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origin of a pandemic within the first few months of its emergence. In 
the first three months after COVID- 19 emerged, nearly one million 
people became infected and 50,000 mostly older individuals had 
succumbed due to complications of the illness. By six months into 
the outbreak the number of cases worldwide exceeded 10 million and 
there were more than 500,000 deaths. To date, there have been over 45 
million cases and over 6 million deaths reported globally, and 958,000 
deaths from COVID-19 just in the United States alone, marking a 
new milestone in the pandemic.4-11 While over 70% of the populations 
of developed countries report having been vaccinated, that figure is 
averages as low as 7 % in undeveloped Nations.8-11 Moreover, a recent 
report from the Lancet Researchers indicated that actual tallies are 
likely fluid and may be as much as three-fold greater than the above 
data due to widespread underreporting and pandemic fatigue among 
other factors.11 

One of the troubling observations about COVID-19 is that 
people who were infected with SARS-CoV-2 can transmit the virus 
to others when asymptomatic and often before they have developed 
overt symptoms of disease, and whereupon infection, the virus may 
infect multiple organs and tissues including brain, cardiovascular, 
pulmonary, and other organs in its newfound host.12,13 A second 
troubling observation is the discovery of numerous variants of 
the original virus, with unknown transmissibility variations in the 
pathophysiologic sequelae and potential for serious illness. A third 
troubling observation is that prior vaccination or natural immunity to 
COVID-19 does not fully protect individuals from reinfection only 
months afterward, although subsequent infections tend to be less 
severe than occurs in unvaccinated populations.6,12 The NIH National 
Institute of Allergy and Infectious Diseases (NIAID) COVID-19 
research efforts have built upon earlier research on severe acute 
respiratory syndrome (SARS) and Middle East respiratory syndrome 
(MERS), which also are caused by earlier discovered strains of 
coronaviruses and to compare their similarity to the emergence 
of SARS-CoV-2 and its emerging variants, the virus causing the 
COVID-19 pandemic.

Middle East Respiratory Syndrome (MERS) is a coronavirus 
respiratory disease that was first reported in humans in Saudi Arabia 
in September 2012 and has since spread to 27 countries, according 
to the WHO.14,15 People infected with MERS develop severe an acute 
respiratory illness, including fever, cough, and shortness of breath. 
The WHO confirmed 2,578 MERS cases and 888 deaths from the 
illness from 2012 through August 2021, most of which were in Saudi 
Arabia.16,17 Another respiratory coronavirus, severe acute respiratory 
syndrome (SARS) was first reported in Asia in February 2003, though 
some cases subsequently were tracked to November 2002.15 Like 
MERS, infection with the SARS coronavirus (SARS-CoV) can also 
cause a similar severe viral respiratory illness.2,17 SARS quickly spread 
to 26 countries within four months before being contained, causing 
illness over 8,000 people and 774 deaths due to the illness. Since 2004, 
there have been no new reported SARS cases. Research evidence 
suggests that SARS-CoV and MERS-CoV are genetically related, and 
both may have originated in bats and possibly been transmitted to other 
intermediate host animals before being transmitted to and infecting 
humans. SARS-CoV appears to have spread from bats or infected 
animals sometimes used as a meat source, while MERS-CoV was 
found to have spread from infected dromedary camels to people.14,15 
Both viruses spread predominantly via microdroplet transmission, 
including contact with contaminated surfaces as is common among 
the known mechanisms of viral transmission.8,14,16

To date, the definitive origin of SARS-CoV-2 which caused the 
COVID-19 pandemic has not been definitively identified, but it is 
noteworthy that related coronavirus species are commonly found in 
bats and can be readily transmitted to other intermediate hosts.8,14 
The SARS-COV-19 virus has among the largest genomes of known 
coronaviruses, and the nucleotide base sequence has some unique 
segments not common among earlier known coronaviruses.8 The 
scientific evidence thus far suggests that SARS-CoV-2 likely may 
have originally resulted from viral evolution in nature and jumped 
from bats to people or through some unidentified intermediate edible 
animal host such as a civet, thereby potentially entering the food chain 
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The purpose of the present editorial is to briefly review the 
evolution and development of the MERS, SARS. and COVID-19 
coronaviruses. From a historical perspective, epidemics occur 
approximately three times a century somewhere in the world, while 
pandemics about once a century, and each time a different infectious 
organism has been discovered to be the infamous culprit.1 In addition, 
those individuals who also have comorbidities often entertain the 
greatest risk of the most serious complications of the emerging 
illness.2,3 In January 2020 the novel coronavirus, SARS- CoV-2, was 
identified as the cause of an outbreak of viral pneumonia of unknown 
origin in Wuhan, China, having infected over 200 people and causing 
several deaths in the early phase of the outbreak.2,4 The disease 
was later named coronavirus disease 2019 (COVID-19), which 
subsequently spread globally in a seemingly exponential manner and 
was determined by the World Health Organization (WHO) to be the 
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of humans. Public health and scientific organizations are engaged 
in a continued international effort to uncover the confirmed origins 
of SARS-CoV-2, which is deemed essential to preventing future 
pandemics. Unfortunately, the confirmed origins of the SARS-CoV-2 
have not yet been identified.18 Since the airborne microdroplet mode 
of viral transmission is difficult to contain via conventional measures, 
in addition to the emergence of numerous mutated variants including 
the Delta and Omicron, the pandemic has posed considerable 
difficulty in public health efforts to bring about its containment. Early 
research on coronaviruses was conducted in several labs, including 
the Wuhan Institute of Virology in Wuhan, China, located in close 
proximity to the suspected origin of the initial outbreak. The naturally 
occurring bat coronaviruses studied in Wuhan were found to have 
become significantly genetically different from earlier SARS-CoV-2 
strains studied, and it was soon determined that the earlier strains 
were associated with more milder and not life-threatening forms of 
the respiratory illness than the current SARS-CoV-2, and thus could 
not have caused the present COVID-19 pandemic at least not likely 
in their original genomic form.17 By late 2020, through intensive 
cooperative efforts in the US government and private sectors, several 
vaccines were quickly developed, most with reported efficacy of well 
over 90% effectiveness in the initial short term studies.19 In late 2021, 
two oral medications have also received preliminary approval from 
the FDA and additional vaccines are under study. 

One of the unfortunate characteristics of the immune responses to 
coronaviruses in humans however is the observation of an apparent 
transient nature of the initial antibody responses, a phenomenon 
also common to some other viral infections.20 The transient immune 
response to COVID-19 now appears to become diminished to low 
circulating antibody concentrations within several months following 
immunization or a natural infection, thereby rendering individuals 
potentially subject to reinfection albeit it of a lesser magnitude than 
the initial event one or more times.12 While the available mRNA 
vaccines appear to target one or more epitopes of the spike protein, 
the natural immunity likely addresses a broader range of the viral 
epitopes, thereby potentially rendering a broader and potentially 
longer lasting immune protective response than immunization alone, 
both of which origins of immunogenic stimuli may be enhanced 
with follow-up booster immunizations.21 When first exposed to a 
novel virus, the normal immune response triggers the maturation 
of clones of short lived plasmablasts and a population of longer 
lasting antibody producing plasma memory cells (B cells), and the 
newly acquired immune memory may last for decades or longer via 
the actions of both plasma B cells and memory cells of the bone 
marrow. As the viral infection becomes cleared, the longer lasting B 
cells typically continue the humeral response in the event of a viral 
re-exposure or reinfection.12 The bone marrow also contributes to 
the long-term immune-protective phenomena via the formation of 
bone marrow plasma cells (BMPCs) where they normally function 
as a second arm of the long-term immunoreactive elements of the 
immune responses. Typically, the reinfections which have occurred 
following immunization or natural immunity via these processes 
tend to be of less severe magnitude than occurs in unvaccinated or 
previously exposed people, and therefor prior exposure via either 
mode of exposure, vaccination, or viral exposure, offers a distinct 
immunologic advantage during recovery.6 Recent findings indicate 
that following active infection or immunization protective antibody 
levels decrease to about 10% of those observed during the peak 
response but can respond to the re-exposure within a week of the 
immunodulatory event. 

The transient nature of the initial immune response, combined with 
the more rapid chronology of the early viral replication in the infected 

host likely contributes to the more serious illness often observed in 
older individuals, where the presence of comorbidities including 
respiratory, cardiovascular, and other illnesses that are typically more 
prevalent and often become more severe in older patients may occur 
more slowly with advancing age. The slower immune response may 
therefore negatively complicate the COVID-19 illness and become 
the triggering point in the comorbidities that have resulted in more 
severe illness, longer recovery times and more disabling outcomes 
than have been reported in younger and healthier patients who lack 
such contributing comorbidity factors. In addition to immunization, 
a healthy diet containing absorbable forms of antioxidants nutrients, 
vitamins C and D3, zinc and other essential nutrient factors in addition 
to a healthy lifestyle is universally beneficial in minimizing the 
pathophysiologic impact of the illness.8 

As with many viruses including influenza and the common cold, 
the coronaviruses are also subject to periodic mutation, thereby 
generating multiple epigenetic forms of the virus and which variants 
may result in variations of symptoms observed in the originating 
COVID-19 virus.8,14,21-24 Of concern, emerging coronavirus mutations 
may partially elude current vaccine and treatment protocols, and thus 
may enable the virus to continue to remain in circulation and remain 
infectious. The most recent variants, the Delta and the Omicron, 
have an even larger genome and more spike protein mutations than 
previous iterations, and have been reported to be more transmissible 
than previous variants, with up to 70% or more of new cases 
appearing to be caused by this latest variant on the spike protein. The 
relative infectivity and contagion of each new variant poses additional 
challenges to public health measures and may introduce illnesses of 
greater or lesser magnitude than the original form of the virus. While 
the greater transmissibility of recent variants presents an additional 
public health challenge the Omicron variant in particular has often 
resulted in a less severe magnitude of illness, fewer hospitalizations 
and few if any documented deaths caused directly by the Omicron 
variant. The recent emergence and identification of the Delta, Omicron 
and other variants continue to spread globally, often despite prior 
vaccination and boosters with any of the currently approved vaccines 
or with natural immunity from previous infection. 

The extent to which natural immunity acquired from previously 
contacting the illness may protect against emerging variants of the 
originating strains or the duration of vaccine or live virus induced 
immune protection remains unclear, but a key characteristic of 
coronavirus infection noted above is the transient nature of the initial 
immune response developed by the infected host, many of whom 
were considered ‘fully vaccinated.25 Some recent studies indicate that 
the peak magnitude of the host virus replication occurs prior to the 
peak antibody response, thus enabling the virus to evade the immune 
response during the early stages of the infection, likely exacerbating 
the magnitude of illness especially when it occurs in the presence 
of comorbidities.26 The extent to which the apparent chronologic 
imbalance between the early viral replication and the host immune 
responses in the ‘long covid’ forms of the illness, where diverse 
chronic symptoms in cardiovascular, brain, musculoskeletal and 
other organ systems may persist for months after the acute infection 
has cleared, has not been determined at the time of this writing.26,27 

On the brighter side, prior vaccination or natural immunity tends to 
result in a less serious illness than may occur in the unvaccinated 
or those members of the population with natural immunity from a 
recovered prior infection.8,12 Were an attenuated variant with lesser 
pathophysiologic potential that could produce plasma and bone 
marrow memory, and which variant could immunologically cross-
react with the more severe emerging variants of the virus, it could 
facilitate the development of a herd immunity in the community and 
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thus contribute to a global recovery from the current pandemic. Only 
time will reveal if the Omicron variant can become the attenuated 
form of the virus that may eventually contribute to the resolution of 
the Covid-19 pandemic.28,29 

In conclusion, the coronavirus pandemic including recent variants 
continues to spread across the globe in the absence of more effective 
treatment protocols, vaccination, boosters, or containment measures 
and where it continues to infect both unvaccinated, vaccinated 
and previously infected individuals. The global impact has been 
extraordinary, now exceeding 45 or more million individuals who 
have contracted the virus, many with comorbidities, resulting in at 
least six million deaths to date. This represents a significant loss of 
lives, severe crippling of the global financial and healthcare burdens 
imposed, and in the economic and industrial productivity of virtually 
all nations that contribute to the global economy. Moreover, the initial 
transient nature of the typical immune responses to immunization or 
natural infection in addition to the viral interaction with comorbidities 
poses additional unforeseen logistical problems in immunizing a 
sufficient proportion of the global populations in the short enough 
time frame, whereby logistical and other issues may impede ongoing 
vaccination programs, and therefore of being able to obtain an 
effective herd immunity as an essential element of global containment 
of the Covid-19 pandemic. 

Acknowledgments
The authors wish to thank the Institutional resources of the 

sponsoring institutions for the support requires to develop this 
editorial.

Conflicts of interest
All authors declare that there is no Conflicts of interest.

References
1.	 Sanon V, Sainvil F, Awan AR, et al. Haiti’s cholera epidemic: will it return 

in 2021? Gastrolenterol Hepatol Open Access. 2021;12(4):124‒126. 

2.	 Zhu N, Zhang D, Weng W, et al. China novel coronavirus disease. 
investigation and research team. A novel coronavirus from patients with 
[pneumonia in China, 2019. NEJM. 2020;382:727‒733.  

3.	 International Committee on taxonomy of viruses. 2017.012.0155 9xlsx), 
UK: International Committee on taxonomy of viruses (ICTV). 2019. 

4.	 Chen N, Zhow M, Dong X, et al. Epidemiological and clinical 
characteristics of 99 cases of 2019 novel coronavirus pneumonia in 
Wuhan, China: a descriptive study. Lancet. 2020;395(10223):507‒513.

5.	 World Health Organization. Coronavirus disease 2019 (COVID-19): 
situation report 37.World Health Organization. 2020.

6.	 United States of America Coronavirus (COVID-19) statistics. 2021.

7.	 CDC long-term-effects/Post-COVID Conditions Updated Sept. 2021

8.	 Crist C. WebMD Health News: Global COVID-19 death toll surpasses 6 
million, Medscape, March 7, 2022.

9.	 Johns Hopkins University: COVID-19 Mortality analysis; COVID-19 
Dashboard, March 7, 2022. 

10.	World Health Organization: Weekly epidemiological update on 
COVID-19, March 1, 2022. 

11.	 The Lancet news release, Lancet Researchers, March 10, 2022, COVID’s 
global death toll may be 3 times official numbers. as reported by Reuters 
March 14, 2022.

12.	Philips J. US sets new record for daily Covid cases as Omicron spreads 
across country. The Guardian. 2021.

13.	Crist C. Coronavirus can spread to heart, brain days after infection. 
WebMD. 2021.

14.	 International Committee on taxonomy of viruses. (xisx): UK: International 
committee on taxonomy of viruses (ICTV). 2019.

15.	Committee on taxonomy of viruses (ICTV). Virus taxonomy, 2018b.
Release: UK: International Committee on taxonomy of viruses (ICTV). 
2019.

16.	Cui J, Li F, Shi ZL. Origin and evolution of pathogenic coronaviruses. Nat 
Rev Microbiol. 2019;17(3):181‒192. 

17.	Tulp OL, Odeyale RF, Einstein GP. Will the recent emergence of 
coronavirus mutations precipitate an increase in the incidence of 
stress disorders among health care professionals? MOJ Public Health. 
2021;10(1);31‒33.

18.	Schroeder S, Mache C, Kleine-Weber H, et al. Functional comparison of 
MERS-coronavirus lineages reveals increased replicative fitness of the 
recombinant lineage 5. Nature communications. 2021;12:5324.

19.	SARS-CoV-2 and NIAID-supported Bat Coronavirus Research. An 
Analysis: Evolutionary Distance of SARS-CoV-2 and Bat Coronaviruses 
Studied Under the NIH-supported Research Grant to EcoHealth Alliance. 
2021. 

20.	Noh JY, Jeong HW, Shin EC. SARS-CoV-2 mutations, vaccines, and 
immunity. Implication of variants of concern. 2021;6(1):203.

21.	Ozono S, Zhanf Y, Ode H, et al. SARS-CoV-2 D614G spike mutation 
increases entry efficiency with enhanced ACE2-BINDING AFFINITY. 
2021. 

22.	Awan AR, Tulp OL, Field HJ. Viremia in Equine Herpes Virus-1 infection 
and a possible link to Transient Protective Immunity. J Hum Virol 
Retrovirology. 2021;9(1):11‒16. 

23.	Ascoli CA. Could mutations of SARS-CoV-2 suppress diagnostic 
detection? Nature biotechnology. 2021;39(3):274‒275.

24.	Arora P, Poehlman S, Hoffman M. Mutation of D614G increases SARS-
CoV-2 transmission. 2021;6(1):101. 

25.	CDC Centers for disease prevention and control. Omicron Variant: What 
You Need to Know Updated. 2021 

26.	Kojima N, Klausner JD. Protective immunity after recovery from SARS-
CoV-2 infection. The Lancet Infectious diseases. 2022; 22(1):12‒14.

27.	Haseltine WA. New Evidence Of Immune Suppression By SARS-CoV-2. 
Healthcare. 2021. 

28.	CDC Press Release. CDC announces second imported case of Middle 
East Respiratory Syndrome (MERS) in the United States. MERS case in 
traveler from Saudi Arabia hospitalized in Florida. 2014.

29.	Zhang L, Jackson CB, Mou H, et al. SARS-Cov-2 spike protein D614G 
mutation increases virion spike density and infectivity. 2020;11(1):6013. 

https://doi.org/10.15406/bbij.2022.11.00353
https://medcraveonline.com/GHOA/GHOA-12-00470.pdf
https://medcraveonline.com/GHOA/GHOA-12-00470.pdf
https://www.nejm.org/doi/full/10.1056/nejmoa2001017
https://www.nejm.org/doi/full/10.1056/nejmoa2001017
https://www.nejm.org/doi/full/10.1056/nejmoa2001017
https://talk.ictvonline.org/
https://talk.ictvonline.org/
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200226-sitrep-37-covid-19.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200226-sitrep-37-covid-19.pdf
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html
https://www.webmd.com/lung/news/20220307/global-covid-deaths-top-6-million
https://www.webmd.com/lung/news/20220307/global-covid-deaths-top-6-million
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---1-march-2022
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---1-march-2022
https://www.theguardian.com/world/2021/dec/30/us-new-daily-covid-cases-record-omicron-spreads
https://www.theguardian.com/world/2021/dec/30/us-new-daily-covid-cases-record-omicron-spreads
https://en.wikipedia.org/wiki/International_Committee_on_Taxonomy_of_Viruses
https://en.wikipedia.org/wiki/International_Committee_on_Taxonomy_of_Viruses
https://en.wikipedia.org/wiki/International_Committee_on_Taxonomy_of_Viruses
https://en.wikipedia.org/wiki/International_Committee_on_Taxonomy_of_Viruses
https://en.wikipedia.org/wiki/International_Committee_on_Taxonomy_of_Viruses
https://pubmed.ncbi.nlm.nih.gov/30531947/
https://pubmed.ncbi.nlm.nih.gov/30531947/
https://medcraveonline.com/MOJPH/MOJPH-10-00355.pdf
https://medcraveonline.com/MOJPH/MOJPH-10-00355.pdf
https://medcraveonline.com/MOJPH/MOJPH-10-00355.pdf
https://medcraveonline.com/MOJPH/MOJPH-10-00355.pdf
https://www.nature.com/articles/s41467-021-25519-1
https://www.nature.com/articles/s41467-021-25519-1
https://www.nature.com/articles/s41467-021-25519-1
https://www.niaid.nih.gov/diseases-conditions/coronavirus-bat-research
https://www.niaid.nih.gov/diseases-conditions/coronavirus-bat-research
https://www.niaid.nih.gov/diseases-conditions/coronavirus-bat-research
https://www.niaid.nih.gov/diseases-conditions/coronavirus-bat-research
https://pubmed.ncbi.nlm.nih.gov/34023862/
https://pubmed.ncbi.nlm.nih.gov/34023862/
https://www.nature.com/articles/s41467-021-21118-2
https://www.nature.com/articles/s41467-021-21118-2
https://www.nature.com/articles/s41467-021-21118-2
https://medcraveonline.com/JHVRV/
https://medcraveonline.com/JHVRV/
https://medcraveonline.com/JHVRV/
https://pubmed.ncbi.nlm.nih.gov/33603204/
https://pubmed.ncbi.nlm.nih.gov/33603204/
https://pubmed.ncbi.nlm.nih.gov/33649299/
https://pubmed.ncbi.nlm.nih.gov/33649299/
https://pubmed.ncbi.nlm.nih.gov/34762853/
https://pubmed.ncbi.nlm.nih.gov/34762853/
https://www.forbes.com/sites/williamhaseltine/2021/12/29/new-evidence-of-immune-suppression-by-sars-cov-2/?sh=37af706c4e76
https://www.forbes.com/sites/williamhaseltine/2021/12/29/new-evidence-of-immune-suppression-by-sars-cov-2/?sh=37af706c4e76
https://www.cdc.gov/media/releases/2014/p0512-US-MERS.html
https://www.cdc.gov/media/releases/2014/p0512-US-MERS.html
https://www.cdc.gov/media/releases/2014/p0512-US-MERS.html
https://www.addgene.org/browse/article/28211646/?gclid=EAIaIQobChMI14y0wpvF9gIVbsFMAh1hDAR7EAAYASAAEgICJfD_BwE
https://www.addgene.org/browse/article/28211646/?gclid=EAIaIQobChMI14y0wpvF9gIVbsFMAh1hDAR7EAAYASAAEgICJfD_BwE

	Title
	Keywords
	Acknowledgments
	Conflicts of interest 
	References

