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Abstract

The development of severe SARS-CoV-2 pneumonia is characterized by extensive lung
inflammation, which, in turn, leads to respiratory distress and a decline in blood oxygen
levels. Hospital admission, along with intensive care or ventilator usage, becomes nec-
essary because this condition leads to serious respiratory problems. This review aims
to provide a comprehensive overview of the pathophysiological mechanisms, diagnos-
tic methods, and current therapeutic options for pneumonia caused by the SARS-CoV-2
virus. The pathophysiological process of severe pneumonia due to SARS-CoV-2 infection is
characterized by direct lung damage from viral replication, an excessive immune system
response, inflammation, impaired gas exchange, and multi-organ failure. The coexistence
of various medical conditions leads to substantial lung impairment, resulting in hypoxia
and respiratory failure, which can ultimately lead to fatal outcomes. The diagnosis of
severe SARS-CoV-2 pneumonia is made through a combination of clinical, radiologic, and
laboratory findings. A multifaceted approach integrating antiviral therapy, corticosteroids,
oxygen supplementation, ventilatory management, and immunomodulation is imperative
to control inflammation and enhance clinical outcomes. Early intervention, meticulous
monitoring, and personalized care are paramount for enhancing survival and mitigating
complications in critically ill patients with COVID-19 pneumonia.
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1. Introduction
The SARS-CoV-2 virus causes pneumonia because infection leads to acute respira-

tory distress and other complications. While most people infected with the SARS-CoV-2
virus have mild symptoms, about 14% develop severe symptoms that require hospital-
ization due to pneumonia, and 5–10% develop critical symptoms that CoV-2 virus have
mild symptoms, about 14% develop severe symptoms that require hospitalization due to
pneumonia, and 5–10% develop critical symptoms that require intensive care, including
mechanical ventilation due to acute respiratory distress syndrome (ARDS) [1]. The entry of
the SARS-CoV-2 virus into the lungs leads to inflammatory responses that create breath-
ing difficulties, which can become fatal [2]. In severe cases of novel coronavirus disease
(NCD) (also referred to as severe acute respiratory syndrome (SARS)), caused by the severe
acute respiratory syndrome (SARS)-coronavirus-2 (SARS-CoV-2) virus, symptoms include
hypoxia, which can progress to acute respiratory distress syndrome (ARDS) or multiple
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organ failure, requiring medical intervention, including mechanical ventilation and oxygen
therapy and sometimes extracorporeal membrane oxygenation (ECMO) [3]. The diagnosis
of severe pneumonia due to SARS-CoV-2 infection necessitates a comprehensive evaluation
by medical specialists using clinical indicators, as well as X-ray or computed tomogra-
phy (CT) images, together with polymerase chain reaction (PCR) testing and the analysis
of laboratory results to determine both the extent of the lung damage and the severity
of the disease [2]. Timely diagnosis and prompt medical intervention are essential for
improving outcomes in patients with severe SARS-CoV-2 pneumonia. In this narrative
review, we synthesized data from the literature on the pathophysiological mechanisms
and diagnostic methods of pneumonia caused by the SARS-CoV-2 virus. Management
options for these severe cases of COVID-19 and current therapeutic options were also
addressed. The objectives of this study were to systematically extract data on the prognosis
and evolution of patients with severe cases of pneumonia caused by the SARS-CoV-2 virus
and to highlight the particularities of the management of these cases. The PubMed database
and Google Scholar were utilized for the documentation process. The selection of articles
was based on keywords such as “COVID-19”, “SARS-CoV-2”, “SARS-CoV-2 pneumonia”,
“COVID-19 pneumonia”, “respiratory failure”, and “acute respiratory distress syndrome”.
These sources highlight the evidence-based progress made in COVID-19 therapeutics since
2023 and provide an authoritative context for the challenges of immune escape, antiviral
resistance, and clinical outcomes in the Omicron era.

2. Pathophysiology
The development of severe pneumonia in patients infected with SARS-CoV-2 is driven

by a complex interplay of immune responses and virus-induced lung tissue destruction.
In severely affected patients, SARS-CoV-2 infection of the lower respiratory tract

triggers a dysregulated immune response, leading to diffuse alveolar damage, increased
alveolar–capillary permeability, and widespread inflammation and coagulopathy [4]. How-
ever, although lung pathology constitutes the most frequent data, COVID-19 represents
a systemic illness: direct viral damage, hyperinflammation, and endotheliopathy may
involve many other organ systems [5]. SARS-CoV-2 can enter the cells of the body with the
help of its spike glycoprotein [6]. The S1 subunit of the spike links to the receptor on target
cells, angiotensin-converting enzyme 2 (ACE2), and the S2 subunit facilitates viral envelope-
to-cell membrane fusion [6,7]. The spike must be cleaved by a host cell protease (TMPRSS2
on respiratory epithelial cells) at the S2 site to activate membrane fusion and permit entry
of the viral RNA into the cytoplasm [8]. Within the respiratory system, the virus infects
ciliated cells in the nasopharynx and the trachea, which, unable to be contained early by
the immune system, can eventually infect the alveoli [9]. The primary target in the lungs is
alveolar type II pneumocytes that highly express ACE2 [4]. The functional role of these cells
is to secrete the surfactant, but they are also alveolar repair progenitors; thus, their infection
and SARS-CoV-2 destruction help undermine the alveolar structure and recovery [10]. The
virus then replicates itself once inside the cell, resulting in the formation of double-stranded
RNA intermediates, which trigger host defenses against viruses [10]. The stimulation of the
innate immune sensing pathways sensitizes SARS-CoV-2 infection and exports interferons
and pro-inflammatory cytokines [11]. Pattern recognition receptors identify viral RNA (e.g.,
RIG-I, MDA5, and endosomal TLRs) and induce the generation of type I/III interferons
(IFNs) and tens of interferon-stimulated genes with antiviral effects [12]. This coordinated
innate response is responsible for infection in many patients. Nevertheless, the late and
dysfunctional early interferon response defines severe COVID-19, when viral replication
and antigen loads are maximal [13]. The outcome is a cytokine storm, overenthusiastic
immune stimulation with an increase in interleukins (IL-1b and IL-6), tumor necrosis factor
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(TNF), and other inflammation factors [14]. SARS-CoV-2’s downstream activation of the
NLRP3 inflammasome in macrophages results in both the overproduction of IL-18 and
cell death (pyroptosis) due to an inflammatory mechanism, which also enhances tissue
injury at localized sites [15,16]. The infected lungs are highly infiltrated by neutrophils
and monocytes, which liberate proteases, reactive oxygen species, and chemokines, which
damage alveolar structures [17]. In the meantime, T cells and natural killer (NK) cells
can develop pathological cytotoxic activity, which can lead to immunopathology [18]. In
general, there is a high propensity to blunt the adaptive immune response in critical illness,
and an exuberant innate inflammatory cascade results in collateral damage to lung tissue
and other organs. Diffuse alveolar damage is the diagnostic histopathological feature of
severe COVID-19 pneumonia and the prototypical lesions of ARDS [19]. Diffuse alveolar
damage (DAD) includes damage to the alveolar epithelium and endothelium in capillaries
in large areas; the acute exudative stage is manifested by interstitial edema of the lungs
and intra-alveolar edema, a fibrinous hyaline membrane covering alveoli, and pneumocyte
necrosis [20]. In COVID-19 autopsies, lungs generally exhibit DAD in exudative and early
proliferative stages, which consist of proteinaceous edema, hyaline membranes, massive
loss of type I and type II pneumocytes, congested capillaries with microthrombi, and hy-
perplasia of the surviving type II cells as a failed organization repair attempt [21]. In these
pathological alterations, there is a relationship with the clinical picture of ARDS: refractory
hypoxemia and poor compliance. The intense leakage of fluid into air spaces results from
damage to the alveolar–capillary barrier [10]. Gas exchange is grossly affected by the flood-
ing of alveoli and the development of deposits of hyaline membranes [22,23]. The death of
functional type II cells also leads to the loss of surfactant, which supports alveoli collapse
(atelectasis) [24]. Some patients with DAD develop fibrotic lung evolution after the acute
stage of the disease despite life-saving recovery, which could cause long-term pulmonary
fibrosis effects [25]. A notable characteristic of COVID-19 ARDS is severe coagulopathy in
the lungs. SARS-CoV-2 infection has been shown to result in the destruction of lung tissue,
accompanied by endothelial dysfunction and abnormal clotting, leading to microvascular
thrombosis (Figure 1). The development of pulmonary embolism contributes to exacer-
bated hypoxia, resulting in additional damage to the lungs [26,27]. The presence of signs
consistent with disseminated intravascular coagulation (DIC) has been observed in patients,
resulting in abnormal blood clotting throughout the body. This has been linked to bleeding
complications and thrombosis [28,29]. The pulmonary microcirculation can become pro-
thrombotic, which is caused by endothelial injury and inflammatory mediators [30]. Severe
COVID-19 cases often have fibrin-rich microthrombi in the small pulmonary arterioles and
capillary structures [31]. A damaged endothelium leads to the production of tissue factor
and stimulates extrinsic clotting, whereas pro-inflammatory damage liberates intracellular
DAMPs, triggering the intrinsic clotting pathway [32]. Platelets aggregate at sites of vas-
cular injury and, together with leukocytes, form intravascular thrombi. Neutrophils also
secrete multi-stranded, structured DNA, protein molecules called neutrophil extracellular
traps (NETs) that can trap platelets and directly initiate the coagulation process (so-called
immunothrombosis) [33]. This yields non-localized fibrin deposition in the lung and clot-
ting factors and platelets. On the clinical level, prevalent D-dimer elevation (a marker of
processed fibrin) and thrombocytopenia in patients with severe COVID-19 are associated
with poorer outcomes [34]. Early anticoagulation showed lower mortality, and therefore,
coagulopathy was the most critical pathophysiology determinant of COVID-19 [35]. Over-
all, the combination of alveolar edema, inflammatory cell infiltrates, and microvascular
thromboses results in an environment known as a pulmonary cytokine storm, leading to
ARDS with severe hypoxemia.
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Figure 1. The pathophysiology of severe SARS-CoV-2 pneumonia: 1. Virus entry and infection:
SARS-CoV-2 binding to ACE2 receptors in alveolar cells. 2. Immune response: overactivation of
the immune system (cytokine storm (IL-6, TNF-α, and IL-1β)). 3. Alveolar damage and edema—
increased vascular permeability, leading to fluid buildup. 4. Hypoxemia: impaired gas exchange
due to inflammation and microthrombi in pulmonary capillaries. 5. Fibrosis and ARDS: long-term
damage, leading to ARDS.

Severe pneumonia cases result in immune system overload, which renders patients
vulnerable to secondary bacterial or fungal infections, thus exacerbating the existing com-
plications of pneumonia [36]. Systemic inflammation induced by an infection can lead to
multi-organ dysfunction, affecting vital organs such as the heart, kidneys, and liver. This
arises from the body’s inability to effectively regulate the robust inflammatory response [37].

A substantial proportion of individuals demonstrate resilience to viral infections, often
exhibiting recuperation after the cessation of viral replication [38].

SARS-CoV-2 infection can also cause long-term multisystem health challenges even
after the acute process of this disease has passed. Such post-acute sequelae of COVID-19
(usually called Long COVID or PASC) include a vast range of malfunctions of multiple
organs, including the central nervous system (CNS) and cardiovascular system [39]. Long-
term effects are more prevalent in the wake of severe COVID-19, but by now it has become
clear that even mild infections may lead to chronic cases of illness or organ damage [40,41].
These long-term effects can extend to months or years and are quite problematic for
patients and the health system. The most reported long-term impacts of COVID-19 include
neurological and neuropsychiatric sequelae. About 1/3 of all COVID-19 patients who
have recovered show some type of neurological or psychiatric disorder even six months
after the disease [42]. It is believed that the virus induces both direct viral invasion of the
CNS (e.g., through the olfactory bulb or by breakdown of the blood–brain barrier) and
a hyperinflammatory state, which causes thromboses and neuroinflammation [40,43,44].
These processes may lead to higher chances of cerebrovascular diseases such as stroke and
various CNS signs. Clinically, post-COVID-19 subjects have reported cognitive impairment
(or brain fog), as well as memory and concentration problems, headaches, psychiatric
problems, sleep disturbance, and even encephalitic syndromes [45]. This observation
also raises the fear that the long-term risk of developing diseases such as Alzheimer’s
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and Parkinson’s may be increased by the acceleration of neurodegenerative processes
due to the chronic neuroinflammatory milieu in COVID-19 survivors [46]. Neurological
manifestations of Long COVID, hence include not only light cognitive abnormalities but
also severe issues, which is why the monitoring of neurological disorders should continue
in convalescent patients. Long-term cardiovascular complications have also been reported
in COVID-19 survivors. The vasculature and the heart can be infected by SARS-CoV-2,
and the ensuing inflammatory and immune responses can cause acute damage to the
cardiovascular system, which can result in arrhythmias and acute cardiac injury, as well
as myocarditis, thromboembolism, and other cardiac disorders [40]. Some acute cardiac
impairments may resolve, but new literature suggests that COVID-19 causes a higher risk
of developing new cardiovascular diseases over the long term. Survivors of COVID-19 are
more likely to develop new-onset heart diseases—such as ischemic heart disease, heart
failure, arrhythmias, and blood clot disorders—compared to those never infected [47]. It is
projected that individuals recovering from SARS-CoV-2 infection will experience persistent
cardiovascular manifestations, including ongoing myocarditis, vascular dysfunction, and
arrhythmias, which could heighten their long-term susceptibility to cardiovascular diseases,
like myocardial infarction and stroke [40,47]. These findings indicate that COVID-19 could
leave a long-term mark on cardiovascular health and yet require close cardiac monitoring
and the treatment of risk factors in patients who have recovered.

The treatment of patients diagnosed with NCD presents a particular challenge when
those affected suffer from pre-existing health conditions or exhibit compromised immune
systems. In such instances, managing immune responses through therapeutic interventions
becomes a particularly challenging aspect of treatment.

3. Diagnosis of Severe SARS-CoV-2 Pneumonia
Successfully identifying severe pneumonia caused by SARS-CoV-2 infection requires

clinical assessments and laboratory examinations, as well as imaging analysis and microbi-
ological evaluations.

Patients experiencing infection show symptoms that include fever and cough, short-
ness of breath, and fatigue with muscle aches [48,49]. In cases of acute pneumonia, patients
may develop respiratory distress accompanied by chest discomfort, disorientation, and
cyanosis [50].

The clinical assessment identifies patients at high risk by evaluating various factors.
These include the patient’s age, health problems such as hypertension and diabetes, cardio-
vascular disease, ongoing respiratory conditions, and a history of contact with viruses [51].
During physical examination, clinicians may detect indications of respiratory distress,
including tachypnea and the utilization of accessory muscles to facilitate respiration. Addi-
tionally, they may discern unusual lung sounds, such as crackles or wheezes, and observe
signs of hypoxia, including a decline in oxygen saturation and the presence of cyanosis [52].

Pulse Oximetry is an early diagnostic instrument used to measure oxygen saturation
values [53]. The clinical presentation of severe pneumonia is characterized by oxygen satu-
ration levels that fall below 90%. A diagnosis of respiratory failure severity is determined
by the values obtained from Arterial Blood Gas (ABG) testing, which measures hypoxemia
levels in conjunction with carbon dioxide retention and acid–base disturbances [54]. The
phenomenon of an extremely low arterial oxygenation in COVID-19 patients with normal
or near-normal clinical findings is known as happy or silent hypoxia [55,56]. This syn-
drome is unique to SARS-CoV-2 pneumonia and differs from historic acute airway distress
syndrome because most patients have reasonably normal lung compliance and stay alert
even with severe levels of hypoxemia [55,57]. Case reports demonstrate that it may cause a
sudden worsening and unexpected death because of the delayed identification and treat-
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ment of this phenomenon [55,56]. Two principal mechanisms cause happy hypoxia. First,
there are blunted chemoreceptive responses: SARS-CoV-2 can cause blunted ventilatory
drive secondary to impaired carotid body chemoreceptors and autonomic neuropathy, or
perhaps through central hypoxic ventilatory depression (HVD) [56]. The minireview by
Kimura suggests central accumulation of adenosine and carotid body dysfunction, and this
lowers the respiratory drive, which is partly stimulated by aminophylline [56]. Second,
there is ventilation–perfusion mismatch: COVID-19 causes ventilation–perfusion mismatch,
shunting, and endothelial damage without affecting lung mechanics, leading to severe
hypoxemia but not causing hypercapnia or dyspnea [55,57]. Respiratory alkalosis causes a
leftward shift in the oxyhemoglobin dissociation curve, which complicates the interpre-
tation of the pulse oximeter and delays the clinical response. Hypoxemia levels in severe
exacerbations are not accompanied by dyspnea, which contributes to underestimating
disease severity, subsequent delayed treatment with oxygen, and an increase in care [55]
administration, with mechanistic logic and preliminary clinical experience guidance [56].
Further research is needed to delineate the predictors of chemoreceptor dysfunction and
the role of pharmacological sensitization of respiratory drive. Clinicians generally begin
the assessment process with a chest X-ray examination. In patients with severe pneumonia
from SARS-CoV-2, the aforementioned imaging findings may include bilateral infiltrates,
consolidation, ground glass opacities, or air bronchograms, which indicate active lung
inflammation and structural damage [58]. The disease stage is determined by evaluating
whether the X-ray results appear normal. In instances in which X-rays provide no beneficial
information, healthcare providers should consider conducting CT scans.

The High-Resolution Chest CT Scan (HRCT) is superior in detecting lung involvement
compared to other scans [59]. The diagnostic findings in cases of pneumonia due to novel
coronavirus (SARS-CoV-2) include ground glass opacities, which are characterized by
inflammation and fluid accumulation. The typical consolidation pattern, characterized
by interlobular septal thickening and ground glass opacities, is also present [60,61]. The
most serious cases reveal deteriorating pulmonary progression through increasing areas of
consolidated tissue in imaging tests. Lung abnormalities, which appear as ground glass
opacities in COVID-19 patients, make chest X-rays and CT scans suitable for AI-based
screening evaluation.

Convolutional neural networks (CNNs) have been proven to recognize medical pat-
terns in imaging results at a level that equals or surpasses human expert radiologist
achievements, especially in deep neural networks [62,63]. Both deep transfer learning
model (GoogleNet) and the Residual Network (ResNet-50) are the most effective among
the examined methods, according to [64,65]. The ensemble model delivers spectacular
outcomes to substantially improve deep learning performance. Multiple computational
models, named MultiCOVID, diagnose COVID-19 pneumonia and heart failure, and non-
COVID-19 pneumonia and healthy patients by processing both chest X-rays and laboratory
tests [66].

The diagnosis of COVID-19 relies on the primary diagnostic test, which involves
reverse transcription polymerase chain reaction (RT-PCR) analysis of respiratory samples
taken from the nasopharyngeal or oropharyngeal regions [67]. Positive results confirm
SARS-CoV-2 infection. Respiratory tract virus levels that are high indicate worse disease
outcomes, but these levels differ from patient to patient in terms of symptom severity. The
course of severe pneumonia creates conditions that allow bacterial and fungal infections
to start. Sputum culture and bronchoalveolar lavage testing help detect extra pathogens
and guide medical care when antiviral treatment is insufficient in treating pneumonia
cases [68,69].
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If bacteremia is suspected, blood cultures may be obtained to identify secondary
bacterial infections. Severe COVID-19 pneumonia leads to elevated white blood cell
counts due to inflammation, while some patients display lymphopenia [70]. Elevated
C-Reactive Protein (CRP) levels are a marker of systemic inflammation and can be used to
monitor disease severity and response to treatment [71,72]. Ferritin measures inflammation,
therefore, its levels increase when patients experience severe disease [73]. Procalcitonin
may be normal or slightly elevated, and it is used to rule out bacterial coinfection [74]
(Figure 2). Elevated D-dimer levels are associated with hypercoagulability and indicate the
possibility of microvascular thrombosis or a dangerous condition known as disseminated
intravascular coagulation (DIC), which can affect severe COVID-19 cases [75]. The tests
evaluate liver and kidney health to determine whether COVID-19 has spread to multiple
body organs, since severe COVID-19 cases commonly affect multiple organs.

 

Figure 2. The main assessments used to diagnose SARS-CoV-2 pneumonia include the evaluation of
clinical symptoms; a blood test, including a coagulation test; and radiological and inflammatory tests.

In instances of severe pneumonia complicated by cardiac involvement, particularly
when myocarditis is present, an echocardiogram may facilitate the evaluation of cardiac
function. An electrocardiogram (ECG) is indicated for the evaluation of cardiac conditions
in patients exhibiting symptoms of arrhythmias or heart-related manifestations.

Medical professionals evaluating SARS-CoV-2 must check for bacterial, fungal, and
other viral pneumonia to properly identify COVID-19 pneumonia during testing [76].
Clinicians should test for Streptococcus pneumoniae, Haemophilus influenzae, influenza, and
respiratory syncytial virus, among other possible viral infections.

The classification of severe SARS-CoV-2 pneumonia depends on three main factors,
including oxygen need and the extent of respiratory failure, as well as intensive care require-
ments [77]. For mild pneumonia, administering supplementary oxygen is recommended
for minimal periods, provided that the patient does not exhibit signs of respiratory distress.
Patients diagnosed with moderate pneumonia require treatment with low-flow oxygen
combined with non-invasive ventilation support. The treatment approach for severe pneu-
monia includes high-flow oxygen therapy and invasive mechanical ventilation or ECMO
when combined with ARDS or multi-organ dysfunction symptoms.
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4. Management of Severe Pneumonia Due to SARS-CoV-2
The management of severe pneumonia due to SARS-CoV-2 infection necessitates a

multifaceted approach that emphasizes the following key elements: enhancing oxygena-
tion, regulating viral infection, mitigating inflammation, preventing complications, and
supporting organ function [78].

4.1. Supportive Care

Adequate oxygenation is the main treatment objective for severe pneumonia manage-
ment. Oxygen therapy is used to treat hypoxemia, with oxygen saturation level ideally
maintained above 90–92% [79]. The delivery of low-flow oxygen via a nasal cannula or
simple mask is an appropriate treatment for hypoxemic patients with mild to moderate ill-
ness. In patients with moderate to severe pneumonia, health professionals utilize high-flow
oxygen in conjunction with non-invasive ventilation (NIV) through continuous positive
airway pressure (CPAP) or bilevel positive airway pressure (BiPAP). In cases of severe
respiratory failure, mechanical ventilation is imperative [80].

4.2. Ventilatory Support

When managing patients with severe COVID-19 pneumonia experiencing respiratory
failure, ventilatory support is the primary treatment. The advanced stage of COVID-19
pneumonia commonly triggers ARDS, so healthcare providers need to implement ventilator
techniques to balance oxygen delivery management and the avoidance of ventilator-related
tissue damage [81–83].

4.3. Non-Invasive Ventilation (NIV)

A high-flow nasal cannula (HFNC) is often the first line of support for patients with
moderate-to-severe hypoxemia [84]. HFNCs have been demonstrated to provide signifi-
cant oxygen delivery, effectively humidifying the air through nasal cannulas with fewer
restrictions than mechanical ventilation. Its application has been demonstrated to reduce
respiratory strain and augment oxygen levels, thereby obviating the necessity for endotra-
cheal tube insertion in some cases.

The treatment approach of non-invasive positive-pressure ventilation consists of using
NIV systems such as BiPAP or CPAP for patients who have acute respiratory failure to
supply positive-pressure ventilation and better oxygenation [85].

The indications for applying non-invasive positive-pressure ventilation include pa-
tients with moderate to severe hypoxemia who have a PaO2/FiO2 ratio of 100 to 200,
together with respiratory distress symptoms, elevated breathing effort, tachypnea, or in-
creased oxygen requirements [86]. NIV should be initiated after attempting HFNC when
there is evidence of respiratory failure progression despite HFNC use. This includes the
following:

(a) Persistent or worsening respiratory distress.

◦ Increased breathing effort (e.g., the use of accessory muscles, nasal flaring, or
paradoxical breathing).

◦ The respiratory rate remains high despite HFNC support.

(b) Worsening gas exchange.

◦ SpO2 < 90% despite FiO2 ≥ 60%.
◦ PaO2/FiO2 (P/F) ratio < 200.
◦ Rising PaCO2 (hypercapnia) and/or respiratory acidosis (pH < 7.35).
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(c) Hemodynamic instability.

◦ Hypotension, altered mental status, or signs of organ dysfunction.

(d) Inability to maintain an airway or impending respiratory failure.

◦ Fatigue or signs of impending respiratory arrest.

If HFNC fails to stabilize the patient within 1–2 h, transitioning to NIV is recom-
mended to prevent further deterioration and avoid intubation. The implementation of
NIV requires active medical supervision. Clinicians must discontinue NIV for patients
who develop increasing respiratory difficulty since invasive ventilation becomes the most
appropriate treatment.

4.4. Invasive Mechanical Ventilation

The medical team is required to use invasive mechanical ventilation (IMV) for patients
who fail to respond to NIV treatments or display clinical signs indicating serious deterio-
ration in respiratory status, which includes a PaO2/FiO2 ratio below 100 and respiratory
acidosis with a pH less than 7.25, alongside carbon dioxide retention and non-invasive
ventilation failure [87].

The volume-controlled ventilation system is a critical component of the mechanical
ventilation process, facilitating the maintenance of set tidal volume ranges through the
regulated delivery of pressure. This technique has been demonstrated to help prevent
atelectasis formation and ensure consistent ventilation delivery [88]. Pressure-controlled
ventilation remains one of the primary choices for controlling plateau pressure because it
reduces ventilator-induced lung injury occurrences in ARDS patients [89]. The common
ventilator setting, the assist–control (AC) mode, enables the medical device to administer a
predetermined number of controlled breaths to patients, in conjunction with an allowance
for patient-activated supplementary breaths. Consequently, the respiratory workload is
reduced [90].

The primary objective of ventilation treatment is the use of a low tidal volume at a
rate of 6 mL/kg of ideal body weight to prevent ventilator-induced lung injury. Applying
positive end-expiratory pressure (PEEP) enables healthcare providers to halt alveolar
collapse and support lung tissue. A typical PEEP setting for patients with ARDS works
best when adjusted with care, since it helps achieve optimal oxygenation while preventing
lung over-distension [91]. The acceptance of minor carbon dioxide concentration elevations
(hypercapnia) in patients with acute respiratory distress syndrome (ARDS) is appropriate
when it decreases both barotrauma and polytrauma risks. It is imperative to maintain lung
pressure during plateau at or below 30 cm H2O to avert ventilator-associated lung injury
(VALI) [92].

4.5. Prone Positioning

Medical research demonstrates that patients who suffer from ARDS, including those
with COVID-19, can benefit from positioning themselves on their stomachs [93]. This
positioning technique facilitates the alignment of ventilation and perfusion, as well as the
recruitment of the affected dorsal areas of the lung that are typically affected in ARDS.
Prone positioning is a customary practice in mechanically ventilated patients diagnosed
with severe ARDS, characterized by a PaO2/FiO2 ratio below 150. It is recommended
that healthcare teams maintain this position for 16 to 18 h daily, if feasible [94]. Medical
staff should conduct continuous observation because the process of prone positioning
entails considerable effort and introduces significant risks, including potential skin damage,
ventilation equipment failure, and respiratory difficulties.
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4.6. Extracorporeal Membrane Oxygenation (ECMO)

Healthcare providers use ECMO to treat COVID-19 pneumonia patients whose hy-
poxemia remains unmanageable despite maximal treatment efforts. In ECMO treatment,
machines draw blood from the body to oxygenate it before returning the blood to pa-
tients, thus enabling the lungs to rest [95]. The indications for ECMO therapy include
persistent hypoxemia; a PaO2/FiO2 ratio below 50 for more than three hours, even with
best practices of mechanical ventilation; or multi-organ failure that becomes refractory to
standard therapeutic interventions [96]. There is no strict age limit for ECMO, but younger
patients (<65 years) generally have better outcomes. Elderly patients (>70 years) have
higher mortality, but decisions should be individualized [97]. ECMO is not recommended
in frail, multi-organ failure, or end-stage disease patients. In COVID-19, ECMO shows
moderate success (40–60% survival) but is less effective when delayed. Initiation after 10
days on IMV was linked to worse outcomes [98]. Obesity, age > 65, and prolonged mechan-
ical ventilation reduced survival [99]. Other studies found that obese patients receiving
ECMO for ARDS associated with COVID-19 pneumonia had lower mortality than those
without obesity [100]. Consequently, obesity should not be regarded as a contraindication
for ECMO. The allocation of ECMO is significantly influenced by resource limitations and
ethical considerations. Clinicians have investigated the application of cytokine adsorption
devices, CytoSorb and Oxiris, to treat hyperinflammation due to COVID-19 in patients
receiving extracorporeal membrane oxygenation (ECMO) therapy through a process known
as the “cytokine storm” [101]. No concrete benefits from cytokine adsorption devices such
as CytoSorb and Oxiris exist in the current evidence base, although these devices may result
in adverse effects. European research, the CYCOV trial, included a single-site investigation
of CytoSorb device impacts on severe COVID-19 pneumonia patients needing venovenous
ECMO treatment [102]. After a 72 h observation, the study revealed that cytokine adsorp-
tion failed to decrease serum interleukin-6 (IL-6) levels and resulted in a decline in 30-day
patient survival statistics. The intervention group, which experienced cytokine adsorption,
achieved a survival rate of only 18%, while the control group obtained a survival rate
of 76%. The Oxiris membrane was evaluated in patients requiring veno-arterial ECMO
(VA-ECMO) due to cardiogenic shock. The available literature provides scarce evidence
regarding the performance and safety aspects of the Oxiris system when used for COVID-19
ECMO treatment [103].

4.7. Ventilator-Associated Lung Injury (VILI) Prevention

It is recommended that the minimum possible tidal volumes be set to 6 mL/kg of one’s
ideal body weight to prevent VILI among ARDS patients. Maintaining safe mechanical
ventilation requires appropriate oxygen level management, with saturations maintained at
88–95%, and PaO2 should stay between 55 and 80 mmHg (Table 1) [104].

Table 1. Ventilatory Support Strategies for COVID-19 Patients [69,77–81].

Stage Criteria Ventilatory Strategy Key Considerations

Early Stage (Mild to
Moderate Hypoxemia)

SpO2 90–96% on nasal
cannula; RR < 30

Nasal Cannula (2–6 L/min);
High-Flow Nasal Oxygen
(HFNO) (30–60 L/min, FiO2
titrated)

Monitor for increasing
oxygen demand. FNO
preferred over NIV due to
better tolerance.

Progressive Hypoxemia
(Failure of HFNO/NIV)

SpO2 < 90% despite
HFNO; RR > 30; signs of
fatigue

Non-Invasive Ventilation (NIV,
CPAP/BiPAP) (CPAP 5–10
cmH2O, or BiPAP: IPAP 10–15
cmH2O, EPAP 5–10 cmH2O)

Aerosol-generating; use in
negative pressure room if
possible. If worsening,
proceed to intubation.
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Table 1. Cont.

Stage Criteria Ventilatory Strategy Key Considerations

Moderate to Severe
ARDS (Intubation
Required)

SpO2 < 88%, RR > 30,
PaO2/FiO2 < 200

Lung-Protective Ventilation
(VT = 6 mL/kg PBW, PEEP
10–15 cmH2O); Prone
Positioning (12–16 h/day if
PaO2/FiO2 < 150);
Neuromuscular Blockade if
dyssynchrony

Avoid high tidal volumes
to prevent
ventilator-induced lung
injury (VILI). Conservative
fluid management.

Severe
ARDS/Refractory
Hypoxemia

PaO2/FiO2 < 80 despite
ventilation

Rescue Therapies: - Higher
PEEP (>15 cm H2O); Inhaled
Pulmonary Vasodilators (NO,
epoprostenol); Neuromuscular
blockade (48 h)

Careful PEEP titration to
avoid overdistension. -
High risk of barotrauma.

ECMO Consideration
(Last Resort)

PaO2/FiO2 < 80,
pH < 7.15, high plateau
pressures (>35 cmH2O)

VV-ECMO (Venovenous ECMO) Age < 65, no multi-organ
failure.

Weaning from
Ventilation

SpO2 > 94% on
FiO2 < 40%, PEEP ≤ 8

Spontaneous Breathing Trial
(SBT) (PSV trial); HFNO or NIV
post-extubation

Swallow assessment before
oral intake to prevent
aspiration.

4.8. Weaning and Extubation

Weaning from mechanical ventilation involves attaining SpO2 levels exceeding 90%,
necessitating minimal PEEP, augmented respiratory effort, and adherence to fundamental
directives from healthcare professionals. Medical staff utilize SBTs by transitioning patients
from ventilator support to CPAP or pressure support ventilation to ascertain readiness
for returning to spontaneous breathing [105]. The removal of the breathing tube from
the patient is contingent upon the confirmation of two things: first, the patient’s abil-
ity to maintain proper oxygenation levels, and second, the patient’s ability to maintain
ventilation functions.

4.9. Ventilatory Support for Specific Populations

Healthcare providers need to carefully fine-tune ventilator settings, particularly PEEP
and tidal volume, for obese patients, since they face an increased risk of severe COVID-19
due to their obesity status [106]. Elderly patients and other vulnerable groups require
ventilatory support for extended periods, during which healthcare professionals monitor
the development of ventilator-associated pneumonia and other complications [107].

Healthcare providers require proper personal protective equipment (PPE) to guard
against viral transmission because aerosol-generating procedures, such as intubation and
NIV, are highly risky.

To overcome oxygen supply limitations and avoid ventilator-related complications,
novel micro- and nanostructured systems are being investigated. These include oxygen-
loaded microbubbles and nanobubbles, as well as nanocarrier-based oxygen delivery
through perfluorocarbon-based emulsions and hemoglobin-based oxygen carriers (HBOCs)
in the form of liposomes or other polymeric nanoparticles. These carriers can supply
blood-dissolved oxygen and support gas exchange, even when the mechanical ventilator
is not operating, and can serve as a potentially portable, scalable oxygenation strategy
in moderate or acute COVID-19 respiratory failure [108]. Nanotechnology presents the
possibility of creating multifunctional strategies, such as oxygen delivery with therapeu-
tic and diagnostic options. Nanocapsules loaded with hemoglobin or perfluorocarbon
nanoemulsions can increase tissue oxygenation and can also be delivered, targeted, and
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fully recirculate [108]. The combination of these systems with either anti-inflammatory or
antiviral systems in a hybrid nanomedicine platform could help target both hypoxemia
and pathophysiology. However, despite its preclinical status, such nanostructured oxygen
carriers could direct more activities to alleviating the burden on intensive care and enhanc-
ing clinical outcomes in hypoxemic COVID-19-infected individuals by either adding to or
even replacing conventional oxygen treatment.

4.10. Antiviral Treatments

The Food and Drug Administration (FDA) has authorized the emergency use of remde-
sivir for patients experiencing severe cases of SARS-CoV-2 infection while receiving hospital
care. The mechanism of action of the drug involves the inhibition of viral RNA-dependent
RNA polymerase, thereby preventing viral replication [109]. It is typically administered
intravenously for up to 5 to 10 days, and it starts with a loading dose (200 mg on day 1),
followed by 100 mg daily for the next 4 days. During treatment, the pharmaceutical
dosages are adjusted according to each patient’s specific circumstances [110]. Remdesivir is
most commonly administered to patients who are hospitalized due to severe COVID-19
pneumonia and require supplemental oxygen. Its 423 use is typically recommended for
patients with moderate to severe disease, though its 424 efficacy is not as pronounced
in patients with extremely severe symptoms who require 425 high levels of oxygen or
ventilation support [111]. Available clinical evidence shows that 426 remdesivir reduces
the recovery duration for patients with severe COVID-19 pneumonia 427 yet has a limited
relationship to patient survival rates [112]. When administered early in the disease process,
remdesivir achieves its best therapeutic outcomes, but it should be given before a patient
reaches critical illness [113]. Initiating remdesivir therapy during hospitalization within the
first seven days of symptom development supports accelerated recovery and a decrease in
mortality according to studies, including the ACTT-1 trial and subsequent research [114].
The antiviral activity of remdesivir continues to affect all Omicron variant branches, along
with its subvariants. The highly different XBB.1.5 and BA.2.86 strains demonstrate compa-
rable remdesivir susceptibility levels to the original virus strain, according to laboratory
results [115]. Infection with viruses that demonstrate remdesivir resistance remains unusu-
ally rare because immunosuppressed patients treated with extended therapy rarely develop
remdesivir-resistance-causing polymerase mutations, which typically fail to persist due to
negative impacts on virus fitness [116]. The U.S. FDA introduced a crucial expansion in
2023 regarding remdesivir treatment by giving its approval for patients with severe kidney
disease and patients undergoing dialysis based on studies demonstrating safety in these
groups. The development of outpatient medication GS-5245, also known as obeldesivir,
serving as the oral analog of remdesivir, failed to reach its clinical trial goals [117]. Toms-
garosivir failed to enhance symptom resolution in non-hospitalized patients during Phase
3 trials, since most participants had excellent recovery times, even on placebo medication.
High levels of pre-existing immunity among patients caused the illness duration to de-
crease, thus making it difficult to observe any additional helpful effects of the drug. The
main side effects of remdesivir were minor increases in liver enzyme measurements [118].
Medical tests should also measure renal function, because kidney problems have developed
in some patients’ post-treatment [119].

Nirmatrelvir/ritonavir (Paxlovid) is an oral antiviral therapy used in mild-to-moderate
disease and may be considered in some hospitalized patients based on clinical judgment
and the timing of infection [108]. The mechanism of action of nirmatrelvir/ritonavir
involves the inhibition of the protease enzyme that is essential for the viral replication
process. The medication is formulated as an oral dosage form demonstrated to be ef-
fective in reducing viral replication. It is important to note that nirmatrelvir/ritonavir
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medications can result in changes in taste perception, as well as diarrhea, and may affect
drug interactions through its ritonavir component [120]. Research conducted through the
EPIC-HR trial (during the Delta wave) demonstrated that nirmatrelvir/ritonavir decreased
the hospitalization risk and death rate of unvaccinated high-risk patients by approximately
89% [121]. An evaluation of nirmatrelvir/ritonavir performance in actual patients shows
the medication remains effective but provides reduced hospitalization prevention results
among vaccinated individuals. Nirmatrelvir/ritonavir maintains its effectiveness against
all Omicron subvariants because the protease, which is its target, remains very well pre-
served [122]. Laboratory experiments prove that nirmatrelvir chemically inhibits BQ.1.1
alongside XBB.1.5 and BA.2.86 variants at the same intensity as previous strains [123]. Two
ongoing concerns related to the clinical use of nirmatrelvir/ritonavir include viral rebound
in select patients and the need for drug interaction assessment because ritonavir inhibits
CYP3A pathways. Hence, patient medication review remains critical. The emergence of nir-
matrelvir drug resistance remains confined and limited because the virus loses fitness and
its protease mutations revert to the wild type after the treatment of immunocompromised
patients [124]. Stewardship practices should be sustained through the selective distribution
of nirmatrelvir/ritonavir to patients 473 who will receive the greatest treatment benefits.

An oral prodrug of a ribonucleoside analog, molnupiravir, induces lethal mutagenesis
in the viral RNA genome. This drug received authorization for treating high-risk outpa-
tients who have no other acceptable options. Molnupiravir can combat all current variants
because it attacks the viral polymerase instead of spike proteins, but its DNA-altering mech-
anism raises concerns regarding the future development of antiviral resistance. Rebellion
seems to be molnupiravir’s mutagenic approach, because it generates specific mutation
patterns in SARS-CoV-2 viral populations, as research in 2023 demonstrated [125]. Recent
Omicron lineage viruses with mutations linked to molnupiravir appeared through global
sequencing data, suggesting that the drug possibly stimulates the evolution of new viral
strains. Research confirms that drug-produced variants from patients do not develop more
dangerous properties or spread extensively throughout the population [126].

High-risk patients under medical guidance can use molnupiravir orally during the
beginning of their illness, but the medicine typically remains limited to moderate-illness
and pediatric cases (Table 2) [127].

Table 2. Key Antiviral and Pharmacologic Treatments for COVID-19.

Treatment
(Route)

Mechanism of
Action

Key Efficacy Data
(Clinical Trials)

Regulatory Status
(as of 2025)

Activity vs. Omicron
Variants

Nirmatrelvir +
Ritonavir
(Paxlovid,
oral)

3CL protease
inhibitor (blocks
viral replication),
boosted by
ritonavir for PK.

89% reduction in
hospitalization or death
in high-risk unvaccinated
(EPIC-HR trial) [121].
Observational studies
show benefit in
vaccinated patients,
though absolute risk
reduction is smaller.

FDA Approved (2023)
for high-risk adults
[128]; EUA for
≥12 year pediatric.
Widely recommended
first-line outpatient
therapy.

Active against all
Omicron subvariants.
Targets conserved
protease, so efficacy is
unaffected by spike
mutations [122]. No
widespread resistance
observed [123,124].
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Table 2. Cont.

Treatment
(Route)

Mechanism of
Action

Key Efficacy Data
(Clinical Trials)

Regulatory Status
(as of 2025)

Activity vs. Omicron
Variants

Remdesivir
(Veklury, IV)

Nucleoside
analog; inhibits
RNA-dependent
RNA polymerase
(viral replication).

87% reduction in
hospitalization (3-day
outpatient course)
shortened recovery time
by ~5 days in
hospitalized (ACTT-1).
May improve survival
when given early.

FDA Approved (2020)
for hospitalized
adults; expanded to
severe renal
impairment (2022)
[129]. Standard care
for
moderate-to-severe
hospitalized COVID.

Active against all variants.
Polymerase target
conserved; retains
potency vs. XBB.1.5,
BQ.1.1, BA.2.86, etc.
[114,115]. Rare resistance
mutations in
immunocompromised
patients, usually with
fitness cost [88,89].

Molnupiravir
(Lagevrio,
oral)

Nucleoside
analog; induces
lethal
mutagenesis in
viral RNA.

~30% reduction in
hospitalization in
high-risk unvaccinated
(MOVe-OUT trial). No
significant effect on
mortality. Lower efficacy
than other antivirals.

FDA EUA (2021–2025)
for high-risk adults
only if other options
are unavailable [128].
Not first-line; use
declining.

Active against all variants
(targets polymerase).
However, induces
SARS-CoV-2 mutations;
molnupiravir-linked
mutation signatures
detected in global
sequences [129,130]. No
evidence of more
pathogenic variants from
this, but use sparingly to
avoid resistance.

Ensitrelvir
(Xocova, oral)

3CL protease
inhibitor
(once-daily
dosing; no
ritonavir
required).

Shortened duration of
COVID-19 symptoms by
~24 h in largely
vaccinated, low-risk.
patients (Phase 3
SCORPIO-SR) [131,132].
Met the primary
endpoint for faster
symptom resolution
(p = 0.04). Demonstrated
viral load reduction vs.
placebo.

Approved in Japan
(2022–2023) [133];
Singapore (2023). Not
yet approved in the
U.S./EU (Fast Track
status). Phase 3 trials
are ongoing globally.

Presumed active vs.
Omicron subvariants
(same target as
nirmatrelvir). Tested
during BA.2 wave with
success [134]. In vitro
studies show no resistance
issues to date. Monitoring
ongoing for emergent
protease mutations.

Peginterferon
Lambda (SC
injection)

Pegylated type III
interferon;
stimulates
antiviral
immunity in lung
epithelium
(host-targeted).

~50% reduction in hospi-
talization/emergency
visits in outpatients
(TOGETHER trial, mixed
variants) [130]. Benefits
observed even in
vaccinated patients.
Single dose
administration.

Not approved
(investigational).
Positive Phase 3
published in 2023;
FDA declined EUA
due to trial scope.
May see further
development for im-
munocompromised
host therapy.

Active against all variants
(boosts host immune
response)—efficacy is
variant-agnostic [130].
Would not be affected by
viral spike mutations or
antiviral resistance
mechanisms.
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Table 2. Cont.

Treatment
(Route)

Mechanism of
Action

Key Efficacy Data
(Clinical Trials)

Regulatory Status
(as of 2025)

Activity vs. Omicron
Variants

Anakinra
(Kineret, IV)

Interleukin-1
receptor
antagonist; im-
munomodulator
reducing
inflammation.

In hospitalized COVID
pneumonia patients with
high inflammation
(elevated suPAR),
anakinra improved
outcomes (SAVE-MORE
trial earlier). Reduction
in progression to
respiratory failure
reported.

FDA EUA (November
2022) for COVID
pneumonia requiring
oxygen in adults with
high suPAR (immune
activation marker)
[128]. Approved in
EU for COVID with
cytokine release risk.

Variant-independent
(targets host). Efficacy
linked to
hyperinflammatory state
rather than viral
characteristics.

Baricitinib
(Olumiant,
oral)

Janus kinase
(JAK1/JAK2)
inhibitor;
dampens
cytokine
signaling (e.g.,
IL-6, interferons).

~5% absolute reduction
in 28-day mortality in
hospitalized patients on
oxygen (ACTT-2,
COV-BARRIER trials).
Accelerated recovery
when added to standard
care [128]. Benefit seen
on top of steroids.

FDA Approved (May
2022) for hospitalized
adults on
oxygen/ventilator
[128]. Incorporated
into NIH/WHO
treatment guidelines
for severe COVID.

Variant-independent.
Addresses downstream
hyperinflammation.
Remains effective
regardless of viral variant
(host-targeted
immunomodulation).

Tocilizumab
(Actemra, IV)

IL-6 receptor
monoclonal
antibody;
mitigates
cytokine storm
and im-
munopathology.

4–8% reduction in
mortality in severe
COVID when given with
steroids (RECOVERY,
REMAP-CAP trials) [128].
In RECOVERY, mortality
was 29% vs. 33% in
controls; improved odds
of discharge.

FDA Approved
(December 2022) for
hospitalized adults on
systemic steroids and
oxygen/ventilatory
support [128].
WHO-recommended
for severe/critical
cases.

Variant-independent.
Moderates host immune
response. Effectiveness
not affected by changes in
viral spike proteins.

Sabizabulin
(oral)

Microtubule
inhibitor; dual
antiviral and anti-
inflammatory
actions (disrupts
viral transport
and dampens
lung
inflammation).

In a Phase 3 trial of
critically ill COVID
patients, sabizabulin
reduced 60-day mortality
from 45% (placebo) to
20% (sabizabulin) [108].
A 55% relative risk
reduction. Small sample
(150 patients) but marked
benefit.

Not approved; FDA
Fast Track status.
EUA request (2022)
was denied pending a
larger confirmatory
trial [134]. A new
global Phase 3 trial
(≈408 patients) is
underway as of 2023
[134].

Variant-independent
(targets host cell
processes). Would be
expected to retain efficacy
across variants. Needs
confirmation in broader
studies before clinical
adoption.

Abbreviations: PK = pharmacokinetics; EUA = Emergency Use Authorization; suPAR = soluble urokinase
plasminogen activator receptor.

Shionogi created ensitrelvir (Xocova), a new oral 3CL protease inhibitor that reached
the market after 2023 [135]. The Japanese authorities approved Xocova for emergency
use in 2022 and granted full approval in 2023. Ensitrelvir does not require ritonavir to
boost efficacy; thus, it reduces the complexity of treatment administration. The Phase
3 SCORPIO-SR clinical trial conducted ensitrelvir assessments on vaccinated and low-
risk patients during the BA.2 Omicron wave in Asian regions [135]. Patients treated
with ensitrelvir (125 mg daily for 5 days) experienced a reduction in their COVID-19
symptoms much faster than placebo-based treatment (by 24 h) according to a published
study [132]. Tests measuring viral loads showed that ensitrelvir treatment leads to a more
rapid reduction in virus levels in patients compared to their untreated peers. The efficacy
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trial data demonstrated that ensitrelvir provides benefits across vaccinated healthy people
by reducing the illness duration because 91% of participants received at least two vaccine
doses in addition to having no severe disease risk factors. Testing of ensitrelvir occurred
in unvaccinated, high-risk populations, whereas nirmatrelvir/ritonavir and molnupiravir
received exclusive testing in this population group. Studies show that ensitrelvir exhibits
secure properties, as its administration led to adverse events comparable to a placebo in
clinical trials. The protease-targeting capacity of ensitrelvir matches nirmatrelvir since it
attacks the protease sequence that stays constant. Thus, it remains effective against current
Omicron subvariants [131]. Further international approval of ensitrelvir would enhance
the antiviral toolkit because it can treat patients who cannot take nirmatrelvir/ritonavir
because of drug interactions or because of the need for outpatient treatment.

The field expanded after 2023 due to several new treatment options. The pharmaceu-
tical company Pfizer is currently developing ibuzatrelvir as a sole oral protease inhibitor
without ritonavir requirements. Clinical research on ibuzatrelvir treatment for standard-
risk adults during Phase 2b trials demonstrated strong antiviral effects (≈0.7–0.8 log10

viral load reduction versus placebo by day 5) together with positive safety results [135].
Researchers found that every dose of ibuzatrelvir decreased SARS-CoV-2 RNA levels, and
its effects were supported by positive clinical trial results.

Chinese scientists conducted research on VV116 (JT001), a remdesivir analog, along
with other oral nucleoside analogs. During the Omicron BA.5 trial, VV116 demonstrated
equal effectiveness as nirmatrelvir/ritonavir in achieving clinical recovery while avoiding
many drug-related side effects [130]. Soon after its initial publication in 2023, the Chinese
authorities included VV116 in their formal drug approval list. A single subcutaneous
peg-IFN-λ injection proved effective as an outpatient treatment according to Phase 3
TOGETHER trial results, which demonstrated a 50% reduction in hospital admittance (4%
vs. 6% for a placebo) [129]. This efficacy was found for people with different strains of
COVID-19 (Delta and Omicron), and vaccinated patients also benefited from the drug.
The antiviral defenses in the respiratory mucosa receive a boost from IFN-λ because this
immunomodulatory protein functions against host cells and not the virus, and therefore
exhibits universal variant compatibility. The publication of positive results in NEJM this
year has not led to timely regulatory acceptance of the treatment. The Food and Drug
Administration denied an emergency authorization request because the study took place in
foreign facilities and because pandemic conditions had evolved. Thus, interferon lambda is
a novel therapeutic agent that shows promise for future viral outbreaks because it maintains
effectiveness against highly mutated viral strains (Table 3).

Table 3. The pharmacologic treatment for severe and critically ill COVID-19 patients.

Severity Recommended Treatments Not Recommended

Severe COVID-19

Corticosteroids (Dexamethasone preferred)
Remdesivir (may decrease recovery time but no
mortality benefit)
IL-6 Inhibitors (Tocilizumab, Sarilumab)
JAK Inhibitors (Baricitinib preferred over Tofacitinib)

Hydroxychloroquine
Azithromycin
Lopinavir/Ritonavir
Convalescent plasma
Ivermectin (outside clinical trials)

Critically Ill
(Non-Invasive
Ventilation/HFNC)

Corticosteroids (Dexamethasone preferred,
Hydrocortisone alternative)
IL-6 Inhibitors (Tocilizumab preferred over Sarilumab)
JAK Inhibitors (Baricitinib preferred over Tofacitinib)

Remdesivir (no benefit in this
population)

Critically Ill (Invasive
Mechanical
Ventilation/ECMO)

Corticosteroids (Dexamethasone preferred)
IL-6 Inhibitors (Tocilizumab preferred over Sarilumab)
Baricitinib (if IL-6 inhibitors not available)

Most other COVID-19 therapies
lack evidence or have not been
studied in this population
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4.11. Corticosteroids

Dexamethasone is the standard corticosteroid medication when treating severe COVID-
19 pneumonia in patients [136] and is recommended for patients requiring supplemental
oxygen or invasive ventilation. Dexamethasone controls widespread inflammation through-
out the body, as it prevents the excessive immune response that leads to worse lung trauma
during a cytokine storm. Typically, it is administered at a dose of 6 mg once daily for up to
10 days [137]. In specific clinical circumstances, both methylprednisolone and other forms
of steroids can be used, but dexamethasone maintains its position as the treatment stan-
dard [138]. Large clinical trials, including RECOVERY, have proven that dexamethasone
effectively lowers the mortality rate among COVID-19 patients who need supplemental
oxygen or mechanical ventilation [139]. Remdesivir is most effective in the early stages of
severe disease, but is still used in hospitalized patients who require supplemental oxygen.
The effectiveness of dexamethasone becomes apparent during disease progression, particu-
larly when inflammation, coupled with an overactive immune system, becomes a major
concern. Dexamethasone creates several unwanted side effects that become notable when
using it for an extended period, including elevated blood glucose levels, water retention,
and elevated susceptibility to infections [140]. The primary benefits associated with the
utilization of these drugs are typically observed during the brief treatment intervals used
minimize the potential of deleterious side effects.

4.12. Anti-Inflammatory and Immunomodulatory Therapies

Tocilizumab, an anti-inflammatory medication, functions as an IL-6 inhibitor. It can be
administered to patients with severe cases of pneumonia caused by the novel coronavirus
who exhibit elevated concentrations of IL-6 and significant systemic inflammation, as
indicated by elevated CRP or ferritin levels [141]. The medication contributes to minimizing
high levels of inflammation, which occurs during cytokine storm situations. Its use in
conjunction with steroid medications has been shown to reduce mortality. However, it is
imperative to note that tocilizumab administration has been associated with an elevated
risk of infection, hepatic complications, and a decline in white blood cell counts [142].
Additional studies are needed to establish the efficacy of tocilizumab when administered
at different stages of SARS-CoV-2 infection, as well as the safety of its administration in
children under the age of 18.

The Janus kinase inhibitor baricitinib functions as an immunomodulatory drug,
which healthcare providers use in severe COVID-19 patients, together with dexametha-
sone [143]. Anakinra, an IL-1 receptor antagonist, may also be considered for patients
with severe disease who have signs of systemic inflammation [144]. Another IL-6 inhibitor
is sarilumab, and tofacitinib can also be used as a JAK inhibitor. Using either IL-6 in-
hibitors or JAK inhibitors (baricitinib preferred over tofacitinib) is recommended in patients
with elevated inflammatory markers. Studies have not shown any benefit of the use of
lopinavir/ritonavir, hydroxychloroquine, azithromycin, ivermectin, or convalescent plasma
in patients with severe COVID-19 pneumonia. Earlier in the pandemic, Sotrovimab and
Bamlanivimab/Etesevimab monoclonal antibodies received extensive use, but current vari-
ants have reduced their clinical impact. The binding mechanism of monoclonal antibodies
targets the virus spike protein to block cellular entry, thus stopping virus replication during
the early stages of infection [145]. Monoclonal antibodies have maximum effectiveness
when given during the first week of infection to high-risk patients who remain out of
the hospital. For hospitalized patients with severe pneumonia, their treatment benefits
are restricted.
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Vilobelimab is a novel anti-C5a monoclonal antibody that can reduce immune system
activation and inhibit lung injury, being effective in patients with ARDS and multiple
organ failure due to severe or critical COVID-19 [146–148]. Vilobelimab has been shown to
specifically bind to C5a, thereby reducing the inflammatory response without compromis-
ing the immune system’s overall functionality. It is important to note that vilobelimab is
currently recommended solely in the context of a clinical trial. Further studies are necessary
to investigate the effects of this monoclonal antibody when administered after 48 h of intu-
bation. Moreover, further studies are necessary to ascertain its efficacy and toxicity when
administered concomitantly with baricitabine or other immunomodulators. New studies
are needed to establish exactly which patient groups might benefit from vilobelimab treat-
ment, as well as its safety in 601 immunocompromised people [149–154]. Researchers have
since identified new antibodies 602 with even broader activity—including some bispecific
antibodies that bind two epitopes 603 simultaneously to prevent escape [155]. A leading
contender is VYD222 (commercial name pending, by Invivyd), a monoclonal antibody
engineered to target a conserved region of the Omicron spike RBD [156]. In early 2023,
in vitro studies showed that VYD222 neutralizes all tested Omicron subvariants, including
XBB.1.5 and the BA.2.86 lineage, at clinically achievable concentrations. It also has a half-life
extension modification to provide long-lasting protection. Invivyd initiated the Phase 3
CANOPY trial of VYD222 as a prophylaxis in immunocompromised patients. By late 2023,
exploratory Phase 1 data indicated high neutralizing titers in human recipients, and the
company submitted an EUA request to the FDA for VYD222 as a preventive therapy.

4.13. Antibiotics and Antifungals

Secondary bacterial infections triggered by COVID-19 develop most frequently among
people who suffer from severe pneumonia, along with prolonged stays in ICU settings [157].
Clinicians frequently initiate broad-spectrum antibiotic therapy, which includes medica-
tions such as ceftriaxone, piperacillin–tazobactam, and meropenem before bacterial culture
results are available [158]. The levels of procalcitonin and CRP in the bloodstream as-
sist medical professionals in distinguishing between bacterial and viral infections, thus
leading to correct antibiotic therapy choices [159]. Immunocompromised patients are
prone to secondary infections from fungi such as Aspergillus or Candida, which require
antifungal treatment.

Patients requiring IMV or ECMO with severe immunosuppression, such as neutrope-
nia, hematologic malignancies, organ transplant, or prolonged corticosteroid use, are at
a high risk of invasive pulmonary aspergillosis (IPA) [160]. COVID-19-associated pul-
monary aspergillosis (CAPA) can be caused by immune dysregulation or disruption of
mucociliary clearance [161]. Other risk factors include prolonged ICU stay, prolonged
ventilator dependence, the use of broad-spectrum antibiotics, and the use of high-dose
steroids [162]. Prolonged antibiotic use leads to microbiome imbalance, which can lead
to invasive fungal infections. Anti-IL-6 therapies (tocilizumab) or JAK inhibitors increase
fungal susceptibility [163]. The galactomannan (GM) antigen test is a diagnostic tool used
for invasive aspergillosis, detecting Aspergillus cell wall components in serum or bron-
choalveolar lavage (BAL). The GM test is non-invasive, with high sensitivity and specificity
(especially in BAL fluid), but with lower sensitivity in non-neutropenic ICU patients, such
as those with COVID-19 and ECMO. The serum GM test may be negative in localized
lung infection, so BAL GM testing is more reliable than the serum in ventilated or ECMO
patients. New molecular tests employing PCR and next-generation sequencing (NGS) can
detect bacterial, viral, and fungal DNA/RNA in a matter of hours, providing crucial guid-
ance for administering antimicrobial therapy [164]. These rapid molecular tests are more
efficient than traditional culture methods in detecting difficult-to-culture pathogens, such
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as Aspergillus, Legionella, and Mycoplasma. Multiplex panels can detect multiple pathogens
simultaneously (e.g., pneumonia panels detecting bacterial and viral co-infections) and
facilitate the de-escalation of broad-spectrum antibiotics. However, it is important to note
that these tests do not differentiate between colonization and active infection, and they may
produce false-negative results in cases of low pathogen loads. Additionally, these tests are
costly and not widely available in all medical facilities [165]. Rapid PCR tests are especially
useful for critically ill patients with conditions such as ventilator-associated pneumonia,
sepsis, or suspected fungal infections such as CAPA.

4.14. Management of Coagulation Abnormalities

Severe cases of COVID-19 infection lead to an increased risk of blood clot development
and DIC. For hospitalized patients, low-molecular-weight heparin and fondaparinux are
recommended anticoagulant medications, notwithstanding any contraindications [166].
Therapeutic anticoagulation, which includes therapeutic heparin, is appropriate when
patients have confirmed venous thromboembolism (VTE) or DIC [167]. The management
of coagulation abnormalities in severe COVID-19 pneumonia is a critical aspect of patient
care, as COVID-19 is associated with an increased risk of thrombotic events, including deep
vein thrombosis (DVT), pulmonary embolism (PE), and DIC [168]. Disease-related compli-
cations have been demonstrated to increase the overall mortality and morbidity associated
with this condition. Elevated D-dimer levels are a common finding in severe cases and
are often used as an indirect marker of clot formation and fibrinolysis. Consequently, pa-
tients with elevated D-dimer levels are predisposed to thrombotic complications [169]. The
prothrombin time (PT) and International Normalized Ratio (INR) can be used to monitor
the extrinsic coagulation pathway and liver function, especially in cases of DIC. Throm-
bocytopenia commonly appears in COVID-19 infections, either to mark disease severity
or to indicate active DIC. The Activated Partial Thromboplastin Time (aPTT) assessment
method allows clinicians to monitor for both clotting factor deficiencies and possible cases
of DIC [170].

Most acutely hospitalized COVID-19 patients receive low-dose anticoagulation
through low-molecular-weight heparin (LMWH) or unfractionated heparin for protecting
themselves from VTE, even if their disease severity is mild to moderate [171]. ICU patients,
those with severe pneumonia, and patients receiving mechanical ventilation may achieve
better outcomes through therapeutic applications of unfractionated heparin and LMWH at
higher doses.

DIC is characterized by microvascular clot formation, which disseminates throughout
different parts of the body following severe infection with the SARS-CoV-2 virus. Man-
aging DIC involves the administration of supportive care for the underlying infection in
conjunction with the utilization of direct antiviral medications and corticosteroid treatment
for cases of COVID-19. In cases where DIC results in significant bleeding complications
accompanied by abnormal coagulation, patients require the administration of fresh frozen
plasma (FFP) and platelets [172]. LMWH, alongside unfractionated heparins, is the primary
treatment for confirmed PE in patients suffering from COVID-19. The functional capacity
of platelets remains impaired in cytokine storms, even if patient blood tests show normal
platelet counts [173].

A cytokine storm occurring during COVID-19 infection leads to major procoagu-
lant activation within the body. Corticosteroids, along with tocilizumab, act as anti-
inflammatory medications that minimize both inflammatory reactions and coagulation
abnormalities [174]. Clinicians can evaluate coagulation risks and thrombosis hazards
according to physical virus quantities along with measurements of CRP, ferritin, and IL-6
markers [175]. Striking a proper balance between anticoagulation therapy requirements
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should include consideration of bleeding hazards, especially in critical patients and indi-
viduals presenting liver dysfunction or gastrointestinal bleeding [176]. Close monitoring
of the patient’s clinical status and coagulation parameters is essential. Extended throm-
boprophylaxis may be considered in patients with severe disease who are discharged,
especially those with known thrombotic risk factors such as previous VTE, prolonged
immobilization, obesity, or advanced age. The required medications for anticoagulation
therapy after discharge include LMWH or direct oral anticoagulants (DOACs) that must be
taken for multiple weeks [177].

Therapy selection should depend on a patient’s medical status combined with their
individual thrombosis risk factors, in addition to their reaction to the prescribed treatment.
The optimal management strategy necessitates collaborative efforts among intensivists,
hematologists, and other specialized professionals.

4.15. Monitoring and Supportive Measures

The management of fluids requires special attention in patients with ARDS because
additional fluids may lead to increased pulmonary edema [178]. Hydration therapy needs
to be kept in equilibrium to preserve adequate blood flow but prevent the deterioration
of respiratory conditions. The regular assessment of renal and liver functions becomes
essential for COVID-19 pneumonia severity because patients can develop combined organ
dysfunction [179]. The medical requirement to deliver enteral or parenteral nutrition
sustains patients on mechanical ventilation because they need appropriate nutritional care
for their recovery.

4.16. Sedation, Analgesia, and Psychosocial Support

Patients requiring invasive ventilation may require sedation to ensure comfort, prevent
agitation, and synchronize with the ventilator. The main medicines used for sedation
include fentanyl in addition to propofol and midazolam [180]. Patients in critical care
settings who need mechanical ventilator support benefit from mental well-being support
for their anxiety symptoms and delirium, as well as feelings of social isolation.

4.17. Preventing Complications and Secondary Infections

The prevention of infections acquired in hospitals (e.g., ventilator-associated pneumo-
nia and catheter-associated infections) is a top priority of the rigorous control of infections,
including hand hygiene procedures and isolation requirements [181]. The long-term man-
agement of patients with long-term sequelae of the disease (long-term disease management)
depends on the administration of the vaccine for the disease caused by COVID-19. This
measure is crucial to control the severity of the disease and its transmission.

4.18. Rehabilitation and Long-Term Care

Pulmonary rehabilitation is a treatment that healthcare professionals need to provide
to patients who have had prolonged stays in the ICU or required mechanical ventilation,
because they need to rebuild their lung function and exercise capacity.

Long-term symptoms associated with the novel coronavirus, referred to as LongCOVID-
19, have been observed in a significant proportion of patients, manifesting in symptoms
such as fatigue, dyspnea, and cognitive dysfunction [182]. To address these challenges, a
collaborative approach among healthcare specialists is imperative, with a focus on both
managing post-hospital syndromes and enhancing healing processes.

4.19. Clinical and Treatment Features of COVID-19 Pneumonia Due to the Omicron Strain

The clinical and treatment features of the Omicron variant of SARS-CoV-2 differ from
previous variants in terms of transmissibility, severity, and response to treatment. The
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Omicron variant exhibits a higher degree of transmissibility compared to earlier variants,
including the Delta variant. It has a shorter incubation period, ranging from 2 to 4 days after
exposure, and a milder disease severity compared to the Delta variant [183]. More cases of
Omicron infections are asymptomatic or mild and have a lower risk of hospitalization and
severe disease, especially in vaccinated individuals [184].

The Omicron variant has less of an impact on the lungs compared to previous strains,
reducing the risk of severe pneumonia and ARDS [183]. Common symptoms include a sore
throat, nasal congestion, runny nose, sneezing, headache, fatigue and muscle aches, fever
(less common than with Delta), and coughing (usually dry). A loss of taste/smell is less
common than with Alpha/Delta variants. Gastrointestinal symptoms (nausea and diarrhea)
can occur but are less common. Severe pneumonia and ARDS are rare and are mainly found
in high-risk groups. The continual emergence of Omicron sublineages since 2023 has tested
the resilience of COVID-19 treatments. Each major subvariant—XBB.1.5, BQ.1.1, BA.2.86,
JN.1, and others—carries unique constellations of spike mutations that challenge immunity
and therapeutics [129]. Treatment features for Omicron infection in mild cases consist
of rest, hydration, and symptom management (e.g., acetaminophen for fever and pain).
Antiviral medications such as nirmatrelvir/ritonavir are effective in reducing severity,
especially in high-risk patients [184]. Molnupiravir is an alternative for those ineligible
for nirmatrelvir/ritonavir, and remdesivir is indicated for hospitalized patients. The
characteristics that define Omicron subvariants include immune escape, which allows
the viruses to bypass antibodies that derive from previous infections, vaccinations, and
therapeutic mAbs. The SARS-CoV-2 variant XBB.1.5 (also known as “Kraken”) emerged
from two BA.2 descendant sequences through a recombination event with numerous RBD
mutations [185]. The strain displayed the most significant immune evasion properties by
effectively evading antibodies produced by vaccines [186]. Laboratory results showed
that XBB.1.5 and its related strains, XBB.1 and XBB.1.16, nearly completely escaped the
neutralizing antibodies of triple-vaccinated individuals [129]. Many monoclonal antibodies
used for Delta and earlier strains lost effectiveness against Omicron subvariants [187].
Therapeutic monoclonal antibodies have to be continually reformulated to keep pace with
these subvariants, but there was a period in 2023–2024 with none available. Patients at
risk had to rely on small-molecule antivirals and boost their vaccine doses for protection.
The emergence of JN.1 and BA.2.86 has been a key motivator for developing variant-
proof antibodies (as discussed with VYD222) [188]. The development of new Omicron
subvariants did not cause significant harm to small-molecule antiviral drugs. At the
population level, Alpha through Omicron variants do not demonstrate consistent resistance
to remdesivir, nirmatrelvir/ritonavir, or molnupiravir [188].

Because virus-replication systems require the targets of antiviral drugs (polymerase
and protease enzymes) to maintain their functional structures evolutionarily, these targets
face limited mutant tolerance pressures compared to spike proteins. Multiple studies
and surveillance tests from 2023 proved that antiviral agents remained effective against
XBB.1.5, BQ.1.1, BA.2.86, and JN.1 strains [188]. Researchers from the University of Tokyo
investigated the potency of remdesivir, molnupiravir, and nirmatrelvir against BQ.1.1 and
XBB clinical patient strains and observed an IC50 change of less than 2-fold relative to the
initial virus [96]. Existing antivirals maintain their effectiveness against B.2.86 and JN.1
because these variants have not developed Mpro (protease) mutations, while their main
changes occur in spike and accessory proteins [189]. Antiviral medications used extensively
might create conditions that would select resistant virus variants. Nirmatrelvir/ritonavir
resistance mutations have not increased in global surveillance reports according to a JAMA
study published in 2023 [190]. Isolated cases (primarily immunocompromised patients
under extended treatment or experiencing a rebound) present Mpro E166V or L50F class
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mutations that make nirmatrelvir treatment ineffective [191]. Circulating Omicron viruses
have not yet developed this complex mutation pattern in nature. The recent approval of the
antiviral medication ensitrelvir gives medical teams multiple alternative treatments in case
drug resistance occurs for currently available antivirals [105]. A new treatment strategy
under consideration to prevent drug resistance involves the administration of two antivirals
with different target mechanisms in combination therapy, like HIV or HCV treatment
approaches. Clinical trials of combination therapy (nirmatrelvir/ritonavir + molnupiravir)
are planned to test if a highly pathogenic drug-resistant variant appears [125].

For hospitalized patients requiring oxygen, dexamethasone is a recommended treat-
ment. In cases of severe cytokine storm, administering tocilizumab or baricitinib is recom-
mended. In such cases, administering high-flow nasal oxygen, non-invasive ventilation, or
mechanical ventilation in intensive care unit settings is recommended [185]. Vaccination
and boosters are crucial for reducing severe disease and hospitalization. Updated bivalent
vaccines provide better protection against Omicron subvariants [187].

The natural infectivity of Omicron subvariants exhibits different levels of severity. The
Omicron variant, starting with BA.1 (and later subvariants), produced milder respiratory
tract infections than Delta because it showed different tissue cell preferences, targeting
bronchi rather than lung alveoli. Omicron wave deaths declined due to population-based
immunity, along with what might be considered a reduced disease severity, during XBB.1.5
and BQ.1.1 waves. The JN.1 coronavirus variant reduced hospital admission risks in U.S.
patients by 40 percent, since its odds ratio was found to be approximately 0.60 compared to
EG.5 Eris patients in late 2023 by American researchers [192]. Research found that the sub-
variant HV.1 presented a much lower hospitalization risk (a factor of 0.35 versus EG.5) than
its descendant from EG.5. The disease severity decreased even more after Omicron sublin-
eages progressed from EG.5 to HV.1 to JN.1 during late 2023, according to observational
data [192]. Under immunological pressure and wide population immunity, the virus shows
a preference for more transmissible strains while demonstrating less virulent characteristics.
However, the average severity reduction does not ensure mild illness throughout all groups.
Hospital admissions of high-risk populations increased during each Omicron wave because
the number of infections increased. The highly immune-evasive variants BA.2.86 and JN.1
can infect people who are not recently boosted or exposed, including medically vulnerable
individuals, which can result in pneumonia [193]. Treatments continue to be in high de-
mand due to persistent patient needs. Investigations show that Omicron subvariants failed
to gain resistance against pneumonia medication, including dexamethasone, tocilizumab,
and other anti-inflammatory treatments [194]. These treatments function by modulating
human immune responses; thus, variant-specific changes do not affect their therapeutic
value. The milder virulent nature of Omicron leads to decreased patient progression toward
the hyperinflammatory stage, at which point medical drugs are necessary. These treatments
have led to better patient outcomes among the infected population. Hospital deaths among
COVID-19 pneumonia patients declined markedly from 2020 to 2023 because Omicron
caused less severe disease, while medical treatments (steroids and immunomodulators)
and antiviral medication were utilized early on [195]. Absolute risk reductions from an-
tiviral medications have decreased in communities where booster doses and previous
infections are common, mainly because the basic illness severity is lower among these
populations [196]. Healthcare providers should prescribe antiviral treatment to vulnerable
patients, such as those over 75 years old and those with multiple comorbidities or immuno-
suppression issues, to prevent pneumonia from becoming life-threatening [197]. During
the Omicron era, healthcare activities continue to focus on providing high-risk populations
with prompt antiviral treatments to prevent hospitalization and enhance pneumonia care
for those who need it.
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5. Prognosis and Outcome of Severe COVID-19 Pneumonia
The outcomes of severe pneumonia caused by SARS-CoV-2 can vary widely depend-

ing on factors such as the patient’s age, underlying health conditions, timely medical
intervention, and the severity of the disease. Severe pneumonia associated with COVID-19
is a significant contributor to morbidity and mortality, especially in patients with risk fac-
tors such as older age, obesity, cardiovascular disease, diabetes, and immunosuppressive
conditions [197]. The recovery of patients who develop severe COVID-19 pneumonia takes
an extended amount of time. In the process of recovery, hospitalization and rehabilitation,
together with post-ICU care, typically take between weeks and months [198]. A subset of
patients exhibits a positive recovery outcome for the novel strain of coronaviruses, while a
significant proportion of cases result in protracted sequelae. The mortality rate associated
with severe cases of pneumonia due to the novel coronavirus is particularly high among
elderly patients and those with pre-existing health conditions. The mortality statistics for
patients requiring mechanical ventilation due to severe pneumonia or experiencing ARDS
is 30–50% or higher, based on the patient demographics examined [199]. Varying research
studies have demonstrated ICU mortality statistics between 30% and 60% for patients
with severe COVID-19 pneumonia who need mechanical ventilation or ECMO support,
as their treatment course improved following better treatment protocols and vaccination
strategies [200]. Acute kidney injury (AKI) in patients with COVID-19 pneumonia has
been correlated with the need for ICU hospitalization, elevated inflammatory markers, and
higher mortality. Chronic kidney disease (CKD) also causes higher mortality in patients
with COVID-19 [201]. Patients receiving extended ICU care, along with those requiring
mechanical ventilation, often show delayed recovery even after discharge from the hospital.
The persistent medical impacts of COVID-19, known as Long COVID-19, consist of general
fatigue along with mental processing difficulties known as “brain fog,” while patients can
also experience muscle dysfunction and unusual breathing symptoms, along with joint
discomfort, chest pressure, and difficulty breathing [202]. Mild COVID-19 infections have
also been reported to lead to Long COVID, and those who suffered from severe pneumonia
are at an increased risk of the condition.

Patients who require extended ICU care with ventilator support frequently develop
Post-Intensive Care Syndrome (PICS) because extended ICU stays result in physical, cogni-
tive, and psychological disabilities [203]. Medical complications affect patients by causing
muscle wasting, anxiety, and depression, along with memory dysfunction, so they experi-
ence long-term effects on their recovery, along with a poor quality of life.

The various health conditions determine both the patient’s outcome and the progres-
sion of the disease in severe COVID-19 pneumonia. Older adults who reach the age of
65 and beyond face heightened risks of prolonged hospital stays and mortality [204]. Se-
vere pneumonia leads to worse patient outcomes for those who have pre-existing medical
conditions, including diabetes, hypertension, cardiovascular diseases, chronic respiratory
diseases (e.g., COPD, asthma), and obesity [205]. Individuals with a diminished immune
function stemming from cancer treatments or organ transplants and autoimmune diseases,
or immunosuppressive medications have a heightened risk of severe pneumonia and infec-
tions due to their weakened defense mechanisms against the virus [206]. Research findings
indicate that men face a marginally greater possibility of developing serious pneumonia
and dying from it than women, although the risk differences are not absolute [207]. Some
studies have shown that physical activity is correlated with a decreased need for hospi-
talization in patients diagnosed with COVID-19, reduced ICU admissions, and decreased
mortality. Also, COVID-19 patients with a 908 history of resistance and endurance exercise
have a lower rate of hospitalization and lower mortality [208].
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Detailed antiviral treatments, together with corticosteroid therapy (dexamethasone),
supplemental oxygen support, and additional care mechanisms, help patients recover effec-
tively [209]. Delayed care, especially in patients who develop ARDS or other complications,
can lead to worsened outcomes. The delivery of healthcare services later than needed
can result in patients developing ARDS or other complications, which ultimately causes
their condition to deteriorate. ARDS stems from severe pneumonia, with its most severe
consequences being widespread lung inflammation and extensive fluid accumulation. The
disease is recognized as fatal. ARDS patients need to receive mechanical ventilation therapy
because their condition results in elevated death rates [210].

Hospitalized patients and ventilator-assisted patients experience an increased risk
of both bacterial and fungal complications of pneumonia that augment mortality rates.
Overall, ventilator-associated pneumonia is the most widespread infection among patients
hospitalized in the ICU [211]. The extreme manifestation of COVID-19 pneumonia creates
blood-clotting conditions that potentially lead to pulmonary embolism, DVT, and other
thromboembolic complications [212]. Coronavirus disease causes damage to heart tissue,
resulting in myocarditis or arrhythmias, besides injury to kidneys, which may worsen
both the treatment course and disease outcome [213]. Research indicates that people who
have received the full vaccination course experience minimized SARS-CoV-2 pneumonia
severity. Extant research demonstrates that individuals who have been vaccinated are less
likely to require hospital treatment and face a reduced risk of admission to intensive care
units and death [214]. The chances of invasive mechanical ventilation are decreased among
vaccinated patients, and such patients generally face milder disease severity when they
develop COVID-19 infections. New forms of SARS-CoV-2 drive vaccine changes to boost
performance, which, along with continuous booster doses, help limit severe cases.

Childhood severe pneumonia rarely appears compared to adult pneumonia cases and
leads to better treatment results when patients develop it [214]. However, the post-viral
complication known as multisystem inflammatory syndrome in children (MIS-C) is a con-
sequence of childhood COVID-19 infection [215]. Pregnant women may develop severe
pneumonia along with COVID-19 complications. The COVID-19 hyperinflammatory state
induces a poor clinical result in pregnant women with severe pneumonia, who face an
increased danger of premature birth combined with fetal distress and other medical con-
ditions [216]. Survivors of severe pneumonia and ARDS require rehabilitation after their
illness to restore their muscles, along with their lungs and physical abilities. Medical care
through pulmonary rehabilitation facilities providing exercise training and instruction leads
to substantial improvements for these patients [217]. Supportive clinical care through sched-
uled follow-up visits enables the tracking of lung health and post-intensive care syndrome
management, along with PTSD and anxiety treatment, to achieve complete recovery.

6. Future Outlook
In 2023, the requirement for continuous development and transformation of our

medicine supplies was highlighted. We can expect updated versions of existing drugs
to be developed—for example, improved formulations of remdesivir or pan-coronavirus
antivirals. Scientists are currently investigating a wide range of antiviral medications
that target host elements such as TMPRSS2 inhibitors and drugs that control proteases
from various coronavirus species to develop protection strategies for future coronavirus
outbreaks, according to research presented in [218]. A specific compound functions as an
inhibitor for the SARS-CoV-2 entry host enzyme and demonstrates potential effectiveness
against any COVID-19 variant. Safe and tolerable host-targeted antiviral drugs avoid
resistance yet remain effective. Researchers are also exploring inhaled therapy options,
which allow drugs to directly reach the respiratory tract in order to achieve optimal lung
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drug concentration levels. A large trial in 2022 confirmed the findings of earlier trials but
failed to demonstrate primary effectiveness when testing inhaled interferon beta (SNG001)
for treating COVID-19. The administration of such therapies for selected patient groups
or as combined treatment modalities may provide therapeutic value. The prevention
of severe disease primarily relies on vaccines, though booster formulations now need
to be updated based on XBB.1.5 variant changes. The safety net on which treatments
function stands as protection against infections. The relationship between vaccines and
treatments is important because appropriate booster shots reduce the number of patients
needing treatment, and effective treatments ensure hospitals are not at capacity during
vaccine-resistant outbreaks [196].

7. Conclusions
This review demonstrated that the management of severe pneumonia due to SARS-

CoV-2 is predicated on maintaining oxygenation, treating the viral infection, controlling
inflammation, and addressing complications. Treating severe pneumonia due to SARS-CoV-
2 necessitates the expertise of multiple medical specialists, the administration of antiviral
agents alongside corticosteroids and immunomodulatory therapies, the provision of venti-
latory support, the administration of anticoagulants, and the utilization of other available
therapies. The severity of illness determines the necessity of sophisticated treatment op-
tions, including mechanical ventilation or ECMO. Combining rapid medical diagnosis and
patient-tailored treatment methods is critical to achieving optimal therapeutic outcomes for
these patients. Moreover, the therapeutic strategy is adapted based on the patient’s current
clinical state, existing medical conditions, and the severity of the underlying disease, and
the outcomes of severe pneumonia due to SARS-CoV-2 can range from full recovery to long-
term disability or death. These outcomes are influenced by various patient characteristics,
including age, comorbidities, proper medical intervention, and vaccination status. While
patients who receive prompt medical care generally recover, persistent disease symptoms
from Long COVID and post-ICU syndrome can compromise their quality of life, necessitat-
ing ongoing medical attention. The advent of vaccines, in conjunction with the evolution
of treatment modalities, has led to a marked improvement in the long-term prognoses for
patients afflicted with severe pneumonia due to SARS-CoV-2. Nevertheless, specific chal-
lenges persist, particularly among vulnerable risk groups. Investment in pan-coronavirus
drugs and universal coronavirus vaccines could eventually make variant-specific issues less
acute. For now, the strategy is vigilance and agility, detecting new variants early, assessing
their sensitivity to existing treatments, and deploying updated therapeutics as needed. In
2025, it is clear that while SARS-CoV-2 continues to evolve, the medical community has
likewise evolved its armamentarium.
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Abbreviations
The following abbreviations are used in this manuscript:

AC Assist-Control
ACE2 Angiotensin-converting enzyme 2 receptors
aPTT Activated Partial Thromboplastin Time
ARDS Acute respiratory distress syndrome
ABG Arterial Blood Gas
BiPAP Bilevel positive airway pressure
CPAC Continuous positive airway pressure
CRP C- reactive protein
CT Computer tomography
DIC Disseminated intravascular coagulation
DVT Deep vein thrombosis
DOAC Direct oral anticoagulants
ECG Electrocardiogram
ECMO Extracorporeal membrane oxygenation
HFNC High-Flow Nasal Cannula
HRCT High-Resolution Chest CT Scan
IL Interleukins
INR International Normalized Ratio
LMWH Low-molecular-weight heparin
MIS-C Multisystem inflammatory syndrome in children
NIC Non-invasive ventilation
PCR Polymerase chain reaction
PE Pulmonary embolism
PEEP Positive End-Expiratory Pressure
PICS Post-Intensive Care Syndrome
PT Prothrombin time
RT-PCR Reverse transcription polymerase chain reaction
SBT Spontaneous Breathing Trials
TNF-α Tumor Necrosis Factor
VILI Ventilator-induced lung injury
VTE Venous thromboembolism
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