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ABSTRACT 
Due to the rapid spread of SARS-CoV2 infection, many hospitals had an influx patients 

along with more chest radiographs requiring interpretation.  The deep learning-based automatic 
detection ( DLAD)  algorithm was applied to help physicians and radiologists in reading this 
overwhelming number of chest radiographs.  The aim of this study was to validate the diagnostic 
performance in COVID-19 pneumonia detection of the DLAD for mobile chest radiographs in 
patients with SARS- CoV- 2 infection.  Chest radiographs of patients with RT- PCR confirmed 
SARS-CoV-2 infection were included.  The diagnostic performance of DLAD in the detection of 
COVID-19 pneumonia with mobile chest radiographs was evaluated in comparison to the prior 
interpretation by the radiologist.  The sensitivity and specificity of DLAD in identification of 
pneumonia were 27.6% (95%CI 22.3%-33.4%) and 99.8% (95%CI 98.6%-100%) respectively. 
PPV and NPV were 98.7% (95%CI 92.8%-100%) and 67.4% (95%CI 63.5%-71.2%) respectively, 
with an AUC of 0.64 (95%CI 0.61-0.66). The duration from the onset of symptoms to the time of 
chest radiography was a significant predictor of pneumonia (P=0.013) whereas sex, age, BMI, and 
symptoms were not. DLAD is a tool with excellent specificity and PPV for COVID-19 pneumonia 
detection but has low sensitivity and AUC. 

Keywords: Chest radiographs; COVID-19 pneumonia; Deep learning-based automatic detection 
(DLAD) algorithm; SARS-CoV2 infection

1. Introduction
The chest radiograph is commonly used 

worldwide as a screening tool or for obtaining 

diagnosis for pulmonary parenchymal, airway, 
mediastinal, cardiac, pleural, and chest wall 
abnormalities [1]. Its main limitation is the 
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potential for diagnostic errors, especially when 
interpreted by less-experienced interpreters.  

The deep learning-based automatic 
detection (DLAD) algorithm was developed to 
help obtain fast patient triage, improved 
interpretation performance, and decreased 
workload. In our institution, the DLAD is 
installed into the mobile radiography unit. 
After a chest radiograph is done, the DLAD 
generates the location of detected lesions, the 
abnormality score reflecting the probability of 
the existence of detected lesions, and a 
summary of the findings.  

In patients with the novel coronavirus 
severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection, chest radiography 
and computed tomography (CT) play an 
important role in the detection of viral 
pneumonia and in follow-up evaluation [2]. 
Due to the increase in patients admitted to 
hospitals, there was a large number of chest 
radiographs requiring interpretation. The 
DLAD with the mobile chest radiograph was 
applied to help physicians and radiologists in 
interpreting this overwhelming number of 
chest radiographs. 

The primary objective of this study was 
to validate the diagnostic performance in 
COVID-19 pneumonia detection of the DLAD 
for mobile chest radiographs in patients with 
SARS-CoV-2 infection admitted into the 
Thammasat University Field Hospital. 
 
2. Materials and Methods  
 This study was approved by the Human 
Research Ethics Committee of Thammasat 
University (Medicine). The number of 
Certificate of Approval is 319/2021. This 
single-center study was a diagnostic cross-
sectional study with a retrospective approach. 
 
2.1 Participants 
 Included in this study were COVID-19 
patients who underwent mobile chest 
radiography with DLAD algorithm at the 
Thammasat University Field Hospital from 1 
May 2021 to 31 July 2021. Criteria for 
admission into the Thammasat University 

Field Hospital are as follows: 1) patients with 
mild symptoms and low risk, 2) patients who 
had been treated in any hospital for at least 48 
hours with stable vital signs, 3) asymptomatic 
patients with no risk factors, capable of self-
care, able to communicate well, and have no 
risk of psychiatric disorders nor aggressive 
behavior. However, patients who did not fulfill 
the above criteria might be considered for 
admission into the Thammasat University 
Field Hospital upon the approval by the 
infectious specialist. In this study, participants 
were eligible to be included if their age fell 
between 18 to 70 years and were confirmed to 
have SARS-CoV-2 infection by real-time 
reverse-transcriptase polymerase chain 
reaction (RT-PCR). The younger and older 
patients were not included in this study due to 
anatomical reasons and age-related changes in 
the lungs of the elderly. Patients were excluded 
if they had any chest devices, a history of 
thoracic surgery or breast augmentation, 
known thoracic neoplasms, or severe artifacts 
on the image. Age, sex, body mass index 
(BMI), onset of symptoms, and date of chest 
radiography were recorded. Only the first chest 
radiograph was used for analysis. 
 
2.2 Deep learning-based automatic 
detection (DLAD) algorithm 
 The DLAD algorithm (Lunit INSIGHT, 
Lunit Inc.) assessed in our study was installed 
on the mobile chest radiography unit. This 
DLAD was approved by the Ministry of Food 
and Drug Safety of Korea. The algorithm was 
developed by a deep convolutional neural 
network with dense blocks and originally 
trained with 54,221 normal chest radiographs 
and 35,613 abnormal chest radiographs in four 
major diseases including pulmonary 
malignancy, pneumonia, pulmonary 
tuberculosis, and pneumothorax [3, 4]. 
 This algorithm can detect ten radiologic 
findings which are consolidation, pleural 
effusion, pneumothorax, atelectasis, 
cardiomegaly, fibrosis, nodule, 
pneumoperitoneum, calcification, and 
mediastinal widening. In this study, we 
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focused on the detection of consolidations 
representing pneumonia. However, other 
findings were also recorded. The DLAD 
revealed an abnormality score between 0% to 
100% reflecting the probability of the 
existence of detected lesions. The report of the 
lesion and its location were displayed when the 
probability score was 15% or greater [4]. 
 
2.3 Chest radiography technique 
 The mobile chest radiography unit used 
in this study is a “FUJIFILM FDR nano” 
MOBILE X-RAY UNIT DR-XD 1000PX. It 
can generate a tube voltage of 40 to 100 kVp 
and a tube current of up to 35 mA. Upright 
patient’s position and posteroanterior view 
were obtained. 
 
2.4 Reference standard 
 All chest radiographs were analyzed by 
one thoracic subspecialty radiologist (more 
than 10 years of experience in thoracic 
imaging) and one in-training radiology fellow 
in comparison with the prior interpretation by 
the other radiologist. Both the thoracic 
radiologist and the in-training fellow were 
blinded to the results of the DLAD. All cases 
were assessed in consensus for negative 
findings, pneumonia, and other findings. 
 
 
 
 

2.5 Statistical analysis 
 Statistical analysis was performed with 
STATA (version 14.0). The sample size was 
estimated to be 820, based on the expected 
sensitivity and specificity, which were 80% 
and 70% respectively [11]. One-sample 
comparison of proportion formula was 
performed with a 95% confidence interval, 
error (alpha) 0.05, and an assumption that 
prevalence of pneumonia was 30%. 
Descriptive statistics are reported as mean and 
standard deviation (SD), or median and 
interquartile range (IQR) for continuous data. 
Counts and percentages were performed for 
categorical data. Statistical differences in the 
demographics were evaluated using Student’s 
t-test or Mann-Whitney U test for quantitative 
variables and Fisher’s exact test for qualitative 
variables. The diagnostic performance in the 
detection of COVID-19 pneumonia was 
evaluated by constructing the receiver 
operating characteristic curve (ROC) and 
calculating the area under the curve (AUC) 
together with the sensitivity, specificity, 
positive predictive value (PPV), and negative 
predictive value (NPV). The effects of age, 
sex, BMI, and the duration from the onset of 
symptoms to the time of chest radiography on 
COVID-19 pneumonia were assessed using 
multivariable logistic regression analysis. All 
statistical analyses were two-sided, and 
significance was assigned at P-value < 0.05. 

 

 
Fig. 1. Flow diagram of the study and final results. 
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3. Results and Discussion  
3.1 Patient demographics 
 Between 1 May 2021 and 31 July 2021, 
we enrolled 690 patients for initial eligibility. 
Twenty patients were excluded due to 
indwelling chest devices (n=2), thoracic 
surgery or breast augmentation (n=2), known 
thoracic neoplasm (n=1), and severe artifacts 
on the image (n=15). The remaining 670 
patients were included in the study and their 
chest radiographs were analyzed by the DLAD 
and the radiologists with a completion rate of 
97% (Fig. 1). The included 670 patients 
consisted of 277 men (41%) and 393 women 
(59%) with a mean age of 38.01 years (SD 
14.22). A mean BMI was 24.95 kg/m2 (SD 
5.39). All patients were asymptomatic or 
mildly symptomatic according to the criteria 

for admission into the Thammasat University 
Field Hospital. Five hundred twenty-two 
(78%) patients presented with one or more of 
the symptoms of fever, cough, loss of taste or 
smell, sore throat, or mild dyspnea. One 
hundred and forty-eight (22%) asymptomatic 
patients were enrolled for the RT-PCR test due 
to a history of contact with a known case of 
COVID-19 infection or were admitted into the 
Thammasat University Field Hospital through 
the active screening networks in the outbreak 
areas. The prevalence of COVID-19 
pneumonia in the study was 40% (268/670) 
(95%CI 36%-43.8%). In crude analysis, age, 
BMI, symptoms, and symptom onset to chest 
radiography were significantly different 
between the groups with and without 
pneumonia, while sex distribution was not 
significantly different (Table 1). 

 
Table 1. Baseline demographic characteristics of patients with COVID-19 with and without 
pneumonia. 

Variables All patients Patients with 
pneumonia 

Patient without 
pneumonia 

P-value 

Number of patients 670 267 (39.85) 403 (60.15) - 
Gender 
   Male, n (%) 
   Female, n (%) 

 
277 (41.34) 
393 (58.66) 

 
108 (40.30) 
160 (59.70) 

 
169 (42.04) 
233 (57.96) 

 
- 

0.689 
Age, years, mean (SD) 38.01 (14.22) 43.55 (14.44) 34.31 (12.82) <0.001* 
BMI, kg/m2, mean (SD) 24.95 (5.39) 26.19 (5.39) 24.13 (5.25) <0.001* 
Symptomatic patients 
   Asymptomatic, n (%) 
   Symptomatic, n (%) 

 
148 (22.09) 
522 (77.91) 

 
45 (16.79) 

223 (83.21) 

 
103 (25.62) 
299 (74.38) 

 
- 

0.008* 
The duration from the 
onset of symptoms to the 
time of chest 
radiography, days, 
median (IQR) 

4 (2-7) 6 (2-6) 6 (3-9) 0.020* 

Others radiologic 
findings 
   Pleural effusion, n 
   Pneumothorax, n 
   Calcification, n 
   Nodule or mass, n 
   Tuberculosis, n 

 
 

0 
0 
1 
3 
7 

 
 

0 
0 
0 
0 
2 

 
 

0 
0 
1 
3 
5 

- 

*Statistically significant at P-value < 0.05 determined by student’s t-test, Mann-Whitney U test, and Fisher’s exact test 
 

3.2 Diagnostic performance of DLAD for 
pneumonia detection 
 The cross-tabulation of the results of the 
DLAD and radiologists are shown in Table 2. 
The radiologists analyzed those 268 patients 
that had pneumonia. The sensitivity and 
specificity of DLAD in the identification of 
pneumonia were 27.6% (95%CI 22.3%-

33.4%) and 99.8% (95%CI 98.6%-100%), 
respectively. PPV and NPV were 98.7% 
(95%CI 92.8%-100%) and 67.4% (95%CI 
63.5%-71.2%), respectively, with an AUC of 
0.64 (95%CI 0.61-0.66). The ROC is shown in 
Fig. 2. Median and IQR of the abnormality 
score for pneumonia were 56% and 37%-65% 
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respectively. Examples of these radiographs 
are shown in Figs. 3-7. 
 

Table 2. DLAD performance with a diagnosis 
of COVID-19 pneumonia. 

 Radiologist 
DLAD Positive Negative Total 
Positive 74 1 75 
Negative 194 401 595 

Total 268 402 670 
 

 There were 194 false negative 
radiographs. Most cases with ground-glass 
opacity interpreted by the radiologists were not 
detected by the DLAD. This also led to 
underestimation of the distribution and 
severity of pneumonia by the DLAD. The only 
one false positive case was a 28-year-old 
woman whose radiograph showed 
reticulonodular opacity at the right upper lung 
zone which is likely considered to represent an 
active tuberculosis. 
 

 
 

Fig. 2. ROC of DLAD for COVID-19 pneumonia 
detection. 
 

 
 

Fig. 3. An example of a true negative radiograph in 
a 36-year-old man. (a) Chest radiograph showed no 
detected abnormality in both lungs. (b) DLAD 
revealed a low probability of abnormality. 
 

 
 

Fig. 4. An example of a true positive radiograph in 
a 40-year-old man. (a) Chest radiograph showed 
multifocal ground-glass opacities in both mid to 
lower lung zones, consistent with pneumonia. (b) 
DLAD interpreted as multiple consolidations with 
an abnormality score of 76%. 
 

 
 

Fig. 5. An example of a true positive radiograph in 
a 55-year-old man. (a) Chest radiograph showed 
multifocal ground-glass opacities in the periphery 
of both mid to lower lung zones, consistent with 
pneumonia. (b) DLAD interpreted as multiple 
consolidations with an abnormality score of 56%. 
 

 
 

Fig. 6. An example of a false negative radiograph 
in a 48- year- old man.  Chest radiograph showed 
subpleural ground- glass opacities in right mid to 
lower lung zones (arrows). DLAD classified as the 
low probability for abnormality.  
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Fig. 7. An example of a false negative radiograph 
in a 42-year-old man. Chest radiograph showed 
multifocal subpleural ground-glass opacities in 
both mid to lower lung zones (arrows). DLAD 
classified as the low probability for abnormality.  
 
3.3 Other imaging features 
 The other radiologic features on the 
radiologist report were calcification (n=1), 
nodule or mass (n=3), and pulmonary 
tuberculosis (n=7). The DLAD also reported 4 
cases of pneumothorax and 1 case of 
pneumoperitoneum which were not found in 
the radiologists’ analysis. However, the 
performance of the DLAD in the detection of 
these findings was not the purpose of this 
study. Examples of these radiographs are 
shown in Figs. 7-8. 
 

 
 

Fig. 8. (a) The chest radiograph of a 60-year-old 
woman with multiple masses and nodules in right 
lower lung zone. (b) The DLAD can also detect 
these lesions with an abnormality score of 98%. 

 

 
 
Fig. 9. The DLAD falsely interpreted as 
pneumothorax at left upper lung zone with an 
abnormality score 33% but there was actually no 
pneumothorax. 
 
3.4 Effects of demographics on COVID-19 
pneumonia 
 Age, BMI, symptoms, and the duration 
from the onset of symptoms to the time of 
chest radiography were significantly different 
between the two groups in crude analysis. By 
multivariable logistic regression analysis, only 
the duration from the onset of symptoms to the 
time of chest radiography was a significant 
predictor of COVID-19 pneumonia (P-
value=0.013), whereas age, BMI, and 
symptoms were not (Table 3). 
 
Table 3. Multivariable regression analysis of 
variables predicting pneumonia. 

Variables Odds ratio 
(95%CI) 

P-value 

Age 1.02 
(0.99-1.05) 

0.236 

BMI 1.05 
(0.96-1.15) 

0.259 

Symptomatic 
patients 
(Reference: 
asymptomatic 
patient) 

0.10 
(0.01-1.24) 

0.073 

The duration from 
the onset of 
symptoms to the 
time of chest 
radiography 

1.20 
(1.04-1.39) 

0.013* 

 * Statistically significant at P- value < 0. 05 determined by multivariable 
logistic regression. 
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3.5 Discussion 
 The purpose of this study was to 
validate the diagnostic performance in 
COVID-19 pneumonia detection of the DLAD 
for mobile chest radiographs in patients with 
SARS-CoV-2 infection admitted into the 
Thammasat University Field Hospital. The 
study has demonstrated that the DLAD has 
excellent specificity and PPV (almost 100%) 
but low sensitivity (about 28%) and AUC 
(0.64).  
 The prevalence of pneumonia in 
COVID-19 patients in our study (40%) was 
slightly lower than the prior study by Inui et al 
[5] on the group of patients from the cruise 
ship “Diamond Princess”. Inui found that 54% 
of asymptomatic patients and 79% of 
symptomatic patients had lung opacities on 
CT. This is probably due to the patients’ 
demographics, the lower sensitivity of chest 
radiography as compared with CT scan, and 
possibly the virus present being a different 
variant.  
 Jang et al. [6] evaluated the diagnostic 
performance of deep-learning algorithms in 
patients who were admitted to five emergency 
departments and one community treatment 
center in Korea, and found the sensitivity, 
specificity, and AUC to be 95.6%, 88.7%, and 
0.921 respectively.  
 Hwang et al. [4] found that radiologists 
with deep learning-based computer-aided 
detection assistance could identify COVID-19 
pneumonia on chest radiographs with a 
sensitivity of 81.5% and a specificity of 
72.3%.  
 The sensitivity and AUC of our study 
were lower than those of the previous studies 
because our study included patients that tended 
to have milder forms of pneumonia and lower 
density of air-space lesion on their chest 
radiographs. Our findings are concordant with 
the findings of Inui et al. [5] which indicate 
asymptomatic cases would more likely show 
ground-glass opacity than consolidation (83%) 
while symptomatic cases would more 
frequently show consolidation than ground-
glass opacity (41%). Interpretation by 

radiologists in consensus was used to increase 
the accuracy of COVID-19 pneumonia 
diagnosis. However, in some cases, 
radiologists may overinterpret, leading to a 
decrease in the sensitivity of the DLAD. Even 
though DLAD cannot detect mild or faint 
ground glass opacity, it might not significantly 
affect clinical outcomes and management. In 
clinical practice, patients have other 
parameters for clinical decisions, such as 
symptoms, laboratory results, or serial chest 
radiographs, which contribute to a more 
comprehensive assessment of their condition. 
 Excellent specificity and PPV of the 
DLAD imply that if the DLAD suggests that a 
patient has COVID-19 pneumonia, the patient 
typically has the actual disease. These results 
may improve the quality of diagnosis, increase 
confidence in the findings, and reduce the time 
required for imaging interpretation, especially 
in healthcare settings with a shortage or lack of 
radiologists. 
 The systematic review by Wang et al. 
[7] on the application of artificial intelligence 
(AI) techniques in COVID-19 revealed that the 
AI achieved high performance in diagnosis for 
COVID-19. In this review, 46 studies related 
to AI-assisted diagnosis through chest images 
for COVID-19 showed total accuracy of 
70.00-99.92%, sensitivity of 73.00-100.00%, 
specificity of 25-100.00%, and an AUC of 
0.732 to 1.000. The detection of pneumonia in 
known COVID-19 patients was not included in 
this review. 
 In another comparison with the same 
deep-learning algorithm in different diseases, 
Hwang et al. [3] validated the algorithm’s 
performance in four major thoracic diseases 
including pulmonary malignant neoplasm, 
active tuberculosis, pneumonia, and 
pneumothorax. A median (range) AUC of 
0.979 (0.973-1.000) for image-wise 
classification and 0.972 (0.923-0.985) for 
lesion-wise localization were reported by 
Hwang et al. [3], and these were higher than 
the same parameters in our study on the 
detection of pneumonia in COVID-19 patients.  
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 Lee et al. [8] studied multiple risk 
factors of pneumonia development in mild 
COVID-19 including age, sex, BMI, 
comorbidities, symptoms, and laboratory 
results. This study found that risk factors for 
pneumonia were age 65 years or more (P-value 
= 0.0.27), cough (P-value = 0.003), dyspnea 
(P-value = 0.034) and diarrhea (P-value < 
0.001). Similar to our study, Lee et al. found 
that sex and BMI were not significant risk 
factors. However, in our study, we did not 
include patients older than 70 years old, 
therefore the age was not a significant variable.  
 The duration from the onset of 
symptoms to the time of chest radiography was 
the only one significant variable predicting 
pneumonia in our study with an odds ratio of 
1.2 (95%CI 1.04-1.39, P-value = 0.013). 
Shorter duration of onset of symptoms to the 
time of chest radiography was likely 
associated with decreased possibility of 
developing pneumonia, corresponding with 
temporal changes of the disease process.  
 
3.6 Limitations 
 Firstly, chest radiographs with 
radiologists’ interpretation were the reference 
standards in our study. CT is more sensitive 
than chest radiography in the detection of 
pneumonia, especially in the early stage of 
disease [2]. However, CT could not be used for 
all patients with COVID-19 in clinical practice 
due to lack of indications for CT scan, 
infectious control measures, availability, and 
cost. Chest radiographs in our study were 
analyzed by one thoracic subspecialty 
radiologist (more than 10 years of experience 
in thoracic imaging) and one fellowship-in-
training radiologist in consensus and 
comparison with the prior interpretation by the 
other radiologist to increase the accuracy. 
 Secondly, we focused on the final 
diagnosis of COVID-19 pneumonia in chest 
radiographs which could alter patient 
management, but we did not collect the data of 
severity and distribution of the disease. Further 
study of the performance of the DLAD in 

severity evaluation may have prognostic 
benefits.  
 Thirdly, more clinical factors may have 
effects on the development of pneumonia such 
as patients' comorbidities, details and severity 
of symptoms, smoking, variants of virus, and 
history of vaccination. Due to the nature of 
retrospective studies, we could not collect all 
the above-mentioned expected predicting 
factors.  
 Fourthly, there may be technical factors 
affecting the DLAD's efficacy, such as X-ray 
generator settings or imaging quality, which 
were not included in this study. 
 These limitations will be taken into 
consideration in our future studies. 
 
4. Conclusion 

DLAD is a tool with excellent 
specificity and PPV for pneumonia detection 
but exhibits low sensitivity, especially in cases 
of ground-glass opacity on chest radiographs. 
A negative result on the DLAD may indicate 
either no pneumonia or a mild case, but a 
positive result on the DLAD should raise 
concerns about pneumonia. The duration from 
the onset of symptoms to the time of chest 
radiography is a significant predictor of 
pneumonia. 
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