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ABSTRACT 
The study evaluated lung involvement in 332 patients diagnosed with COVID-19 through 

chest CT scans, analyzing its association with clinical manifestations between March 2020 

and June 2021. The results showed that most patients were male, with symptoms such as 

cough and myalgia predominant, and 3.9% of cases resulted in death, especially among 

the elderly. 
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INTRODUCTION 

The Coronavirus that causes Severe Acute Respiratory Syndrome 2 (SARS-CoV-2) 

is a virus first identified in Wuhan, China, at the end of 2019. The disease caused by this 

etiological agent was named COVID-19 and, in March 2020, declared a pandemic by the 

World Health Organization (WHO)1.  The most common sites of infection are the airways 

and evidence indicates that the damage caused is mainly linked to some types of 

pneumocytes that have Angiotensin-Converting Enzyme II in their membranes, serving as a 

receptor for binding to the spike glycoprotein of the virus2.  

Thus, the severity of the pulmonary impairment caused is closely linked to the 

severity of the infection, leading to more important dyspnea, pulmonary injuries associated 

with pneumonia, and Severe Acute Respiratory Syndrome (SARS) with diffuse alveolar 

damage (DAD), diffuse alveolar microvascular occlusion, and airway inflammation through 

inflammatory mediators, which can be fatal or lead to sequelae due to permanent damage 

to the airways3,4,5element. 

In this sense, computed tomography (CT) exams are important in the detection of 

lung lesions related to pneumonia, which is indicated in COVID-19, helping in the 

management and treatment when the diagnosis is confirmed and the pattern of respiratory 

symptoms worsens. CT is an important test to show the evolution and progression of the 

disease6,7. Although it has already been pointed out as important to establish a diagnosis 

in cases with negative RT-PCR8. CT is currently not recommended for diagnosis or 

screening of COVID-19, according to the American and Brazilian Colleges of Radiology7,9. 

Therefore, the present study aimed to evaluate the degree of pulmonary involvement 

based on chest tomography of patients diagnosed with COVID-19 in a municipality in the 

south of Santa Catarina and its association with the clinical manifestations of the patients; 

 

METHODS 

An observational cross-sectional study was conducted. The study population 

consisted of 332 patients diagnosed with COVID-19 by RT-PCR, rapid test with antibody 

detection, antigen test by nasal swab, serological test with antibody detection, or clinical-

epidemiological criteria who underwent chest tomography exams on an outpatient basis 

from March 2020 to June 2021, the results of which were found in the records of a 

municipality in the south of Santa Catarina. 

Patients over 18 years of age who were notified and confirmed with COVID-19 by the 

municipality and who underwent chest tomography exams at the outpatient level available 

in the municipality's records were included. Patients who did not have their CT scans 



 

  

reported or incompletely reported and whose absence of variables compromised the 

outcome of the study were excluded from the study.  

Information on the profile such as gender, age and comorbidities and 

symptomatological characterization of the individuals at the time of notification were 

collected. Data regarding symptoms and comorbidities were self-reported by the patients. 

 

Table 3. Association of gender, age group, and outcome with pulmonary involvement in patients with COVID-19 
who underwent chest CT scans between March 2020 and June 2021 in a city in the south of Santa Catarina. 

 No involvement 1-25% 26-50% 51-75% > 76% 
P-

value 

By age group, in years (n= 308)     0,04 

20-29 14,60% 5,00% 5,40% 4,80% 0,00%  

30-39 6,30% 11,30% 15,40% 7,10% 0,00%  

40-49 41,70% 37,50% 23,10% 33,30% 12,50%  

50-59 25,00% 23,80% 26,20% 19,00% 25,00%  

60-69 8,30% 12,50% 15,40% 21,40% 62,50%  

70-79 4,20% 8,80% 12,30% 11,90% 0,00%  

> 80 0,00% 1,30% 2,30% 2,40% 0,00%  
       

By sex (n=308)      0,02 

Male 31,30% 57,50% 56,20% 57,10% 37,50%  

Female 68,80% 42,50% 43,80% 42,90% 62,50%  
       

Outcome 
(n=306) 

     0,04 

Cured 100,00% 98,80% 96,90% 90,50% 87,50%  

Death 0,00% 1,30% 3,10% 9,50% 12,50%  

 

All CT scans were performed using the xxxx tomography machine, The methods of 

obtaining the images were single-series, volumetric acquisition, helical and multislice 

acquisition, without contrast, and the pulmonary involvement was analyzed virtually by 5 

physicians with the title of specialist in Radiology and Diagnostic Imaging. 

The study followed the precepts of Resolution No. 466 of 2012 of the National Health 

Council, with the authorization of the institutions involved and having been approved by the 

Research Ethics Committee (CEP) of UNISUL, under opinion 4.826.202, on 07/05/2021. 

The data were collected, organized and compiled in a database in an Excel® spreadsheet.  

The biostatistical process and analysis were performed using the Statistical Package 

for the Social Sciences (SPSS)® version 20.0 for Windows. Quantitative variables were 

described as measures of central tendency and data dispersion. Qualitative variables were 

described in absolute numbers and proportions. To verify the association between the 

variables of interest, the Chi-square test was applied to compare the proportions. The level 

of significance was set at 5% (p-≤ 0.05). 

 

 

 



 

  

RESULTS 

The present study analyzed chest CT scans and profiles of 332 patients confirmed 

with COVID-19 from March 2020 to June 2021. Of these, 50.9% were male and 49.1% 

were female, with a mean age of 52.02 years, SD±13.94, ranging from 21 to 87 years. At 

the time of notification of these patients, the symptoms most frequently reported by them 

were, respectively: cough (51.5%), myalgia (47%), headache (40.2%), and 13.2% of the 

patients were asymptomatic at the time of notification. In addition, it was evidenced that 58 

(19.2%) patients required hospitalization in the ward and 20 (6.6%) in the ICU, representing 

a total of 25.8% of hospitalized patients out of a total of 302 patients. Regarding the 

outcome, deaths represented 3.9% of the population studied, and 61.5% of these were 60 

years of age or older, as shown in Table 1. 

 

Table 1. Profile of patients who underwent chest tomography confirmed with COVID-19 between March 2020 
and June 2021 in a city in the south of Santa Catarina. 

Variables N (%) 

Gender (n=332) 
 

Female 163 (49,1%) 

Male 169 (50,9%)    
Reported symptoms 

 

Cough (n=295) 152 (51,5%) 

Myalgia (n=296) 139 (47%) 

Headache (n=296) 119 (40,2%) 

Fever (n=311) 77 (24,8%) 

Fatigue (n=296) 62 (20,9%) 

Sore throat (n=294) 48 (16,3%) 

Diarrhoea (n=296) 37 (12,5%) 

Rinorreira (n=294) 36 (12,2%) 

Ageusia (n=292) 34 (11,6%) 

Nausea (n=296) 32 (10,8%) 

Dyspnea (n=312) 32 (10,3%) 

Anosmia (n=294) 28 (9,5%) 

Chest pain (n=294) 15 (4,5%) 

Tearing (n=295) 15 (5,1%) 

Difficulty swallowing (n=289) 11 (3,8%) 

Expectoration (n=296) 4 (1,4%)    
Reported comorbidities (n=167) 

 

Cardiovascular diseases 44 (26,3%) 

Diabetes Mellitus 13 (7,8%) 

Obesity 3 (1,8%) 

Lung diseases 6 (3,6%) 

Immunosuppressive diseases 13 (7,8%) 

Other diseases 11 (6,6%)    
Hospitalization (n=302) 

 

No hospitalization 224 (74,2%) 

Infirmary 58 (19,2%) 

ICU 20 (6,6%)    
Outcome (n=330) 

 

Cured 317 (96,1%) 

Death 13 (3,9%) 



 

  

Patients with comorbidities accounted for 40.1%, however, comorbidities were 

underreported items, with almost 50% of these data absent from the notification forms. The 

most reported comorbidities were cardiovascular diseases (26.3%) and DM (7.8%), as 

shown in Table 1. 

With regard to CT scans, the mean time between symptom onset and CT was 13.24 

days, and there was an association between the interval of days between symptom onset 

and CT scan and the severity of the disease (p=0.01). Of the total number (n=332), 85.5% 

had abnormalities in their chest CT scans, whereas 14.5% (48) had normal-looking CT 

scans. The main characteristic alterations were bilateral pulmonary involvement (82.5%), 

presence of ground-glass opacities (78.9%), intra- and interrerlobular septal thickening 

(75%), and fibroatelectasis (62%), followed by consolidations (4.8%), as shown in Table 2. 

There was an association between pulmonary involvement and patients with ground-glass 

opacities (p<0.001), consolidation (p=0.32), intra- and interrelobular septal thickening 

(p<0.001), mediastinal lymphodons (P=0.039), and fibroatelectasis (p<0.001). 

 

Table 2. Changes in chest CT scans in patients confirmed with COVID-19 between March 2020 and June 2021 
in a city in southern Santa Catarina (n=332). 

Sample characteristics N (%) 

Affected lung  

Right 2 (0,6%) 

Left 8 (2,4%) 

Both 274 (82,5%) 

None affected 48 (14,5%)   
Presence of inflammatory infiltrate  

Yes 2 (0,6%) 

No 330( 99,4%)   
Presence of nod opacity  

Yes, apical location 2 (0,6%) 

Yes, later located 4 (1,2%) 

No 326 (98,2%)   
Presence of ground-glass opacity  

Yes, predominant location on the outskirts 262 (78,9%) 

No 70 (21,1%)   
Consolidation presence  

Yes, concomitant with ground-glass opacities 16 (4,8%) 

No 316 (95,2%)   
Presence of thickening  

Yes, intra- and interlobular 249 (75%) 

Yes, subpleral 3 (0,9%) 

No 90 (24,1%)   
Presence of air bronchograms  

Yes 1 (0,3%) 

No 331 (99,7)   
Presence of lymphodomegaly  

Yes, mediastinal 8 (2,4%) 

No 324 (97,6%)   
Presence of fibroatelectasis  

Yes, on a later basis 206 (62%) 

Yes, apical 2 (0,6%) 



 

  

No 124 (37,4)   
Presence of pleural effusion  

Yes 5 (1,5%) 

No 327 (98,5%)   
Presence of other findings such as nodules, 

cysts, granulomas 
 

Yes 14 (4,2%) 

No 318 (95,8%)   
Presence of bronchiectasis  

Yes 3 (0,9%) 

No 329 (99,1%)   
Presence of lung bulla  

Yes 3 (0,9%) 

No 329 (99,1%)   
Presence of pulmonary emphysema  

Yes 6 (1,8%) 

No 326 (98,2%)  

 

The analysis of pulmonary involvement was performed virtually and was available in 

the reports of 308 patients. There was an average of 31.20% of pulmonary involvement 

caused by the disease, with 39.2% of the patients having 26 to 50% of lung involvement, as 

described in Figure 1. 

 

Figure 1. Percentage of lung involvement in patients with COVID-19 who underwent chest CT scans between 
March 2020 and June 2021 in a city in southern Santa Catarina (n=308). 

 
Percentage of pulmonary impairment 

 

Regarding diseases, the only one that was associated with pulmonary involvement 

was Diabetes Mellitus 2 (p=0.004). There was no association with other comorbidities: 

obesity (p=0.496), cardiovascular diseases (p=0.384), pulmonary diseases (p=0.228), and 

immunosuppressive diseases (p=0.250). 

When associated with the variable hospitalization, the greater the pulmonary 

involvement, the greater the number of people who required hospitalization. Of the patients 

with no involvement, 91.3% did not require hospitalization, while above >76%, only 37.7% 

15,60%

24,10%

39,20%

12,70%

2,40%

0% 1-25% 26-50% 51-75% > 76%



 

  

were not hospitalized, evidencing an association (p<0.001), as well as, among those 

hospitalized in the ICU, 66.7% of the patients had involvement greater than 51% (p<0.001), 

as shown in Figure 2. 

 

Figure 2. Hospitalizations due to pulmonary involvement of patients with COVID-19 who underwent chest 
tomography between March 2020 and June 2021 in a city in the south of Santa Catarina (n=282; p<0.001). 

 
 

An association was also observed in relation to the outcome (p=0.041). The highest 

mortality among the groups was in patients with more than >76% of pulmonary 

involvement, with 12.5% of the individuals dying. In addition, statistical significance was 

obtained when analyzing lung involvement with age and gender, as well as an association 

between age group and the presence of pleural effusion (p=0.026), bronchiectasis 

(p=0.016), emphysema (p=0.005). The full description of the associations is in Table 4. 

 

DISCUSSION 

A total of 332 CT scans of patients confirmed with COVID-19 were analyzed, 

obtaining a profile relatively similar to that of the analyses by Xu and collaborators and Li 

and collaborators, in which there is no clear predominance between the sexes. The mean 

age in these studies was 44.6 and 50 years, which was slightly higher in the present 

study10,11. A study conducted by Wan et al. showed a predominance of fever and cough 

symptoms, while in the present study, the most common symptoms were cough, followed 

by myalgia, and it was also observed that fever was the 4th most reported symptom12. This 

can be explained by the fact that, at the beginning of the disease, the patient may present 

with more atypical symptoms, and the symptoms were collected at the time of 

notification/initial stage of the disease. 

The number of patients with comorbidities is 40% lower when compared to another 

study, in which 50% of the patients had comorbidities. In addition, there was an association 



 

  

between involvement and diabetes, as in a previous study13. No statistical significance was 

observed between pulmonary involvement and diseases such as obesity, which was 

demonstrated in the study by Luo et al. as an important aggravating factor for the lesions.14 

However, the pathogenesis of Diabetes Mellitus 2 is closely linked to obesity and, 

frequently, patients with DM have both concomitantly. It is even known that obesity is 

underestimated based on self-reporting, when direct measurements of weight and height 

are not performed15. Therefore, this can be explained by the fact that the diseases were 

underreported, as well as reported by the patient himself, which is a limitation of the present 

study.  

As in the present study, others have demonstrated an association between the time 

of symptom onset and the extent of pulmonary involvement. As a result, some periods of 

evolution of COVID-19 are currently recognized: the initial stage, between 1-3 days after the 

onset of clinical manifestations; the progressive stage, from 3-9 days after, in which there 

are, between the 6th and 9th day, more obvious changes in the tomography; peak stage, 

with peak pulmonary manifestations between the 9th and 13th day; absorption stage, after 

2 to 3 weeks, in which the onset of resolution of the condition or chronification is 

expected16,17. In addition, the mean 31.2% of pulmonary involvement was similar to that 

of the study by Sapienza et al.18, and a higher rate of pulmonary involvement of 26-50% 

was obtained in the population when compared to the study by Mogami et al., and lower in 

cases of involvement greater than 50%, and it is possible to characterize the sample as 

having a significant involvement, although moderate.19 

Among the patients hospitalized in the ICU in the present study, 66.7% of the 

patients had involvement greater than 51% (p<0.001), a figure similar to the study by Ruch 

et al., which showed that 70% of the ICU patients had pulmonary involvement greater than 

50%, and that, as the pulmonary involvement was lower, there was a reduction in 

hospitalizations20. It is also noteworthy that the lethality of the disease in the present study 

was above the general national average in the period analyzed, of 2.78%, and also the 

average of the state of Santa Catarina, which is 1.56%21. It is also recognized that the 

severity of pulmonary involvement predicts clinical outcomes, as in the present study, in 

which pulmonary involvement was associated with the outcome22,23. 

The age group with the highest percentage of pulmonary involvement was those 

aged 40 to 49 years, except when the involvement was greater than 76%, which affected 

the 60 to 69 age group more, concentrating 62.5% of the affected patients (p=0.043). In 

addition, in the present study, we observed an association between pulmonary impairment 

and gender. Most of the patients without pulmonary involvement were women, whereas 



 

  

men remained the majority in the 1-25%, 26-51%, and 51-75% groups, with only one 

inversion in the group > 76%, in which 62.5% were women (p=0.024).  

Regarding the information provided, studies carried out with animal models have 

shown that estrogen has a protective effect on SARS-CoV, as well as SARS-CoV-224. 

Thus, one of the hypotheses to justify this fact is that in the graduations of no involvement 

up to 75% there is a predominance of the age of 40-49 years, in which women are possibly 

not yet, or are in perimenopause, with the action of this hormone frequently present. When 

there is a change in the predominant age of those affected above 76% to 60-69 years, the 

population would be postmenopausal, with a very reduced action of hormone25. 

The main characteristics of the CT scan in the present study were a pattern of 

bilateral and peripheral involvement, similar to the study by Wan et al.,12 This pattern 

reflects the commonly found in SARS and MERS viral infections.26 In addition, 78.9% of 

the patients had ground-glass opacities and 75% intra- and interrerlobular septal thickening, 

which characterizes the mosaic paving pattern and one of the main characteristics of 

COVID-19 during the peak of the sickness.27 Ground-glass opacity is described as the 

earliest sign of COVID-19 on CT scans, and initially, it is seen in smaller quantities, and, as 

the disease progresses, opacities become more diffuse and tend to appear in the mosaic 

paving pattern.11,27,28 

 These lesions may evolve or coexist with consolidations between the 1st and 3rd 

weeks of infection, which has been shown to be a finding of 2-64% in previous studies, 

varying in incidence depending on the time of CT scan at the onset of symptoms, as well as 

whether it was analyzed together with opacities. Consolidations were present in 4.8% of the 

patients in the present study. This may mean that, in the present study, the patients had 

less chronicity of the disease. Fibroatelectasis was found in 62%, also described as one of 

the signs of late phase of the disease in these patients and represented a higher rate when 

compared to other studies13,27,28. These data corroborate the fact that the mean number of 

days between CT scans and the onset of symptoms was 13 to 27 days, a transition 

between the peak of the CT manifestation and the beginning of the resolution of the 

condition. Other findings were rarer, such as in the metalysis of Wan et al.12 

In addition, these arguments may also be related to the association between 

pulmonary involvement and patients with ground-glass opacities (p<0.001), consolidation 

(p=0.32), intra- and interlobular septal thickening (p<0.001), mediastinal lymphodons 

(p=0.039), and fibroatelectasis (p<0.001). Although ground-glass opacity is described as an 

early sign of COVID-19, it can also be found later, in the most advanced stage of the 

disease. Intra- and interlobular septal spestemus has been reported to be associated with 



 

  

disease severity and progression, as well as consolidation, as they may lead to severe 

infiltration of the pulmonary interstitium and small blood vessels27,29. Patients with greater 

aggravation also showed higher incidences of mediastinal lymph node enlargement, which 

may explain the finding of the present study.11 

Some of the limitations of the present study were that the symptoms were only 

reported on the day of notification and not on the day of the CT scan, making other 

analyses impossible, and the underreporting of the diseases. In addition, it was not possible 

to follow up the lesions and there is no information on other hospital parameters of severity, 

since these CT scans were performed on an outpatient basis. 

In conclusion, the study showed that 50.9% of the patients were male, with a mean 

age of 52.2 years, 40.1% had comorbidities. The mean number of days of CT scan and 

symptom onset was 13.24, with a mean of 31.20% of insight, and there was an association 

between the interval of days between symptom onset and CT and the severity of the 

involvement (p=0.01). 85.5% had abnormalities in their chest CT scans, with bilateral 

pulmonary involvement (82.5%) and the presence of peripherally ground-glass opacities 

(78.9%). There was an association between pulmonary involvement and patients with 

ground-glass opacities (p<0.001), consolidation (p=0.32), intra- and interrelobular septal 

thickening (p<0.001), mediastinal lymphodons (p=0.039), and fibroatelectasis (p<0.001), 

DM2 (p=0.004), hospitalization (p<0.001), outcome (p=0.041), age (p=0.04), and gender 

(p=0.02). 
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