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DIAGNOSTIC ACCURACY OF CHEST X-RAY IN 
COVID-19 PATIENTS TAKING HIGH-RESOLUTION 
COMPUTED TOMOGRAPHY AS GOLD STANDARD

ABSTRACT
Objective: To determine sensitivity & specificity of chest X-ray in COVID-19, taking High-Resolution Computed Tomography as 
gold standard.
Study Design: Cross-sectional study.
Place and Duration of Study: Radiology Deptt, Margalla Hospital, Taxila and Islamabad Diagnostic Centre, Wah. Two years 
(February 2020 to February 2022).
Patients and Methods: The sample comprised 100 COVID-19 patients (Positive Polymerase chain reaction (PCR) test). Their High-
Resolution Computed Tomography (HRCT) was done which was considered a gold standard for diagnosing COVID-19. Their 
Chest X-rays (CXR) were performed, and findings of both modalities were compared. Patients having respiratory tract symptoms 
but PCR negative for COVID-19 were excluded.
Results: The research had 49 males & 51 females having a median (IQR) age of 46.50(35-55.75) years. The minimum & maximum 
ages were 6 years and 83 years respectively. Among 100 PCR-positive patients, 29 were found normal on HRCT and 30 on CXR.  
For moderate cases, the chest X-rays were 72% sensitive & 90.67% specific, with Positive Predictive Value (PPV), Negative Predictive 
Value (NPV) & diagnostic efficacy of 72%,90.67% & 86% respectively. Similarly, other severity levels were assessed.
Conclusion: CXR has acceptable diagnostic accuracy for COVID-19 patients, especially with good sensitivity for moderate cases 
and better specificity for severe cases. A portable chest radiograph might be regarded as an initial alternative imaging modality for 
patients with COVID-19 signs and symptoms in remote areas.
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INTRODUCTION

Coronavirus disease-19 (COVID-19) first surfaced in Wuhan, 
China, in 2019, and led to a pandemic, affecting many areas of 
the world 1. The maximum number of casualties were observed 
in the United States and other parts of the world. It urged 
the medical community to develop and implement different 
diagnostic and therapeutic options to lessen the burden of this 
disease 2.

Throughout the COVID-19 pandemic, global guidelines3,4 
have consistently stressed using viral testing to make the 
diagnosis instead of using imaging techniques.  Real Time 
Polymerase Chain Reaction (RT-PCR) (throat or nasal swab) 
is recommended for diagnosis. This test presents a crucial 
aspect of triaging and monitoring patients suspected of having 
the virus5. However, the reliability of RT-PCR is limited, with 
sensitivity ranging between 38% and 89% 6,7,8. Moreover, during 
the peak of pandemic, the time it took to receive RT-PCR 
results often prevented appropriate identification and treatment 
of affected patients who were continuously presenting in 
hospital emergencies on a large scale 9,10,11. As a result, imaging 
was incorporated into the protocol used to diagnose patients 
to minimize the limitations of RT-PCR  including the high 
probability of false negative results and increased turnaround 
time4,12,13. 

The development of RT-PCR was made possible by genetic 
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sequencing of SARS-CoV-2, which is a gold standard for 
diagnosis today14. The high prevalence of false-negative 
results and the time it takes, make this serologic test limited. 
Therefore, it is necessary to perform radiological assessments in 
clinical-epidemiological suspicion of COVID-19, particularly 
in emergency, to evaluate the thoracic involvement, while 
RT-PCR result is awaited. The latest radiological research on 
COVID-19 primarily focuses on the 
findings of Computed Tomography (CT), 
which is superior to chest X-ray (CXR) 
in sensitivity and specificity. In China, 
CT is the primary diagnostic method 
for COVID-19 15,16. However, CT scans 
during this pandemic, present challenges, 
including excessive exposure to radiation 
(especially for younger patients), and 
the standard protocols for disinfecting 
scanners. Most Italian hospitals use CXR 
as their major diagnostic tool. It produces 
faster results than RT-PCR, particularly 
when employing portable X-ray machines. 
They minimise patient movement and 
lower the risk of cross-infection17,18,19,20. Our research was 
undertaken to find CXR’s diagnostic accuracy in COVID-19, 
keeping the High resonance Computed Tomography (HRCT) 
as gold standard. 

PATIENTS AND METHODS

A Cross-sectional, observational study was done in the 
Radiology Deptt, Margalla Hospital, Taxila in collaboration 
with Islamabad Diagnostic Centre, Wah. The research work 
started after the official approval of the Ethical Review 
Committee of Margalla Hospital. An informed, written consent 
for the study was taken from the patients. A total of 100 PCR-
positive COVID-19 patients of either sex were included. 
Patients having respiratory symptoms but not having PCR-
positive COVID-19 were excluded from the study. HRCT of 
all PCR-positive COVID-19 patients was done in Islamabad 
diagnostic centre, Wah, on Toshiba 16 slices CT scan machine. 
The radiologist reported HRCT and the CT, severity index was 
calculated for each case. CT severity score was considered mild 
if <20, moderate if 20-40 and severe if >40. It was requested 
of the reporting radiologists to check for septal thickening, 
consolidation, ground glass opacities and nodules. Additionally 
evaluated were the reverse halo sign and the existence of pleural 
effusions. The cases to score gradient/ diffuse involvement were 
additionally evaluated as craniocaudal, anterior/posterior & 
central/peripheral gradient.

The CXR of the same patients were performed by a portable 
Toshiba X-ray machine and were reported by the Radiologists. 
Based on opacities (interstitial, interstitial & airspace, peripheral 
& diffuse airspace), atelectasis, and lobar consolidation, the 
main pattern in chest radiographs was assessed, using the CXR. 
If no such pattern applied, the result was considered "normal." 
Pleural effusions and a craniocaudal gradient were also 
evaluated. The CXR findings were given four severity scores: 

normal, mild, moderate and severe.

A comparison of HRCT and CXR was done, to determine 
how sensitive & specific CXR is and what Positive Predictive 
Value(PPV), Negative Predictive Value (NPV) & diagnostic 
efficacy it has, taking HRCT as the gold standard. The patients 
having normal CXR & HRCT were labelled normal. Patients 

having the same degree of lesion on the 
CXR and HRCT were labelled true cases. 
Table 1 shows the rubrics used to check 
the diagnostic accuracy of CXR. 

Formulae Used:

“Sensitivity” = a÷(a+c) x 100
“Specificity” = d÷(b+d) x 100
PPV = a÷ (a+b) x 100
NPV = d÷ (c+d) x 100
“Diagnostic Efficacy” = (a+d) ÷ (a+b+c+d) 
x 100

RESULTS

Total 49 males and 51 females participated in the study with 
the median (IQR) age of 46.50 (35-55.75) years. Patients' ages 
ranged from 6 to 83 years. Out of total of 100 PCR-positive 
patients, 29 were found normal on HRCT and 30 on CXR.

 In mild cases, the sensitivity is 69.2%, the specificity is 87.8%, 
the positive predictive value is 66.7%, the negative predictive 
value is 89.04%, and the diagnostic efficacy is 83% (table 2).

In moderate cases, the sensitivity is 72%, the specificity is 
90.67%, the positive predictive value is 72%, the negative 
predictive value is 90.67%, and the diagnostic efficacy is 86% 
(table 3).

In severe cases, sensitivity is 55%, specificity is 96.2%, PPV is 
78.6 %, NPV is 89.5 and diagnostic efficacy is 88%. (Table 4)

Table 1. Rubrics to determine diagnostic accuracy of chest 
X-rays (CXR), using HRCT as the gold standard. 

One severity lesion Detected in HRCT (Gold 
Standard)
Other Severity levels including 
normal patients

Detected 
in CXR

One severity 
lesion

a. True+ve b. False +ve

Other Severity 
levels including 
normal patients

c. False -ve d. True-ve

CAPSULE SUMMARY

This study reveals that chest X-ray 
has an acceptable sensitivity & 
specificity for RT-PCR-confirmed 
COVID-19 patients and can be  
regarded as an initial or alternate 
imaging modality in the  protocol 
for  patients in remote areas with 
signs and symptoms of COVID-19. 
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Table 3. Sensitivity and specificity of moderate cases of CXR, 
using HRCT as the gold standard (n=100).

Detected in HRCT (Gold Standard)

Moderate Other Severity 
levels

Detected 
in CXR

Moderate 18 07

Other 
severity 

levels
07 68

DISCUSSION

In our study, the sensitivity (72%) of CXR increased in moderate 
cases while a high specificity (96.2%) was observed in patients 
with severe findings of COVID-19 considering HRCT as a gold 
standard. In another study conducted in 2020, CXR was found 
to be a useful portable device with an acceptable sensitivity 
(61%) and specificity (76%) to diagnose COVID-19 patients 
compared to RT-PCR 21.

Stephanie S., Shum T., Cleveland H., et al. conducted a 
retrospective analysis in 02 sizable urban medical academic 
centres, encompassing 03 tertiary care and 01 community 
hospital in the United States. According to the study, CXR 
severity and sensitivity for COVID-19 detection grew with 
time, rising from 55% at 2 days (or less) to 79% at more than 
11 days (p<0.001), however, CXR specificity dropped from 83% 
to 70%(p=0.02). For COVID-19 detection, the first CXR had 
73% sensitivity and 80%specificity, the second CXR had 83% 
sensitivity and 73% specificity, and the CT had 88% sensitivity 
and 77% specificity. Most false negative CXRs (normal 40% 
& combined normal or mild 87%) were caused by normal & 

Table 2. Sensitivity and specificity of mild cases of CXR, 
using HRCT as the gold standard (n=100).

Detected in HRCT (Gold Standard)

Mild Other severity 
levels

Detected 
in CXR

Mild 18 09

Other 
severity 

levels
08 65

Table 4. Sensitivity and specificity of severe cases of CXR, 
using HRCT as the gold standard (n=100).

Detected in HRCT (Gold Standard)

Severe Other Severity 
levels

Detected 
in CXR 

Severe 11 03

Other 
severity 

levels
09 77
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mild severity. The false-negative rate was also higher in young 
people and African Americans. With time, CXR accuracy 
for COVID-19 detection increases, and in patients who test 
positive for the virus, repeated CXRs are as accurate as chest 
CT scans22. 

A study by Borakati A, et al. found that CXR diagnosed 
COVID-19, with a sensitivity & specificity of 0.56 (with 
95% CI 0.51 to 0.60) and 0.60 (with 95% CI 0.54 to 0.65) 
correspondingly. Whereas, CT, for the same diagnosis, was 0.85 
in sensitivity (95% CI 0.79 to 0.90) & 0.50 in specificity (95% 
CI 0.41 - 0.60). Comparing CT to CXR, there was a statistically 
significant mean increase of 29% in sensitivity (95% CI 19% to 
38%, p<0.0001). The two modalities did not significantly differ 
in terms of specificity23.

Wong et al. found CT to have a higher sensitivity than CXR. 
The initial CXR's sensitivity of 69%, according to Wong et al., 
was much below the 97–98% sensitivity of CT 24.

Another study by Guan et al. also revealed that in order to 
detect opacifications in COVID-19 patients, CT had a much 
greater sensitivity (86.2%) than CXR (59.1%)25. 

CONCLUSION

Chest X-ray has an acceptable sensitivity & specificity for RT-
PCR-confirmed COVID-19 patients, especially in patients 
having moderate and severe conditions respectively considering 
HRCT as the gold standard. Although CT chest is a superior 
imaging modality to CXR, a portable chest radiograph can 
evaluate the severity of the disease course and prognosis. It can 
be regarded as an initial or alternate imaging modality in the 
treatment protocol for patients in remote areas with signs and 
symptoms of COVID-19. 
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