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Abstract

In this century, viral infections are still a serious threat to the safety of human life and health. Millions of people
were infected by viruses every year worldwide, and many of them died from the infections. In recent decades,
outbreak pandemics of SARS, influenza, and especially SARS-Cov-2 (nCov-2019) have been witnessed. To protect
people from viral infections, vaccine is one of the most important approaches. But to develop a vaccine against
a viral infection, the status and its regulation of the human immunity against a viral infection must be explored
and known well. As a reference for the protection approach or strategy to control viral infections, based on the
reports or publications in recent years, we present our new perspectives about human immunity statuses against
viral infection, and conclude the statuses as three basic types: efficient immunity status, non-efficient immunity

status and separated immunity status.

Viral infection is a serious threat to the safety of human life
and society, and the interaction between viral violence and hu-
man immunity is never stopped

From the beginning of 2020, everybody in the world has been facing
or suffering from the threat of SARS-CoV-2 induced disease (COV-
ID-19). In recent decades, as a serious threat to the safety of human
life and society, outbreak pandemics caused by viral infections have
been witnessed,' especially coronaviruses (CoV),>* influenza vi-
ruses (Flu-V),! human immuno-deficient virus (HIV), hepatitis B
virus (HBV), hepatitis C virus (HCV)? and Ebola virus (EBOV).
As the host, the target identification, interaction of viral par-
ticles and cells, cell infection, and viral replication in a cell are
mediated by the viral surface receptors and antigens (Fig. 1a), and
the antigens generated during their life cycle (Fig. 1b). The interac-
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tion between human immunity and viral violence is never stopped,
and the balance between them is frequently broken and a new one
is continually formed.

The interaction between a virus and its host forms a relatively
stable balance which is antiviral immunity status. The antiviral im-
munity status is important for people to understand and choose
how to control the viral pandemic and develop new vaccines.%’

Human immunity against viral infection can be concluded as
three statuses

The interaction between a virus and its host is very different de-
pending on the viral strain and host individual, which yields a vari-
ety of antiviral immunity statuses. We conclude all antiviral immu-
nity statuses of human as the three basic types as follows (Fig. 2):

Efficient immunity status

Human immunity presents an efficient immunity status to inhibit vi-
ral replication even to protect the human body from viral infection
again. The efficient immunity status can be re-sorted as two subtypes.

Complete efficient immunity status

Human immunity provides an efficient immunity status to protect
the human body from a recurrent viral infection for a long time
even whole lifetime, such as the immunity against smallpox vi-
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Fig. 1. Virus structure and life cycle. (a) Model of virus structure; (b) Illustration of virus life cycle.

rus (variola virus), HTV (hantan virus), HPV (human poliovirus), viruses), CoV (coronaviruses), HPV (human papilloma virus) and
HMYV (human measles virus), efc. HSV (herpes simplex virus). Incomplete efficient immunity status
presents a protective immunity for a year or longer than a year
protection usually and the viral particles will not be cleaned thor-
oughly, so the virus exists in the infected body for a long time and
forms a new balance between viral violence and immunity, then
The typical instances are the immunities against Flu-V (influenza the viral pandemic will be temporarily inhibited.

Incomplete efficient immunity status
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Fig. 2. Three types of immunization status against virus infections.

Non-efficient immunity status

The human body doesn’t show any protective immunity to inhibit
or clean the viral replication or spread in the body, such as HIV
(human immunodeficiency virus), and HCV (hepatitis C virus).

Separated immunity status

The human body does not show any protective immunity to inhibit
or stop the viral replication or spread in the body when the hosted
body contains a virus. More importantly, the protective antibody
elicited by the protective antigen will never appear in the hosted
body, and the antibodies elicited by other antigens appear but with-
out any function to inhibit viral replication or spread in the body.
The antibody, HBsAb induced by HBsAg of HBV (hepatitis B virus)
appears only in the body that contains no viral particle but was im-
munized by vaccine or subclinical infection. Positive HBsAb means
there is no HBV in the body that was immunized by HBV vaccine or
subclinical infection. The positive HBsAg detection means that the
infected bodies will keep HBV with their whole life, and it is impos-
sible that the HBsAb appears in the body with HBsAg positive.

Human immunity against SARS-CoV-2 infection is incomplete

So far, 30 more strains of coronavirus have been identified and
named,® and 7 of them were confirmed to be able to infect humans
(Table 1).

The coronavirus caused diseases, especially COVID-19 are
threatening global public health, social safety, and economic devel-
opment. The advances on the neutralizing antibodies (nAbs) against
SARS-CoV-2 were reported.? The S antigen (Spike glycoprotein)
of coronavirus is the main target of antibodies, and it is the ligand
of the ACE2 (angiotensin-converting enzyme 2) that is the receptor
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Table 1. Coronaviruses

Groups Hosts Coronaviruses

a Humans and others HCoV-NL63
HCoV-229E

B Humans and others HCoV-0C43
HCoV-HKU1
SARS-CoV
MERS-CoV
SARS-CoV-2

v/6 Avian (bird) and others

SARS-CoV-2 S bind to, and the S epitopes can elicit neutralizing
antibodies upon SARS-CoV-2 vaccination.>%!? But to date, there is
no evidence from clinical data to confirm that SARS-CoV-2 induced
antibody presents the protective immunity to the human body per-
sistently because some recovered COVID-19 patients and SARS-
CoV-2 infected people discharged after continued negative results
of RT-PCR tests were re-infected with positive detection for SARS-
CoV-2.1L12 Therefore the pandemic of COVID-19 was projected to
continue to resurge in contagion as late as 2024 or likely longer.!?
SARS-CoV-2 presents high homology to SARS-CoV virus,!4!5 but
the information known about SARS-CoV immunity is insufficient
because its pandemic lasted for a limited period and did not resurge.

To date, the topics about how SARS-CoV-2 interacts with the hu-
man immune system and causes “incomplete efficient immunity sta-
tus” presented some hosts’ responses of cytokines from basophils,!
mast cells,'” dendritic cells.!® The detailed mechanism for this topic
is complicated and still not known well, and the discussion about
the mechanisms of the three human immunity statuses against viral
infections is not a major topic of our perspective. But anyhow, the
incomplete efficient immunity status of the human body caused by
SARS-CoV-2 has been well proved as the brutal truth.®

Influenza viruses, especially influenza A and B viruses (IAV,
IBV) cause outbreak pandemics frequently worldwide, the high
mutation rates allow their evasion of host immunity,?%! and there-
fore induce an incomplete efficient immunity status in humans.
SARS-CoV-2 was also reported as a virus with a high mutation
rate,3%1415 and based on the current clinical data, like human im-
munity against influenza virus infection, it is well validated that
human immunity against SARS-CoV-2 infection is incomplete
efficient immunity status. As such, annual booster shots against
COVID-19 will benefit people’s protection in the future.

In any case, viruses, including SARS-CoV-2 virus, always try
to form their symbiosis with human beings. From 1918, IBV has
been interacting with human beings for longer than a hundred
years, and finally IBV succeeded.

Acknowledgments

None.

Funding

The work was supported by the Shaanxi Province Natural Science
Foundation (2022JQ-219).

DOI: 10.14218/ERHM.2022.00021 | Volume 7 Issue 4, December 2022 275


https://doi.org/10.14218/ERHM.2022.00021

Explor Res Hypothesis Med

Conflict of interest

The authors have no conflict of interest related to this publication.

Author contributions

Study concept and design (HYC, HY), acquisition of data, analysis
and interpretation of data (XL, CSN), drafting of the manuscript
(HYC, HY), critical revision of the manuscript for important intel-
lectual content (HYC, HY), administrative and material support
(HYC), and study supervision (HYC). All authors have made a
significant contribution to this study and have approved the final
manuscript.

References

(1]

(2]

E)

[4]

(5]

(6]

(71

(8]

276

GBD 2017 Influenza Collaborators. Mortality, morbidity, and hospi-
talisations due to influenza lower respiratory tract infections, 2017:
an analysis for the Global Burden of Disease Study 2017. Lancet
Respir Med 2019;7(1):69-89. doi:10.1016/52213-2600(18)30496-
X, PMID:30553848.

Jiang S, Hillyer C, Du L. Neutralizing Antibodies against SARS-CoV-2 and
Other Human Coronaviruses. Trends Immunol 2020;41(5):355-359.
doi:10.1016/].it.2020.03.007, PMID:32249063.

Dolan K, Wirtz AL, Moazen B, Ndeffo-Mbah M, Galvani A, Kinner SA,
et al. Global burden of HIV, viral hepatitis, and tuberculosis in prison-
ers and detainees. Lancet 2016;388(10049):1089-1102. doi:10.1016/
S0140-6736(16)30466-4, PMID:27427453.

Lv M, Luo X, Estill J, Liu Y, Ren M, Wang J, et al. Coronavirus disease
(COVID-19): a scoping review. Euro Surveill 2020;25(15):2000125.
doi:10.2807/1560-7917.ES.2020.25.15.2000125, PMID:32317050.
Holmes EC, Dudas G, Rambaut A, Andersen KG. The evolution
of Ebola virus: Insights from the 2013-2016 epidemic. Nature
2016;538(7624):193-200.doi:10.1038/nature19790, PMID:27734858.
Volz A, Sutter G. Modified Vaccinia Virus Ankara: History, Value in Basic
Research, and Current Perspectives for Vaccine Development. Adv Vi-
rus Res 2017;97:187-243. doi:10.1016/bs.aivir.2016.07.001, PMID:280
57259.

Guimaraes LE, Baker B, Perricone C, Shoenfeld Y. Vaccines, adjuvants
and autoimmunity. Pharmacol Res 2015;100:190-209. doi:10.1016/j.
phrs.2015.08.003, PMID:26275795.

Forster P, Forster L, Renfrew C, Forster M. Phylogenetic network analysis

Hou Y. et al: Three human immunity statuses in viral infections

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

of SARS-CoV-2 genomes. Proc Natl Acad Sci U S A 2020;117(17):9241—
9243, doi:10.1073/pnas.2004999117, PMID:32269081.

Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D. Structure,
Function, and Antigenicity of the SARS-CoV-2 Spike Glycoprotein. Cell
2020;183(6):1735. doi:10.1016/j.cell.2020.11.032, PMID:33306958.
Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S, et al. Structure of the SARS-
CoV-2 spike receptor-binding domain bound to the ACE2 receptor.
Nature 2020;581(7807):215-220. doi:10.1038/s41586-020-2180-5,
PMID:32225176.

Xiao F, Tang M, Zheng X, Liu Y, Li X, Shan H. Evidence for Gastrointes-
tinal Infection of SARS-CoV-2. Gastroenterology 2020;158(6):1831—
1833.e3. doi:10.1053/j.gastro.2020.02.055, PMID:32142773.

Wang X, Xu H, Jiang H, Wang L, Lu C, Wei X, et al. Clinical features and
outcomes of discharged coronavirus disease 2019 patients: a prospec-
tive cohort study. QJIM 2020;113(9):657-665. doi:10.1093/gjmed/
hcaal78, PMID:32442308.

Kissler SM, Tedijanto C, Goldstein E, Grad YH, Lipsitch M. Projecting the
transmission dynamics of SARS-CoV-2 through the postpandemic pe-
riod. Science 2020;368(6493):860-868. doi:10.1126/science.abb5793,
PMID:32291278.

Grifoni A, Sidney J, Zhang Y, Scheuermann RH, Peters B, Sette A. A Se-
quence Homology and Bioinformatic Approach Can Predict Candidate
Targets for Immune Responses to SARS-CoV-2. Cell Host Microbe 2020;
27(4):671-680.e2. doi:10.1016/j.chom.2020.03.002, PMID:32183941.
Zhang YZ, Holmes EC. A Genomic Perspective on the Origin and
Emergence of SARS-CoV-2. Cell 2020;181(2):223-227. doi:10.1016/j.
cell.2020.03.035, PMID:32220310.

Bonam SR, Chauvin C, Levillayer L, Mathew MJ, Sakuntabhai A, Bay-
ry J. SARS-CoV-2 Induces Cytokine Responses in Human Basophils.
Front Immunol 2022;13:838448. doi:10.3389/fimmu.2022.838448,
PMID:35280992.

Murdaca G, Di Gioacchino M, Greco M, Borro M, Paladin F, Petrarca
C, et al. Basophils and Mast Cells in COVID-19 Pathogenesis. Cells
2021;10(10):2754. doi:10.3390/cells10102754, PMID:34685733.
Criado PR, Pagliari C, Criado RFJ, Marques GF, Belda W Jr. What the
physicians should know about mast cells, dendritic cells, urticaria, and
omalizumab during COVID-19 or asymptomatic infections due to SARS-
CoV-2? Dermatol Ther 2020;33(6):e14068. doi:10.1111/dth.14068,
PMID:32713127.

Brodin P. Immune determinants of COVID-19 disease presentation and
severity. Nat Med 2021;27(1):28-33. doi:10.1038/s41591-020-01202-
8, PMID:33442016.

Hutchinson EC. Influenza Virus. Trends Microbiol 2018;26(9):809-810.
doi:10.1016/j.tim.2018.05.013, PMID:29909041.

York I, Donis RO. The 2009 pandemic influenza virus: where did it come
from, where is it now, and where is it going? Curr Top Microbiol Immu-
nol 2013;370:241-257. doi:10.1007/82_2012_221, PMID:22638836.

DOI: 10.14218/ERHM.2022.00021 | Volume 7 Issue 4, December 2022


https://doi.org/10.14218/ERHM.2022.00021
https://doi.org/10.1016/S2213-2600(18)30496-X
https://doi.org/10.1016/S2213-2600(18)30496-X
http://www.ncbi.nlm.nih.gov/pubmed/30553848
https://doi.org/10.1016/j.it.2020.03.007
http://www.ncbi.nlm.nih.gov/pubmed/32249063
https://doi.org/10.1016/S0140-6736(16)30466-4
https://doi.org/10.1016/S0140-6736(16)30466-4
http://www.ncbi.nlm.nih.gov/pubmed/27427453
https://doi.org/10.2807/1560-7917.ES.2020.25.15.2000125
http://www.ncbi.nlm.nih.gov/pubmed/32317050
https://doi.org/10.1038/nature19790
http://www.ncbi.nlm.nih.gov/pubmed/27734858
https://doi.org/10.1016/bs.aivir.2016.07.001
http://www.ncbi.nlm.nih.gov/pubmed/28057259
http://www.ncbi.nlm.nih.gov/pubmed/28057259
https://doi.org/10.1016/j.phrs.2015.08.003
https://doi.org/10.1016/j.phrs.2015.08.003
http://www.ncbi.nlm.nih.gov/pubmed/26275795
https://doi.org/10.1073/pnas.2004999117
http://www.ncbi.nlm.nih.gov/pubmed/32269081
https://doi.org/10.1016/j.cell.2020.11.032
http://www.ncbi.nlm.nih.gov/pubmed/33306958
https://doi.org/10.1038/s41586-020-2180-5
http://www.ncbi.nlm.nih.gov/pubmed/32225176
https://doi.org/10.1053/j.gastro.2020.02.055
http://www.ncbi.nlm.nih.gov/pubmed/32142773
https://doi.org/10.1093/qjmed/hcaa178
https://doi.org/10.1093/qjmed/hcaa178
http://www.ncbi.nlm.nih.gov/pubmed/32442308
https://doi.org/10.1126/science.abb5793
http://www.ncbi.nlm.nih.gov/pubmed/32291278
https://doi.org/10.1016/j.chom.2020.03.002
http://www.ncbi.nlm.nih.gov/pubmed/32183941
https://doi.org/10.1016/j.cell.2020.03.035
https://doi.org/10.1016/j.cell.2020.03.035
http://www.ncbi.nlm.nih.gov/pubmed/32220310
https://doi.org/10.3389/fimmu.2022.838448
http://www.ncbi.nlm.nih.gov/pubmed/35280992
https://doi.org/10.3390/cells10102754
http://www.ncbi.nlm.nih.gov/pubmed/34685733
https://doi.org/10.1111/dth.14068
http://www.ncbi.nlm.nih.gov/pubmed/32713127
https://doi.org/10.1038/s41591-020-01202-8
https://doi.org/10.1038/s41591-020-01202-8
http://www.ncbi.nlm.nih.gov/pubmed/33442016
https://doi.org/10.1016/j.tim.2018.05.013
http://www.ncbi.nlm.nih.gov/pubmed/29909041
https://doi.org/10.1007/82_2012_221
http://www.ncbi.nlm.nih.gov/pubmed/22638836

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Viral infection is a serious threat to the safety of human life and society, and the interaction between viral violence and human immunity is never stopped﻿

	﻿﻿﻿Human immunity against viral infection can be concluded as three statuses﻿

	﻿﻿﻿Efficient immunity status﻿

	﻿﻿﻿﻿NON-efficient immunity status﻿

	﻿﻿﻿Separated immunity status﻿


	﻿﻿﻿﻿Human immunity against SARS-CoV-2 infection is incomplete﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	Conflict of interest
	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


