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Abstract 

Corona virus Disease 2019 (COVID-19), caused by SARS-CoV-2, is a systemic, hyper 

inflammatory vasculitis with a wide clinical spectrum ranging from mild symptoms to severe 

respiratory failure. Since the declaration of COVID-19 as a global pandemic by the WHO in 

March 2020, various therapeutic strategies have been explored, including the repurposing of 

drugs such as Azithromycin, Hydroxychloroquine, and Lopinavir/Ritonavir. Two major 

antiviral agents—Paxlovid (nirmatrelvir/ritonavir) and Remdesivir—have shown efficacy in 

treating COVID-19 and received emergency use authorization. SARS-CoV-2 enters host cells 

primarily via ACE2 and TMPRSS2-mediated pathways, but emerging evidence indicates 

alternative ACE2-independent entry routes. The infection progresses through distinct stages: 

an early viral replication phase, a pulmonary phase, and a severe systemic inflammatory 

phase associated with ARDS, cytokine storm, coagulopathy, and multi organ dysfunction. 

Adverse drug reactions (ADRs) have been documented for both antivirals. Paxlovid is 

associated with gastrointestinal symptoms, dysgeusia, and rare drug interactions, particularly 

in transplant recipients and pregnant women. Remdesivir has shown elevated liver enzymes, 

gastrointestinal disturbances, and potential hepatotoxicity, though generally with favorable 

renal and cardiovascular safety profiles. Despite known ADRs, both drugs have demonstrated 

significant reductions in COVID-19 morbidity and mortality. Special populations, such as 

pregnant women and immunocompromised individuals, require careful assessment due to 

altered pharmacodynamics and increased susceptibility to ADRs. Understanding COVID-
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19’s pathophysiology and the pharmacological mechanisms of these antivirals is critical to 

optimizing treatment outcomes while minimizing risk. 

Introduction: 

The SARS-CoV2 virus causes coronavirus disease 2019 (COVID-19), a systemic thrombo 

hyper inflammatory vasculitis with symptoms ranging from a simple cold to a serious acute 

respiratory infection. The World Health Organization (WHO) designated COVID-19 a 

pandemic on March 11, 2020; since then, 51.7 lakh deaths and 25.9 crore infections have 

been reported globally. To date, 4.67 lakh deaths and 3.45 crore infections have been reported 

in India [1].About 15% of infected individuals experience severe pneumonia, and a further 5% 

suffer critical disease with acute respiratory distress syndrome that necessitates ventilator 

support, despite the fact thatthe majority of COVID-19 infections are self-limited. Since there 

were no approved medicines for COVID-19 patients at first, Azithromycin, 

Hydroxychloroquine, and lopinavir/ritonavir were repurposed and their potential as 

therapeutics was examined [2]. The novel coronavirus, now known as SARS-CoV-2, initially 

appeared in the world in Wuhan, China. Since it caused severe respiratory illnesses and 

spread over the world at a never-before-seen rate, the coronavirus disease 2019 (COVID-19) 

was declared a pandemic. Globally, as of June 15th, 2021, the World Health Organization 

[WHO] reported 1.76 billion COVID-19 cases and almost 38 million deaths[3].Adverse drug 

reactions (ADRs) associated with pharmaceutical therapies for the novel disease during the 

2020 coronavirus disease 2019 (COVID-19) pandemic[4]. 

The new antiviral medication "Paxlovid" from Pfizer demonstrated good efficacy against 

COVID-19. The drug is marketed under the name Paxlovid™ and is composed of two 

generic drugs, ritonavir and nirmatrelvir [5].The Malaysian National Pharmaceutical 

Regulatory Agency received 1001 complaints of 1714 Paxlovid®-related adverse events at 

the beginning of October 2022. Bitter taste (562 instances), diarrhea (247 cases), dysgeusia 

(134 cases), vomiting (70 cases), and nausea (69 cases) were the most frequently reported adr 

[6].The first antiviral medication licensed by the US FDA to treat COVID-19 is Remdesivir 

(DB14761). The US FDA authorized its emergency usage for those over 12 and weighing 

more than 40 kg in October 2020 [7]..Headaches, hypokalemia, and nausea are the most often 

reported adverse effects.15. Additionally, 1% of patients in the 5-day care group, 2% in the 

10-day care group, and 2% in the routine care group experienced mortality on day 28.15[8]. 
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Pathophysiology of covid-19: 

Interactions and entry of the SARS-CoV-2 into the cell: 

The main source of new infections is asymptomatic carriers and confirmed COVID-19 

patients [9]. Infection through the fecal-oral pathway has been hypothesized in addition to 

respiratory droplets and contact with contaminated surfaces [10]. Pneumocytes, bronchial 

epithelial cells, and nasal cells are among the host cells that SARS-CoV-2 enters through the 

binding of the viral spike (S) protein to the angiotensin-converting enzyme 2 (ACE2) 

receptor during the initial infection of humans [11]. 

The rapid spread of this pandemic may be explained by the S protein of SARS-CoV-2's 10–

20 times greater binding affinity for ACE2 than SARS-CoV [12]. Type 2 transmembrane 

serine protease (TMPRSS2), a cellular protease that is specifically found in alveolar epithelial 

type II cells, further primes S protein to facilitate coronavirus entrance and viral uptake. 

Many tissue cells, such as those in the airways, cornea, esophagus, ileum, colon, liver, 

gallbladder, heart, kidney, and testis, typically express the ACE2 receptor. The much wider 

spread of TMPRSS2 expression suggests that ACE2, not TMPRSS2, may be a primary and 

limiting determinant for viral entry in the early stages of infection [13, 14]. 

Notably, SARS-CoV-2 invasion and transmission in host cells can be inhibited by 

pharmacological intervention targeting ACE2 and TMPRSS2 [15, 16]. The binding of the S 

protein to ACE2 in the viral entry process entails multiple steps, which helps to clarify the 

mechanism of viral entry into host cells: Attachment: The SARS-CoV-2 S protein attaches 

itself to the host cell's ACE2 receptor. 

Priming: A host protease enzyme known as TMPRSS2 subsequently cleaves the S protein. 

The S protein's shape changes as a result of this cleavage, revealing a fusion peptide that 

makes it easier for the viral and host cell membranes to fuse. Fusion: The viral genetic 

material (RNA) can enter the host cell when the viral membrane merges with the host cell 

membrane. 

Replication: The viral RNA serves as a template for the production of additional viral 

proteins and RNA once it has entered the host cell. The freshly generated viral proteins and 

RNA come together to form new viral particles, which are subsequently expelled from the 

host cell to infect further cells. All things considered, the SARSCoV-2 S protein's attachment 
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to the host cell's ACE2 receptor is essential to the virus's entrance and the subsequent 

generation of COVID-19. To effectively prevent and cure COVID-19, it is essential to 

comprehend the molecular mechanisms underlying this process [17,18]. 

More recent data suggests that SARS-CoV-2 enters cells, particularly immune cells, 

independently of ACE2 [19]. 

It is unclear what pathogenic effects ACE2-independent SARS-CoV-2 entrance into host 

cells will have. Furthermore, it is still unknown if the extrapulmonary symptoms, like multi-

organ failure, are a direct result of the virus infecting those tissues or if the host's 

inflammatory response is to blame.  

 

 

 

 

 

 

 

 

Interaction And Entry Of SARS-COV-2 
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Early stage of infection: 

SARS-CoV2 begins to multiply and spread in the nose and upper airways after entering cells 

in the upper respiratory tract. The high viral load of infected people, which peaks around the 

start of symptoms, makes them extremely contagious even if they may not exhibit any 

symptoms at this point [20, 21]. 

The virus may then move through the ciliated cells in the conducting airways from the nasal 

epithelium to the upper respiratory tract [22, 23].  

In addition to coughing or sneezing, infected people might also release virus particles while 

they converse, eat, or even exhale during daily activities. According to many studies 

conducted on various populations, pre-symptomatic transmission is thought to be a major 

factor in viral transmission, accounting for 9.1% to 62% of positive cases [24,25,26]. 

Additionally, the virus spreads during the course of the illness and may even persist after the 

symptoms have subsided [27]. 

Early on, those who are infected show signs of fever, lethargy, coughing, and sputum 

production. The adaptive immune response is started by the host mounting an innate response 

that is mediated by cytokines and antiviral interferons. At this point, the host may be able to 

regulate viral replication and reduce the severity of the disease if they can generate a robust 

interferon-mediated response, as is the case in adults and children [28, 29, 30].  

Although the exact mechanisms of early viral clearance are still unclear, interferons play a 

crucial role in viral elimination due to their strong antiviral activity and strong over 

expression in patients with moderate illness [31]. 
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Last Stage Of Infection: 

COVID-19 symptoms, which can vary in intensity and length, are a sign of the clinical phase 

or later stage of the infection, which can occur in subjects who are unable to eradicate the 

virus in its early stages [32]. 

A fifth of infected patients are thought to develop severe symptoms like acute respiratory 

distress syndrome (ARDS), disseminated intravascular coagulation (DIC), and pulmonary 

embolism as their infection spreads to the lower respiratory tract, where it affects the alveolar 

epithelial type II cells.  

Three separate phases can be distinguished in the clinical phase of SARS-CoV-2: the 

lethal/recovery phase, the viremia phase, and the acute or pneumonia phase. Imaging 

indications of ground-glass opacity or consolidation in the lung, along with pulmonary 

symptoms such coughing, sputum production, and dyspnea, are what define the acute phase 

of pulmonary illness. The development of ARDS in COVID-19 is characterized by hyaline 

membrane formation, desquamation of pneumocytes, and diffuse alveolar injury [33].The 

deadly illness is exacerbated by the pulmonary vasculature's increased permeability, which 

hinders oxygen diffusion. One of the many multifactorial factors that contribute to lung 

permeability during COVID-19 is the direct cytopathic effects of the coronavirus in infected 

endothelium, which can lead to extensive endothelialitis [34]. The kallikreinbradykinin 

pathway, which increases vascular permeability, is indirectly enhanced by SARS-CoV-2's 

Clearance 

EARLY STAGE OF INFECTION 
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decrease of ACE2 activity and the ensuing rise in angiotensin [35]. Immune cells like 

activated neutrophils release vasoactive mediators and inflammatory cytokines that cause 

endothelial cells to contract and weaken their tight connections. Fluid retention is encouraged 

by the breakdown of glycocalyx and the deposition of hyaluronic acid in the extracellular 

matrix [36]. 

Reduced blood oxygenation, a sign of the severity of the disease, is a result of compromised 

lung function brought on by increased lung vascular permeability. When the virus infiltrates 

the peripheral circulation, the viremic phase starts. Although little is known about the 

molecular mechanisms behind COVID-19 viremia, it has been demonstrated that the virus's 

ACE2-independent entrance into peripheral monocytes increases pyroptotic cell death and the 

severity of the illness [37]. Multiple systemic inflammation and multiorgan failure are caused 

by the viremia and the host reaction that follows. 

It is challenging to identify the precise mediator of the inflammatory response during severe 

COVID-19 because the inflammatory response is mediated by a simultaneous increase in 

multiple inflammatory cytokines, including TNF-a, interferons (IFN-b, IFN-l), MCP-1, MIP-

1 a, IL-1a, IL-1b, IL-6, IL-8, IL-12, and IL17 [38]. The significance of cytokines in COVID-

19 is further complicated by the possibility that the early inflammatory response aids the host 

in limiting viral multiplication. It should come as no surprise that treatments that targeted 

particular cytokines, like TNF-a or IL-6, produced inconsistent outcomes [39,40]. 

A chronic illness that presents both locally and systemically mediates the fatal phase. Severe 

patients had a markedly higher inflammatory response, as evidenced by cytokine storm and 

coagulation factors, than non-severe patients [41,42]. The lung tissue sequesters neutrophils, 

CD4 helper T cells, and CD8 cytotoxic T cells during this phase [43].  

The tissue damage may be exacerbated by the host cells' ongoing apoptosis, necrosis, or 

pyroptosis. Furthermore, the inflammatory environment increases the activation of the 

coagulation cascade in the lungs by inducing the production of activated tissue factor on 

neutrophils, macrophages, and endothelial cells [44]. At this point, coagulation pathway 

markers such Ddimer overexpression are readily apparent. Wichmann et al. showed in an 

autopsy research that pulmonary embolism (PE) was directly responsible for one-third of the 

deaths and that 58% of COVID-19 patients had concurrent DVT [45].  

SARS-CoV-2-related vasculitis may be the cause of ischemia symptoms in several organs, as 

evidenced by the possible involvement of thrombosis in pulmonary veins distal to the 
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alveolar capillary bed, which ought to serve as clot filters [46]. 

Because of this, severe COVID-19 is a multisystem illness that affects more than just the 

respiratory system. It can cause cardiac damage, arrhythmia, acute coronary syndrome, and 

venous thromboembolism, among other cardiovascular symptoms. These symptoms are 

directly linked to the severity of the illness and its development into a fatal condition [47]. 

Given all of these characteristics, immunomodulatory drugs and anticoagulant therapy are 

most likely required to reduce the prothrombotic and hyperinflammatory states [48]. 

 

 

 

ADR Reporting: 

Paxlovid 

Pregnant women and other high-risk populations are more likely to experience negative 

consequences from an acute COVID-19 infection [49,50]. In their research of a cohort of 

91,412 women, including 8207 pregnant women, Ellington et al. discovered that being 

pregnant was linked to a significantly greater risk of hospitalization (relative risk, 0.9; 95% 

confidence interval 0.5–1.5) [51]. 

According to Troiano et al.'s narrative evaluation of 15 research, women's lower vaccination 

acceptance rate may further increase the risk among pregnant women [52]. Nonetheless, it is 

thought to be rare for SARS-COV-2 to spread through breast milk [53]. Due to adverse 

Thrombosis 

Last Stage Of Infection 
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effects and contraindications, some women who are pregnant or nursing may not be able to 

receive vaccinations [54]. 

Thirty percent of patients had three or more negative effects, and eighty-five percent reported 

at least one. Most effects appeared 1-2 hours after taking Paxlovid and went away 24 hours 

after quitting the drug. In a meta-analysis of 13 studies, Zheng et al. also concluded that the 

usage of Paxlovid was safe and effective for the approved population [55]. 

Seven pregnant patients who got nirmatrelvir/ritonavir medication and had a remission of 

their symptoms without any immediate negative effects were the subject of a retrospective 

descriptive study by Loza et al. There were no negative effects on the fetus or newborn [56]. 

In comparison to control, they found that COVID-19 patients receiving nirmatrelvir/ritonavir 

had a significantly lower death rate and a lower chance of developing a severe illness; 

additionally, the effects were more noticeable in cases of immunosuppression and 

neurological or cardiovascular comorbidities. Their results support the idea that nirmatrelvir 

and ritonavir can change the disease's progression and mortality rate [57]. 

In order to investigate the use of nirmatrelvir/ritonavir in pregnant women, Loza et al. 

conducted a brief follow-up on seven pregnant women with non-severe COVID-19 who were 

prescribed nirmatrelvir/ritonavir at varying gestational ages [58]. Prikis and Cameron 

recently reported that acute renal impairment and an abruptly elevated tacrolimus level in a 

kidney transplant patient undergoing nirmatrelvir/ritonavir medication necessitated stopping 

treatment. According to their findings, nirmatrelvir/ritonavir's inhibition of tacrolimus' 

metabolism may result in adverse effects, such as acute renal damage, from elevated 

concentrations of tacrolimus and its metabolites. For this reason, alternative 

immunosuppressive medications or a reduction in the daily dosage of tacrolimus  should be 

taken into consideration during the course of COVID-19 treatment [59]. 

Yet, according to certain research, nirmatrelvir/ritonavir may cause typical adverse effects 

such headache, nausea, loose stool, and a distorted sensation of taste. Elevated blood pressure 

and muscle pains were also observed seldom [60]. The Malaysian National Pharmaceutical 

Regulatory Agency received 1001 complaints of 1714 Paxlovid®-related adverse events at 

the beginning of October 2022. Bitter taste (562 instances), diarrhea (247 cases), dysgeusia 

(134 cases), vomiting (70 cases), and nausea (69 cases) were the most frequently reported 

side effects [61]. Early identification of ADRs linked to Paxlovid® may improve patient 

outcomes and lessen the financial strain on the healthcare system.Pharmacists routinely 
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monitor unusual ADRs, such as anaphylaxis and hypersensitivity responses, in addition to 

frequent ADRs [62]. 

Mechanism of Action:  

Nirmatrelvir's presence in the body is prolonged and its activity is increased when Ritonavir 

inhibits cytochrome P450 3A4, the enzyme that is in charge of Nirmatrelvir metabolism [63]. 

Nirmatrelvir, which binds from its nitrile site to the cited dyad of Mpro, is an oral protease 

inhibitor that was found in 2021 while trying to create medicines that block SARS-CoV-2 

3CLpro [64]. Ritonavir is a tripeptide that binds to the functional location of HIV protease to 

block it [65]. 

Furthermore, all seven human coronavirus types—including betacoronaviruses (MERS-CoV, 

SARS-CoV-1, SARS-CoV-2, HCoV-OC43, and HCoV-HKU1) and alphacoronaviruses 

(HCoV-NL63 and HCoV-229E)—can have their Mpro proteolytic activity strongly inhibited 

by nirmatrelvir [66]. Molnupiravir works by attaching itself to the RNA-dependent RNA-

polymerase, which results in a series of mistakes that eventually cause "lethal mutagenesis" 

and stop the virus from replicating [67]. The viral protease Mpro, which is necessary for viral 

replication, is inhibited by nimmatrelvir [68]. It is a CYP3A4 inhibitor and is given with 

ritonavir to improve pharmacokinetics [69]. 
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Remdesivir: 

Recent publications on adverse medication reactions are based on preliminary data. 

Hypersensitivity, anaphylaxis and infusion-related events (rare), transaminase elevation (very 

common), nausea (common), headache (common), rash (common), and renal impairment 

(precaution) are among the known possible risks [70]. Even in individuals with impairment, 

remdesivir did not significantly alter glomerular filtration rate or liver enzymes, according to 

a team of researchers studying renal, cardiac, and hepatic safety. Even with significant 

cardiovascular system (CVS) comorbidity, they saw a decrease in heart rate but no damage to 

the CVS [71]. 

With a 23% frequency, elevated liver enzymes were the most frequent adverse event in this 

trial. Furthermore, the increased liver aminotransferase was the reason for one of the four 

patients to stop receiving medication [72]. But according to the same study, grade 1–2 

hypoalbuminemia (15:13%) and grade 1–2 elevated bilirubin (9:10%) were the most frequent 

liver side events, the latter of which also resulted in medication cessation (1%) [73]. In two 

further case reports, patients who had previously received lopinavir/ritonavir treatment and 

were taking remdesivir with or without HCQ showed evidence of hepatic enzyme increase 

[74]. 

In terms of event type, cardiac events, renal/urinary tract diseases, and hepatic/hepatobiliary 

disorders accounted for the majority of recorded adverse events. In this regard, the remdesivir 

clinical research program has already reported hepatotoxicity, with certain cases in both 

healthy volunteers and COVID-19 patients raising concerns about possible hepatobiliary 

problems linked to its use [75]. In their investigation on the compassionate use of remdesivir 

for the treatment of COVID-19, Grein et al. found that patients experienced hematuria (4%), 

acute kidney injury (6%), and renal impairments (8%) [76]. Furthermore, as stated in the 

SmPC, evaluations of liver function and estimated glomerular filtration rate (eGRF) must be 

performed both prior to and during antiviral medication [77]. Remdesivir use may be linked 

to a higher chance of reporting bradycardia.Specifically, the authors discovered that 302 out 

of 2.603 ICSRs in VigiBase were suggestive of a cardiac adverse event associated with the 

usage of remdesivir. Bradycardia accounted for 94 of these cardiac complaints; the majority 

were severe, with some of them being fatal (17%) [78]. 
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Mechanism of Action: 

Remdesivir is an analog of a nucleotide [79]. Many viral RNA-dependent RNA polymerase 

(RdRp) complexes use the triphosphate form of RDV, or RDV-TP, as a substrate. It has been 

shown to inhibit viral RNA synthesis for all three coronaviruses (MERS-CoV, SARS-CoV, 

and SARS-CoV-2) RdRp through a particular mechanism of delayed chain termination [80]. 

Viral RNA-dependent RNA-polymerases (RdRp) are anticipated to be inhibited by the 

intracellular anabolism of the active triphosphate metabolite (NTP), which is necessary for 

the mechanism of action of Nuc [81].  

By targeting the Ebola virus's RdRp and preventing viral RNA synthesis after an effective 

intracellular conversion to NTP in non-human primates, GS-5734 specifically prevents the 

virus from replicating. Although this chemical was inert against alphaviruses or retroviruses, 

it exhibited a wide range of antiviral activity against numerous RNA viruses, such as the 

respiratory syncytial virus (RSV), Junín virus, Lassa fever virus, and Middle East respiratory 

syndrome virus [82]. 

 

 

 

 

Journal For Basic Sciences ISSN NO : 1006-8341

Volume 25, Issue 8, 2025 PAGE NO: 265



Conclusion: 

The SARS-CoV2 virus causes coronavirus disease 2019 (COVID-19), a systemic 

thrombohyperinflammatory vasculitis with symptoms ranging from a simple cold to a serious 

acute respiratory infection.The World Health Organization (WHO) designated COVID-19 a 

pandemic on March 11, 2020; since then, 51.7 lakh deaths and 25.9 crore infections have 

been reported globally. To date, 4.67 lakh deaths and 3.45 crore infections have been reported 

in India. Yet, according to certain research, nirmatrelvir/ritonavir may cause typical adverse 

effects such headache, nausea, loose stool, and a distorted sensation of taste. Elevated blood 

pressure and muscle pains were also observed seldom. Nirmatrelvir's presence in the body is 

prolonged and its activity is increased when Ritonavir inhibits cytochrome P450 3A4, the 

enzyme that is in charge of Nirmatrelvir metabolism. The viral protease Mpro, which is 

necessary for viral replication, is inhibited by nimmatrelvir.  Use of remdesivir for the 

treatment of COVID-19, Grein et al. found that patients experienced hematuria (4%), acute 

kidney injury (6%), and renal impairments (8%). Cardiac adverse event associated with the 

usage of remdesivir. Remdesivir is an analog of a nucleotide.  
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