
BIOSCIENCES BIOTECHNOLOGY RESEARCH ASIA, December 2023.	 Vol. 20(4), p. 1501-1510

Published by Oriental Scientific Publishing Company © 2023

This is an    Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).

*Corresponding author E-mail: keerthikask125@gmail.com

Review of Covid-19's Current Development
in Therapeutic and Diagnostic Techniques

S. Keerthika1*, M. Kowsalya1, R. Kameswaran2 and N. Venkateswaramurthy1

1Department of Pharmacy Practice, JKKN College of Pharmacy, Kumarapalayam, Tamil Nadu, India.
2Department of Pharmacy Practice, Pushpagiri college of Pharmacy, Thiruvalla, Kerala, India.

https://dx.doi.org/10.13005/bbra/3195

(Received: 19 June 2023; accepted: 17 October 2023)

	 The severe acute respiratory syndrome coronavirus (SARS-CoV-2), a novel coronavirus 
that is related to SARS-CoV-2 and the Middle East respiratory disease coronavirus, has spread 
widely, prompting the World Health Organisation to declare a pandemic. The disease caused 
by the SARS-CoV-2, known as COVID-19, has flu-like symptoms that can become serious and 
expose people to higher risk. At least 64,897,870 COVID-19 cases and 1,500,271 fatalities 
associated with it were reported globally as of December 3, 2020. SARS-CoV-2 is one of three 
highly virulent coronaviruses that pose a global threat to public health. The purpose of this 
study is to the most recent methods for diagnosing and treating COVID-19. Real-time reverse 
transcription-PCR (RT-PCR) is the testing technique that is most frequently used to identify 
SARS-CoV-2. We have outlined the most recent developments in conventional medicines for the 
treatment of COVID-19 to be examined, including vaccination, antiviral medications, such as 
remdesivir, chloroquine or hydroxychloroquine, favipiravir, and anti-SARS-CoV-2 monoclonal 
antibody treatment. The broad range of treatment strategies works to determine the most effective 
action. This study's objective is to explain the diagnostic and therapeutic approaches applied 
to COVID-19 patients.
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	 The coronavirus-caused new pneumonia 
case was reported in Wuhan, a city in China, in 
December 2019. The virus was later identified 
and given the name COVID-19 (severe acute 
respiratory syndrome coronavirus, or SARS-
CoV-2).1,2  On March 11, 2020, the World Health 
Organisation (WHO) declared COVID-19 a 
worldwide pandemic. Based on the WHO, at 
least 64,897,870 COVID-19 cases and 1,500,271 
fatalities associated with it were reported globally 
as of December 3, 2020.3 The COVID-19 epidemic 
now poses the greatest threat to the world, 
according to the WHO. SARS-CoV-2 is one of 
three highly virulent coronaviruses that pose 

a global threat to public health, together with 
MERS-CoV and SARS-CoV-2.5 Fever, sore throat, 
exhaustion, coughing, and dyspnea are among the 
usual COVID-19 symptoms, which are also present 
when the infection is recent. Internationally, there 
have been fewer new confirmed and suspected 
cases as a result of interventions and control 
measures implemented by governments all over 
the world as well as changes in individual behavior 
(such as wearing masks & isolating oneself from 
social interactions).6 Although individuals of all 
ages have experienced severe lung damage, the 
virus is more likely to result in severe interstitial 
pneumonia, acute respiratory distress syndrome 
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(ARDS), and subsequent multiorgan failure in 
some high-risk populations, such as the elderly or 
those who have multiple illnesses. These conditions 
are to blame for severe acute respiratory failure 
and high death rates. The degree of dyspnea and 
radiological indications that affected people often 
exhibit varies.7,8 As of right now, COVID-19 
has no proven treatments. Therefore, managing 
COVID-19 patients required early identification, 
immediate patient isolation, and creation of 
protective circumstances to stop the infection.9 

Real-time reverse transcription-PCR (RT-PCR) 
is the most popular test for identifying SARS-
CoV-2.10 The accepted standard of care at the 
moment is supportive care, including ventilation, 
oxygenation, and fluid control. Antivirals can be 
used to treat SARS-COV-2 safely and efficiently. 
Currently, many treatments are being tested, 
including vaccination, and antiviral drugs such as 
remdesivir, favipiravir, monoclonal antibodies, and 
chloroquine/hydroxychloroquine.11

Diagnosis
	 The COVID-19 diagnosis is an important 
first step in locating the virus and understanding its 
epidemiology. The most critical element in making 
a COVID-19 diagnosis is the early identification of 
symptoms in clinical settings. The capacity to target 
and detect specific infections makes molecular 
techniques more suitable now for accurate 
diagnosis than syndromic testing and computed 
tomography (CT) scans.12 Since the SARS-CoV-2 
infection was revealed in December 2019 for the 
diagnosis of COVID-19, several diagnostic tools 
and tests have been created. Reverse transcription-
polymerase chain reaction (RT-PCR) techniques for 
viral RNA identification from clinical samples of 
SARS-CoV-2 infection are largely dominated by 
the COVID-19 test, which is already commercially 
available. The diagnosis of COVID-19 can also 
be made using other techniques, including chest 
computed tomography (CT) scans, immunological 
and serological testing for anti-SARS-CoV-2 
antibodies, hybridization microarray assays, and 
isothermal nucleic acid amplification assays.13-15

RT-PCR test
	 The diagnostic procedure known as RT-
PCR can utilize a bronchoalveolar lavage (BAL) 
sample, tracheal aspirate sample, or nasal swab 
sample. The main and most effective procedure 
for diagnosis is the collection of upper respiratory 

samples using nasopharyngeal and oropharyngeal 
swabs. As a COVID-19 diagnostic procedure, 
bronchoscopy is not recommended since the 
resulting aerosol poses a serious risk to patients 
and medical professionals. If upper respiratory 
samples are negative and additional diagnostic 
techniques would dramatically change the clinical 
course of treatment, only intubated patients could 
be examined for a bronchoscopy. However, 
when clinical and safety standards are met and a 
definite diagnosis cannot be made, bronchoscopy 
may be advised. Tracheal aspiration and non-
bronchoscopic BAL (Bronchoalveolar Lavage) 
are other techniques for taking respiratory samples 
from intubated patients.Lavage of the bronchial 
tubes is also known as cleaning of the bronchial 
tubes. The BAL procedure is performed to obtain 
a lung sample for analysis. An airway wash 
and fluid sample are both obtained during the 
operation by passing a saline solution through the 
bronchoscope.14,16 Numerous studies have shown 
that blood and stool samples can contain SARS-
CoV-2 RNA.17-20 The duration of SARS-CoV-2 
RNA persistence in extrapulmonary organs, as 
well as in the upper and lower respiratory tracts, 
is uncertain. As in some cases of SARS-CoV-2 or 
MERS-CoV infection, viral RNA might continue 
to be detectable for weeks. All of the samples of 
blood, urine, stool, and lungs contained live SARS-
CoV-2.21-29

	 Despite the possibility of sample 
contamination producing false-positive results, 
particularly in asymptomatic individuals, the 
RT-PCR test seems to have a very high level of 
specificity. It is unknown what the sensitivity 
rate is, however it is predicted to be between 66 
and 80%. Even if there were no symptoms or 
other signs of infection, the positive percentage 
could be more than 50% if the person had been 
among others who were.30,31 A single negative test 
may not exclude SARS-CoV2 infection when 
using nasopharyngeal swab material early in the 
epidemic, particularly in highly exposed patients. 
This circumstance can call for repeating the test or 
getting a BAL sample from the deeper respiratory 
system.
Serological test
	 Serological studies, which look for the 
presence of specific biomarkers like antibodies in 
blood serum or other biological fluids, are used 
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to monitor the progression of disease. Several 
serological techniques, including the enzyme-
linked immunosorbent assay (ELISA), have been 
examined to assess who has developed antibodies 
against SARS-CoV-2 virus infection. A lateral 
flow serological immunoassay called the qSARS-
CoV-2 IgG/IgM rapid test was recently given 
FDA approval by Cellex Inc. Two distinct ELISA 
immunoassay types for the detection of COVID-19 
antigens or antibodies to virus antigens have been 
developed. Although the microwell plate is coated 
differently in these tests, they are comparable. 
When the virus is coated with antigens, it is used 
to identify antibodies made against the virus. But 
coating them with antiviral antibodies makes it 
possible to recognize viral antigens.32-34

CT-Imaging test
	 A lack of testing kits led to the use 
of computed tomography (CT) scans as an 
early detection technique for COVID-19 in 
several states.35 The diagnostic characteristic for 
COVID-19 was abnormal findings in the chest 
CT scan imaging. On chest CT scans, COVID-19 
patients often displayed bilateral and peripheral 
ground-glass opacities in the early stages of 
the disease, while irregularly formed pavement 
patterns were apparent in the later stages.36,37

Treatment Strategies
	 There are currently no approved 
medications for the treatment of COVID-19 
disease, nor is there a vaccination. Supportive 
therapy, symptom and treatment, and attempts 
to prevent respiratory failure make up the bulk 
of management.38-40 To prevent infection from 
spreading to other patients, family members, 
and healthcare professionals, it is crucial to 
guarantee patient isolation. Both symptomatic and 
asymptomatic infected people, as well as everyone 
who may have come into touch with them, must 
be quarantined.41 The amount of time spent outside 
and in social contact must be restricted for entire 
populations.42 The recommended course of action in 
moderate instances is self-isolation at home while 
keeping appropriate nourishment and hydration 
and treating symptoms like fever, sore throat, or 
cough. As a result, for serious instances, hospital 
beds may be available.43 Antibiotic prophylaxis is 
not effective in preventing bacterial superinfection, 
and there is also no proof that procalcitonin has 
a diagnostic function in COVID-19 patients.44 

Anticoagulant medication is appropriate when 
the D-dimer result is four times above normal or 
the patient has early-stage COVID-19. Increased 
ischemic events and disseminated intravascular 
coagulation can occur when the coagulation system 
becomes overactive due to infection, inflammation, 
and other disease-related causes.45

Virus-Fighting Medication
	 A variety of antiviral medications have 
demonstrated their effectiveness in treating 
COVID-19 invitro, in animal models, and through 
case reports from human patients.46-52 Nearly all 
of this research is based on knowledge of the 
SARS-CoV-2 and MERS-CoV. However, antiviral 
medications should be avoided in those with 
comorbidity conditions, who have a higher mortality 
risk, or who have moderate to severe COVID-19 
symptoms. Antihypertensive medications, 
antidiabetic medications, bronchodilators, thyroid 
hormones, and immunosuppressant medications 
were the most frequently given medications for 
comorbidities.4

Pharmacological Treatment
Remdesivir
	 In China, Remdesivir has been utilized 
successfully in many COVID-19 patients.[46]

The most promising results in antiviral therapy 
emerged with Remdesivir, an RNA-dependent 
polymerase inhibitor extensively studied for its 
potential to treat SARS-CoV-2 infection. Differing 
from other nucleotide analogs, remdesivir is a 
phosphoramidite prodrug that exhibits wide-
ranging efficacy against various virus families, such 
as Filoviridae, Paramyxoviridae, Pneumoviridae, 
as well as Orthocoronavirinae encompassing 
severe acute respiratory syndrome and Middle East 
respiratory syndrome coronaviruses.53,54 Developed 
by Gilead Sciences in 2017 to combat Ebola 
virus infection, Remdesivir initially targeted this 
purpose. Subsequently, multiple phase 3 trials were 
initiated in the United States, South Korea, and 
China to evaluate its efficacy for both severe and 
moderate cases of illness. Recently, results from 
a double-blind, randomized, placebo-controlled 
trial investigating intravenous remdesivir in 
hospitalized Covid-19 patients displaying lower 
respiratory tract symptoms were published.55

	 The combination of lopinavir and ritonavir, 
second-generation antiretroviral drugs, functions 
by inhibiting viral protease. This combination has 
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Table 1. COVID-19 Vaccination

Vaccine	 Type	 Age Group	 Dose	 Vaccination Schedule 	 Effectiveness
				    For Immunization

Oxford Uni- 	 Viral vector	 18 years and older	 2 dose	 2 doses were separated 	 62-90%
AstraZeneca 				    by approximately 4 weeks.
(Covishield)
Moderna	 RNA	 18 years and older	 2 dose	 2 doses were separated 	 95%
				    by approximately 4 weeks.
Pfizer-BioNTech	 RNA	 5-11 years & 	 2 dose	 2 doses were separated by 	 95%
		  12 years and older		  approximately 4 weeks.
Gamaleya	 Viral vector	 18 years and older	 2 dose	 2 doses were separated by 	 92%
(Sputnik V)				    approximately 4 weeks.
Janssen	 Viral vector	 From age 18	 1 dose	 1 dose*	 72%
Novavax	 Protein- based	 From age 18	 2 dose	 2 doses were separated by 	 90%
				    approximately 4 weeks.
Covaxin	 Inactivated	 18 years and older	 2 dose	 2 doses were separated by 	 80.6%
				    approximately 4 weeks.

Fig. 1. Diagnostic and Therapeutic Approaches for COVID-19

established pharmacological interactions and safety 
profiles, and it is easily accessible. The efficacy of 
lopinavir/ritonavir against SARS-CoV-2 has been 
demonstrated, and these medications also seem to 
reduce the viral load in individuals afflicted with 
COVID-19.49-51 Multiple randomized controlled 
trials are currently underway in China. The 
prescribed dose for lopinavir/ritonavir is 400/100 
mg administered twice daily (BID), and there’s no 
need for adjustment based on glomerular filtration 
rate. Nonetheless, monitoring transaminases is 
often advisable. However, this drug combination 
is associated with several drug interactions and 
commonly leads to adverse effects such as nausea, 
diarrhea, and insomnia.
Chloroquine/Hydroxychloroquine
	 Chloroquine A tiny molecule medication 
of the aminoquinoline class called chloroquine 
is used to treat malaria. In addition, rheumatoid 
arthritis and HIV were both treated with 

chloroquine.56 This medication may have a broad 
spectrum of antiviral effects on all phases of 
viral entry and replication.57 A medication called 
hydroxychloroquine suppresses the immune 
system and is used to treat autoimmune diseases 
such as systemic lupus erythematosus, Sjogren’s 
syndrome, and rheumatoid arthritis. Since 1955, the 
FDA has authorized the use of hydroxychloroquine 
as a powerful antiparasitic medication.58,59 
Hydroxychloroquine and chloroquine are currently 
being tested in clinical trials to ensure their efficacy 
in preventing SARS-CoV-2 infection.60 Another 
benefit of hydroxychloroquine is that it lowers 
the chance of thrombosis, which is a significant 
risk factor for SARS-CoV-2 patients. While 
hydroxychloroquine is a significant medication 
used both preventatively and directly to treat 
COVID-19 patients, several unfavorable side 
effects, such as cardiac arrest and ventricular 
arrhythmias, have lately been documented.61-64 
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Furthermore, they seem to disrupt the ACE2 cell 
receptor and exhibit immunomodulatory properties, 
crucial for impeding the fusion of the virus and the 
host cell. This characteristic could elucidate their 
potent antiviral effects.52,65-70 For chloroquine and 
hydroxychloroquine, the recommended dosages 
are 500 mg BID and 200 mg BID, respectively. 
A loading dosage should be given before a 
maintenance dose for the best possible outcome.71 
According to Yao et al., hydroxychloroquine is 
more effective than chloroquine at inhibiting 
SARS-CoV-2 in vitro.72 Typical side effects of these 
medications encompass nausea, vomiting, diarrhea, 
abdominal pain, headaches, as well as visual 
and extrapyramidal issues. Given its recognized 
potential for arrhythmogenic cardiotoxicity, 
diligent monitoring of blood counts and QT 
intervals is imperative.73 

Favipiravir
	 Favipiravir is an antiviral medication 
of the pyrazine class that was primarily used in 
Japan to treat influenza.74,75 Its mechanism involves 
inhibiting the RNA-dependent RNA polymerase 
(RdRp) enzymes, which are crucial for the 
transcription and replication of viral genomes.76 

In addition to its usage in influenza treatment, it 
underwent evaluations for addressing the Ebola 
virus, and more recently, it was subjected to 
assessments for potential application in treating 
COVID-19.77

Monoclonal Antibodies
Sarilumab/Tocilizumab
	 Sarilumab, known as Kevzara, is a 
humanized monoclonal antibody that targets the 
IL-6 receptor. Originally sanctioned by the FDA for 
treating rheumatoid arthritis, sarilumab is currently 
being investigated in clinical trials for its potential 
to treat severely ill COVID-19 patients afflicted 
with pneumonia. These trials explore its efficacy 
either as a standalone treatment or in conjunction 
with hydroxychloroquine, azithromycin, and/
or corticosteroids.78,79 Humanized monoclonal 
antibody tocilizumab blocks the IL-6 signaling 
pathway by binding to both membrane-bound and 
soluble IL-6 receptors.80 When the SARS-CoV-2 
virus attaches to alveolar epithelial cells and 
activates the innate and adaptive immune systems, 
a multitude of cytokines are released. These include 
IL-6, IL-10, and IL-23. Notably, IL-6 serves a dual 
role, functioning both as a pro-inflammatory and 
an anti-inflammatory cytokine.81-83 Tocilizumab 
is currently undergoing clinical trials, either as 
a standalone treatment or in combination with 
hydroxychloroquine, methylprednisolone, or 
azithromycin, for the management of SARS-CoV-2 
patients. These trials are based on promising results 
observed in severely ill COVID-19 patients with 
pneumonia, indicating its potential effectiveness 
in treating such cases.

Fig. 2. Exploring Vaccine Development and the Leading Pharmaceutical Companies
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Paxlovid
	 Paxlovid made history as the first oral 
antiviral medication to gain approval in the United 
States for the treatment of COVID-19. Following 
suit, on December 23, 2021, Merck’s molnupiravir 
also received approval for the same purpose. In 
the case of Paxlovid, nirmatrelvir plays a crucial 
role by inhibiting the primary protease (Mopar) 
of SARS-CoV-2, thereby halting the virus’s 
replication. While ritonavir doesn’t directly affect 
SARS-CoV-2, it indirectly enhances nirmatrelvir’s 
effectiveness by preventing the metabolism of 
nirmatrelvir by CYP3A, leading to increased serum 
concentrations. Paxlovid is typically packaged with 
nirmatrelvir 150-mg tablets and ritonavir 100-mg 
tablets in cartons. The recommended dosage is two 
nirmatrelvir tablets along with one ritonavir tablet, 
taken twice daily for a five-day course, resulting in 
a 300/100 mg dose.
Vaccination
	 The U.S. Food and Drug Administration 
has revised the emergency use authorizations 
(EUAs) for the Moderna COVID-19 Vaccine and 
the Pfizer-BioNTech COVID-19 Vaccine. These 
changes now allow for the utilization of bivalent 
vaccine formulations as a sole booster dose, to be 
administered at least two months following the 
primary or booster vaccination.
Moderna COVID-19 Vaccines
	 The FDA’s announcement on January 31, 
2022, marked the second approval of a COVID-19 
vaccine. The vaccine, previously known as the 
Moderna COVID-19 Vaccine, is now marketed 
as Spikevax and is intended for the prevention 
of COVID-19 in individuals aged 18 and above. 
This monovalent vaccine is administered as a 
two-dose primary series.For individuals aged 18 
and above, the recommended dose of the Moderna 
Vaccine is 50 µg (0.5 mL), with a cost ranging 
from $32 to $37. This vaccine provides immunity 
for at least 119 days after the initial vaccination 
and demonstrates a 94.5% efficacy in preventing 
SARS-CoV-2 infection. However, there have been 
isolated reports of associated adverse reactions.
Pfizer-BioNTech COVID-19 Vaccine
	 The FDA’s declaration on August 
23, 2021, marked the initial endorsement of 
a COVID-19 vaccine, commercially named 
Comirnaty, formerly recognized as the Pfizer-
BioNTech COVID-19 Vaccine. Its purpose is to 

safeguard individuals aged 12 and above from 
COVID-19. Subsequently, on February 11, 2022, 
the CDC, in partnership with the FDA, updated 
the guidelines for emergency use. These revisions 
encompassed comprehensive information about 
the primary, supplementary, and booster dosages 
of the Pfizer COVID-19 vaccines, specifically 
tailored to certain demographics.Individuals aged 
16 and above are recommended to obtain the Pfizer-
BioNTech Vaccine, comprising a 30 µg (0.3 mL) 
dosage at a cost of $19.50. This vaccine boasts a 
95% efficacy in thwarting SARS-CoV-2 infection 
and confers immunity for a minimum of 119 days 
post the first inoculation. There have been isolated 
instances of associated unfavorable responses.

Conclusion

	 The SARS-CoV-2 virus is responsible for 
the ongoing COVID-19 pandemic, characterized 
by atypical pneumonia. The pandemic poses 
significant health risks, prompting the need for 
effective treatments. Nirmatrelvir and ritonavir, 
marketed as Paxlovid, have shown efficacy in 
managing COVID-19 symptoms and preventing 
SARS-CoV-2 infection. Additionally, mRNA 
boosters from Pfizer-BioNTech and Moderna are 
commonly administered. Utilizing advancements 
in technology, this knowledge can aid in refining 
vaccine and treatment development. To curb 
transmission until these solutions are widely 
accessible, early diagnosis via symptomatic 
and asymptomatic testing, contact tracing, 
quarantining, and supportive care are crucial for 
managing the pandemic effectively. 
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