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Abstract

The uncertainty of the symptoms in those who are SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2)

positive is an issue that should be discussed in order to reconsider a comprehensive way to deal with this virus

outbreak. For the time being, controversy regarding the necessity to vaccinate still exists in the public and might be a

significant impact on the global economy and safety of human beings. This article proposes that a variety of cellular

molecules (viral receptors/co-receptors) and MHCs (major histocompatibility complex) could be crucial factors

explaining the uncertain symptoms in those who infected with viruses. The understanding of these host factors should

encourage further research studies and pave the way to develop a new public health policy to deal with COVID-19 and

emergent viral epidemic in the future.
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Introduction

There have been reports that many people worldwide have been exposed to certain type of infectious virus without

symptom or self-notice. The studies found that various kinds of viral antibodies such as Dengue [1][2], Japanese

encephalitis [3], Influenza [4][5], and others [6][7][8][9] including SARS-CoV-2 [9] have been found in major populations who

have never been sick with these viruses. For COVID-19, 70-85% of people are asymptomatic or mildly symptomatic, while
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10-25% require hospitalization and 1-2% die as a result of the infection [10][11]. For those with severe symptoms, some

can survive spontaneously without any specific treatment, while others do not, even though the optimal treatment has

been administered. Age and underlying diseases have been suggested to be the main factors causing severe symptoms

and mortality [12][13][14]. However, there are reports of survival among ageing patients and those with underlying

conditions. Thus, underlying diseases and ageing might not per se be considered the key factor explaining the severity

and mortality. In addition, new viral strains due to genomic mutation have also been widely suggested to explain the

different symptoms and severity [12][13][15]. However, records show that the new viral strain, SARS-CoV-2 (O-Micron) and

many others still cause a similar ratio of asymptomatic cases, severe cases and mortality as the original strain of SARS-

CoV-2. Similarly, immune evasion of a virus is another mechanism to explain the cause of pathogenicity and severity,

including evading previous immunity and vaccination. Questionably, if the virus evades immunity, why it does not evade

everybody? Why do not all vaccinated people become infected? These mysteries require explanation.

Accordingly, this article proposes the concepts concerning variants of cellular molecules and the major histocompatibility

complex (MHC) as the critical factors answering these questions. Cellular molecules are associated with viral infection for

viral attachment and penetration to the target cell. MHC molecules play a role in inducing the adaptive immune response

to increase the efficiency of clearing the virus. Hopefully, this perspective can contribute to the fundamental guidelines for

solving and setting better global health systems for the prevention of emergent viruses.

Viral infection

Unlike extracellular organisms, a virus requires a susceptible target cell for replication as it is an obligate intracellular

organism. A virus uses its receptor binding domain (RBD) to attach a specific receptor which is a cellular molecule of the

target cell. In the meantime, the virus also needs a different cellular molecule as a co-receptor to enter the target cell,

some viruses have been found to use more than one cellular molecule as their receptors or co-receptors. For SARS-CoV-

2, the original receptor molecule is angiotensin-converting enzyme 2 (ACE2) with transmembrane protease, serine 2

(TMPRSS2), and furin being its co-receptors [15][16][17][18]. The variants of these cellular molecules relate to the

susceptibility to the virus. Previous reports show that some variants of individuals’ cellular molecules are not susceptible

to a virus attaching and entering. Although the individuals are exposed to a virus, the virus is unable to enter the target

cells for replication; this includes SARS-CoV2 [16][17][18]. For most viruses, pathogenesis relates to a host’s response to

foreign substances, known as an immune-pathogenic syndrome. This includes COVID-19, which is due to the release of

pro-inflammatory cytokines [19][20][21][22]. If the individuals do not have the susceptible variants of cellular molecules

enabling the virus to attach and enter, they would be asymptomatic or mildly affected. Although the virus does not enter

the susceptible target cells, it still can enter antigen-presenting cells (APCs) such as macrophages and dendritic cells.

During this period, the viral-exposed individuals might show symptoms as the effect of pro-inflammatory cytokines by

APCs [19][20][21]. APCs play a role in presenting the viral particle to induce adaptive immune cells such as cytotoxic T cells

(Tc) and helper T cells (Th) in secondary lymphoid organs [22][23]. During this period, the viral-exposed individuals might

show symptoms as a result of the effect of pro-inflammatory cytokines [6]. This is unlike those who are actually infected
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with the virus, where the target cell becomes a comfortable source in which the virus can replicate excessively, causing

the uncontrollable release of inflammatory cytokines and severe symptoms in those who are genetically susceptible to

viral infection.

Viral immunity

To eradicate and clear the infected viral agents in those who are truly infected with a virus, our body needs to be able to

activate the effective Tc. After invasion into a body, the viral agent is captured by APCs which subsequently digest and

present the viral epitopes to induce adaptive immune cells [23][24][25]. APCs randomly cleave viral peptides into

oligopeptides of 8-20 amino acid residues which are called T cell epitopes. T cell epitopes then combine with the MHC

(major histocompatibility complex) molecule to form the MHC-peptide complex (pMHC) which eventually plays a significant

role in the activation of a specific T cell clone on its receptor, the so-called T cell receptor (TCR). There are two classes of

MHC, class I and II. MHC class I combine with a viral epitope to form pMHC-I, which subsequently activates Tc cell

clones [25][26]. MHC class II forms pMHC II to induce Th cell clones, which then play a role in inducing activated Tc to

become effective and memory Tc [27]. Eventually, effective Tc can clear the viral-infected cells.

In addition, B lymphocytes also assist with the blocking of viral re-entry to a new target cell by secreting antibodies. The

best strategy for the antibody to neutralise the viral agent is to bind the viral RBD. This is the main approach for

manufacturing the viral vaccine. The B cell receptor (BCR) recognises B cell epitopes based on the native form of the

antigen; thus, it does not require APC and MHC molecules [28]. Initially, activated B cells can synthesise IgM antibodies.

To synthesise other classes of immunoglobulins, which are IgG, IgA and IgE, the B lymphocyte clone requires the

cognate Th clone to be promoted. During this period, the B and Th cells play reciprocal roles to support each other [29][30].

B cells which also express the MHC II molecule play an antigen-presenting role to the cognate Th cells, which also sends

some signals to promote B lymphocytes for differentiation into plasma cells to synthesise various classes of

immunoglobulin. Without Th cells, B cells cannot produce other classes of immunoglobulin, except IgM. More importantly,

they cannot differentiate into memory B cells. Besides a short half- life, IgM also has a low affinity to bind viral antigens

and has a limited ability to combat the virus during extracellular existence. IgG has the highest capacity to bind the virus

with strong affinity. The affinity of IgA is second to that of IgG but it plays a great role in mucosal organs, which form the

main route of many viral transmissions [31][32], including the SARS-CoV-2 virus. Accordingly, Th cells play a central role in

maturing both B and Tc lymphocytes, including memory cells, for long-term protection from secondary viral

infection [25][26][29][30].

Immunodominant epitope

The MHC molecules of humans are called human leukocyte antigens (HLA), which are classified into classical and non-

classical loci. HLA molecules are inherited co-dominantly from the parents. Thus, each locus of the MHC genome in an

individual can be either heterozygous or homozygous. For classical loci, each class of the human MHC has three loci.
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Accordingly, the number of gene alleles of MHC class I in any individual are limited to 3-6 alleles [26][27]. For example, an

individual who is homozygous for all three loci would have only three gene alleles, while those who have all heterozygous

loci would have six gene alleles. As the HLA gene alleles are highly polymorphic, the possibility of two individuals having

the same set of gene alleles is at least one in a million (mostly seen in identical twins).

MHC molecules have a pocket which allows some amino acids of the peptide to fit inside. The studies found that each

MHC variant has the ability to bind many different peptides [31][32]. This means that MHC molecules have broad specificity

to the T cell epitope presented by APCs. However, each MHC molecule can bind to only one peptide at a time since there

is only one cleft on each MHC molecule. To form pMHC, the MHC molecule requires only a few amino acids of the T cell

epitope, the so-called anchor residue, for interaction [31][33][34]. This allows each MHC allele to bind to many different

peptides. Any processed peptides, which are derived from foreign substances by APCs, must contain the amino acids that

can fit the MHC allele cleft to form pMHC [35][36]. Subsequently, the pMHC becomes the crucial molecule for inducing a

specific TCR of the T cell clone. TCR requires interaction with both the peptide residue and the MHC molecule [35][37].

This conforms to the development of T cell clones in the thymus, which requires positive selection and the ability to work

with the self-MHC alleles of the individuals [38][39]. Noticeably, reports have shown that the interaction between each MHC

allele and different peptides has a different affinity. Each MHC allele has a limited ability to bind some of the

peptides [40][41][42]. It is unlikely that all of the epitopes of foreign peptides are able to form pMHC with a single MHC allelic

molecule [43][44]. Accordingly, the MHC allelic molecules of each person have the ability to form pMHC with some of the

peptides if they do not contain the anchor residues that are compatible with the individuals’ MHC alleles. Individuals who

are MHC homozygous are more susceptible to pathogens than those who are heterozygous [45][46][47]. This explains why

people with fewer MHC alleles might have some limitations of binding with an immunodominant epitope to form pMHC

molecules. A good match of the peptide, the immunodominant epitope and the peptide-binding groove of the MHC

molecule are crucial factors for the induction of immunodominant T-cell clones.

Besides the possibility of viral variants, the lack of available MHC alleles and antigens might explain why some individuals

become infected and do not respond efficiently to gain seroprotection after viral vaccination [48][49]. Therefore, the invasion

of any particular antigen of a virus into different individuals does not guarantee the induction of the same level of immunity

because of the limited varieties of MHC alleles in each person.

Perspective to explain various symptoms after viral exposure

Based on the variants of the susceptible viral receptor molecule(s) and the compatible MHC class I and II for immune

response against the viral agent, we can classify individuals into 8 groups, as shown in Table 1. After exposure to a virus,

there are those who are actually infected and those who are not truly infected (just invaded) by the virus. Groups 1-4 are

individuals who do not have the susceptible viral receptor/co-receptor and are not truly infected. They are asymptomatic

or have mild symptoms since the virus does not replicate greatly in the target cell. Their immunity depends on the

existence of their MHC alleles, as mentioned in Table 1. Groups 5-8 are those who have susceptible viral receptors and

could be truly infected. The viral multiplication in the target cell can continuously induce pathogenic cytokines, thus
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causing severe symptoms. In more detail, Group 5 contains those individuals who are MHC class I and II compatible to

the immunodominant viral epitope. They can activate specific Tc and B cell clones for the development of affective Tc to

cure and produce memory B cells for further protection. These people should be able to survive spontaneously if they do

not have any related underlying diseases that can cause additional critical symptoms, especially during the first couple of

weeks of infection. Individuals in Group 6 might be able to activate the specific Tc clone but cannot develop an effective

and memory Tc clone since the particular Th cell is not produced. To clear the viral-infected cell, our body needs effective

Tc, not just a primary activated Tc. However, with some kinds of medicine preventing the virus from entering the target

cell, such as neutralising antibodies, this might be helpful. Further studies are needed, however. Also, individuals in Group

6 could not be effectively protected by vaccination for the development of memory B cells. It is hard to provide a prognosis

for the individuals in this group. It is possible that they can survive but will have chronic symptoms which depend on their

living conditions and behaviours. Groups 7 and 8 might be more or less the same, having severe symptoms as the

effective Tc clone cannot be developed. Thus, they should not be able to recover spontaneously. However, Group 7 might

find it more possible to be cured than Group 8. The memory B cells might be sufficient to cure the viral infection if there is

some co-operation of natural killer cells (NKs) and a specific antiviral IgG to eradicate the infected virus. This requires

further investigation. At present, there is no antiviral medicine that has actually proven to clear the infected virus, like Tc.

Otherwise, it should be able to cure all of the infected patients. In the meantime, if this perspective is correct, individuals

from Group 1 might be the source of passive immunisation for patients in Groups 6-8. However, the side effects

concerning the incompatible effects of HLA alleles must be taken care of.

Individual
group

Viral
receptor
variant

MHC I
allele

MHC II
allele

Prediction on viral exposure

1
Non-
susceptible

Compatible Compatible
No or mild symptoms with the production of an effective Tc cell clone including all of the memory cells of
adaptive immune cells

2
Non-
susceptible

Compatible
Non-
Compatible

No or mild symptoms with the production of a specific Tc cell clone, which can produce only IgM and no
memory B or Tc cells

3
Non-
susceptible

Non-
Compatible

Compatible
No or mild symptoms without the production of an effective Tc cell clone, but which can produce memory
B cells

4
Non-
susceptible

Non-
Compatible

Non-
Compatible

No or mild symptoms without the production of effective Tc cell and memory B cell clones

5 Susceptible Compatible Compatible
Severe symptoms but can recover completely due to the role of effective Tc. These individuals could be
protected if vaccinated

6 Susceptible Compatible
Non-
Compatible

Severe symptoms. Can activate the specific Tc clone but cannot develop an effective and memory Tc.
These individuals could not produce memory B cells.

7 Susceptible
Non-
Compatible

Compatible
Severe symptoms. Cannot activate the specific Tc clone but can earn protection via viral vaccine. These
individuals should be protected if vaccinated

8 Susceptible
Non-
Compatible

Non-
compatible

Severe symptoms. Cannot produce any effective or memory immune cells. These individuals should be
vaccinated frequently. Probably, all will die if they become infected.

Table 1. Classification of individuals based on their susceptibility to viral infection (viral receptor variants) and immune compatibility (MHC class I

and II) to fight against the viral agent.
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Conclusion

With the controversy regarding the necessity to vaccinate, many people have refused to be vaccinated, stating the reason

as some SARS-CoV-2-positive individuals surviving without vaccination. Thus, vaccination might not be necessary for

them. This perspective explains the uncertain symptoms depending on the different genetics of individuals concerning

viral susceptibility and immune response. Based on this aspect, everybody should be vaccinated since we do not know

who does (or does not) have susceptibility viral receptor/co-receptors and it is too complicated to identify the cellular

variants for every individual. The campaign to ask people to vaccinate regularly should be reconsidered, especially for

individuals who showed positivity for SARS-CoV-2 but were asymptomatic or demonstrated mild symptoms. These

individuals accounted for 70-85% of the total and classified to be in Groups 1-4 in which they were protected on the basis

of their genetic insusceptibility to viral infection. These groups could survive without vaccination. Most of the global

population could be safe if effective vaccines have been administered for two or three doses. In fact, vaccination should

come with a package to follow-up the seroconversion to detect IgG and IgA. Individuals who produce high levels of IgG

and IgA should be assumed to be protected. Hence, these individuals may not need to be vaccinated regularly; they can

assume that the memory B cells have been created. Only individuals from Groups 6-8 might need to be vaccinated

frequently for the induction of IgM, which has a short half-life. The understanding of this fundamental should provide

positive result, more economical approach, setting up the optimal way to handle emergent viruses which is also applicable

with other the active viruses, such as Dengue virus, Japanese encephalitis, etc. Studies regarding follow-up the viral

mutation might not be needed unless the virus keeps mutating and or uses other molecules to enter the target cells. Then,

new devastating epidemics might occur.

Abbreviations

APC Antigen presenting cell

BCR B cell receptor

HLA Human leucocyte antigen

Ig Immunoglobulin

MHC Major histocompatibility complex

pMHC MHC-peptide complex

RBD Receptor binding domain

TCR T cell receptor

Tc Cytotoxic T cell

Th Helper T cell

Acknowledgments

The author thanks Prof. Dr. Vorachai Sirihulchayanonta, MD. for his valuable suggestion and proofreading. This article

Qeios, CC-BY 4.0   ·   Article, August 6, 2023

Qeios ID: 8V0EDN.2   ·   https://doi.org/10.32388/8V0EDN.2 6/11



has also been proofread by the Proof Reading service company, UK.

Declarations

Ethics approval and consent to participate

Not applicable

Consent for publication

Not applicable

Competing interests

The author has no competing interest

Funding

No specific funding was received for this work

Author contributions

All of this article has been written by Tirasak Pasharawipas

Supplementary Information

Not applicable

References

1. ^Luo S, Cui W, Li C, Ling F, Fu T, Liu Q, et al. Seroprevalence of dengue IgG antibodies in symptomatic and

asymptomatic individuals three years after an outbreak in Zhejiang Province, China. BMC Infect Dis. 2018; 18(1):92.

doi: 10.1186/s12879-018-3000-5. PMID: 29471783; PMCID: PMC5824482.

2. ^Ly S, Fortas C, Duong V, Benmarhnia T, Sakuntabhai A, Paul R, et al. Asymptomatic dengue virus infections,

Cambodia, 2012-2013. Emerg Infect Dis. 2019;25(7):1354-1362. doi: 10.3201/eid2507.181794. PMID: 31211672;

PMCID: PMC6590774.

3. ^Nealon J, Taurel AF, Yoksan S, Moureau A, Bonaparte M, Quang LC, et al. Serological evidence of Japanese

Encephalitis virus circulation in Asian children from dengue-endemic countries. J Infect Dis. 2019;219(3):375-381. doi:

10.1093/infdis/jiy513. PMID: 30165664; PMCID: PMC6325342.

Qeios, CC-BY 4.0   ·   Article, August 6, 2023

Qeios ID: 8V0EDN.2   ·   https://doi.org/10.32388/8V0EDN.2 7/11



4. ^Ip DK, Lau LL, Leung NH, Fang VJ, Chan KH, Chu DK, et al. Viral shedding and transmission potential of

asymptomatic and paucisymptomatic Influenza virus infections in the community. Clin Infect Dis. 2017; 64(6):736-742.

doi: 10.1093/cid/ciw841. PMID: 28011603; PMCID: PMC5967351.

5. ^Melchior TB, Perosa AH, Camargo CN, Granato C, Bellei N. Influenza virus prevalence in asymptomatic and

symptomatic subjects during pandemic and postpandemic periods. Am J Infect Control. 2015; 43(5):460-4.

6. a, bGalanti M, Birger R, Ud-Dean M, Filip I, Morita H, Comito D, et al. Rates of asymptomatic respiratory virus infection

across age groups. Epidemiol Infect. 2019; 147:e176. doi: 10.1017/S0950268819000505. PMID: 31063096; PMCID:

PMC6518513.

7. ^Glynn JR, Bower H, Johnson S, Houlihan CF, Montesano C, Scott JT, et al. Asymptomatic infection and unrecognised

Ebola virus disease in Ebola-affected households in Sierra Leone: a cross-sectional study using a new non-invasive

assay for antibodies to Ebola virus. Lancet Infect Dis. 2017; 17(6):645-653. doi: 10.1016/S1473-3099(17)30111-1.

Epub 2017 Feb 28. PMID: 28256310; PMCID: PMC6520246.

8. ^Stoszek SK, Engle RE, Abdel-Hamid M, Mikhail N, Abdel-Aziz F, Medhat A, et al. Hepatitis E antibody seroconversion

without disease in highly endemic rural Egyptian communities. Trans R Soc Trop Med Hyg. 2006;100(2):89-94. doi:

10.1016/j.trstmh.2005.05.019. Epub 2005 Oct 28. PMID: 16257427.

9. a, bChen Y, Li P, Ding Y, Liu M, Liu L, Yi B, et al. Epidemiological feature, viral shedding, and antibody seroconversion

among asymptomatic SARS-CoV-2 carriers and symptomatic/presymptomatic COVID-19 patients. J Infect Public

Health. 2021;14(7):845-851. doi:10.1016/j.jiph.2021.05.003

10. ^World Health Organization. Accessed on April 15, 2023. https://covid19.who.int/

11. ^Salzberger B, Buder F, Lampl B, Ehrenstein B, Hitzenbichler F, Holzmann T, et al. Epidemiology of SARS-CoV-2.

Infection. 2021;49(2):233-239. doi: 10.1007/s15010-020-01531-3. Epub 2020 Oct 8. PMID: 33034020; PMCID:

PMC7543961.

12. a, bWilliams N, Radia T, Harman K, Agrawal P, Cook J, Gupta A. COVID-19 Severe acute respiratory syndrome

coronavirus 2 [SARS-CoV-2] infection in children and adolescents: a systematic review of critically unwell children and

the association with underlying comorbidities. Eur J Pediatr. 2021;180(3):689-697. doi: 10.1007/s00431-020-03801-6.

Epub 2020 Sep 10. PMID: 32914200; PMCID: PMC7483054.

13. a, bLynch SM, Guo G, Gibson DS, Bjourson AJ, Rai TS. Role of Senescence and Aging in SARS-CoV-2 Infection and

COVID-19 Disease. Cells. 2021;10(12):3367. Published 2021 Nov 30. doi:10.3390/cells10123367

14. ^Meo SA, Meo AS, Al-Jassir FF, Klonoff DC. Omicron SARS-CoV-2 new variant: global prevalence and biological and

clinical characteristics. Eur Rev Med Pharmacol Sci. 2021; 25[24]:8012-8018. doi: 10.26355/ eurrev_202112_27652.

PMID: 34982465.

15. a, bRen W, Zhu Y, Lan J, Chen H, Wang Y, Shi H, et al. Susceptibilities of human ACE2 genetic variants in

Coronavirus infection. J Virol. 2022;96(1):e0149221. doi: 10.1128/JVI.01492-21. Epub 2021 Oct 20. PMID: 34668773;

PMCID: PMC8754202.

16. a, bBakhshandeh B, Sorboni SG, Javanmard AR, Mottaghi SS, Mehrabi MR, Sorouri F, et al. Variants in ACE2;

potential influences on virus infection and COVID-19 severity. Infect Genet Evol. 2021;90:104773. doi:

10.1016/j.meegid.2021.104773. Epub 2021 Feb 17. PMID: 33607284; PMCID: PMC7886638.

Qeios, CC-BY 4.0   ·   Article, August 6, 2023

Qeios ID: 8V0EDN.2   ·   https://doi.org/10.32388/8V0EDN.2 8/11



17. a, bMartínez-Gómez LE, Herrera-López B, Martinez-Armenta C, Ortega-Peña S, Camacho-Rea MDC, Suarez-Ahedo

C, et al. ACE and ACE2 gene variants are associated with severe outcomes of COVID-19 in men. Front Immunol.

2022;13:812940. doi: 10.3389/fimmu.2022.812940. PMID: 35250987; PMCID: PMC8892378.

18. a, bZhang L, Dutta S, Xiong S, Chan M, Chan KK, Fan TM, et al. Engineered ACE2 decoy mitigates lung injury and

death induced by SARS-CoV-2 variants. Nat Chem Biol. 2022;18(3):342-351. doi: 10.1038/s41589-021-00965-6. Epub

2022 Jan 19. PMID: 35046611; PMCID: PMC8885411.

19. a, bPorcheray F, Samah B, Léone C, Dereuddre-Bosquet N, Gras G. Macrophage activation and human

immunodeficiency virus infection: HIV replication directs macrophages towards a pro-inflammatory phenotype while

previous activation modulates macrophage susceptibility to infection and viral production. Virology. 2006; 349(1):112-

20. doi: 10.1016/j.virol.2006.02.031. Epub 2006 Mar 29. PMID: 16564558.

20. a, bPirhonen J, Sareneva T, Kurimoto M, Julkunen I, Matikainen S. Virus infection activates IL-1 beta and IL-18

production in human macrophages by a caspase-1-dependent pathway. J Immunol. 1999;162(12):7322-9. PMID:

10358182.

21. a, bCline TD, Beck D, Bianchini E. Influenza virus replication in macrophages: balancing protection and pathogenesis. J

Gen Virol. 2017;98(10):2401-2412. doi: 10.1099/jgv.0.000922. Epub 2017 Sep 8. PMID: 28884667; PMCID:

PMC5725990.

22. a, bHume DA. Macrophages as APC and the dendritic cell myth. J Immunol. 2008;181(9):5829-35. doi:

10.4049/jimmunol.181.9.5829. PMID: 18941170.

23. a, bKelly A, Trowsdale J. Genetics of antigen processing and presentation. Immunogenetics. 2019;71[3]:161-170. doi:

10.1007/s00251-018-1082-2. Epub 2018 Sep 13. PMID: 30215098; PMCID: PMC6394470.

24. ^Momburg F, Hengel H. Corking the bottleneck: the transporter associated with antigen processing as a target for

immune subversion by viruses. Curr Top Microbiol Immunol. 2002; 269:57-74. doi: 10.1007/978-3-642-59421-2_4.

PMID: 12224516.

25. a, b, cLu X, Gibbs JS, Hickman HD, David A, Dolan BP, Jin Y, et al. Endogenous viral antigen processing generates

peptide-specific MHC class I cell-surface clusters. Proc Natl Acad Sci U S A. 2012; 109(38):15407-12. doi:

10.1073/pnas.1208696109. Epub 2012 Sep 4. PMID: 22949678; PMCID: PMC3458372.

26. a, b, cShastri N, Schwab S, Serwold T. Producing nature's gene-chips: the generation of peptides for display by MHC

class I molecules. Annu Rev Immunol. 2002; 20: 463-93. doi: 10.1146/annurev.immunol.20.100301.064819. Epub

2001 Oct 4. PMID: 11861610.

27. a, bRoche PA, Furuta K. The ins and outs of MHC class II-mediated antigen processing and presentation. Nat Rev

Immunol. 2015; 15(4): 203-16. doi: 10.1038/nri3818. Epub 2015 Feb 27. PMID: 25720354; PMCID: PMC6314495.

28. ^Murin CD, Wilson IA, Ward AB. Antibody responses to viral infections: a structural perspective across three different

enveloped viruses. Nat Microbiol. 2019; 4(5): 734-747. doi: 10.1038/s41564-019-0392-y. Epub 2019 Mar 18. PMID:

30886356; PMCID: PMC6818971.

29. a, bBerzofsky JA. T-B reciprocity. An Ia-restricted epitope-specific circuit regulating T cell-B cell interaction and

antibody specificity. Surv Immunol Res. 1983; 2(3):223-229. doi: 10.1007/BF02918417. PMID: 6201979.

30. a, bMcHeyzer-Williams LJ, Malherbe LP, McHeyzer-Williams MG. Checkpoints in memory B-cell evolution. Immunol

Qeios, CC-BY 4.0   ·   Article, August 6, 2023

Qeios ID: 8V0EDN.2   ·   https://doi.org/10.32388/8V0EDN.2 9/11



Rev. 2006; 211:255-68. doi: 10.1111/j.0105-2896.2006.00397.x. PMID: 16824133.

31. a, b, cAntunes DA, Devaurs D, Moll M, Lizée G, Kavraki LE. General Prediction of Peptide-MHC Binding Modes Using

Incremental Docking: A Proof of Concept. Sci Rep. 2018;8(1):4327. Published 2018 Mar 12. doi:10.1038/s41598-018-

22173-4

32. a, bPerez MAS, Cuendet MA, Röhrig UF, Michielin O, Zoete V. Structural Prediction of Peptide-MHC Binding Modes.

Methods Mol Biol. 2022; 2405:245-282. doi: 10.1007/978-1-0716-1855-4_13. PMID: 35298818.

33. ^Fan S, Wang Y, Wang S, Wang X, Wu Y, Li Z, et al. Polymorphism and peptide-binding specificities of porcine major

histocompatibility complex (MHC) class I molecules. Mol Immunol. 2018; 93:236-245. doi:

10.1016/j.molimm.2017.06.024. Epub 2017 Jul 24. PMID: 28751109.

34. ^Provenzano M, Panelli MC, Mocellin S, Bracci L, Sais G, Stroncek DF, et al. MHC-peptide specificity and T-cell

epitope mapping: where immunotherapy starts. Trends Mol Med. 2006;12(10):465-72. doi:

10.1016/j.molmed.2006.08.008. Epub 2006 Sep 7. PMID: 16962375.

35. a, bRammensee HG. Chemistry of peptides associated with MHC class I and class II molecules. Curr Opin Immunol.

1995; 7(1):85-96. doi: 10.1016/0952-7915[95]80033-6. PMID: 7772286.

36. ^Nielsen M, Lundegaard C, Lund O. Prediction of MHC class II binding affinity using SMM-align, a novel stabilization

matrix alignment method. BMC Bioinformatics. 2007; 8:238. doi: 10.1186/1471-2105-8-238. PMID: 17608956; PMCID:

PMC1939856.

37. ^Sundberg EJ, Deng L, Mariuzza RA. TCR recognition of peptide/MHC class II complexes and superantigens. Semin

Immunol. 2007;19(4):262-271. doi:10.1016/j.smim.2007.04.006

38. ^Lucas B, McCarthy NI, Baik S, Cosway E, James KD, Parnell SM, et al. Control of the thymic medulla and its

influence on αβT-cell development. Immunol Rev. 2016;271(1):23-37. doi: 10.1111/imr.12406. PMID: 27088905;

PMCID: PMC4982089.

39. ^Tinsley KW, Hong C, Luckey MA, Park JY, Kim GY, Yoon HW, et al. Ikaros is required to survive positive selection

and to maintain clonal diversity during T-cell development in the thymus. Blood. 2013;122(14):2358-68. doi:

10.1182/blood-2012-12-472076. Epub 2013 Aug 1. PMID: 23908463; PMCID: PMC3790506.

40. ^Margulies DH, Corr M, Boyd LF, Khilko SN. MHC class I/peptide interactions: binding specificity and kinetics. J Mol

Recognit. 1993; 6(2): 59-69. doi: 10.1002/jmr.300060204. PMID: 8305252.

41. ^Sinigaglia F, Hammer J. Defining rules for the peptide-MHC class II interaction. Curr Opin Immunol. 1994; 6[1]:52-6.

doi: 10.1016/0952-7915[94]90033-7. PMID: 7513526.

42. ^Jensen KK, Andreatta M, Marcatili P, Buus S, Greenbaum JA, Yan Z, et al. Improved methods for predicting peptide

binding affinity to MHC class II molecules. Immunology. 2018;154(3):394-406. doi: 10.1111/imm.12889. Epub 2018

Feb 6. PMID: 29315598; PMCID: PMC6002223.

43. ^Meijers R, Lai CC, Yang Y, Liu JH, Zhong W, Wang JH, et al. Reinherz EL. Crystal structures of murine MHC Class I

H-2 D (b) and K (b) molecules in complex with CTL epitopes from influenza A virus: implications for TCR repertoire

selection and immunodominance. J Mol Biol. 2005;345(5):1099-110. doi: 10.1016/j.jmb.2004.11.023. Epub 2004 Dec

8. PMID: 15644207.

44. ^Day EB, Charlton KL, La Gruta NL, Doherty PC, Turner SJ. Effect of MHC class I diversification on influenza epitope-

Qeios, CC-BY 4.0   ·   Article, August 6, 2023

Qeios ID: 8V0EDN.2   ·   https://doi.org/10.32388/8V0EDN.2 10/11



specific CD8+ T cell precursor frequency and subsequent effector function. J Immunol. 2011;186(11):6319-6328.

doi:10.4049/jimmunol.1000883

45. ^Lipsitch M, Bergstrom CT, Antia R. Effect of human leukocyte antigen heterozygosity on infectious disease outcome:

the need for allele-specific measures. BMC Med Genet. 2003; 4:2. doi: 10.1186/1471-2350-4-2. Epub 2003 Jan 24.

PMID: 12542841; PMCID: PMC149356.

46. ^Arora J, Pierini F, McLaren PJ, Carrington M, Fellay J, Lenz TL. HLA Heterozygote Advantage against HIV-1 Is

Driven by Quantitative and Qualitative Differences in HLA Allele-Specific Peptide Presentation. Mol Biol Evol.

2020;37(3):639-650. doi: 10.1093/molbev/msz249. PMID: 31651980; PMCID: PMC7038656.

47. ^Carrington M, Nelson GW, Martin MP, Kissner T, Vlahov D, Goedert JJ, et al. HLA and HIV-1: heterozygote

advantage and B*35-Cw*04 disadvantage. Science. 1999;283(5408):1748-52. doi: 10.1126/science.283.5408.1748.

PMID: 10073943.

48. ^Faneye AO, Adeniji JA, Olusola BA, Motayo BO, Akintunde GB. Measles Virus Infection Among Vaccinated and

Unvaccinated Children in Nigeria. Viral Immunol. 2015; 28(6):304-8. doi: 10.1089/vim.2014.0118. Epub 2015 Jun 23.

PMID: 26102341; PMCID: PMC4507133.

49. ^Susky EK, Hota S, Armstrong IE, Mazzulli T, Kestenberg S, Casaubon LK, et al. Hospital outbreak of the severe

acute respiratory coronavirus virus 2 (SARS-CoV-2) delta variant in partially and fully vaccinated patients and

healthcare workers in Toronto, Canada. Infect Control Hosp Epidemiol. 2023 Feb;44(2):328-331. doi:

10.1017/ice.2021.471. Epub 2021 Oct 28. PMID: 34706787; PMCID

Qeios, CC-BY 4.0   ·   Article, August 6, 2023

Qeios ID: 8V0EDN.2   ·   https://doi.org/10.32388/8V0EDN.2 11/11


	Factors influencing variable symptoms of COVID-19 patients and proposed revision of public policy for COVID-19 pandemic
	Abstract
	Introduction
	Viral infection
	Viral immunity
	Immunodominant epitope
	Perspective to explain various symptoms after viral exposure
	Conclusion
	Abbreviations
	Acknowledgments
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Funding
	Author contributions
	Supplementary Information

	References


