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Omicron (B.1.1.529): Infectivity, vaccine breakthrough ...



Omicron ( ): Infectivity, vaccine breakthrough , andantibody Chen1, Rui Wang1, Nancy Benovich Gilby2and Guo-Wei Wei1,3,4 1 Department of Mathematics,Michigan State University, MI 48824, Innovations,325 East Grand River Ave., Suite 355,East Lansing, MI 48823 of Electrical and Computer Engineering,Michigan State University, MI 48824, of Biochemistry and Molecular Biology,Michigan State University, MI 48824, 1, 2021 AbstractThe latest severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variant Omicron ( )has ushered panic responses around the world due to its contagious and vaccine escape mutations.

2.2 Vaccine breakthrough Vaccination has been proven to be the most e ective means for COVID-19 prevention and control. There are four types of vaccines, i.e., virus vaccines, viral-vector vaccines, DNA/RNA vaccines, and protein-based vaccines [19]. Essentially, the current COVID-19 vaccines in use mainly target to the S protein [20]. The
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    	Transcription of Omicron (B.1.1.529): Infectivity, vaccine breakthrough ...


        
    	1 Omicron ( ): Infectivity, vaccine breakthrough , andantibody Chen1, Rui Wang1, Nancy Benovich Gilby2and Guo-Wei Wei1,3,4 1 Department of Mathematics,Michigan State University, MI 48824, Innovations,325 East Grand River Ave., Suite 355,East Lansing, MI 48823 of Electrical and Computer Engineering,Michigan State University, MI 48824, of Biochemistry and Molecular Biology,Michigan State University, MI 48824, 1, 2021 AbstractThe latest severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variant Omicron ( )has ushered panic responses around the world due to its contagious and vaccine escape mutations.
2 Theessential infectivity and antibody resistance of the SARS-CoV-2 variant are determined by its mutationson the spike (S) protein receptor-binding domain (RBD). However, a complete experimental evaluationof Omicron might take weeks or even months. Here, we present a comprehensive quantitative analysisof Omicron s infectivity, vaccine - breakthrough , and antibody resistance. An artificial intelligence (AI)model, which has been trained with tens of thousands of experimental data points and extensively vali-dated by experimental data on SARS-CoV-2, reveals that Omicron may be over ten times more contagiousthan the original virus or about twice as infectious as the Delta variant.
3 Based on 132 three-dimensional(3D) structures of antibody-RBD complexes, we unveil that Omicron may be twice more likely to escapecurrent vaccines than the Delta variant. The Food and Drug Administration (FDA)-approved mono-clonal antibodies (mAbs) from Eli Lilly may be seriously compromised. Omicron may also diminishthe efficacy of mAbs from Celltrion and Rockefeller University. However, its impact to Regeneron mAbcocktail appears to be : COVID-19, SARS-CoV-2, Omicron , infectivity, antibody-resistance, vaccine breakthrough , Corresponding author.
4 Email: [ ] 1 Dec 20211 IntroductionOn November 26, 2021, the World Health Organization (WHO) announced a new severe acute respiratorysyndrome coronavirus 2 (SARS-CoV-2) variant Omicron ( ), as a variant of concern (VOC). Thisvariant carries an unusually high number of mutations, 32, on the spike (S) protein, the main antigenic targetof antibodies generated by either infections or vaccination. In comparison, the devastating Delta varianthas only 5 S protein mutations, which posed a high potential global risk and has spread , the panic button has been pushed in several cases worldwide, and many countries have enactedtravel restrictions to prevent the rapid spread of the Omicron mutations on the Omicron variant are widely distributed on multiple proteins of SARS-CoV-2 such asNSP3, NSP4, NSP5, NSP6, NSP12, NSP14, S protein, envelope protein, membrane protein, and nucleocapsidprotein.
5 The focus is the mutations on the S protein receptor-binding domain (RBD) for the potential impacton infectivity and antibody resistance caused by this new variant. This is due to the fact that the RBDlocated on the S protein facilitates the binding between the S protein and the host angiotensin-convertingenzyme 2 (ACE2). Such S-ACE2 binding helps the SARS-CoV-2 enter the host cell and initiates the viralinfection process. Several studies have shown that the binding free energy (BFE) between the S RBD andthe ACE2 is proportional to the viral infectivity [1 5].
6 As such, an antibody that binds strongly to theRBD would directly neutralize the virus [6 8]. Indeed, many RBD binding antibodies are generated by thehuman immune response to infection or vaccination. Monoclonal antibodies (mABs) targeting the S protein,particularly the RBD, are designed to treat viral infection. As a result, any mutation on the S proteinRBD would cause immediate concerns about the efficacy of existing vaccines, mAbs and the potential global panic brought by the emergence of the Omicron variant drives the scientific communityto immediately investigate how much this new variant could undermine the existing vaccines and , relatively reliable experimental results from experimental labs will take a few weeks to come.
7 An efficient and reliable in-silico analysis is imperative and valuable for such an urgent , we present a comprehensive topology-based artificial intelligence (AI) model called TopNetmAb [9, 10]to predict the BFE changes of S and ACE2/antibody complexes induced by mutations on the S RBD ofthe Omicron variant. The positive BFE change induced by a specific RBD mutation indicates its potentialability to strengthen the binding of an S protein-ACE2/antibody complex, while a negative BFE changesuggests a likely capacity to reduce the binding strength of an S protein-ACE2/antibody TopNetmAb model that we proposed has been extensively validated over the past years [10, 11].
8 Initially, in early 2020, we applied our TopNetmAb model to successfully predict that residues 452 and501 have high chances to mutate into significantly more infectious COVID-19 strains [9]. Such findingshave been confirmed due to the emergency of multiple variants such as Alpha, Beta, Gamma, Delta, Theta,Lambda, Mu, and Omicron that carry L452R/Q and N501Y mutations. In April 2021, we provided a listof 31 RBD mutations that may weaken most of the binding to antibodies, such as W353R, I401N, Y449D,Y449S, P491R, P491L, Q493P [10].
9 Notably, experimental results have also shown that mutations at residuesY449, E484, Q493, S494, Y505 might enable the virus to escape antibodies [12]. Meanwhile, in the samework, we also revealed that variants found in the United Kingdom and South Africa in late 2020 maystrengthen the binding of the RBD-ACE2 complex, which is consistent with the experimental results [13].Later on, we provided a list of most likely vaccine escape RBD mutations predicted by TopNetmAb, such asS494P, Q493L, K417N, F490S, F486L, R403K, E484K, L452R, K417T, F490L, E484Q, and A475S [14], andmutations such as S494P, K417N, E484K/Q, L452R are all detected in the variants of concern and variants ofinterest denounced by WHO.
10 Last but not least, the correlation between the experimental deep mutationaldata [15] and our AI-predicted RBD-mutation-induced BFE changes for all possible 3686 RBD mutationson the RBD-ACE2 complex is , which indicates the reliability of our TopNetmAb model predictions [11].1 This work aims to analyze how the RBD mutations on the Omicron variant will affect the viral infec-tivity and efficacy of existing vaccines and antibody drugs. Fifteen Omicron RBD mutations, includingS371L, S373P, S375F, K417N, N440K, G446S, S477N, T478K, E484A, Q493R, G496S, N501Y, and Y505H,are studied in this work.
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			Thomas Calculus; 12th Edition: The Power Rule

			users.math.msu.edu
			Thomas Calculus; 12th Edition: The Power Rule Cli ord E. Weil September 15, 2010 The following paragraph appears at the bottom of page 116 of Thomas Calculus, 12th Edition. The Power Rule is actually valid for all real numbers n.
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			users.math.msu.edu
			Convolution solutions (Sect. 6.6). I Convolution of two functions. I Properties of convolutions. I Laplace Transform of a convolution. I Impulse response solution. I Solution decomposition theorem.

			

		

	

	
				
					

		
			Special Second Order Equations (Sect. 2.2). Special Second ...

			users.math.msu.edu
			Special Second Order Equations (Sect. 2.2). I Special Second order nonlinear equations. I Function y missing. (Simpler) I Variable t missing. (Harder) I Reduction order method. Special Second order nonlinear equations Deﬁnition Given a functions f : R3 → R, a second order diﬀerential equation in the unknown function y : R → R is given by
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			second order equations{Undetermined Coe - cients

			users.math.msu.edu
			September 29, 2013 9-1 9. Particular Solutions of Non-homogeneous second order equations{Undetermined Coe -cients We have seen that in order to nd the general solution to
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			5.1 The Remainder and Factor Theorems.doc; Synthetic Division

			users.math.msu.edu
			Page 2 (Section 5.1) Example 4: Perform the operation below. Write the remainder as a rational expression (remainder/divisor). 2 1 2 8 2 3 5 4 3 2 + − + + x x x x x Synthetic Division – Generally used for “short” division of polynomials when the divisor is in the form x – c. (Refer to page 506 in your textbook for more examples.)
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			Math 133 Series Sequences and series. fa g

			users.math.msu.edu
			Geometric sequences and series. A general geometric sequence starts with an initial value a 1 = c, and subsequent terms are multiplied by the ratio r, so that a n = ra n 1; explicitly, a n = crn 1. The same trick as above gives a formula for the corresponding geometric series. We have s …
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			The Laplace Transform (Sect. 6.1). - users.math.msu.edu

			users.math.msu.edu
			The Laplace Transform (Sect. 6.1). I The deﬁnition of the Laplace Transform. I Review: Improper integrals. I Examples of Laplace Transforms. I A table of Laplace Transforms. I Properties of the Laplace Transform. I Laplace Transform and diﬀerential equations.
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			ORDINARY DIFFERENTIAL EQUATIONS

			users.math.msu.edu
			The equations in examples (c) and (d) are called partial di erential equations (PDE), since the unknown function depends on two or more independent variables, t, x, y, and zin these examples, and their partial derivatives appear in the equations.
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			2 2. Sequences and Series A topological way to say lima n = ais the following: Given any -neighborhood V (a) of a, there exists a place in the sequence after which all of the terms are in V (a): Easy Fact: lim(c) = cfor all constant sequences (c): Quanti ers. The de nition of lima n = aquanti es the closeness of a n to aby an arbi-
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			Convergence of Taylor Series (Sect. 10.9) Review: Taylor ...

			users.math.msu.edu
			Convergence of Taylor Series (Sect. 10.9) I Review: Taylor series and polynomials. I The Taylor Theorem. I Using the Taylor series. I Estimating the remainder. The Taylor Theorem Remark: The Taylor polynomial and Taylor series are obtained from a generalization of the Mean Value Theorem: If f : [a,b] → R is diﬀerentiable, then there exits c ∈ (a,b) such that
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			Outbreak of SARS-CoV-2 Infections, including COVID-19 ...

			www.cdc.gov
			in the town in Barnstable County since July 3. COVID-19 vaccine breakthrough cases were those in fully vaccinated Massachusetts residents (those with documentation from the state immunization registry of completion of COVID-19 vaccination as recommended by the Advisory Committee on Immunization Practices,† ≥14 days before exposure).
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			COVID-19 Breakthrough Report - oregon.gov

			www.oregon.gov
			the report will be published on Thursdays.1 Vaccine breakthrough cases are defined as instances in which an individual tests positive for COVID-19 at least 14 days following the completion of any primary COVID-19 vaccine series.2 Vaccine breakthrough cases that result in hospitalization or death are reported to CDC.
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			COVID-19 Vaccine Frequently Asked Questions for Healthcare ...

			www.health.nd.gov
			COVID-19 Vaccine Frequently Asked Questions for Healthcare Professionals Table of Contents Vaccine Development and Approval 13 1) Is there a vaccine that protects against COVID-19 (SARS-CoV-2)? 13 ... How are COVID-19 breakthrough infections tracked and monitored? 22. Updated: 10/11/2021 2 ...
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			OVID-19 Update

			dhss.alaska.gov
			Dec 20, 2021 · OVID-19 Update Hospitalizations, Deaths, Repeat and Vaccine Breakthrough Infections Through November 2021 The Section of Epidemiology, Alaska Division of Public Health Introduction This document is intended to provide routine updates on COVID-19 hospitalizations, deaths, repeat, and vaccine breakthrough infections in Alaska.
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			Master Medicine Protocol for the Administration of ...

			www.hse.ie
			of vaccine: if they have had laboratory‐confirmed breakthrough COVID‐19 disease since completion of primary vaccination, the additional dose should be deferred until at least 3 months following diagnosis.

			   Administration, Medicine, Protocol, Vaccine, Breakthrough, Medicine protocol for the administration

		

	

	
				
					

		
			SENT VIA EMAIL - sirillp.com

			www.sirillp.com
			Jul 19, 2021 · hospital staff and has knowledge of numerous serious post-COVID-19 vaccine adverse events, including breakthrough cases and deaths, as well as other adverse events on the CDC’s “adverse events of special interest” list 6 that have not been reported to either VAERS or the NYSDOH.
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			COVID-19 Vaccine Facts - Department of Public Health

			publichealth.lacounty.gov
			COVID-19 Vaccine Facts 6 feet WHAT ARE THE SIDE EFFECTS? • Vaccine side effects are common and may include sore or red arm, feeling tired, fever, chills, headache, or muscle ache. They do not mean that you have COVID-19. Not everyone will get them. • Side effects are a sign that your immune system is building protection.
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