
INT. J. BIOL. BIOTECH., 22 (3): 711-718, 2025. 

OMICRON'S SPIKE PROTEIN MUTATIONS AND VACCINE EFFICACY: 

UNDERSTANDING THE IMPACT AND FUTURE STRATEGIES IN COMBATING 

SARS-CoV-2 VARIANTS: REVIEW 
 

Tooba Ashiq Seyal
1
, Maham Fatima Ashiq

2
, Ammar Ali Khan

3
, Talha Ashiq sayal

4
, Muhammad 

Ahsan Ashiq, Sahir Hameed Khattak
6
, Sania Begum

5*
,  Farkhanda  Jabeen

5
, Farhana Amin

5
, Aliya 

Errum
5
, Tahira Kamal

5
, Rabia Ikram

5
, Muhammad Aqeel Aslam

6*
, Saida Komal

5,7
, Anum 

Farrukh
8
, Sadia Noor Hussain

9
, Imadad Kaleem

1
 and Ghulam Muhammad Ali

5
 

 

1
Bioscience Department

, 
Comsats University, Islamabad 

2
Clinical Medicine, North Sichuan Medical College (NSME), China. 

3
Abbottabad International Medical College, Abbottabad (AIMC) 

4
Coventry, University London, Coventry 

5
National Institute for Genomics & Advanced Biotechnology, NARC,  

6
Oilseeds Research Program, Crop Sciences Institute, National Agricultural Research Centre,  

7
Department of Agronomy, University of Poonch, Rawlakot 

8
Fauji Foundation Hospital Rawalpindi 

9
Allama Iqbal Memorial Teaching Hospital Sialkot 

 

*Corresponding author: sania.idrees@parc.gov.pk; aqeel7016@parc.gov.pk 

 

ABSTRACT 

 
Omicron Spike protein has a notably high number of mutations. These mutations are related to the unique 

characteristics of the SARS-CoV-2 Omicron Virus The symptoms of Covid-19 reported up till now are fever, cough, 

sore throat, Shortness of breath or chest pain, headache, nausea or fatigue, stuffy or runny nose, sore eyes, loss of smell 

or taste, muscle pain, sneezing, reduced appetite and abdominal pain. In some studies Omicron shows considerably but 

not a complete escape from Pfizer r BNT162b2 Vaccine in which they engineered lungs cell line. Pfizer-BioNTech 

booster post data was compared there was a drop of vaccine efficacy was seen from 96.5% against delta to 80.1% 

against omicron Pfizer-BioNTech booster dose is going to be very effective to alleviate the future effects of omicron 

virus in different countries. However in near future Omicron variant specific vaccines are much needed in current 

situation the risk of new variant can be reduced by vaccinating a large number of people to limit the space of virus. If 

efficacy of vaccine is partial, it still protects people from getting sick. The vaccine works by boosting immune system 

on sensing any SARS-CoV-2 virus. It may be said that the future of SARS-CoV-2 is still in hands of human. By 

vaccinating more people, changes in virus that cause a new variant to emerge can be stop. According to Rambaut, virus 

has multiple directions in which it can go. 
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INTRODUCTION 

 

Virus Definition 

The SARS-CoV-2 Omicron Virus was first reported in South Africa. Its First case was reported on 24
th

 of 

November in 2021.World Health organization named this virus as a “variant of concern” (VOC) because of its rapid 

spread rate within 2 days. Omicron Spike protein has a notably high number of mutations. These mutations are 

related to the unique characteristics of the SARS-CoV-2 Omicron Virus (Wei et al., 2021b). This virus variant 

shows exceptionally high number of mutations, this is the cause of its high spread rate find out in all preliminary 

tests. These finding clearly shows that the SARS-CoV-2 Omicron Virus has growth advantage over the other 

variant. (Classification of Omicron (B.1.1.529): SARS-CoV-2 Variant of Concern, 2021). 

 

The rise of SARS-CoV-2 Omicron Virus 

In early 2021 SARS-CoV-2 spread was high. In November 2020 scientist spotted a variant called B.1.1.7. This 

variant was named as Alpha which contains large number of mutations in spike proteins. This Virus was first 

observed in Southeast London with 50% faster rate than previous virus variant. At the same time another mutation-

laden variant called B.1.351 now known as Beta was found (Mallapaty, 2021). This Virus was responsible to the 

second wave of infection. After some time another variant Gamma variant was found in Amazonas state in Brazil. 
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Origin state of Corona virus Variant Virus Variant name 

Alpha B.1.1.7 Variant Southeast London 

Beta B.1.351 Variant South Africa 

Gamma B.1.1.28 Variant  Amazonas state in Brazil 

Delta B.1.617.2variant India’s Maharashtra state 

Omicron B.1.351Variant South Africa’s Gauteng province 

 

All of these variants have mutation within the Spike regions with interacts with host-cell ACE2 receptors. It was 

most likely known that descendant of Alpha carry many bunch of mutations which evades immune response giving 

rise to new form of Corona Viruses (Mallapaty, 2021). 

 

Symptoms:  

The symptoms of Covid-19 reported up till now are fever, cough, sore throat, Shortness of breath or chest pain, 

headache, nausea or fatigue, stuffy or runny nose, sore eyes, loss of smell or taste, muscle pain, sneezing, reduced 

appetite and abdominal pain (Rafael, 2021). Omicron cases reported up till now show approximately similar 

symptoms with mild severity. Comparison of both Covid-19 and Omicron symptoms is enlisted in the following 

Table1. 

 

Table 1. Comparison of Covid-19 and Omicron symptoms. 

Symptoms Omicron Covid-19 

Fever Sometimes. Common. 

Cough. Sometimes. Common. 

Shortness of breath or chest pain. Rare. Common. 

Headache. Common. Common. 

Nausea or fatigue. Common. Common. 

Stuffy or runny nose. Common. Common. 

Sore throat.  Common. 

Loss of smell or taste. Rare. Common. 

Muscle pain. Common. Common. 

Sneezing. Common. Rare. 

Reduced appetite. Rare. Common. 

Abdominal pain. Rare. Common. 

 

Milder Symptoms than other variants:  

As reported by early studies, Omicron-infected patients and animals showed relatively mild symptoms. 

Omicron variant only slightly activated the NF-kB pathway is the main reason for the onset of mild symptoms 

(Maurya et al., 2023). Several mutations have been observed in spike (S) protein of omicron. These mutations result 

in alteration of conformation and may also affects its ability to interact with neutralizing antibodies, receptors and 

some other interactors (Gobeil et al., 2021). The researchers used pseudovirus-based vesicular stomatitis virus 

(VSV) and cell-cell fusion systems as well as NF-kB reporter systems to detect the impact of S mutations (Cai et al., 

2021). Even though the T716I mutation was present, the bands of Omicron cleaved were weak, suggesting that other 

mutations around the Furin cleavage site are responsible for the S protein proteolytic cleavage. A flow cytometry 

experiment demonstrated the soluble receptor angiotensin converting enzyme 2 (sACE2) binding affinity to S 

protein expressed in 293T. In turn, this cleavage may modify the conformation of the S trimer and result in the 

instability of virions. Various levels of ACE2 and transmembrane protease serine 2 (TMPRSS2) have been detected 

to be infective in cell lines harboring this variant. Omicron variant had a weaker infectivity. There are also several 

known membrane-bound serine proteinases (TMPRSS2/11D/11F/13) that may play a significant role in facilitating 

all variants infection, excluding Omicron. Besides the cathepsin-mediated entry from endosomal vesicles, SARS-

CoV-2 is also capable of entering from cytoplasmic membranes via TMPRSS-like proteases (Li et al., 2022). 

According to recent studies Omicron followed opposite path as compare to other strains of Covid-19. SARS-CoV-2 

virus is different from SARS-CoV-1 because of a different cleavage site called Furin. Deleted Furin site let most of 

SARS-CoV-2 virus enter though E64d-sensitive pathway, similar to SARS-CoV-1 virus. A mutation in Omicron S 

(K, R, H) leads to the accumulation of amino groups (-NH3+), which increases protonation and renders it 



IMPACT AND FUTURE STRATEGIES IN COMBATING SARS-CoV-2 VARIANTS: REVIEW  713 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 22 (3): 711-718, 2025. 

susceptible to hydrolysis by endosomal enzymes such as cathepsin B/L. Compared to other variants of Covid-19, 

Omicron S protein is more likely to enter through the endocytic pathway.  

The fusion of cells caused by S protein and ACE2 may cause excessive inflammation by inducing pyroptosis. 

Omicron S protein might alter its pro-inflammatory activity as a result of its fusogenicity change. Omicron variants 

do not substantially activate the NF-kB pathway, confirming early reports that infected humans and animals show 

relative mild symptoms. Also, TMPRSS2, which activates NF-kB pathway, is also involved in syncytial formation, 

implying that syncytial formation is responsible for the activation of pro-inflammatory pathways. 

 

Host immunity: 

The challenge of detecting SARS-CoV2 immune correlates is explained by various factors. It is a member of a 

family of viruses that is known to cause infections and recurrences by default. It is also true that different individuals 

respond differently to the same virus (Sette and Croty, 2021). The following example illustrates this point. 

Approximately 95 percent of Indian adult males are 5'5" in height, with a range of 5'5" and 6'5". Consequently, a 

height parameter of 5'5 represents the average height for almost all members of the population (Plotkin, 2010). The 

range of antibodies produced against the SARS-CoV2 virus is so varied, however, that it is impossible to create an 

average level, i.e., one above which patients are protected and one below which they remain susceptible. Third, there 

are two mechanisms of immunity toward this virus. The first of these is the ability to prevent the virus from 

infecting the individual, which is related to antibodies against the virus, while the other is protection from diseases 

and organ damage caused by the infection, which is unrelated (McMahan et al., 2021; Sette and Croty, 2021).  

 

Host Evasion: 

In Omicron strain, there are several mutations in the spike (S) protein, which may alter its conformation and 

interactions with its receptor, neutralizing antibodies, or other interactions.  

 

Impact of S mutations: 

Recent researches relied upon the use of vesicular stomatitis virus-based pseudoviruses, cell-cell fusions, and 

nuclear factor kappaB (NF-kB) reporter systems to detect S mutations. These researches revealed that initially, the 

expression of variant S proteins was comparable, but the cleaved bonds (S2) differed. There was evident weakness 

in the bands cleaved by Omicron and Alpha in spite of the P681H mutation, indicating that other mutations existed 

near Furin's sites of cleavage. With flow cytometry, the researchers found that soluble receptor angiotensin-

converting enzyme 2 (sACE2) could bind to 293T S protein. The S trimer conformation can be destabilized and 

virions become unstable by cleavage.  

 

Infectivity in Cell lines: 

Several research studies have demonstrated that these variants infect cell lines with varying levels of ACE2 and 

transmembrane protease serine 2 (TMPRSS2). The infectivity of Delta, Lambda, and Mu pseudoviruses was similar 

to, or higher than, that of D614G. In contrast, Omicron variant was less infectious than D614G when infected with 

either of the Caco2-ACE2/TMPRSS2 or the Calu3 cells, but more infectious when infected with Caco2, Huh7, or 

Vero-E6 cells (Jamil et al., 2022; Meng et al., 2022). There are also several known membrane-bound serine 

proteinases (TMPRSS2/11D/11F/13) that may play a significant role in facilitating all variants of infection, apart 

from Omicron. SARS-CoV-2 also enters endosomes via cathepsin, in addition to the TMPRSS like proteases at 

cytoplasmic membrane. Pre-treating 293T/Caco2- ACE2-TMPRSS2 cells with inhibitors (Camostat and E64d) was 

used to analyze the selection of the entry path. While Delta pseudovirus entered more frequently through the 

Camostat-sensitive path than Omicron, the reverse was true for D614G. In SARS-CoV-2 the deletion of the Furin 

site resulted in the virus entering via a path sensitive to E64d, making it similar to SARS-CoV-1. In addition, as with 

Delta, addition of a basic amino acid (K, R, H) to Omicron S protein results in the formation of more amino groups 

(-NH3+) and sensitivity to hydrolytic enzymes like cathepsin B/L. Contrary to Delta and other variants, Omicron S 

prefers endocytic entry (Peacock et al., 2022). 

 

Fusogenicity: 

The Delta variant has strong fusogenicity and pathogenicity due to the P681R mutation (Saito et al., 2021). The 

split GFP/renilla luciferase (Rluc8) reporter system was used to quantitatively characterize the fusogenicity of cells 

fusional mediated by S and ACE2. Mu and Omicron variants had weaker fusogenicity than WT or D614G despite 

their P681H mutation, while Delta, Lambda, and P681H/R were the most powerful. Interestingly, Alpha S protein 

showed similar Furin-related cleavage with Omicron, but also showed the same fusogenicity with WT and D614G. 

These findings suggest undefined mutations (e.g., N679K, N856K, Q954H, N969K, and L981F) on the cleavage 
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sites of S1/S2, S2', and the heptad repeat 1 (HR1) in Omicron S protein facilitate. A comparison of Omicron's fusion 

rate with SARS-CoV-2 variants also showed that it is similar to that of SARS-CoV-1. Another T7 polymerase-

mediated cell–cell fusion reporter system also demonstrated this pattern.  

 

Inflammatory Responses: 

Researchers speculated that the fusogenicity change could alter Omicron S protein's pro-inflammatory effects 

based on the recent report that cell-cell fusion mediated by S protein and ACE2 could exacerbate excessive 

inflammatory responses (Ma et al., 2021). As measured by reporter assay, S proteins of Delta, Lambda, and Mu 

variants significantly activated NF-*B pathway in comparison to WT and D614G. NF-KB pathway activation by 

Omicron variant was only modest, which fits with early reports of relatively mild symptoms in both humans and 

animals infected with Omicron (Maslo et al., 2021; McMehan et al., 2022). Also, TMPRSS2, which activates NF-

KB pathway, is also involved in syncytial formation, implying that syncytial formation is responsible for the 

activation of pro-inflammatory pathways.  

 

Tendency of Immune escape: 

Omicron S has undergone heavy mutations; therefore, the tendency of immune evasion from existing 

vaccination protection is worrying. Monoclonal neutralizing antibodies (mNAbs) to variants Mu and Omicron are 

also compromised. The first difference is that Omicron prefers cathepsin-dependent (E64d-sensitive) entry 

pathways, unlike Delta and other variants (Camostat-sensitive). It is possible that these researches may explain the 

variation of TMPRSS-like proteases in host tissues and cells and suggest that cathepsin and TMPRSS-like inhibitors 

might be useful for treating all SARS-CoV-2 variants. Furthermore, Omicron and Mu are significantly less 

fusogenicity than other variants in spite of the P681H mutation. Third, Omicron S proteins have a tempered pro-

inflammatory effect consistent with fusogenicity. In addition, mu and omicron variants have the greatest ability to 

escape immunity to vaccination and mNAbs because of heavy mutations. Omicron possesses all of these 

characteristics and is therefore unique compared to Delta and other variants, which provide the ability to spread 

broadly among fully vaccinated individuals, and change the clinical symptoms and tropisms. Omicron and future 

variants of Coronavirus may be best combated with a combination of multiple treatment modalities, as well as 

variant-specific and pan-β-coronavirus antibodies and vaccines (He et al., 2021). Mutations in S proteins of lambda, 

mu, and omicron variants alter infectivity, toxicology, and immunology, severely jeopardizing current therapies and 

prophylaxis. This highlights the need for strict epidemic prevention policies. 

 

Sex and Gender Bias in COVID-19 Case Reports: 

A study published in Frontiers in Global Women's Health found that case reports of patients with COVID-19 

were biased in the same way as previous studies, including an over representation of males. Nicole Woitowich, PhD, 

research assistant professor of Medical Social Sciences, and senior author of the study, says that recognizing biases 

caused by sex and gender is an important step towards changing them. Woitowich says education and research 

should both strive for gender- and sex-balanced information. Nearly 500 clinical case reports of patients with 

COVID-19 were studied by Woitowich and her colleagues: 45 percent had menstrual dysfunction, 30 percent had 

females, and only 25 percent of the reports had males and females (Woitowich et al., 2020). Men were more likely 

to be the senior authors of case reports with male patients compared to women. Similarly, female authors included 

more patients of both sexes in their works. Woitowich said gender imbalances are not a new phenomenon in 

biomedical science, but COVID-19's novelty means researchers should take extra time to investigate any gender 

differences in illness, a search that is hampered by reports of gender bias. "Following a new paradigm of assessing 

how conscious and unconscious bias may affect decision-making and clinical care, the biomedical community has 

made progress, Woitowich said. Nevertheless, this study suggests that much more work needs to be done and it may 

fall to journal editors to make sure such reports are balanced and representative (Woitowich et al., 2020). 

 

Acertimental bias: 

A major problem of the ongoing pandemic is that perception often leads to bias. The vast majority of Omicron 

patients, for example, might appear critically ill to someone who only attends to patients in the intensive care unit. If 

they only see outpatients, they might think the majority of Omicron patients have mild symptoms. Incoming 

passengers are screened by airport staff who may conclude that most do not have symptoms. This is a phenomenon 

known as ascertainment bias, and it is caused by not taking a representative sample.  
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Spread of omicron Virus 

SARS-CoV-2 Omicron variant (B.1.1.529) is spreading in almost more than 100 countries. However this is 

more likely that in many countries this virus is present but it is not currently been reported. (Del-Rio et al., 2021). 

After the initial identification from South Africa this virus has been detected in 46 US states where there was already 

Delta Virus was at its peak. In US on December 20, 2021,  70,000 infected with SARS-CoV-2 were hospitalized 

with 1300 death per day. Further within 3 weeks omicron become becomes dominant over delta Virus (Del-Rio et 

al., 2021). 

 

Vaccination effectiveness against  

Many highly effective vaccines are developed for this virus targeting SARS-CoV-2 spike protein. All these 

vaccines greatly helped to reduce the infection rate and deaths. However this vaccination efficacy is put at the risk 

because of the high mutations in spike proteins of SARS-CoV-2 strain. It is more likely that SARS-CoV-2 Omicron 

variant will show more resistant towards currently used vaccines and therapeutic mAbs.  

Van Blargan et al. (2022) found in their study many highly neutralizing antibodies shows inhibitory activity 

towards SARS-CoV-2 Omicron in their advance clinical development. Monotherapy and combination therapy was 

evaluated in patients that have pervious history SARS-CoV-2 isolates. Amino Acid changes in omicron B.1.1.529 

variant shows a negative effect on neutralizing antibodies .AstraZeneca shows a moderate reduction of antibody 

neutralization (Van Blargan et al., 2022). Other Vaccines like Regeneron, Eli Lilly, Celltrion were not quit effective 

and show almost complete loss of neutralizing activity. However these results need to be validated in vivo. 

 

Pfizer Vaccine Effectiveness on Omicron Variant  

In some studies Omicron shows considerably but not a complete escape from Pfizer r BNT162b2 Vaccine (Cele 

et al., 2021) in their study in which they engineered lungs cell line. These cell lines were engineered to over express 

hACE2 receptor. This cell line was generated to check both to isolate omicron and for its neutralization ability. In 

this study they compare the neutralization capacity of study participants which were vaccinated with Pfizer and 

those who were not vaccinated.19 plasma samples were tested.6 samples were from those patients who have np 

previous history of SARS-CoV-2 infection and remaining samples were previously infected and vaccinated one. 

They found out that samples having previous history of infection and vaccination show higher neutralization 

capacity. But this capacity was lower relative to neutralize the ancestor virues i.e delta or alpha virus. 

 

Effect of boaster vaccine on Omicron Variant 

Vaccines are very essential to mitigate this severe COVID -19 diseases (Hogan et al., 2021).However all of this 

vaccines loss their efficacy whenever new variant of virus appears. (Hogan et al., 2021).shows in their report that 

NAT (neutralizing antibody titres ) is less to 4.5 fold for omicron hen compared to Omicron variant. However, when 

60 days Pfizer-BioNTech booster post data was compared there was a drop of vaccine efficacy was seen from 96.5% 

against delta to 80.1% against omicron. (Hogan et al.,2021).This data clearly suggests that Pfizer-BioNTech booster 

dose is going to be very effective to alleviate the future effects of omicron virus in different countries. However in 

near future Omicron variant specific vaccines are much needed in current situation. 

 

Evolution of Covid-19 and Omicron and their relationship 

Positive sense, single-stranded RNA is present in members of Coronaviridae (CoV) family. SARS CoV disease 

emerges from bats (Baghchechi et al., 2020) like MERS but not cause any disease in host (Wertheim et al., 2013). 

There are four genera of corona virus on the basis of genetic characteristics i.e. Alphacoronavirus (alpha-

CoV), Betacoronavirus (beta-CoV), Gammacoronavirus (gamma-CoV), and Deltacoronavirus (delta-CoV) (Forni et 

al., 2017). The coronavirus which cause recent pandemic belongs to Betacoronavirus, which is mainly present in 

animals then it gain ability to transmit to animals Sharma and Lal, 2017). They adapt themselves and cross animal-

human species barrier and cause severe damage (Chowell et al., 2014). Since 2019, SARS-CoV-2 have been 

mutating and these mutations have effect on ability of virus to infect cells. According to a study, genomic sequence 

of SARS-CoV-2 resembles with SARS-like bat coronaviruses RaTG13 with a percentage of 96.2% collected from 

Yunnan, with 79% to the SARS-CoV and 51.8% of MERS-CoV (To et al., 2013).  

Omicron is another variant of SARS-CoV-2 firstly reported from South Africa. It has more ability to transmit 

than delta variant (Del-Rio et al., 2021). Large number of mutations are present in open reading frame of Omicron 

virus (Zhou et al., 2020) which has characteristics of infection. There are many hypothesis regarding the evolution 

of Omicron. First one is that, Omicron could have ambiguously outspread and take its course in a population with 

inadequate viral observation. Secondly, evolution of Omicron could also be in incurable Covid-19 patient because it 
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provides a suitable environment. Thirdly, Evolution took place in non-human host and then transmit to human. 

(Callaway, 2021). Second hypothesis is most accepted and popular one (Wei et al., 2021). 

The Omicron variant possess a new monophyletic clade whose properties are distant from other SARS-CoV-2 

variants. Omicron variant is closely related to alpha. On the Basis of percentage of sequence identity, the closest 

variants of SARS-Cov-2 were in the following order: Omicron, Alpha, Gamma, Delta, Beta, Mu, and then the 

SARS-CoV-2 (Fig.1). 

 
Fig. 1. Future virus spread and more SAR virus evolution and suggestion to combat or boost virus development 

(WHO | Coronavirus pandemic News | Al Jazeera). 

 

According to a study, in future virus may be able to take two turns either converted to more transmissible form 

by quickly replicating or spread through sneezing, coughing or by controlling host immune response. According to 

genome sequencing of virus (performed in earlier days of pandemic), rate of mutation in SARS CoV virus is less 

than that of HIV and influenza (Callaway, 2021). There will be two possibilities i.e. either during omicron variant 

people get natural immunity so that virus will be suppress to low levels or it may also happen that virus get some 

mutation, rise up some new variant that widen the pandemic era. We cannot say with surety what will happen in 

future but virus will not go in coming generations. 

According to Karen Mossman (Mossman, 2021), a professor of pathology and molecular medicine at McMaster 

University in Ontario, it is expected that new variants will come out but it is not necessary that every variant cause 

same damage. According to Mossman, the new variant will cause less severity of disease but will be more 

transmissible. SARS-CoV-2 can resist against many mutations while keeping its ability to infect human cells. 

According to Dr. Jonathan Abraham (Abraham, 2022), an assistant professor of microbiology at Harvard Medical 

School, flexibility of spike protein shows that there will be a new variant of SARS-CoV-2 in future (Marshall, 

2022). 

According to Chandran (Chandran, 2021), the risk of new variant can be reduced by vaccinating a large number 

of people to limit the space of virus. If efficacy of vaccine is partial, it still protects people from getting sick. 

Vaccine works by boosting immune system on sensing any SARS-CoV-2 virus. It may be said that the future of 
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SARS-CoV-2 is still in hands of human. By vaccinating more people, changes in virus that cause a new variant to 

emerge, can be stopped.  

 

REFERENCES 

 

Baghchechi, M., N. Jaipaul and S. E. Jacob (2020). The rise and evolution of COVID-19. International Journal of 

Women's Dermatology, 6(4): 248-254. 

Cai, Y., J. Zhang, T. Xiao, C. L.  Lavine, S. Rawson, H. Peng, H. Zhu, K. Anand, P., Tong, A. Gautam, S. Lu, S. M. 

Sterling, R. M. Walsh, Jr. S. Rits-Volloch, J. Lu, D. R. Wesemann, W. Yang, M. S. Seaman and B. Chen 

(2021). Structural basis for enhanced infectivity and immune evasion of SARS-CoV-2 variants. Science, 373: 

642–648. 

Callaway, E. (2021). Heavily mutated coronavirus variant puts scientists on alert. Nature, 25. 

Cele, S., L. Jackson, D. S. Khoury, K. Khan, T. Moyo-Gwete, H. Tegally, J. E. San, D. Cromer, C. Scheepers, D. 

Amoako, F. Karim, M. Bernstein, G. Lustig, D. Archary, M., Smith, Y. Ganga, Z. Jule, K., Reedoy, S. H. Hwa, 

. . . and A. Sigal (2021). Omicron extensively but incompletely escapes Pfizer BNT162b2 neutralization. 

Nature, 602:654–656.  

Chowell, G., S. Blumberg, L. Simonsen, M. A., Miller and C. Viboud (2014). Synthesizing data and models for the 

spread of MERS-CoV, 2013: key role of index cases and hospital transmission. Epidemics, 9: 40-51. 

Classification of Omicron (B.1.1.529) (2021). SARS-CoV-2 Variant of Concern. (2021, November 26). 

Https://Www.Who.Int/News/Item/26-11-2021-Classification-of-Omicron-(B.1.1.529)-Sars-Cov-2-Variant-of-

Concern.  

Del Rio, C., S. B. Omer and P. N. Malani (2021). Winter of Omicron—The Evolving COVID-19 Pandemic. JAMA., 

327(4):319–320. 
Diamond, M., P. Halfmann, T. Maemura, K. Iwatsuki-Horimoto, S. Iida, M. Kiso, …... and V. Simon (2021). The 

SARS-CoV-2 B. 1.1. 529 Omicron virus causes attenuated infection and disease in mice and 

hamsters. Research square, 603(7902):687-692. 

Du, X., H. Tang, L. Gao, Z. Wu, F. Meng, R. Yan, …... and F. Qin (2022). Omicron adopts a different strategy from 

Delta and other variants to adapt to host. Signal transduction and targeted therapy, 7(1): 1-3. 

Forni, D., R. Cagliani, M. Clerici and M. Sironi (2017). Molecular evolution of human coronavirus genomes. Trends in 

Microbiology, 25(1): 35-48. 

Gobeil, S. M., K. Janowska, S. McDowell, K. Mansouri, R. Parks, V. Stalls, M. F. Kopp, K. Manne, D. Li, K. 

Wiehe, K. O. Saunders, R. J. Edwards, B. Korber, B. F. Haynes R. Henderson and P. Acharya (2021). Effect of 

natural mutations of SARS-CoV-2 on spike structure, conformation, and antigenicity. Science, 373:eabi6226. 

Halfmann, P. J., S. Iida, K. Iwatsuki-Horimoto, T. Maemura, M. Kiso, S. M. Scheaffer, T. L. Darling, A. Joshi, S. 

Loeber, G. Singh, S. L. Foster, B. Ying, J. B. Case, Z. Chong, B. Whitener, J. Moliva, K. Floyd, M. Ujie, N. 

Nakajima, ….... and Y. Kawaoka (2022). SARS-CoV-2 Omicron virus causes attenuated disease in mice and 

hamsters. Nature,  603: 687–692.  

He, X. et al. (0000). SARS-CoV-2 Omicron variant: characteristics and prevention. MedComm., 2: 838–845.  

https://doi.org/10.1002/mco2.110 

Hogan, A. B., S. L. Wu, P. Doohan, O. J. Watson, P. Winskill, G. Charles, …... and A. C. Ghani (2021). Report 48-

The value of vaccine booster doses to mitigate the global impact of the Omicron SARS-CoV-2 variant. Imperial 

College London, p.1-38. 

Jamil, K., S. H. Khattak, A. Farrukh, S. Begum, M. N. Riaz, A. Muhammad, T. Kamal, T. Taj, I. Khan, S. Riaz and H. 

Batool (2022). Biogenic Synthesis of Silver Nanoparticles Using Catharanthus roseus and Its Cytotoxicity Effect 

on Vero Cell Lines. Molecules. 27(19): 6191. 
Li, W., Y. Chen, J. Prévost, I. Ullah, M. Lu, S. Y. Gong, A. Tauzin, R. Gasser, D. Vézina, S. P. Anand, G. Goyette, 

D. Chaterjee, S. Ding, W. D. Tolbert, M. W. Grunst, Y. Bo, S. Zhang, J. Richard, F. Zhou, R. K. Huang, L. 

Esser, A. Zeher, M. Côté, P. Kumar, J. Sodroski, D. Xia, P. D. Uchil, M. Pazgier, A. Finzi and W. Mothes 

(2022). Structural basis and mode of action for two broadly neutralizing antibodies against SARS-CoV-2 

emerging variants of concern. Cell Rep., 38:110210. 

Ma, H. et al. (2021). Pyroptosis of syncytia formed by fusion of SARS-CoV-2 spike and ACE2-expressing cells. 

Cell Discov. 7: 73. incomplete 

Mallapaty, S. (2021). After the WHO report: what’s next in the search for COVID’s origins. Nature, 592(7854): 

337–338.  

 



718  TOOBA ASHIQ SEYAL ET AL., 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 22 (3): 711-718, 2025. 

Marshall, M. (2022). How can we end the pandemic?. 3370(253):12-15.https://doi.org/10.1016/S0262-4079(22)00081-

1 

Maslo, C., R. Friedland, M. Toubkin, A. Laubscher, T. Akaloo and  B. Kama (2022) Characteristics and Outcomes 

of Hospitalized Patients in South Africa During the COVID-19 Omicron Wave Compared With Previous 

Waves. JAMA. 327(6): 583–584. doi:10.1001/jama.2021.24868  

Maurya, R., A. Swaminathan, U. Shamim, S. Arora, P. Mishra, A. Raina, ….... and R.  Pandey (2023). Co-evolution of 

SARS-CoV-2 variants and host immune response trajectories underlie COVID-19 pandemic to epidemic transition. 

Iscience, 26(12): 1-18. 

Meng, B., A. Abdullahi, I. A. T. M. Ferreira, N. Goonawardane, A. Saito, I. Kimura, D. Yamasoba, P. P. Gerber, S. 

Fatihi, S. Rathore, S. K. Zepeda, G. Papa, S. A. Kemp, T. Ikeda, M. Toyoda, T. S. Tan, J. Kuramochi, S. 

Mitsunaga, T. Ueno, …... and R. K. Gupta (2022). Altered TMPRSS2 usage by SARS-CoV-2 Omicron impacts 

infectivity and fusogenicity. Nature, 603(7902): 706–714. 

Mossman, K. (2021). Omicron may not be last variant, but could signal shift in pandemic. CBC News. 

Peacock, T. P., J. C. Brown, J. Zhou, et al. (2022). The SARS-CoV-2 variant, Omicron, shows rapid replication in 

human primary nasal epithelial cultures and efficiently uses the endosomal route of entry. Cell, 185(12): 2160–

2164.e6. 

Plotkin, S. A. (2010). Correlates of protection induced by vaccination. Clinical and Vaccine Immunology, 17(7): 1055–

1065. 

Saito, A., T. Irie, R. Suzuki, T. Maemura, H. Nasser, K. Uriu, …... and K. Sato (2022). Enhanced fusogenicity and 

pathogenicity of SARS-CoV-2 Delta P681R mutation. Nature, 602(7896): 300-306. 

Sette, A. and S. Crotty (2021). Adaptive immunity to SARS-CoV-2 and COVID-19. Cell, 184(4): 861–880. 

Sharma, A., and S. K. Lal (2017). Zika virus: transmission, detection, control, and prevention. Frontiers in 

microbiology, 8: 110. 

To, K. K., I. F. Hung, J. F. Chan and K. Y. Yuen (2013). From SARS coronavirus to novel animal and human 

coronaviruses. Journal of thoracic disease,, 5(Suppl 2): S103. 

Van Blargan, L. A., J. M. Errico, P. J. Halfmann, S. J. Zost,  J. E. Crowe, L. A. Purcell, Y. Kawaoka, D. Corti, D. H.  

Fremont and M. S. Diamond (2022). An infectious SARS-CoV-2 B.1.1.529 Omicron virus escapes 

neutralization by therapeutic monoclonal antibodies. Nature Medicine, 28: 490–495. 

Wei, C., K. J. Shan, W. Wang, S. Zhang, Q. Huan and W. Qian (2021). Evidence for a mouse origin of the SARS-

CoV-2 Omicron variant. Journal of Genetics and Genomics, 48(12):1111–1121.  

Wertheim, J. O., D. K. Chu, J. S. Peiris, S. L. Kosakovsky Pond and L. L. Poon (2013). A case for the ancient origin of 

coronaviruses. Journal of Virology, 87(12): 7039-7045. 

Woitowich, N. C., A. Beery and T. K. Woodruff (2020). Opinion: Inclusion of female participants in clinical research. 

Science, 368(6497): 1380–1381. 
Zhou, P., X. L. Yang, X. G. Wang, B. Hu, L. Zhang, W., Zhang, H. Si, Y. Zhu, B. Li, C. Huang, H. Chen, J. Chen, Y. 

Luo, H. Guo, R. Jiang, M. Liu, Y. Chen, X-R. Shen, X. Wang, X. Zheng, K. Zhao, Q. Chen, F. Deng, L. Liu, B. 

Yan, F. Zhan, Y. Wang, G. Xiao and Z. L. Shi (2020). A pneumonia outbreak associated with a new coronavirus of 

probable bat origin. Nature, 579(7798): 270-273. 

 

(Accepted for publication July 2025) 

 

 

 

 


