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Abstract

In December 2019, a mysterious outbreak of pneumonia emerged in Wuhan, China, with initial cases linked to a local
seafood market. Subsequent investigations identified a novel coronavirus—Ilater named SARS-CoV-2—through
genomic analysis of respiratory samples cultured in human airway epithelial cells. The virus, distinguished by its crown-
like protein spikes called peplomers, belongs to the beta-coronavirus group within the Sarbecovirus subgenus. This
study explores various aspects of COVID-19, including its structure, mutation patterns, transmission mechanisms,
methods of discovery, and the challenges it poses to global health in terms of morbidity, mortality, and public health
preparedness.
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INTRODUCTION

The term "coronaviruses" was officially adopted in 1971, and by 2009, the group was categorized hooked onquatern
genera: Beta, Alpha, Delta, and Gamma. By 2020, 45 species were recognized within the Orthocoronavirinae subfamily.
These diseases interact with the ACE2 receptor in human cells, a key factor in how the disease progresses. There are
differing views among researchers on whether lowering or increasing ACE2 activity might reduce the severity of
infection-though both theories require further clinical testing. The severity of infection often correlates with ACE2
levels in tissues, and serious complications, especially among people with heart conditions, can include respiratory and
cardiac issues. The virus likely originated in animals, with human-to-human transmission becoming widespread by
January 2020 following the initial outbreak in Wuhan [1-6]

EPIDEMIOLOGY
Worldwide, there take been over 704 squillion confirmed COVID-19 cases. Among these, approximately 7

mountaindeceases and done 675 truckload recoveries taken placetestified. This leaves an estimated 22.1 million active
cases still ongoing worldwide. More detailed or country-specific statistics are available if required [7].
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Figure: 01 Global Corona virusSuitcases Distribution
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The Corona virusepidemic began trendy late 2019 within the food wholesale sector, with 4| confirmed cases reported
by mid-January 2020 and early signs of human-to-human transmission. The second phase started on January |3, marked
by rapid spread through hospitals and households. The first international case was identified in Thailand from a traveler
coming from Wuhan. By January 19, the virus had reached multiple regions in China, and by January 23, infections had
surged to 846 cases across 29 provinces and six countries. Wuhan implemented a lockdown, but it came after over 5
million residents had already traveled for the upcoming Chinese New Year, complicating containment efforts.[8]
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Figure: 02 Countries with the most covid-19 Cases
By early 2021, the United States of America had the more no.of confirmed Corona cases, while 27 million reported.
Other countries with high case counts included Republic of India, South American, the United kingdom, Cheremiss ,
Spain, France, Italian, Germany& Asia minor. These numbers reflect total cases, not current infections. The virus has
been shown to impact men more severely, influenced by biological, occupational, and social factors. Older adults,
especially those over 60, are also at greater risk of developing serious illness [9-10].

STUCTURE

Figure: 03 Covid-19 Structure

Coronaviruses are generally spherical in shape and feature unique surface spikes. Their size ranges from 50 to 200
nanometers, with an average between 80 and 120 nm, and they have a molecular mass of about 40,000 kilodaltons.
These viruses are enclosed in a lipid bilayer that houses essential operational poly peptides-namely the crust (M),
wrapper (E), and spike (S) proteins. Along with the Virion, this envelope helps protect the virus outside the host.

In coronaviruses, the Wrapper (E), spike (S), and crust (M) proteins are present popular a molar ratio of roughly
1:20:300. The E and M proteins, together with the lipid bilayer, help determine the virus's shape and size. The spike (S)
protein usually enables the virus to bind to host cells. However, in the human coronavirus NL63, this function is carried
out by the M protein. The viral envelope has an average diameter of 85 nanometers and appears as a dense, double-
layered structure under electron microscopy [I |-14]

The Crust (M) polypeptide is the foremostorganizational element that coronavirus cover, crucial for maintaining its
shape. It is a category3sheath protein made up regarding about 218 near 263 biomolecule and methods a sheet about
‘7.8’ nanometers thick. The M protein has three key regions: a short N-Extreme ectodomain, a Spectrin region per3
spans, in addition a C-Extreme endodomain. It plays vital roles in the germ’s life cycle, including envelope formation,
assemblage, Shoot &pathogenesis [15-17].
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Figure: 04 Genome Organization and spike protein Structure of SARSr-CoV

The covering (E) polypeptide is a small but important structural component of the coronavirus, varying across different
species. Each virus contains about 20 E protein molecules, which are 76 to 109 amino acids long and weigh between 8.4
and 12 kilodaltons. These integral membrane proteins consist of a spectrinkingdom and a C-terminal extra membrane
kingdom. Structurally, they mostly spiral and form pentameric ion channels within the germ shell. The E polypeptide is
complex in germ assembly, intracellular transport & Shoot.

Spike (S) proteins are the most distinctive feature of corona viruses, giving them their crown-like appearance. Each
virus particle carries about 74 spikes, each around 20 nanometers long, formed by trimers of S proteins. These
polypeptides are made up of of 2parts: S|, which comprises the stretch receptor-unbreakable province & fixnearswarm
cells, & S2, which anchors this spike to the viral envelope and facilitates membrane fusion after activation by host
enzymes [18-22].
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Figure: 05 Role of spike proteins

The spike (S) protein acts even a class | mixture polypeptide, enabling the virus to enter host cells by binding receptors
and fusing viral and cellular membranes. The active spike contains S| and 2 S2 parts, linked until activated by host
proteinases like TMPRSS2 or Lysosomal proteases. The S| subunit is crucial for infection and host specificity, featuring
two main domains: the N-deadlykingdom, which regularlydilemmas to sweeties on host cells, and the C-fatalkingdom (,
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which interacts with protein receptors such as ACE2, APN, and DPP4. In mouse hepatitis virus, the N- deadly kingdom
binds to a protein receptor instead. Additionally, some beta coronaviruses possess hemagglutinin esterase (HE)
proteins-small surface projections that assist in viral attachment and detachment from host cells [23-28].

The Virion protein is a phosphorylated weighing between 43 and 50 kilodaltons. It contains three conserved domains:
the first two domains are rich in completelyelectricbiomolecule like arginine and lysine, while the third domain, located
at the Aliphatic-terminal conclusion, carries a adversecustody due to a higher number of sharp amino acids [28-30].

SARSR-COV-2 VARIANTS

SARSr-CoV-2 has advanced thousands of variations, which are gatheredhooked ongrade or family by different
organizations to aid in tracking and identification. GISAID, Nextstrain, and Pango each use distinct naming systems. For
easier public communication, the WHO adopted Greek letters like Beta, Delta, Gamma &Alpha to label key
alternatives. Nextstrain categorizes variants into clades such as 19a, 19b, 20a, 20b, and 20c, GISAID uses clades like L,
O, V, S, G, GH, and GR, while to fix classifies them into lineages, many of which fall under the B.| group.[31-33]

The Cluster 5 variant, which appeared among minks and workers on Danish mink farms, was eliminated from the
human population in Denmark by February 2021 following strict control measures, including the culling of all minks. By
December 2021, five major SARSr-CoV-2 variants-Delta (India), Gamma ( Brazil), Alpha(UK),Bets(South Africa)and
Omicron-were circulating worldwide, with Omicron detected in 57 countries. On December 19, 2023, the WHO
designated a new variant, JN.1, as a "variant of interest." Despite expected increases in cases during winter months, the
WHO assessed the overall health risk as low [34-35].
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Figure: 06 Five Dominant Variants
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ZOONOTIC ORIGIN

SARSr-CoV-2 possibleinitiated in willows& may takeacceptedtowardspeoplefinished one or more in between animal
hosts. The virus's ability to infect specific tissues and species depends on how its spike protein binds to receptors on
host cells. Coronaviruses generally infect epithelial cells, targeting the respiratory tract in humans and the digestive tract
in animals. Transmission methods vary by species and include aerosols, contaminated surfaces, and fecal-oral routes.
For example, SARS-CoV infects human lung cells via the ACE2 receptor through aerosols, while the TGEV strain in pigs
infects intestinal cells using the APN receptor through fecal-oral transmission [36-39].

METHODOLOGY

At the Begin of the COVID-19 prevalent, numerous manufacturers rapidly developed diagnostic tests, though many
awaited full clinical validations. These tests played a critical role during the initial global outbreak. Currently, FDA-
approved commercial trailaimed at detecting SARSr-CoV-2 comprise nucleic acid amplification tests like Antibody
(serology) tests, RT- PCR and antigen tests [40-4].
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Figure: 08 RT-PCR Detection Test
Understanding cycle threshold (Ct) values and the factors affecting them is crucial for evaluating viral load and COVID-
19 severity. Although clinical studies have investigated the link between Ct values and disease outcomes, results have
been inconsistent. To clarify these relationships, a narrative review was conducted using literature up to April 2021
from sources like PubMed and Scopus. The review explores how Ct values relate to mortality, severity, and infectivity,
while also examining factors such as sample collection and swab types that can influence Ct measurements [4]-44].

ANTI BODY TESTIG

The Coronaepidemic has had widespread propertieshappening society, the economy, & healthcare universal. As nations
plan to reopen, antibody testing has been proposed to aid gradual economic recovery by identifying IgM, 1gG &IgA
antibodies generated in response to SARS-CoV-2 infection [45-48]. There were 4 main kinds of antibody tests: rapid
diagnostic tests, ELISAs, neutralization analyses, and chemi-luminescent Radio immunosorbent. No universal
averageaimed at these tests exists, and their accuracy can vary, especially during early infection when sensitivity is low.
Specificity improves after the first week, but many tests face challenges like high false-negative rates and design biases.

This review examines current antibody testing methods, assesses their accuracy, and identifies gaps in knowledge [49-
50].
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Figure: 10 Antigen detection Testing
Antigen-based immunoassays are important tools for diagnosing and managing infectious diseases. Advances have
enhanced their sensitivity, specificity, and user-friendliness. They are particularly useful for detecting pathogens that are
difficult or dangerous to culture and are commonly used for rapid diagnosis in healthcare settings. Some tests provide
results in as little as |5 minutes, supporting fast and effective clinical decisions.[51][52]

TREATMENT
Initial treatment for COVID-19 typically includes medications to reduce fever, relieve pain, and suppress coughing [53.]

COVID-19 Treatments
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Figure: | | Treatments for COVID-19
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VACCINES
Name of the Place of its Tyvpe of the Percentage
COVID-19 Origin Vaccine of the
Vaccine Protective
Effect
Corbevax vaccine California Protein subunit 95%
made up of SARS-
CoV-2 protein
Covaxin India A whole inactivated 81%%6
virus-based
COVID-19 vaccine
Covishield United Non-replicating 70.82%
Kingdom and | viral vector vaccine
India
Janssen vaccine Netherlands Non-replicating 66%
and Belgium | viral vector vaccine
Moderna vaccine United States mRNA -based 949%%
vaccine
Novavax vaccine United States Protein subunit 89%
made up of SARS-
CoV-2 protein
Sputnik V vaccine Russia An adenovirus viral 929%
vector vaccine
Pfizer-BioNTech America mRNA -based O959%
vaccine vaccine
CONCLUSION

The global response to COVID-19 showcased remarkable scientific collaboration and innovation, leading to the rapid
development of vaccines using diverse technologies, including traditional inactivated viruses and advanced mRNA and
protein subunit methods. Immunizations such as Pfizer-BioNTech (BNT 162b2), Corbevax, and m RNA vaccine
(Moderna) take proven highly effective, playing a key role in lowering severe cases and deaths worldwide.

AUTHOR CONTRIBUTIONS
All authors are contributed equally

FINANCIAL SUPPORT
None

DECLARATION OF COMPETING INTEREST
The Authors have no Conflicts of Interest to Declare.

ACKNOWLEDGEMENTS
None

REFERENCES

I.  Adhikari, A., Mandal, D., Rana, D., Nath, |., Bose, A., Sonika, N., Orasugh, J. T., De, S., & Chattopadhyay, D. (2022).
COVID-19 mitigation: nanotechnological intervention, perspective, and future scope. Materials Advances, 4(l), 52—
78. https://doi.org/10.1039/d2ma00797e

2. Rudrapal, M., Khairnar, S. J., Borse, L. B., & Jadhav, A. G. (2020). Coronavirus Disease-2019 (COVID-19): An
updated review. Drug Research, 70(09), 389—400. https://doi.org/10.1055/a-1217-2397

3. Simeon, J. O. (2020). The dynamics of differential impacts of COVID-19 on African countries compared to other
parts of the world. INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY RESEARCH AND ANALYSIS, 03(11).
https://doi.org/10.47191/ijmra/v3-il [-01

4. Siddell, S. G. (2013). The coronaviridae. Springer Science & Business Media.

5. Mustapha, B., & Usman, R. (2021). Investigating COVID- 19 and prophylactive measures to contain spread of the
disease. Journal of Biology Agriculture and Healthcare. https://doi.org/10.7176/jbah/1 1-4-05

6. Ng, Y. L. (2019). Functional studies of viral and host cell factors involved in the regulation of coronaviruses replication and
pathogenesis. https://doi.org/10.32657/10356/140136

7. Marghany, M. (2025). Advanced remote sensing technology for COVID-19 monitoring and forecasting. CRC Press.

(7]


https://doi.org/10.1039/d2ma00797e
https://doi.org/10.1055/a-1217-2397
https://doi.org/10.47191/ijmra/v3-i11-01
https://doi.org/10.7176/jbah/11-4-05
https://doi.org/10.32657/10356/140136

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.
31

32.

33.

34.

Madhu. C. et al., UPI j. chem. life sci., Vol: 8, Issue: 2, 2025;1-3

De Troyes, C., & Chrétien. (1987). Yvain: The Knight of the Lion. Yale University Press.
tuszczynska, M., & Formosa, M. (2021). Ageing and COVID-19. In Routledge eBooks. https://doi.org/10.4324/b22774

. Fernandes, M., Corchado, J. M., & Marreiros, G. (2022). Machine learning techniques applied to mechanical fault

diagnosis and fault prognosis in the context of real industrial manufacturing use-cases: a systematic literature
review. Applied Intelligence, 52(12), 14246—14280. https://doi.org/10.1007/s10489-022-03344-3

. Etido, A., Obeagu, E. I, Okafor, C. |., Chijioke, U. O., Vincent, C. C. N., & Mojo-Eyes, G. C. (2021). The dynamics

of innate and adaptive immune response to SARS CoV-2 infection and its limitations in human beings. Journal of
Pharmaceutical Research International, 10-25. https://doi.org/10.9734/jpri/2021/v33i45a32708

. Pope, W. H., Weigele, P. R, Chang, J., Pedulla, M. L., Ford, M. E., Houtz, J. M,, Jiang, W., Chiu, W., Hatfull, G. F,,

Hendrix, R. W., & King, J. (2007). Genome sequence, structural proteins, and Capsid organization of the
cyanophage SYN5: a “Horned” bacteriophage of marine synechococcus. Journal of Molecular Biology, 368(4), 966—
981. https://doi.org/10.1016/j.jmb.2007.02.046

. Modrow, S., Falke, D., Truyen, U., & Schatzl, H. (2013). Molecular Virology. Springer
. Bosch, B. ], De Haan, C. A, Smits, S. L., & Rottier, P. J. (2005). Spike protein assembly into the coronavirion:

exploring the limits of its sequence requirements. Virology, 334(2), 306-318.
https://doi.org/10.1016/j.virol.2005.02.001

. Mustapha, B., & Usman, R. (2021b). Investigating COVID- |9 and prophylactive measures to contain spread of the

disease. Journal of Biology Agriculture and Healthcare. https://doi.org/10.7176/jbah/I 1-4-05

. Antiochia, R. (2020). Developments in biosensors for CoV detection and future trends. Biosensors and Bioelectronics,

173, 112777. https://doi.org/10.1016/j.bios.2020.112777

. Spencer, N. R, & Wheeler, N. K. (2000). 1999 LDRD Laboratory directed research and development.

https://doi.org/10.2172/766763

Ankadala, H. (2021). The World against Pandemic: What’s Next for Humanity? Notion Press.

Palanivelu, P. (2020). RNA Dependent RNA Polymerases of Severe Acute Respiratory Syndrome-Related
Coronaviruses- An Insight into their Active Sites and Mechanism of Action. International Journal of Biochemistry
Research & Review, 29-52. https://doi.org/10.9734/ijbcrr/2020/v29i1030236

Initiative, A. G. (2000). Analysis of the genome sequence of the flowering plant Arabidopsis thaliana. Nature,
408(6814), 796-815. https://doi.org/10.1038/35048692

Knoops, K., Kikkert, M., Van Den Worm, S. H. E., Zevenhoven-Dobbe, |. C, Van Der Meer, Y., Koster, A. |,
Mommaas, A. M., & Snijder, E. |. (2008). SARS-Coronavirus replication is supported by a reticulovesicular network
of modified endoplasmic reticulum. PLoS Biology, 6(9), €226. https://doi.org/10.1371/journal.pbio.0060226

Bova, M. P., Mchaourab, H. S., Han, Y., & Fung, B. K. (2000). Subunit exchange of small heat shock proteins. Journal
of Biological Chemistry, 275(2), 1035—1042. https://doi.org/10.1074/jbc.275.2.1035

DeDiego, M. L, & Nogales, A. (2020). Influenza virus and vaccination. In MDPI eBooks.
https://doi.org/10.3390/books978-3-03928-818-2

Rehan, I., & Elnagar, A. (2021). Chicken Egg Yolk-IGY: Passive immunization Promising targeted therapy of COVID-
19 pandemic. Journal of Applied Veterinary Sciences/ournal of Applied Veterinary Sciences, 6(2), 67-9I.
https://doi.org/10.21608/javs.2021.164324

De Haan, C. A, & Rottier, P. J. (2005). Molecular interactions in the assembly of coronaviruses. Advances in Virus
Research, 165-230. https://doi.org/10.1016/s0065-3527(05)64006-7

Li, C. K, Wu, H,, Yan, H,, Ma, S,, Wang, L., Zhang, M., Tang, X, Temperton, N. ], Weiss, R. A,, Brenchley, |. M,,
Douek, D. C., Mongkolsapaya, J., Tran, B, Lin, C. S., Screaton, G. R., Hou, J., McMichael, A. J., & Xu, X. (2008). T
cell responses to whole SARS coronavirus in humans. The Journal of Immunology, 181(8), 5490-5500.
https://doi.org/10.4049/jimmunol.181.8.5490

Whitworth, K. M., Rowland, R. R. R, Petrovan, V., Sheahan, M., Cino-Ozuna, A. G,, Fang, Y., Hesse, R., Mileham,
A., Samuel, M. S., Wells, K. D., & Prather, R. S. (2018). Resistance to coronavirus infection in amino peptidase N-
deficient pigs. Transgenic Research, 28(1), 21-32. https://doi.org/10.1007/s11248-018-0100-3

Siddell, S. G. (2013b). The coronaviridae. Springer Science & Business Media.

Bovo, S., Schiavo, G., Ribani, A., Utzeri, V. J., Taurisano, V., Ballan, M., Muhoz, M., Alves, E., Araujo, J. P., Bozzi, R,,
Charneca, R., Di Palma, F., Kusec, I. D., Etherington, G., Fernandez, A. |., Garcia, F., Garcia-Casco, ., Karolyi, D.,
Gallo, M., . . . Fontanesi, L. (2021). Describing variability in pig genes involved in coronavirus infections for a One
Health perspective in

Niazi, S. K., & Lokesh, S. (2022). Biopharmaceutical manufacturing volume. |OP Publishing Limited.

Alvanos, T. (2023). Quantitative molecular physiology at active zones of calyceal synapses of the auditory pathway.
https://doi.org/10.53846/goediss- 10204

Bakkenist, C. |., & Kastan, M. B. (2003). DNA damage activates ATM through intermolecular autophosphorylation
and dimer dissociation. Nature, 421(6922), 499-506. https://doi.org/10.1038/nature01368

Rodriguez, A., Del, A., & Angeles, M. (2013). Non-Viral delivery systems in gene therapy. In InTech eBooks.
https://doi.org/10.5772/52704

Marz, M., Ibrahim, B., Hufsky, F., & Robertson, D. L. (2020). Virus bioinformatics. MDPI.

(8]


https://doi.org/10.4324/b22774
https://doi.org/10.1007/s10489-022-03344-3
https://doi.org/10.9734/jpri/2021/v33i45a32708
https://doi.org/10.1016/j.jmb.2007.02.046
https://doi.org/10.1016/j.virol.2005.02.001
https://doi.org/10.7176/jbah/11-4-05
https://doi.org/10.1016/j.bios.2020.112777
https://doi.org/10.2172/766763
https://doi.org/10.9734/ijbcrr/2020/v29i1030236
https://doi.org/10.1038/35048692
https://doi.org/10.1371/journal.pbio.0060226
https://doi.org/10.1074/jbc.275.2.1035
https://doi.org/10.3390/books978-3-03928-818-2
https://doi.org/10.21608/javs.2021.164324
https://doi.org/10.1016/s0065-3527(05)64006-7
https://doi.org/10.4049/jimmunol.181.8.5490
https://doi.org/10.1007/s11248-018-0100-3
https://doi.org/10.53846/goediss-10204
https://doi.org/10.1038/nature01368
https://doi.org/10.5772/52704

35.
36.

37.

38.
39.

40.

4].
42.

43.

44,

45.
46.

47.

48.

49.

50.

51.

Madhu. C. et al., UPI j. chem. life sci., Vol: 8, Issue: 2, 2025;1-3

Van Den Akker, J., Gravemeijer, K., McKenney, S., & Nieveen, N. (2006). Educational Design research. Routledge.
Liang, B., Mohlendick, B., Ji, H., Gao, X., Dong, Y., Gao, Y., Chai, Y., Shou, S., Schonfelder, K., Zacher, C., Elsner, C,,
Rohn, H., Konik, M., Thimmler, L., Rebmann, V., Lindemann, M., Jockel, K., Siffert, W., Ciudiulkaité, 1., . . . Lebedeyv,
Y. (2024). Current progress in genomic and genetic research on human viral diseases. In Frontiers research topics.
https://doi.org/10.3389/978-2-8325-4833-2

Steiner, H., & Veel, K. (2021). Touch in the time of corona: Reflections on Love, Care, and Vulnerability in the Pandemic.
Walter de Gruyter GmbH & Co KG.

Cain, C. C. (2025). God, pandemics, and the Holocaust. Wipf and Stock Publishers.

He, W., Hou, X,, Zhao, J., Sun, J., He, H., Si, W., Wang, ., Jiang, Z., Yan, Z., Xing, G., Lu, M., Suchard, M. A, Ji, X,
Gong, W,, He, B, Li, J., Lemey, P., Guo, D., Tu, C,, . .. Su, S. (2022). Virome characterization of game animals in
China reveals a spectrum of emerging pathogens. Cell, 185(7), 1117-1129.e8.
https://doi.org/10.1016/j.cell.2022.02.014

Oecd. (2020). Public procurement and infrastructure governance: Initial policy responses to the coronavirus
(Covid-19) crisis. In OECD Policy Responses to Coronavirus (Covid-19). https://doi.org/10.1787/c0ab0a96-en

Luppa, P., & Junker, R. (2018). Point-of-care testing: Principles and Clinical Applications. Springer.

Flyvbjerg, B. (2006). Five misunderstandings about Case-Study research. Qualitative Inquiry, 12(2), 219-245.
https://doi.org/10.1177/1077800405284363

Razzak, M. I, Imran, M., & Xu, G. (2019). Big data analytics for preventive medicine. Neural Computing and
Applications, 32(9), 4417—4451. https://doi.org/10.1007/s00521-019-04095-y

Ray, S., Kundu, S., Sonthalia, N., Talukdar, A., & Khanra, N. (2013). Diagnosis and management of miliary
tuberculosis: current state and future perspectives. Therapeutics and Clinical Risk Management, 9.
https://doi.org/10.2147/tcrm.s29179

Biassoni, R., & Raso, A. (2014). Quantitative Real-Time PCR: Methods and Protocols. Humana.

Shah, A. U. M., Safri, S. N. A, Thevadas, R., Noordin, N. K., Rahman, A. A., Sekawi, Z., Ideris, A., & Sultan, M. T. H.
(2020). COVID-19 outbreak in Malaysia: Actions taken by the Malaysian government. International Journal of
Infectious Diseases, 97, 108—116. https://doi.org/10.1016/.ijid.2020.05.093

De Schutter, O. (2015). Towards a new treaty on business and human rights. Business and Human Rights Journal,
I1(1), 41-67. https://doi.org/10.1017/bhj.2015.5

Baker, M. G., Wilson, N., & Anglemyer, A. (2020). Successful elimination of COVID-19 transmission in New
Zealand. New England Journal of Medicine, 383(8), e56. https://doi.org/10.1056/nejmc2025203

Huang, Y., Guo, X., Wu, Y., Chen, X, Feng, L., Xie, N., & Shen, G. (2024). Nanotechnology’s frontier in combatting
infectious and inflammatory diseases: prevention and treatment. Signal Transduction and Targeted Therapy, 9(I).
https://doi.org/10.1038/s41392-024-01745-z

Muench, P., Jochum, S., Wenderoth, V., Ofenloch-Haehnle, B., Hombach, M., Strobl, M., Sadlowski, H., Sachse, C.,
Torriani, G., Eckerle, I, & Riedel, A. (2020). Development and validation of the ELECSYS Anti-SARS-COV-2
immunoassay as a highly specific tool for determining past exposure to SARS-COV-2. Journal of Clinical Microbiology,
58(10). https://doi.org/10.1128/jcm.01694-20

Medicine, I. O., Services, D. O. H. C,, & Services, C. O. M. P. M. F. C. L. (2000). Medicare Laboratory Payment Policy:
Now and in the Future. National Academies Press.

(9l


https://doi.org/10.3389/978-2-8325-4833-2
https://doi.org/10.1016/j.cell.2022.02.014
https://doi.org/10.1787/c0ab0a96-en
https://doi.org/10.1177/1077800405284363
https://doi.org/10.1007/s00521-019-04095-y
https://doi.org/10.2147/tcrm.s29179
https://doi.org/10.1016/j.ijid.2020.05.093
https://doi.org/10.1017/bhj.2015.5
https://doi.org/10.1056/nejmc2025203
https://doi.org/10.1038/s41392-024-01745-z
https://doi.org/10.1128/jcm.01694-20

