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Abstract
BACKGROUND
The Omicron variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) mainly infects the upper respiratory tract. This study aimed to determine whether the probability of pulmonary infection and the cycle threshold (Ct) measured using the fluorescent polymerase chain reaction (PCR) method were related to pulmonary infections diagnosed via computed tomography (CT).

AIM
To analyze the chest CT signs of SARS-CoV-2 Omicron variant infections with different Ct values, as determined via PCR.

METHODS
The chest CT images and PCR Ct values of 331 patients with SARS-CoV-2 Omicron variant infections were retrospectively collected and categorized into low (< 25), medium (25.00-34.99), and high (≥ 35) Ct groups. The characteristics of chest CT images in each group were statistically analyzed.

RESULTS
The PCR Ct values ranged from 13.36 to 39.81, with 99 patients in the low, 155 in the medium, and 77 in the high Ct groups. Six abnormal chest CT signs were detected, namely, focal infection, patchy consolidation shadows, patchy ground-glass shadows, mixed consolidation ground-glass shadows, subpleural interstitial changes, and pleural changes. Focal infections were less frequent in the low Ct group than in the medium and high Ct groups; these infections were the most common sign in the medium and high Ct groups. Patchy consolidation shadows and pleural changes were more frequent in the low Ct group than in the other two groups. The number of patients with two or more signs was greater in the low Ct group than in the medium and high Ct groups.

CONCLUSION
The chest CT signs of patients with pulmonary infection caused by the Omicron variants of SARS-CoV-2 varied depending on the Ct values. Identification of the characteristics of Omicron variant infection can help subsequent planning of clinical treatment.
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Core Tip: Pulmonary infections caused by the Omicron variant of severe acute respiratory syndrome coronavirus 2 were highly correlated with cycle threshold (Ct) values. Lower Ct values were associated with a higher incidence and degree of pulmonary damage.

INTRODUCTION
Since the emergence of the Omicron variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on November 24, 2021[1], it has spread in most countries and caused infection in numerous individuals worldwide[2]. Although the virulence of Omicron appears to be weaker than that of previous SARS-CoV-2 variants, the large-scale use of vaccines against SARS-CoV-2, particularly with enhanced needles, has reduced the mortality rate associated with SARS-CoV-2[3]. Omicron is more infectious and transmissible than other variants[4,5] and causes damage to the lungs of some patients to different degrees[6]. Therefore, determining the degree of pulmonary damage caused by different Omicron viral load levels is key to understanding the characteristics of Omicron variant infection and its inhibition[7].
Fluorescent polymerase chain reaction (PCR) is the gold standard for diagnosing SARS-CoV-2 infection, and its cycle threshold (Ct) values can help achieve a reliable assessment and comparison of viral loads in patients[8-10]. Ct diagnosis has an extremely high diagnostic efficiency for determining the degree of pulmonary damage in patients with SARS-CoV-2 infections[11,12]. So far, only a few studies have attempted to correlate Ct values and pulmonary damage evidenced on chest computed tomography (CT) images obtained from patients with Omicron variant infection. The author’s hospital is a designated treatment facility for symptomatic patients with Omicron variant infection. This study aimed to assess the chest CT signs of patients with Omicron variant infection with different Ct values for determining the severity of the infection and providing guidance for subsequent clinical treatments.

MATERIALS AND METHODS
Clinical data
Chest CT scans of patients with Omicron variant infection admitted to Shanghai Xuhui Dahua Hospital were collected from April to May 2022. The inclusion criteria were patients with PCR-positive results (Ct value of < 40) and those with viral infection signs on chest CT within 48 h after PCR. The exclusion criteria were patients with bacterial infections, as determined using laboratory indexes, or those with a clinical or CT diagnosis of other basic pulmonary infectious diseases. This study complied with the ethical standards and was approved by the Ethics Committee of Shanghai Xuhui Dahua Hospital (approval No. 20220804).

Examination method
All CT scans were obtained using a Siemens 64-slice spiral CT scanner (SOMATOM sensation) from the pulmonary apex to the pulmonary bottom using the following scanning parameters: Detector collimation, 64.0 mm × 0.6 mm; tube voltage, 120 KV; tube current, automatic milliampere; slice thickness, 5 mm; reconstructed slice thickness, 1.5 mm; reconstructed slice spacing, 1.5 mm; and matrix, 512 × 512.

Image analysis
The lower Ct value between the ORF and N genes was selected as the PCR Ct value. The patients were divided into three groups based on their Ct values: Low (< 25), medium (25.00-34.99), and high (≥ 35) Ct groups. Double-blind analysis was conducted using the CT data of each group by two physicians with > 10 years of experience in radiological diagnosis. In cases of disagreement, consensus was achieved after mutual consultation. When patients exhibited pulmonary infection foci with a long diameter (≤ 20 mm), it was considered as a focal infection. Other infection signs, including patchy consolidation shadows, patchy ground-glass density shadows, subpleural interstitial changes, mixed consolidation ground-glass shadows, and pleural changes, were judged based on their characteristics.

Statistical methods
Statistical analysis of the data was performed using SPSS 23.0. Normally distributed data are expressed as mean ± SD, whereas enumeration data are expressed as case numbers or percentages. Within- and between-group comparisons of CT signs were performed using χ2 test. A P value of < 0.05 was considered to indicate statistical significance.

RESULTS
Baseline characteristics
Chest CT images of 331 patients [143 men and 188 women; age: 76 ± 12 (range: 25-102) years] with Omicron variant infection were collected. All patients showed respiratory symptoms of varying degrees, mainly including fever (n = 247, 74.62%), cough (n = 203, 61.33%), and chest tightness (n = 49, 14.8%). Among them, 187 (56.5%) patients were vaccinated thrice against SARS-CoV-2, 74 (22.36%) were vaccinated twice, 12 (3.63%) were vaccinated once, and 58 (17.52%) were not vaccinated. Additionally, 236 (71.3%) patients had a history of close or secondary contact with patients with SARS-CoV-2 infection, 65 (19.64%) had a definite history of gathering in public places, and 30 (9.06%) had no definite history of close contact with patients with SARS-CoV-2 infection.
The PCR Ct values ranged from 13.36 to 39.81 (average, 28.85 ± 6.68), with 99 (29.91%) patients in the low, 155 (46.83%) in the medium, and 77 (23.26%) in the high Ct groups.

General distribution of abnormal chest CT characteristics
Among all patients, the most common CT sign was focal infection (n = 178, 45.18%), followed by subpleural interstitial changes (n = 81, 20.56%), patchy ground-glass density shadows (n = 76, 19.29%), patchy consolidation shadows (n = 27, 6.85%), pleural changes (n = 20, 5.08%), and mixed consolidation ground-glass shadows (n = 12, 3.04%).

Analysis of the differences in the distribution of abnormal chest CT characteristics within and between different Ct groups
Focal infections were less frequent in the low Ct group (30%) than in the medium (52.27%, χ2 = 10.004, P = 0.002) and high (53.41%, χ2 = 10.895, P = 0.002) Ct groups. Focal infection was the most common sign in the medium and high Ct groups (compared with the second most common sign in the groups: The medium Ct group, χ2 = 23.780, P < 0.001 and the high Ct group, χ2 = 19.100, P < 0.001), with statistically significant differences (Figure 1A-C).
The frequency of patchy consolidation shadows (Figure 1D-F) was the highest in the low Ct group (14.62%), less in the medium Ct group (3.98%; χ2 = 7.037, P = 0.014), and the lowest in the high Ct group (1.14%), with statistically significant between-group differences (χ2 = 13.315, P < 0.001).
There were no statistically significant differences in the frequency of patchy ground-glass density shadows (Figure 1G and H) among the low (16.92%), medium (19.32%), and high (22.73%) Ct groups (χ2 = 0.136, χ2 = 1.125, and χ2 = 0.482; P = 0.854, P = 0.377, and P = 0.603, respectively).
Furthermore, no statistically significant differences were observed in subpleural interstitial changes among the low (25.38%), medium (17.61%), and high (19.32%) Ct groups (χ2 = 1.452, χ2 = 1.049, and χ2 = 0.033; P = 0.302, P = 0.394, and P = 1.000, respectively).
In addition, mixed consolidation ground-glass shadows showed no statistically significant differences among the low (2.31%), medium (3.98%), and high (2.27%) Ct groups (χ2 = 0.687, χ2 = 0.000, and χ2 = 0.687; P = 0.683, P = 1.000, and P = 0.683, respectively).
The frequency of pleural changes (Figure 1D-F) was the highest in the low Ct group (10.77%), less frequent in the medium Ct group (2.84%; χ2 = 4.916, P = 0.049), and the lowest in the high Ct group (1.13%; χ2 = 8.865, P < 0.005), with statistically significant between-group differences.
Among the three groups, the number of patients with two or more abnormal chest CT signs was the highest in the low Ct group (30.3%, 30/99), less in the medium Ct group [12.26% (19/155), χ2 = 9.765, P = 0.003], and the lowest in the high Ct group [12.99% (10/77), χ2 = 8.562, P = 0.005], with statistically significant between-group differences (Table 1).

DISCUSSION
SARS-CoV-2 is constantly mutating. A recent report in Lancet confirmed that the viral genomes of the current round of local viral epidemics in Shanghai (present since late February) consist of the SARS-CoV-2 BA.2.2 variant, which is a subpopulation of the SARS-CoV-2 Omicron variant (B.1.1.159)[13]. Although its virulence is weaker than that of previous variants (including the Delta variant), it exhibits higher infectivity and stronger ability to escape the immune system, resulting in large-scale infections, high Ct values among symptomatic patients, and high mortality rates, which have an impact on the society. Therefore, it is particularly important to understand the clinical manifestations and imaging characteristics of patients with Omicron variant infection.
Currently, the autopsy reports of patients with Omicron variant infection are rarely reported; therefore, the pathological mechanism of this infection remains unclear. According to the autopsy reports of other SARS-CoV-2 subtypes abroad[14-16], SARS-CoV-2 directly infects target cells, including bronchial and alveolar epithelial cells, vascular epithelial and endothelial cells, and immune cells. The formation of early vasculitis leads to vascular wall and perivascular inflammation, immune cell infiltration, vascular stenosis, thrombosis, and secondary bleeding. In the later stage of SARS-CoV-2 infection, interstitial fibrosis and diffuse alveolar injury of the perivascular lung parenchyma can often occur secondary to infection with various bacteria and mucor, consolidation, and complications, such as mucus plugs formed by airway mucus secretion and peripheral pleural changes. Viruses can travel through the blood and induce pathological changes in other parts of the body.
PCR Ct values indicate the number of amplifications required for detecting SARS-CoV-2. The lower the Ct value, the higher the viral load in a nucleic acid sample and vice versa. A previous study reported a linear correlation between Ct values and viral loads. Accordingly, Ct values can reflect the viral levels in patients to a certain extent[8,10]. Some studies have considered Ct values of < 25 to indicate high viral loads; these patients required a longer viral clearance time[17]. We included patients with Ct values of < 25 in the low Ct group. According to the Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia (Trial Version 9) of China, the standard for dissolution in our region was a Ct value of ≥ 35. Moreover, another study reported that the virus can no longer be isolated from samples at Ct values ≥ 35[18]. Thus, we included patients with Ct values ≥ 35 and < 25 in the high and low Ct groups, respectively. Patients with Ct values of 25.00-34.99 were included in the medium Ct group. Along with chest CT features, Ct values can help improve our understanding of the pathological characteristics of patients with Omicron variant infection.
In this study, among all groups, the most common abnormal chest CT sign was focal infection (30.00%-53.41%, all P < 0.05), which was observed as blurred shadows, consolidation shadows, ground-glass density shadows with a long diameter (≤ 2 cm), and small nodule-like shadows with fuzzy edges, most of which were located under the pleura. These findings differ from the most common abnormal sign (patchy ground-glass density shadows) observed in patients with other previously identified SARS-CoV-2 subtype infection[19]. This suggests that the virulence of the Omicron variant is weaker than that of other SARS-CoV-2 variants. In addition, the large-scale use of vaccines leads to the most infection-caused vasculitis being replaced by peripheral vasculitis, more limited secondary peripheral pathological changes, and more common focal infections in the medium and high Ct groups. These findings indicate that lower viral loads in patients with Omicron variant infection result in fewer pulmonary infection foci and improved prognosis.
Among all Ct groups, patchy ground-glass density shadows (16.92%-22.73%) and subpleural interstitial changes (17.61%-25.38%) were also common (but not the most common) chest CT signs. Mixed consolidation ground-glass shadows were less common (2.27%-3.98%). In addition, the above abnormal signs were not significantly different among the three groups (all P > 0.05). These abnormal signs were consistent with the chest CT findings of pneumonia caused by other SARS-CoV-2 variants[20-22], but]; however, their proportions were significantly decreased, indicating that the virulence of Omicron is weaker than that of previously identified variants.
The number of patients with patchy consolidation shadows (14.62%), pleural changes (10.77%), and two or more abnormal signs (30.3%) was higher in the low Ct group than in the other two groups (all P < 0.05). Overall, Omicron infection showed fewer signs of pulmonary consolidation than other SARS-CoV-2 variant infections[23]. Consolidation shadows may result from vasculitis, hemorrhage, and peripheral serous exudation caused by high viral loads attacking blood vessels, secondary or direct alveolar inflammation, massive immune cell filling, and small airway mucus plugs. In addition, exudative and inflammatory stimulation of some lesions induces changes such as pleural thickening and pleural effusion. These results suggest that high viral loads can lead to severe and complex pulmonary injuries in some patients.
We used a Ct value of ≥ 35 as an inclusion criterion for patients in the high Ct group. Ct values of ≥ 35 in two consecutive tests is a criterion for patient discharge from mobile cabin hospitals, according to the Diagnosis and Treatment Plan for SARS-CoV-2 Pneumonia (trial version 9) issued by the National Health Commission of the People’s Republic of China. Although such patients are noninfectious, their lungs might show abnormal signs to different degrees. Therefore, follow-up observations and treatment of such patients is important.
The sample size of this study was reasonable. Although future studies should be conducted with larger sample sizes, considering the urgent epidemic situation, the sample size of this study was adequate. It is expected that studies with a large sample size will further validate our findings.

CONCLUSION
In this study, patients with SARS-CoV-2 Omicron variant infection were grouped based on their Ct values. We found that the chest CT signs of patients with different viral loads varied to a certain extent. Focal infection was the most common abnormal chest CT sign in the medium and high Ct groups. Patients in the high Ct group more commonly presented with patchy consolidation shadows, pleural changes, and two or more abnormal CT signs than those in the other two groups. The results of this study can effectively enhance our understanding of the characteristics of Omicron variant infections and provide guidance for subsequent clinical treatments of patients with such infections.

ARTICLE HIGHLIGHTS
Research background
The Omicron variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) mainly infects the upper respiratory tract. Chest computed tomography (CT) can reveal the presence of pulmonary infection. The measured cycle threshold (Ct) was related to pulmonary infections diagnosed via CT.

Research motivation
To explore the relationship between chest CT characteristics and Ct value using the fluorescent polymerase chain reaction (PCR) method.

Research objectives
Pulmonary infections caused by the Omicron variant of severe acute respiratory syndrome coronavirus 2 were highly correlated with Ct values. Lower Ct values were associated with a higher incidence and degree of pulmonary damage.

Research methods
The chest CT images and PCR Ct values of 331 patients with Omicron variant infections were retrospectively collected; categorized into low (< 25), moderate (25.00-34.99), and high (≥ 35) Ct groups; and analyzed statistically.

Research results
Focal infections were less frequent in the low Ct group than in the medium and high Ct groups. Patchy consolidation shadows and pleural changes were more common in the low Ct group than in the other two groups. The number of patients with two or more signs was greater in the low Ct group than in the medium and high Ct groups.

Research conclusions
Pulmonary infection and the Ct measured using the fluorescent PCR method were related to pulmonary infections diagnosed via CT.

Research perspectives
Future studies with large sample sizes and multiple centers will further validate our findings.
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Figure 1 Computed tomography. A and B: A 48-year-old man had a history of close contact with patients mildly infected with SARS-CoV-2 Omicron variant. He had fever and mild cough for 3 d, with nucleic acid polymerase chain reaction positivity [cycle threshold (Ct) value, 35.43], leukocyte count of 7.26 × 109/L, neutrophil proportion of 58.8%, lymphocyte proportion of 32.9%, hypersensitive C-reactive protein content of < 0.5 mg/L (reference range, 0-8), and serum amyloid A (rapid method) content of < 5.0 mg/L (reference value < 10). The pulmonary window of the chest computed tomography (CT) scan revealed a focal high-density infection in the long diameter of the dorsal segment of the left lower lobe (< 2 cm) (A, short arrow); CT re-examination after 4 d revealed a decreased lesion density and slightly increased volume in the dorsal segment of the left lower lobe (B); 1 wk later, CT images showed that most of the lesions were dissipated and absorbed (C); D-F: A 93-year-old woman had a history of close contact with asymptomatic patients infected with SARS-CoV-2 Omicron variant. She had a high fever, cough, and expectoration for 4 d, with nucleic acid polymerase chain reaction positivity (Ct value, 23.97), leukocyte count of 7.41 × 109/L, neutrophil proportion of 63.3%, lymphocyte proportion of 22.25% (close to the lower limit of normal value), hypersensitive C-reactive protein content of 31.48 mg/L↑, serum amyloid A (rapid method) content of > 200 mg/L↑, partial pressure of carbon dioxide of 4.65↓, and D-dimer content of 4.25↑. The pulmonary window of the chest CT scan revealed consolidation shadows in the dorsal segment of the left lower lobe (short arrow) accompanied with a small amount of effusion in the adjacent pleural cavity, and scattered patchy, slightly high-density infection foci in both lungs, suggestive of an infection (D); the mediastinal window of the same CT revealed a small amount of effusion in the left pleural cavity (long arrow) (E); CT re-examination after 5 d revealed a decreased density of the consolidation infection foci in the dorsal segment of the left lower lobe and partial absorption of other infection foci in both lungs (F); G and H: An 81-year-old man had a history of close contact with his wife who had asymptomatic SARS-CoV-2 Omicron infection. He had fever, cough, and expectoration for 4 d, with nucleic acid polymerase chain reaction positivity (Ct value, 26.3), leukocyte count of 7.73 × 109/L, neutrophil proportion of 61.9%, lymphocyte proportion of 20.1% (close to the lower limit of normal value), hypersensitive C-reactive protein content of 7.42 mg/L, and serum amyloid A (rapid method) content of 16.6 mg/L↑. The pulmonary window of the chest CT scan revealed scattered patchy ground-glass density shadows in the right middle and lower lobes (short arrows) (G); CT re-examination after 6 d revealed shrinkage and partial absorption of most of the infected foci in the right lung (H).

Table 1 Differences in the distribution of abnormal chest computed tomography imaging characteristics in each cycle threshold group, n = 394
	Group
	CT sign

	
	Focal infection
	Patchy consolidation shadows
	Patchy ground-glass density shadows
	Mixed consolidation ground-glass shadows
	Subpleural interstitial changes
	Pleural changes
	Total

	Low Ct group (< 25)
	391
	192
	22
	3
	33
	142
	130

	Medium Ct group (25.00-34.99)
	921
	7
	34
	7
	31
	5
	176

	High Ct group (≥ 35)
	471
	1
	20
	2
	17
	1
	88

	Total
	178
	27
	76
	12
	81
	20
	394


1Statistically significant difference in the group;
2Statistically significant difference between groups.
CT: Computed tomography; Ct: Cycle threshold.
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