (Data updated from (https://outbreak.info) [58].  

Variants B.1.1.7 B.1.351 P.1 B.1.1.529 

First detection September 2020 October 2020 January 2021 November 2021 
Detection country United kingdom South Africa Brazil, Japan South Africa 
Mutations Number 7 9 12 >30 

Defined in 
S protein 

P681H, N501Y, A570D, D614G 
D1118H T716I, S982A 

A701V, L18F, N501Y, D80A, 
R246I, E484K, 
K417N, D614G, D215G, 

K417T, L18F, 
R190S, P26S, T20N, D138Y, 
E484K, D614G, N501Y, 
V1176F, T1027I, H655Y 

H655Y, N679K, P681H, 
R203K, G204R, E484, 
D614G, R93K, G204R 

Prospective risk  * Higher transmission  
* Moderate reduction in the 

neutralization efficiency of sera from 
convalescent cases or vaccines  

* Developed disease severity  

* Reinfection rates are higher  
* Greater transmission  
* High reduction ability in the 

neutralization the efficiency of sera 
from convalescent persons or vaccines  

* Reinfection rates are 
higher  

* Greater transmission  
* High reduction ability in 

the neutralization  
* The efficiency of sera from 

convalescent persons or 
vaccines  

* Reinfection rates are 
higher  

* Greater transmission 

Countries with reported 
cases 

82 40 19 52 
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decreased from approximately 65–70% to about 10% 20 weeks after the 
second dosage. Vaccine effectiveness was around 65–75% two to four 
weeks after a booster dose, 55–70% five to nine weeks after a booster 
dose, and 40–50% ten weeks or more after a booster dose [70]. Through 
Dec. 26, the United Kingdom's Health Security Agency collaborated with 
Cambridge University's MRC Biostatistics unit to study 528,176 omicron 
and 573,012 Delta cases. According to the results, three doses of vaccine 
resulted in a 68% reduction in the probability of being hospitalized with 
omicron compared to those who were not immunized. A single dose of 
any vaccine was associated with a 35% reduction in the risk of hospi-
talization in symptomatic cases carrying the omicron variant, two doses 
with a 67% reduction up to 24 weeks after the second dose, and a 51% 
reduction 25 or more weeks after the second dose, when compared to 
people who had not received a vaccine [70]. In addition, A total of 6314 
omicron patients enhanced the eligibility criteria, out of which 6312 
were correlated with one delta case at least out of a total number of 8875 
depending on gender, age, and onset date. Twenty-one (0.3%) were 
hospitalized, whereas zero cases were confirmed with death among 
matched omicron cases. This situation was compared by116 (2.2%) 
hospitalizations and seven (0.3%) deaths of reported delta cases [71]. 
The danger of hospitalization or death was 68% lower in patients with 
omicron infection compared to delta. After applying vaccination, the 
risk of hospitalization or death was 54% lower in omicron-infected 
cases. It is worth mentioning that the death rate is less, however 
increasing the number of infected persons. This may suggest the danger 
of the new variant in high transformability with increasing infection rate 
but with no dangerous effect and no more deaths. 

On the other hand, a new generation of developed vaccines could be 
revealed in the future. For example, NVX-CoV2373 announced a new 
vaccine against SARS-COV-2, which displayed significant protection 
rates estimated by 95.6% and 85.6% against the original COVID-19 
strain and some new variants (UK variant), respectively [72]. Howev-
er, in South Africa, the same vaccine showed 60% effectiveness (phase II 
clinical trials) against replication of COVID-19 original strain and 49.4% 
when applied against the South African variant strain [73]. This is the 
first vaccine that displayed clinical efficiency against the original strain 
and the UK and South African [13]. In fact, all vaccines are newly 
manufactured and have been used quickly to counter the rapid devel-
opment of the pandemic around the world. Some vaccines have also 
been developed to counter the genetic changes of the virus. Therefore, 
research on vaccines' effect and persistence is still few. 

It is worthy of mentioning that some reports may overestimate the 
actual reinfection rates. This phenomenon appeared because some 
infected cases could still have the virus for months, leading to conflict in 
distinguishing between existence shedding and reinfection [74]. Pro-
tective effects of the currently applied vaccines against the several 
variants of SARS-CoV-2 have been widely discussed; however, there is 
still a shortage of in-depth investigations and studies with an extensive 
sample size [13]. Additionally, the antibodies level decreased over time 
for all vaccines, and many reports which discussed the immunity to 
other coronaviruses [75–77] confirmed that the immunity started to lose 
within 1–3 years [61]. This is the first time vaccinating against COVID- 
19, so the question remains: Will we need an annual dose of the corona 
vaccines? In addition, Will be mandatory for children in the near future, 
especially with the spreading of the current fourth wave, which started 
in different countries?. 

Moreover, the side effects don't been observed till now. Subse-
quently, we recommended further and deep investigation, especially 
after the new variant of concern, omicron, that witnesses an impressive 
number of mutations cause increasing in disease severity and significant 
transmission ability. The situation may get worse and get out of hand, 
especially when the sense of danger decreased and most people neglect 
precautionary measures with available vaccines. 

6. Conclusion 

The SARS-COV-2 pandemic is still causing considerable high mor-
tality rates, introducing a significant burden on healthcare services 
worldwide and having profound economic and social consequences due 
to the different strategies implemented to control the virus. Three waves 
hit the world strongly till now, and more coming waves are highly ex-
pected. Although there are many recent reports about the new epidemic, 
there is still a state of mystery about the nature of this virus and its 
ability to transform. Vaccines are in a continuous race that highly re-
quires controlling COVID-19 and protecting persons at high risk for 
complications. Vaccination showed significant activity against some 
new variants and played a positive role against reinfection. However, in 
the coming days my revealed further questions, especially with several 
virus mutations and extra waves as expected. 
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