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Abstract
[bookmark: _Hlk54004097]The pandemic of novel coronavirus disease 2019 (COVID-19) is an infectious disease caused by +ve strand RNA virus (SARS-CoV-2, severe acute respiratory syndrome coronavirus 2) that belongs to the corona viridae family. In March, the World Health Organization declared the outbreak of novel coronavirus for the public health emergency. Although SARS-CoV-2 infection presents with respiratory symptoms, it affects other organs such as the kidneys, liver, heart and brain. Early-stage laboratory disease testing shows many false positive or negative outcomes such as less white blood cell count and a low number of lymphocyte count. However, radiological examination and diagnosis are among the main components of the diagnosis and treatment of COVID-19. In particular, for COVID-19, chest computed tomography developed vigorous initial diagnosis and disease progression assessment. However, the accuracy is limited. Although real-time reverse transcription-polymerase chain reaction is the gold standard method for the diagnosis of COVID-19, sometimes it may give false-negative results. Due to the consequences of the missing diagnosis. This resulted in a discrepancy between the two means of examination. Conversely, based on currently available evidence, we summarized the possible understanding of the various pathophysiology, radio diagnostic methods in severe COVID-19 patients. As the information on COVID-19 evolves rapidly, this review will provide vital information for scientists and clinicians to consider novel perceptions for the comprehensive knowledge of the diagnostic approaches based on current experience.
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Core Tip: Computed tomography has played an important auxiliary role in diagnosing coronavirus disease 2019 (COVID-19) patients with higher sensitivity but lower specificity. Ground glass opacities pattern is the most common finding in COVID-19 infections. Recognizing the manifestations of COVID-19 on chest X-ray may be used as first-line imaging in hospitals, especially in high prevalence areas. COVID-19 classically appears as a bilateral, peripheral and patchy consolidation on imaging. It is important to remember that there may be no radiological changes in positive COVID-19 patients. In this perspective, a diagnosis of real-time reverse transcription-polymerase chain reaction is needed.

INTRODUCTION
In December 2019, pneumonia with unknown aetiology officially reported by local hospitals in Wuhan, and it is severely impending around the world[1]. Later on January 7, 2020, the World Health Organization (WHO) declared a public health emergency named the novel coronavirus disease 2019 (COVID-19). The official classification of the International Committee on Taxonomy of Viruses is called severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)[2].
COVID-19 is spreading to more than 200 countries around the world, especially the United States, India, Germany, and Russia[3,4]. Past evidence suggests that the likelihood of a pandemic has increased over the last century. Previous to COVID-19, many infections affected world populations, such as cholera (1817-1824)[5], the plague of 1855[6], Spanish flu (1918-1920)[7], Swine Flu (2009-2010) (H1N1)[8], and the SARS-CoV (2003)[9]. The transmission rate of SARS-CoV-2 is higher than SARS-CoV due to the protein structure[10].
The most common signs and symptoms of COVID-19 among people hospitalized include fever, dry cough, or shortness of breath. It might be spread by the asymptomatic, presymptomatic, and symptomatic conditions. However, the lungs are the main organs involved in the disease. Also, patients infected with COVID-19 may potentially suffer from myocardial, renal, gastrointestinal, and nervous systems damage[11-14].
Till now, No vaccine, specific drug against coronavirus. Several clinical trials of vaccines or medicines are underway and have not been completed. Further, it was showed that convalescent plasma transfusion has the effectiveness to reduce the mortality of severe COVID-19 patients[15,16]. Due to the high rate of diagnostic tests and updated content on COVID-19 is emerging every day. As radiological examination and diagnosis are among the critical components of the diagnosis and treatment of COVID-19, clinical imaging plays a unique role in the COVID-19 pandemic situation.
Since radiographers working in medical imaging on ground zero for patients often care under ever-more difficult specific working circumstances. Although attention is required to staff mental health. While the chest computed tomography (CT) has limited accuracy, in COVID-19 patients, it plays a vital role in the initial diagnosis and disease progression assessment. Further, real-time reverse transcription polymerase chain reaction (RT-PCR) is standard for the precise information of COVID-19. Due to its low detection rates and low sensitivity, sometimes it shows false-negative results. Still, they are vital resources within healthcare systems.
In this critical situation, depth work is needed the improve early diagnosis and clinical management. In this report, we seek to address the vital elements that may improve patient experiences to date on COVID-19 and the role of the radiological aspect in the diagnosis for better management have been summarised. This review may assist researchers and clinicians in understanding this disease accurately.

PATHOPHYSIOLOGY OF COVID-19
CoVs are non-segmented positive-sense RNA viruses belonging to the corona viridae; typically, viruses have infected many different animals, including humans and other host species[17]. Studies have shown that COVID-19 patients have several events, including systemic inflammation, thrombosis, microvascular dysfunction and hematological symptoms[18,19]. The genome sequence analysis shows that the length of SARS-CoV-2 ranges from 26 kb to 32 kb with a 5′-capping site and 3′ polyadenylation stimulates host genome transcription and translation[20]. The human SARS-CoV and SARS-CoV-2 show variable degrees of pathogenicity, but it has 82% identical to code for structural proteins (sps) and non-structural proteins (nsps)[21].
The SARS-CoV-2 genomes contain many open reading frames (ORFs), serving as a template for subgenomic mRNAs' biosynthesis. Among these are 16 nsps encoded by ORF1a and ORF1b, code for viral protein synthesis[9,22]. The spike (S) protein of SARS-CoV-2, composed of two subunits, S1 and S2, among S1, plays a crucial role in the binding of angiotensin-converting enzyme 2 (ACE2) receptor that allows the entry of virus and highly expressed in host lung epithelial cells. The transmembrane S2 domain contains heptad repeat protein that facilitates the fusion of viral and host cell membranes. Therefore, researchers are considering the S2 domain as a promising target for COVID-19[23,24].
[bookmark: _Hlk58003126]The transmembrane protease serine 2 (TMPRSS2) and cathepsin L also facilitate the cell surface entry into the host genome[1,25]. During COVID-19 infection, these specialized structural cells activate immune system events expressed by antigen-presenting cells (APCs). APCs trigger a defence system containing CD4+-T-helper (Th1) designed to interact with foreign cells. After the activation of Th1 cells, it triggers the CD8+-T-killer cells, which recognize massive Th1 and Th2 cytokine to activate B-cells to produce selected viral-specific antibodies. ACE2 found on the apical surface of nasal and larynx mucosa, then targets lung epithelial cells[26,27]. Elevated white blood cells (WBCs) stimulate the cytokines, including pro-inflammatory interleukin (IL)-6. However, a higher IL-6 level increases the aggressiveness and viral spread.

DIFFERENTIAL DIAGNOSTIC APPROACH OF COVID-19
Laboratory findings
A nucleic acid-based test confirms the diagnosis of COVID19 with respiratory samples[28]. Although quantitative RT-PCR is a specific method for diagnosing COVID-19, it can give false-negative and false-positive results. Yang et al[29] noticed that about 11% of sputum, 27% of nasal, and 40% of throat samples were known to be false negative after RT-PCR tests. A study has shown that the current rate of false-positive operation in the preliminary estimates shows that it could be between 0.8% and 4.0%[30]. Similarly, Katz et al[31] has shown a 7.1% false-positive result in RT-PCR with a low detection rate. This situation may lead to severe outcomes from a missed diagnosis[32]. The quantitative RT-PCR method can only result in positive outcomes, but it has not been possible to analyze the severity of COVID-19 and its development in the organs.
The symptoms of COVID-19 are nonspecific for an accurate diagnosis. In the initial stage of the onset, patients had normal or decreased WBC count and lymphocytopenia. Some patients had elevated liver enzymes, lactate dehydrogenase and myoglobin. Increased troponin was seen in some severe cases[33]. Patients with severe disease had respiratory difficulties, including shortness of breath, chest pain or tightness with breathing, fever diminished vocal fremitus on palpation of the chest[34].
Most patients had normal procalcitonin levels but increased C-reactive protein and erythrocyte sedimentation rate at the time of admission. In severe cases, the D-dimer level was higher, and the peripheral blood T-cell phenotype of patients gradually decreased[35].

RADIOLOGICAL FEATURES OF COVID-19
Medical imaging plays a significant role in the diagnosis and therapeutic interventions of COVID-19 patients. The recommended procedure is shown in Figure 1.

Imaging
Considering that clinical ultrasound images support vital roles in early screening, diagnosis and monitoring of response to COVID-19 treatment. Across the world, the preference for radiological approaches is the same for COVID-19 as they managed in the other respiratory symptoms. The high load of the virus could be detected by chest X-ray, chest CT, lung ultrasound (LUS), and magnetic resonance imaging (MRI), that each has strengths and weakness. All of these roles have to be seen as a best-practice option.

Chest radiographs
Chest radiographs (CXR) can provide rapid and valuable information in diagnosing COVID-19 pneumonia[36]. Preliminary clinical assessment by radiologists at the time of imaging is the expected competence of professionals in many countries. As radiologists are the first consultants to check and diagnose disease, it follows that the PCE clinical report plays a crucial role in recognizing the potential COVID-19 infection. Radiologists and referral health professionals need to know that CXR or CT does not exclude COVID-19 in high-risk patients[37]. Initial CXR report of two female COVID-19 patients showed bilateral consolidation in the lower lung areas after follow-up with patchy consolidation in Wuhan[38]. The hallmark of COVID-19 is the classical CXR patterns. Almost half of the patients with COVID-19 have an abnormal chest X-ray. The presence of ground-glass opacities (GGO), associated consolidation and crazy paving pattern linked with COVID-19 infection[39,40].
There are no abnormal results in positive COVID-19 patients on CXRs during an early or moderate stage. Pneumothorax or lung cavitation are rare complications. In severe COVID-19 cases during disease progression, the number of nodes may increase significantly and spread to central areas where the lower left lobe is more often involved than the upper and right lobes in young and middle-aged adult COVID-19 patients[41]. Imaging appearances may vary from patient to patient with the disease stages and the severity of the disease[42]. However, the existing information on the reliability of CXR in COVID-19 is limited, with fewer cases than CT in the chest and often without specific criteria for the inclusion of healthy or non-COVID-19 issues.
The sensitivity of CXRs depends on the progression of COVID-19 infection. The sensitivity (69%) of CXRs imaging is higher in mild to moderate COVID-19 patients was reported[43]. Another single-centre study found that 27 patients had a bilateral or unilateral distribution of 32 patients, and 84% had a sensitivity[44]. Besides, asymptomatic and minimally symptomatic quarantine patients' CXR results showed 58.8% sensitivity in patients positive for COVID-19, but RT-PCR confirmation was not performed[45].

X-ray findings
Chest X-rays are the most widely used for investigating COVID 19 suspected cases due to rapid results with low sensitivity. No abnormal findings have been observed in early-stage positive COVID-19 patients. A classic picture of patchy or diffuse reticular nodule opacities and consolidation has been found in most patients with positive RT-PCR results. However, the routine chest radiography does not exclude COVID-19 pneumonia. Radiologists will be recommended for severe cases to allow quick initiation of treatments currently available for COVID-19 infection. However, there is no fixed definition for COVID-19 pneumonia to date. Radiologists may consider other respiratory symptoms when diagnosing patients[46-48].

CT
CT, as a non-invasive imaging approach, can identify specific trademark indications in the lung related to COVID-19 pneumonia. For the precise diagnosis of COVID-19 epidemiological evidence, common symptoms and tests are crucial. Imaging will be the first choice for the diagnosis. Suspected COVID-19 patients will undergo chest X-ray as soon as possible and an urgent CT scan based on severity, also follow routine protocol[49].
Hence, CT could serve as an effective way for early screening and determination of COVID-19. The sensitivity of the CT in a present pandemic situation is the gold standard at the beginning staging with RT-PCR, which recognizes viral load and is the current reference standard in the identification of COVID-19 infection. Several researchers proposed the sensitivity of without contrast chest CT for identifying COVID-19 disease is 98% compared with initial results with 71% sensitivity in RT-PCR[50-52]. Another study has shown the chest CT has a high sensitivity of (97%). Still, a low specificity was recorded (25%), with an accuracy of 68% for the diagnosis of COVID-19, and it may be considered as a primary tool for the current pandemic situation in positively affected areas[53]. No abnormal CT findings have been observed at an early and during disease progression stage. Later on, it could appear atypical CT report, including GGO, consolidation, nodule. Further, fibrosis, predominantly in the peripheral, basal lungs, and a small amount of pleural effusion may occur[54,55].

CT staging system
Till-date, there is no systematic comparison study between imaging findings and clinical case-control data. There is no significant research on the imaging stage and the rating of COVID-19. Based on abnormal findings in the CT, the stages of the COVID-19 manifestation may deviate into the four categories of early-stage, progressive stage, severe stage and pneumonia-determined stage (Table 1).

[bookmark: _Hlk65241234]LUS
LUS has several benefits over chest radiography and chest CT in the diagnosis of COVID-19 patients. LUS has good diagnosis efficiency, is ergonomically favourable and has less impact on preventing infections. Therefore, it is used in intensive care, cardiology and nephrology, and may also be useful in diagnosing and monitoring pneumonia. LUS may allow clinicians to assess where a patient has clinical symptoms of COVID-19 related lung damage, particularly in an intensive care setting. Although its full diagnostic role in COVID-19 patient care has not yet been identified, LUS may show alveolar damage, subpleural consolidation, white lung regions, thick irregular pleural lines and abnormal B-lines. According to LUS, the severity of COVID-19 disease is divided into moderate, severe and critical. Irregular B-lines develop and their number and distribution gradually increase across the upper and anterior areas of the lungs. However, alveolar injury, sub pleural consolidation, thick distinctive pleural lines and abnormal B-lines are not very specific to COVID-19 and can be seen in other viral pneumonia and acute respiratory distress syndrome. However, when these results are combined, they may help to diagnose during the COVID-19 pandemic. However, at present, no precise data show enhanced patient outcomes; future work should focus on further multi-center studies and the integration of LUS into clinical care pathways[59-62].

MRI
Although MRI plays a crucial role in oncology, although it is not related to evaluating lung infection, it can contribute to the defining brain and spine targets of COVID-19 positive patients. The first report of the in vivo human brain involved in a COVID-19 patient has been shown by Politi et al[63] demonstrated that a signal alteration compatible with a viral brain invasion in a cortical region. Kamishima et al[64] observed that respiratory-gated MRI is highly effective in reducing respiratory artefacts and these may use in various neurological manifestations of severe COVID-19 patients. Gulko et al[65] found that acute and sub-acute infarctions were the most common diagnosis of brain MRI imaging and leukoencephalopathy, microhemorrhage constellation, leptomeningeal contrast enhancement, and cortical fluid-attenuated inversion recovery (FLAIR) signal abnormality are common features in COVID-19 patients. In the current situation, MRI is in the diagnosis of secondary manifestations, including cardiac complications or persistent myositis. At present COVID-19 is still being explored and the use of MRI is likely to expand as we know much about this disease.

GUIDELINE AND SCREENING FOR COVID-19
Initial screening of COVID-19 is based on clinical features, travel history in recent days, and exposure to someone confirmed to have COVID-19. Based on United States practice and WHO guidance, there are two main reasons for being tested for SARS-CoV-2, including symptoms or exposure to an infected person. Although those at higher risk, such as people over 60 years of age or underlying medical conditions, may be considered for testing when others without these high-risk factors are not considered for testing[66]. For symptomatic patients, WHO suggests that chest imaging be used for suspected COVID-19 patients for precise diagnosis even if the following condition: (1) RT-PCR test not performed; (2) RT-PCR testing performed, but results delayed; and (3) the first RT-PCR test result is negative, but patients have a severe clinical feature of COVID-19. For patients with doubted or confirmed COVID-19 who are not present in the hospital and have minor symptoms, the WHO suggests additional clinical and laboratory assessments can be done by the hospital and later maybe discharge[67]. Later on June 16, 2020, the Food and Drug Administration (FDA) took initiatives to strengthen screening tests for asymptomatic patients and recommend pooled testing for all samples. The FDA believes that the pooling of samples may be authorized for use in specific SARS-CoV-2 tests with appropriate mitigation and validation (https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/pooled-sample-testing-and-screening-testing-covid-19).
The sample may be taken from the upper (nasopharyngeal or pharyngeal) or lower respiratory tract for diagnosis of SARS-CoV-2. Accumulating data indicates that the RT-PCR tests' accuracy is more sensitive and may vary depending on the specimen[68]. Preliminary results suggested that sputum is the most accurate sample for SARS-CoV-2 diagnosis, followed by nasal and throat swabs when comparing different types of specimens[26]. Some reports have shown that nasopharyngeal or pharyngeal swab samples are more sensitive to the SARS-CoV-2diagnosis, which varies based on viral load[69-71].

ADVANTAGES AND LIMITATIONS
Medical imaging plays a vital role in the diagnosis, management and treatment of COVID-19 patients. CXR are the most commonly used imaging method for suspected and reported COVID-19 cases, although their sensitivity is very low. On the other hand, CT in the chest is highly sensitive (97%), although not entirely specific. There are some major challenges in terms of infection control. LUS shows the benefits of chest X-rays and chests CT in the diagnosis of COVID-19 patients. It can be easily performed without the exposure of harmful radiation to patients and can be easily repeated at the bedside only. It also has more sensitivity than CXR and CT in the chest. MRI may lead to patients' diagnosis with symptoms of the central nervous system, even if it is not relevant to lung disease assessment. At present, the role of MRI is only used in the diagnosis of secondary complications of COVID-19, including cardiac complications or chronic myositis, and the use of MRI in this field is likely to increase because patients are more frequently affected by this disease[72-75].

CONCLUSION
COVID-19 is extremely infectious and people are highly vulnerable to infection in general. Medical imaging plays a crucial role in the COVID-19 pandemic, providing the benefit of additional evaluation and follow-up to critically ill patients. Based on the epidemiological evidence and clinical features, a descriptive radiological diagnosis is needed and the final diagnosis needs to be confirmed by RT-PCR testing. Even though radiological findings may be dramatic, it is not necessary to the image of all patients with suspected or confirmed COVID-19. Thus, a thorough review of the patient's epidemiological history, laboratory test results, clinical symptoms, and imaging indications are essential for early intervention, early identification, early diagnosis, first isolation, and early treatment.
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Figure Legends
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Figure 1 Overview of screening process for coronavirus disease 2019 in outpatient department. COVID-19: Coronavirus disease 2019; CT: Computed tomography; RT-PCR: Real-time reverse transcription polymerase chain reaction.

Table 1 Disease progression and its associated radiological changes[56-58]
	Stages
	Periods
	Clinical findings

	Early-stage
	< 2 d
	(1) More than half of the patients have a negative chest result; (2) It shows single or multiple GGO, nodule small patchy GGO, or large patchy GGO; (3) The lesions are located predominately in the middle and lower lung lobes with subpleural, peri-fissure, or peri-bronchovascular distribution; (4) The thickening of the bronchial wall, thickening of small vessels, air bronchogram sign and the thickening of adjacent interlobular pleura are common; (5) Some large patchy GGO with subsegmental distribution and increased small vessels seems like the fine grid shadow or "crazy paving” sign; And (6) some GGO shows "reversed halo" sign

	Intermediate stage
	3-5 d
	(1) Multiple new lesions similar to those in the early stage appeared; (2) Most of the original lesions would enlarge, with the presence of consolidation varying sizes and density; (3) Nodular, halo sign and air bronchogram sign in the consolidation could be seen; (4) Fusion or partial absorption of the original GGOs or consolidation could be seen; And (5) the scope and shape of lesions often changed after the fusion, which might not distribute along with the bronchovascular bundle thoroughly

	Late or severe stage
	6-12 d
	(1) Progression of the disease, diffuse consolidation with increased density would occur; (2) The bronchiectasis and air bronchogram sign appeared; (3) Patchy GGOs were shown in non-consolidated regions; (4) "White lung" appeared when most of the lungs were involved in the severe stage; And (5) thickened interlobular and bilateral pleura were commonly seen with a small amount of pleural effusion

	Resolved stage
	> 14 d
	(1) After the treatment, most COVID-19 patients tend to be stable and improved, showing that the range of lesions diminished, the density gradually decreased, the number of lesions reduced; (2) The GGO can be fully absorbed; And (3) In some cases, the lesions can evolve into a fibrous cord in a relatively short period


GGO: Ground-glass opacities; COVID-19: Coronavirus disease 2019.
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