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Abstract. Background: Since its emergence in late 2019, Coronavirus Disease 2019 (COVID-
19), caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), has fundamentally
altered global health landscapes. This review aims to synthesize current knowledge regarding the
etiology, complex pathogenesis, evolving diagnostic modalities, and updated therapeutic strategies,
with a focus on post-pandemic management and Long COVID. A narrative review was conducted
using databases including PubMed, Scopus, and WHO repositories. Data regarding epidemiology,
pathophysiology, and clinical guidelines published between January 2020 and late 2024 were
analyzed. The virus utilizes the ACE2 receptor for entry, triggering a dysregulated immune response
(cytokine storm) and coagulopathy. Diagnostic techniques have evolved from standard RT-PCR to
rapid molecular assays and Al-assisted imaging. Treatment has shifted from supportive care to
targeted antivirals and immunomodulators. While acute mortality has decreased due to vaccination
and population immunity, the focus must now shift to managing endemic transmission and the chronic
sequelae known as Post-Acute Sequelae of SARS-CoV-2 (PASC).

Annomayus. C MOMeHTa cBoero nossieHus B koHie 2019 roga koponasupycHas 6oie3us 2019
(COVID-19), BeI3BIBacMast KOPOHABHPYCOM TSHKEIOT0 OCTPOro pecrnupaTopHoro cuaapoma 2 (SARS-
CoV-2), kopeHHBIM 00pa3oM M3MEHMJIa [I00ATBHYIO0 CUTYalllI0 B 00JacTH 3/1paBooXpaHeHus. boul
MIPOBEJICH HappaTUBHBI 0030p C HCMONb30BaHHEM 0a3 JMaHHBIX, BKIodas PubMed, Scopus u
penosutopun BO3. Bputn nmpoaHaan3upoBaHbl JaHHBIE MO 3MUJEMHUOJIOTUHU, NAaTOMU3NOIOTUN U
KIMHUYECKUM PEKOMEHAALUAM, OITyOnnKkoBaHHbIE B Teprof ¢ stuBapst 2020 rona no koHen 2024 roxa.
Bupyc wucnonszyer peuentop ACE2 s NpOHMKHOBEHHS, BBI3bIBAas HApYyLIEHHWE DETYISILMU
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MMMYHHOTO OTBeTa (LMTOKMHOBBIA IITOPM) M Koaryjaomaruio. J(MarHOCTUYeCKHe METObI
sBOMIOIIMOHUpOoBad  OoT craHaaptHoil OT-IILP 1m0 OBICTPBIX MOJEKYJISIPHBIX aHAIU30B |
BU3yalnu3aluu ¢ ucnosnb3oBanueM HMU. JledeHune cMecTwioch OT NMOAAEPKUBAIOLIEH TEPANUHA K
LIeJICHAIIPABIICHHOMY MPUMEHEHHUIO NMPOTUBOBUPYCHBIX MPEMApaTOB U UMMYHOMOIYJATOPOB. XOTs
oCTpasi CMEPTHOCTh CHU3MJIACh OJlaroiapsi BaKIMHALUK U MOMYJISIMOHHOMY UMMYHHTETY, TEIeph
HE00XOJIMMO COCPEAOTOUYUTHCS Ha O0pbOe C SHIAEMHUECKOH Iepenadeil BUpPyca M XPOHUUYECKUMU
MOCJIEICTBUSIMU, U3BECTHBIMU Kak nocT-ocTprie nocneactBus SARS-CoV-2 (PASC).

Keywords: COVID-19, Pathogenesis, Long COVID, mRNA Vaccine, Pandemic Management.

Knroueswie cnosa: COVID-19, natorenes, nmutensubii COVID, MPHK-Bakiuna, yrpasienue
MMaHJICMHECH.

COVID-19 is a highly infectious respiratory disease caused by the novel betacoronavirus
SARS-CoV-2. First identified in Wuhan, China, in December 2019, it rapidly escalated into a global
pandemic. Unlike previous coronavirus outbreaks (SARS-CoV and MERS-CoV), SARS-CoV-2
demonstrated efficient human-to-human transmission even during the asymptomatic incubation
period, complicating containment efforts [1].

Globally, the virus has infected hundreds of millions of individuals, with waves driven by
variants of concern (VOCs) such as Delta and Omicron. The basic reproduction number ($R_0$) has
fluctuated significantly with these variants; the Omicron variant, for instance, demonstrated
significantly higher transmissibility than the ancestral strain. Regionally, epidemiology varies based
on population density, healthcare infrastructure, and vaccination coverage [2].

While the acute respiratory distress syndrome (ARDS) associated with COVID-19 is well-
documented, gaps remain regarding the long-term systemic effects of the virus. Furthermore,
diagnostic protocols differ vastly between resource-rich and resource-limited settings, creating
disparities in care. The transition from pandemic to endemic status requires a re-evaluation of
treatment protocols [3].

The objective of this review is to provide a comprehensive analysis of SARS-CoV-2, detailing
its pathogenesis, evaluating the shift in diagnostic technologies, and summarizing current consensus
on treatment and post-pandemic management strategies. This paper employs a narrative review
design to synthesize broad literature regarding the clinical and biological aspects of COVID-19. This
format allows for the integration of epidemiological data, basic science (pathogenesis), and clinical
management guidelines [4].

Randomized Controlled Trials (RCTs) regarding vaccines and therapeutics were included [5].

Peer-reviewed articles published in English between January 1, 2020, and December 2024;
official health guidelines; systematic reviews and meta-analyses were considered. Exclusion criteria
included: anecdotal case reports (unless highlighting a novel finding), non-peer-reviewed pre-prints
(unless no other data exists), and studies with small sample sizes [6].

Literature was categorized into four domains: Pathophysiology, Diagnostics, Therapeutics, and
Chronic Sequelae. Key findings were extracted and cross-referenced to ensure they represent the
current scientific consensus rather than obsolete early-pandemic theories [7].

SARS-CoV-2 is an enveloped, positive-sense single-stranded RNA virus belonging to the genus
Betacoronavirus.® It contains four structural proteins: Spike (S), Envelope (E), Membrane (M), and
Nucleocapsid (N). The S-protein is the critical determinant of host tropism and the primary target for
neutralizing antibodies and vaccines [8].

The virus binds to the Angiotensin-Converting Enzyme 2 (ACE2) receptor, predominantly
found in the respiratory epithelium, enterocytes, and vascular endothelium.® Host protease TMPRSS2
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primes the S-protein for fusion. Immune Dysregulation: Severe cases are characterized by a "cytokine
storm," an excessive release of pro-inflammatory cytokines (IL-6, TNF-a, IL-1B). This leads to
diffuse alveolar damage. Coagulopathy: Endothelial injury and inflammation trigger a
hypercoagulable state, leading to microthrombi and pulmonary embolism, a distinct feature
distinguishing COVID-19 from typical viral pneumonias [9].

The incubation period averages 5 days (range 2—14 days). Clinical presentation is categorized
as: Asymptomatic/Mild (81%): Fever, cough, fatigue, anosmia (loss of smell), ageusia (loss of taste).

Moderate (14%): Pneumonia with (4%). Severe (5%): Dyspnea, hypoxia (2-4%), lung
infiltrates (>50%). Critical: Respiratory failure, shock, multiorgan dysfunction [10].Molecular
Testing: RT-PCR remains the gold standard. However, newer CRISPR-based offer sensitivity
comparable to PCR with faster turnaround times. Antigen Testing: Rapid Antigen Tests (RAT) are
specific but less sensitive, useful for mass screening. Radiology: High-Resolution CT (HRCT)
typically shows "ground-glass opacities" (GGO) with peripheral distribution. The CO-RADS
classification system standardized the reporting of likelihood of COVID-19 involvement [11].

Nirmatrelvir/ritonavir (Paxlovid) and Remdesivir inhibit viral replication; most effective when
given early (within 5 days of symptom onset). Immunomodulators: Corticosteroids (Dexamethasone)
significantly reduce mortality in patients requiring oxygen. IL-6 inhibitors (Tocilizumab) are used in
cases with systemic inflammation. Anticoagulation: Prophylactic low-molecular-weight heparin is
standard to prevent thromboembolism [12].

Major vaccine platforms include: mRNA vaccines (Pfizer-BioNTech, Moderna): Encode the S-
protein to elicit immune response. Viral Vector (AstraZeneca, J&J): Use adenovirus to deliver genetic
material. Protein Subunit (Novavax): Contains the S-protein directly. Vaccines have been highly
effective in preventing severe disease and death, though breakthrough infections occur due to waning
immunity and variants [13].

The pathogenesis of COVID-19 highlights a multi-system disease rather than a strictly
respiratory one [16].

The wide distribution of ACE2 receptors explains the renal, cardiac, and neurological
manifestations observed. The evolution of variants indicates that the virus is adapting to evade host
immunity, necessitating updated vaccine boosters [14].

Early pandemic management relied on hydroxychloroquine and azithromycin, which have since
been proven ineffective. Current guidelines align globally (WHO, CDC, ICMR) on the use of steroids
for hypoxic patients, marking a triumph of evidence-based medicine over initial anecdotal treatments
[15].

The focus has shifted to Long COVID (PASC), defined as symptoms persisting $>3$ months.
Symptoms include "brain fog," fatigue, and dysautonomia. Management requires a multidisciplinary
approach involving rehabilitation, cardiology, and neurology. Primary care physicians must now
screen for thrombotic sequelae and fibrotic lung disease in recovered patients [16].

This review is limited by the rapidly evolving nature of the virus. Data regarding the efficacy
of vaccines against the most recent variants (e.g., JN.1) is still accumulating. Furthermore, long-term
prognosis data (>5 years) is currently unavailable [17].

Pan-sarbecovirus vaccines: Developing vaccines that target conserved regions of coronaviruses
to prevent future pandemics. Long COVID biomarkers: Identifying blood markers to objectively
diagnose and track PASC. Antiviral resistance: Monitoring for resistance against current therapeutics
like Paxlovid [18].

COVID-19 has evolved from an acute global emergency to an endemic management
challenge.17 While the etiology and pathogenesis are now well-understood—centering on ACE2
binding and immune dysregulation—the virus continues to mutate. The major advancement in this
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field is the rapid development of mRNA vaccines and novel therapeutics like oral antivirals. Moving
forward, clinical focus must prioritize the surveillance of new variants and the comprehensive
management of post-acute sequelae (Long COVID) to mitigate the long-term burden on healthcare
systems [19].

References:

1. Zhu, N., Zhang, D., Wang, W., Li, X., Yang, B., Song, J., ... & Tan, W. (2020). A novel
coronavirus from patients with pneumonia in China, 2019. New England journal of medicine, 382(8),
727-733. https://doi.org/10.1056/nejmoa2001017

2. World Health Organization. COVID-19 Weekly Epidemiological Update. 2024.
https://www.who.int/

3. Telenti, A., Arvin, A., Corey, L., Corti, D., Diamond, M. S., Garcia-Sastre, A., ... & Virgin,
H. W. (2021). After the pandemic: perspectives on the future trajectory of COVID-19. Nature,
596(7873), 495-504. https://doi.org/10.1038/s41586-021-03792-w

4. Greenhalgh, T., Knight, M., Buxton, M., & Husain, L. (2020). Management of post-acute
covid-19 in primary care. BMJ, 370. https://doi.org/10.1136/bmj.m3026

5. RECOVERY Collaborative Group. (2021). Dexamethasone in hospitalized patients with
Covid-19. New England journal of medicine, 384(8), 693-704.
https://doi.org/10.1056/NEJMoa20214

6. WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group, Sterne,
J. A., Murthy, S., Diaz, J. V., Slutsky, A. S., Villar, J., ... & Marshall, J. C. (2020). Association between
administration of systemic corticosteroids and mortality among critically ill patients with COVID-
19: a meta-analysis. Jama, 324(13), 1330-1341. https://doi.org/10.1001/jama.2020.17023

7. Berlin, D. A., Gulick, R. M., & Martinez, F. J. (2020). Severe covid-19. New England Journal
of Medicine, 383(25), 2451-2460. https://doi.org/10.1056/nejmcp2009575

8. V’kovski, P., Kratzel, A., Steiner, S., Stalder, H., & Thiel, V. (2021). Coronavirus biology
and replication: implications for SARS-CoV-2. Nature Reviews Microbiology, 19(3), 155-170.
https://doi.org/10.1038/s41579-020-00468-6

9. Wiersinga, W. J., Rhodes, A., Cheng, A. C., Peacock, S. J., & Prescott, H. C. (2020).
Pathophysiology, transmission, diagnosis, and treatment of coronavirus disease 2019 (COVID-19) a
review. Jama, 324(8), 782-794. https://doi.org/10.1001/jama.2020.12839

10. Wu, Z., & McGoogan, J. M. (2020). Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a report of 72 314 cases from
the Chinese Center for Disease Control and Prevention. Jama, 323(13), 1239-1242.
https://doi.org/10.1001/jama.2020.2648

11. Prokop, M., Van Everdingen, W., van Rees Vellinga, T., Quarles van Ufford, H., Stoger, L.,
Beenen, L., ... & COVID-19 Standardized Reporting Working Group of the Dutch Radiological
Society. (2020). CO-RADS: a categorical CT assessment scheme for patients suspected of having
COVID-19—definition and evaluation. Radiology, 296(2), E97-E104.
https://doi.org/10.1148/radiol.2020201473

12. National Institutes of Health. Coronavirus Disease 2019 (COVID-19) Treatment
Guidelines. NIH; 2024. https://www.covid 19treatmentguidelines.nih.gov/

13. Polack, F. P., Thomas, S. J., Kitchin, N., Absalon, J., Gurtman, A., Lockhart, S., ... & Gruber,
W. C. (2020). Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine. New England journal
of medicine, 383(27), 2603-2615. https://doi.org/10.1056/nejmoa2034577

14. Harvey, W. T., Carabelli, A. M., Jackson, B., Gupta, R. K., Thomson, E. C., Harrison, E.
M., ... & Robertson, D. L. (2021). SARS-CoV-2 variants, spike mutations and immune escape. Nature
reviews microbiology, 19(7), 409-424. https://doi.org/10.1038/s41579-021-00573-0

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 205




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne3 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/124

15. Bhimraj, A., Morgan, R. L., Shumaker, A. H., Baden, L., Cheng, V. C. C., Edwards, K. M.,
... & Falck-Ytter, Y. (2022). Infectious Diseases Society of America guidelines on the treatment and
management of patients with COVID-19. Clinical infectious diseases: an official publication of the
Infectious Diseases Society of America, ciac724. https://doi.org/10.1093/cid/ciac724

16. Davis, H. E., Assaf, G. S., McCorkell, L., Wei, H., Low, R. J., Re'em, Y., ... & Akrami, A.
(2021). Characterizing long COVID in an international cohort: 7 months of symptoms and their
impact. EClinicalMedicine, 38. https://doi.org/10.1016/j.eclinm.2021.101019

17. Lopez-Leon, S., Wegman-Ostrosky, T., Perelman, C., Sepulveda, R., Rebolledo, P. A,
Cuapio, A., & Villapol, S. (2021). More than 50 long-term effects of COVID-19: a systematic review
and meta-analysis. Scientific reports, 11(1), 16144. https://doi.org/10.1038/s41598-021-95565-8

18. Gupta, A., Gonzalez-Rojas, Y., Juarez, E., Crespo Casal, M., Moya, J., Falci, D. R,, ... &
Shapiro, A. E. (2021). Early treatment for Covid-19 with SARS-CoV-2 neutralizing antibody
sotrovimab. New England Journal of Medicine, 385(21), 1941-1950.
https://doi.org/10.1101/2021.05.27.21257096

19. Topol, E. J. (2020). COVID-19 can affect the heart. Science, 370(6515), 408-409.
https://doi.org/10.1126/science.abe2813

Cnucok numepamypul:

1. Zhu N., Zhang D., Wang W., Li X., Yang B., Song J., Tan W. A novel coronavirus from
patients with pneumonia in China, 2019 // New England journal of medicine. 2020. V. 382. Ne§. P.
727-733. https://doi.org/10.1056/nejmoa2001017

2. World Health Organization. COVID-19 Weekly Epidemiological Update. 2024.
https://www.who.int/

3. Telenti A., Arvin A., Corey L., Corti D., Diamond M. S., Garcia-Sastre A., Virgin H. W. After
the pandemic: perspectives on the future trajectory of COVID-19 // Nature. 2021. V. 596. Ne7873. P.
495-504. https://doi.org/10.1038/s41586-021-03792-w

4. Greenhalgh T., Knight M., Buxton M., Husain L. Management of post-acute covid-19 in
primary care / BMJ. 2020. V. 370. https://doi.org/10.1136/bmj.m3026

5. RECOVERY Collaborative Group. Dexamethasone in hospitalized patients with Covid-19 //
New  England  journal of  medicine. 021. V. 384. Ne8. P 693-704.
https://doi.org/10.1056/NEJMoa20214

6. WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group.
Association between administration of systemic corticosteroids and mortality among critically ill
patients with COVID-19: a meta-analysis // Jama. 2020. V. 324. Nel3. P. 1330-1341.
https://doi.org/10.1001/jama.2020.17023

7. Berlin D. A., Gulick R. M., Martinez F. J. Severe covid-19 // New England Journal of
Medicine. 2020. V. 383. Ne25. P. 2451-2460. https://doi.org/10.1056/nejmcp2009575

8. V’kovski P., Kratzel A., Steiner S., Stalder H., Thiel V. Coronavirus biology and replication:
implications for SARS-CoV-2 // Nature Reviews Microbiology. 2021. V. 19. Ne3. P. 155-170.
https://doi.org/10.1038/s41579-020-00468-6

9. Wiersinga W. J., Rhodes A., Cheng A. C., Peacock S. J., Prescott H. C. Pathophysiology,
transmission, diagnosis, and treatment of coronavirus disease 2019 (COVID-19) a review // Jama.
2020. V. 324. Ne§. P. 782-794. https://doi.org/10.1001/jama.2020.12839

10. Wu Z., McGoogan J. M. Characteristics of and important lessons from the coronavirus
disease 2019 (COVID-19) outbreak in China: summary of a report of 72 314 cases from the Chinese
Center for Disease Control and Prevention // jama. 2020. V. 323. Nel3. P. 1239-1242.
https://doi.org/10.1001/jama.2020.2648

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 206




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne3 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/124

11. Prokop M., Van Everdingen W., van Rees Vellinga T., Quarles van Ufford H., Stoger L.,
Beenen L., COVID-19 Standardized Reporting Working Group of the Dutch Radiological Society.
CO-RADS: a categorical CT assessment scheme for patients suspected of having COVID-19—
definition and evaluation // Radiology. 2020. V. 296. Ne2. P. [E97-E104.
https://doi.org/10.1148/rad101.2020201473

12. National Institutes of Health. Coronavirus Disease 2019 (COVID-19) Treatment
Guidelines. NIH; 2024. https://www.covid19treatmentguidelines.nih.gov/

13. Polack F. P., Thomas S. J., Kitchin N., Absalon J., Gurtman A., Lockhart S., Gruber W. C.
Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine // New England journal of medicine.
2020. V. 383. No27. P. 2603-2615. https://doi.org/10.1056/nejmoa2034577

14. Harvey W. T., Carabelli A. M., Jackson B., Gupta R. K., Thomson E. C., Harrison E. M.,
Robertson D. L. SARS-CoV-2 variants, spike mutations and immune escape // Nature reviews
microbiology. 2021. V. 19. Ne7. P. 409-424. https://doi.org/10.1038/s41579-021-00573-0

15. Bhimraj A., Morgan R. L., Shumaker A. H., Baden L., Cheng V. C. C., Edwards K. M.,
Falck-Ytter Y. Infectious Diseases Society of America guidelines on the treatment and management
of patients with COVID-19 // Clinical infectious diseases: an official publication of the Infectious
Diseases Society of America. 2022. P. ciac724. https://doi.org/10.1093/cid/ciac724

16. Davis H. E., Assaf G. S., McCorkell L., Wei H., Low R. J., Re'em Y., Akrami A.
Characterizing long COVID in an international cohort: 7 months of symptoms and their impact //
EClinicalMedicine. 2021. V. 38. https://doi.org/10.1016/j.eclinm.2021.101019

17. Lopez-Leon S., Wegman-Ostrosky T., Perelman C., Sepulveda R., Rebolledo P. A., Cuapio
A., Villapol S. More than 50 long-term effects of COVID-19: a systematic review and meta-analysis
/I Scientific reports. 2021. V. 11. Nel. P. 16144. https://doi.org/10.1038/s41598-021-95565-8

18. Gupta A., Gonzalez-Rojas Y., Juarez E., Crespo Casal M., Moya J., Falci D. R., Shapiro A.
E. Early treatment for Covid-19 with SARS-CoV-2 neutralizing antibody sotrovimab // New England
Journal of Medicine. 2021. V. 385. Ne21. P. 1941-1950. https://doi.org/10.1101/2021.05.27.21257096

19. Topol E. J. COVID-19 can affect the heart //Science. — 2020. — T. 370. — Ne. 6515. — C. 408-
409. https://doi.org/10.1126/science.abe2813

Ilocmynuna 6 peoakyuio Ipunama k nybnukayuu
09.01.2026 e. 21.01.2026 o.

Ccvlika Ons yumupoeanus:

Abzhaparova A., Durgesh Kumar, Vansh Gupta, Rishikesh Kumar, Abbas Khilji
Comprehensive Review of COVID-19: Epidemiology, Pathogenesis, Diagnostic Advancements, and
Post-pandemic Strategies // Bbromnerenr Hayku u mpaktuku. 2026. T. 12. Ne3. C. 202-207.
https://doi.org/10.33619/2414-2948/124/24

Cite as (APA):

Abzhaparova, A., Durgesh Kumar, Vansh Gupta, Rishikesh Kumar, & Abbas Khilji (2026).
Comprehensive Review of COVID-19: Epidemiology, Pathogenesis, Diagnostic Advancements, and
Post-pandemic  Strategies.  Bulletin  of  Science and  Practice, 12(3), 202-207.
https://doi.org/10.33619/2414-2948/124/24

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 207




