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ABSTRACT

Introduction: Evaluation of the effectiveness of diagnostic computed tomography of the chest in differentiating between
coronavirus 2019 (COVID-19) ground glass opacities and other reasons of ground glass opacities (GGO) not related to COVID-
19.

Place and Duration: In the department of Radiology, Miangul Abdul Haq Jahenzeb Kidney Hospital Swat for six-months
duration from March 2021 to August 2021.

Methods: 90 total covid-19 confirmed patients by RT-PCR having GGO (53 males and 37 females, with 47.20 + 15.10 years
mean age) and 110 patients (63 males and 47 males) who were confirmed GGO on chest CT but not due to Covid-19 were
selected for the study. The experienced radiologists studied all chest CT scans after removing all descriptive information from
the images. They tested negative or positive for COVID-19 and noted other features of CT of the lungs, including laterality,
distribution pattern and lobe involvement. The laboratory results and clinical data were documented.

Results: This study consisted of 90 COVID19 patients and 100 non-COVID-19 with ground glass opacities on CT chest. In
terms of age; no statistically significant alteration was noted amid the 2 groups (p-value = 0.129). Non-COVID-19 cases with
GGO; 6 patients have atypical bacterial pneumonia, 42 patients have GGO after viral pneumonia, 14 patients have interstitial
pneumonia, 5 patients have PJP, eosinophilic pneumonia in 3 patients, 9 patients have hypersensitivity pneumonia, 6 patients
have drug-induced lung injury, 5 patients have pulmonary alveolar hemorrhage and pulmonary edema in 11 patients
(cardiogenic and noncardiogenic).

Conclusion: Chest CT is rational for distinguishing ground glass opacities form COVID-19 and non-COVID-19 reasons, with
less specificity for distinguishing COVID-19 from viral pneumonia and intermediate specificity for distinguishing COVID-19 from

other reasons of ground glass opacities.

Keywords: SARS-COV2, COVID-19, Diagnosis, Computed tomography and ground glass opacities.

INTRODUCTION

The outbreak of covid-19 has been recorded in a total of > 1.5
billion positive cases and above six-lac deaths in 214 countries
and regions affected as stated by the World Health Organization in
July 2020%2. Although it started in China, the United States has
recorded > 50 percent of these cases with covid-19%4. COVID-19
affected subjects experience cough, fever, muscle aches and
shortness of breath. The PCR is gold standard in detection by
nasopharyngeal or oropharyngeal swabs, tracheal aspiration or
bronchoalveolar lavage®. Recently, RT-PCR test showed a
relatively less sensitivity of 65-75% for the detection of COVID-19.
This can be clarified by the laboratory error or lower viral load.
Chest CT, on the other hand, showed a sensitivity of about 56 to
98% in the diagnosis of COVID-19 in the initial disease stages®”.
However, as reported in recent studies, CT chest displays less
specificity (23%) in the analysis of COVID-19. Typical chest CT
scan results are characteristic of COVID-19 pneumonia are crazy-
paving patterns, GGO and consolidation. Traction bronchiectasis
and Vascular dilatation are also common symptoms in GGO, which
have been identified in COVID-19 patients. In few patients, at the
disease peak, architectural deterioration has been reported with
the formation of subpleural bands®®. Indeterminate COVID-19
features comprise diffuse, multifocal, unilateral or perihilar GGO
with or deprived of consolidation, non-rounded GGO and
nonspecific distribution®. Other common symptoms of infection are
the bronchial wall thickening, centrilobular nodules (tree in bud),
mucosal obstruction while pleural effusion and lymphadenopathy
are rare'l,

The chest CT low specificity can be accredited to the
existence of extensive variety of lung diseases that can hide the
COVID-19 appearance on computed tomography, particularly
those related with ground glass opacities'>1®, The most common

reasons of ground glass opacities, which may resemble Covid-19,
are bacterial pneumonia, viral pneumonia, interstitial pneumonia,
pneumocystis jiroveci pneumoniae (PJP), eosinophilic pneumonia,
allergic pneumonia, drug-induced lung injury, diffuse alveolar
injury, and diffuse alveolar and pulmonary edema (Cardiac and
non-cardiac)!*. So, the aim of this analysis was to evaluate the
diagnostic accuracy of chest CT scan to differentiate between
COVID-19 and other reasons of ground glass opacities.

MATERIALS AND METHODS

This retrospective study was conducted in the Department of
Radiology, Miangul Abdul Hag Jahenzeb Kidney Hospital Swat for
six-months duration from March 2021 to August 2021. 200 patients
who endured non-contrast chest computed tomography during the
study period were participated. 90 total covid-19 confirmed patients
by RT-PCR having GGO (53 males and 37 females, with 47.20 +
15.10 years mean age) and 110 patients (63 males and 47 males)
who were confirmed GGO on chest CT but not due to Covid-19
were selected for the study. Patients’ clinical information was taken
from the medical record. One of the authors reviewed radiological,
bronchoscopic and pathological reports to identify the pathological
causes of the second group. The patients were included confirmed
by bronchoalveolar lavage, PCR, sputum culture, blood test, or
with appropriate post-treatment follow-up. Spiral computed
tomography with a thickness of 1 mm was performed in all patients
in one breath from the base of the neck to the upper pole of the
kidney. Images were assembled in coronal, sagittal and axial
formats with a standard pulmonary filter.

Consensus attributed chest CT results to COVID-19 in 4
classes: (i) typical COVID-19 with peripheral, bilateral and
multifocal ground glass opacity of rounded structure with and
deprived of consolidation, non-rounded GGO and nonspecific
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distribution (ii) COVID-19 with atypical features on CT chest like
segmental or lobar consolidation deprived of GGO, smooth
interlobular septal thickening, pulmonary cavitation, pulmonary
nodules (“tree in-bud” or centrilobular), pleural effusion and
lymphadenopathy. (iii) indeterminate COVID-19 that demonstrates
as diffuse, multifocal, unilateral or perihilar GGO with or lacking
consolidation, non-rounded GGO or nonspecific distribution and
(IV) is negative for pneumonia. In addition, they were asked to
evaluate for the presence of unusual COVID-19 features, such as
pulmonary as well as other COVID-19-related CT findings, such as
consolidations, vascular dilatation, subpleural bands, crazy-paving
and reverse halo sign, also atypical COVID-19 features like
mediastinal lymphadenopathy, pulmonary nodules (tree-in-bud or
centrilobular), pleural effusion and mediastinal lymphadenopathy
associated with lateralization, lobe involvement (up or down), and
pattern of distribution (central, diffuse or peripheral).

Continuous variables are articulated as ranges and mean
and variables which are categorical are stated as percentages and
numbers. To assess the analytic performance of radiologists,
criteria such as specificity, sensitivity, NPV, PPV and accurateness
were evaluated. COVID-19 was measured positive result finding,
while pneumonia was another cause and was not considered
negative. 95% binomial confidence intervals for specificity,
sensitivity, NPV, PPV and accuracy were calculated using the
SPSS 20. P <0.05 value taken as statistically significant.

RESULTS

This study consisted of 90 COVID19 patients and 100 non-COVID-
19 with ground glass opacities on CT chest. In terms of age; no
statistically significant alteration was noted amid the 2 groups (p-
value = 0.129).

Non-COVID-19 cases with GGO; 6 patients have atypical
bacterial pneumonia, 42 patients have GGO after viral pneumonia,
14 patients have interstitial pneumonia, 5 patients have PJP,
eosinophilic pneumonia in 3 patients, 9 patients have
hypersensitivity pneumonia, 6 patients have drug-induced lung
injury, 5 patients have pulmonary alveolar hemorrhage and
pulmonary edema in 11 patients (cardiogenic and noncardiogenic).
Table 1 displays the cause, various bacterial and viral pathogens,
and ground glass opacities types of interstitial pneumonia other
than COVID-19.

Table 1: Causes of ground-glass opacities in studied population

Non-COVID-19 90

Viral pneumonia 42

Influenza A (HIN1) 16

SARS

MERS

RSV

HSV

Adenovirus

Rhinovirus

Atypical bacterial pneumonias

Mycoplasma

Chlamydia

Klebsiella

PJP

Interstitial pneumonias

NSIP

DIP

COoP

HP

EP

DAH

Drug-induced lung injury

Rlo|o|w(o|o|s|NRloaN(N|(g|o|Nfw(a N |w (o

Pulmonary edema (cardiogenic and non-cardiogenic) 1

Compared with patients without corona, COVID-19 patients
had high fever (76.7% vs. 51.8%), p <0.001) and GIT symptoms
such as nausea, vomiting and diarrhea (13.3% vs 2.7%), P <
0.001). There was no substantial difference in symptoms of

respiratory system (shortness of breath and cough) amid the two
groups (p = 0.29). Lymphopenia was much communal in patients
with COVID-19 (55% vs. 22%, p <0.001), leucocytosis was much
communal in patients without COVID-19 (44.4% vs. 18.2%, p
<0.001).

COVID-19 patients had subpleural bands (22.2% vs. 12.7%,
p = 0.05), isolated GGO (21.1% vs. 14.5%, p = 0.042), thickening
of the vascular bed (27.8% vs. 13.6%, p = 0.012) and reverse halo
sign (11.1% vs. 3.6%, p = 0.004), but less probable have traction
bronchiectasis (11.1 vs. 32.7%, p = 0.006), lymphadenopathy (0%
vs. 13.6%, p < 0.001) and pleural effusion (6.7 vs. 26.4%, p <
0.001). Compared with patients without COVID-19, patients with
COVID-19 have the lower lobes lesions (85.6% vs. 54.5%, p =
0.004) and in the peripheral distribution (74.4% vs. 48.2%, p
<0.001). There was no substantial difference between the crazy
paving pattern, consolidation and lateral pattern in both groups.
Demographic, laboratory, imaging and clinical information of
patients in both groups are presented in Table 2.

Table 2: Patients’ clinical characteristics, demographics, imaging features

and laboratory data of both groups

COVID-19 (n Non-COVID-19 | P value

=90) (n=110)
Age 47.20 £ 15.10 | 49.01 +19.10 0.129
Sex
Male 53 (58.9%) 63 (57.8%) 0.11
Female 37 (41.1%) 47 (42.7%) 0.097
Clinical data
Fever 69 (76.7%) 57 (51.8%) <0.001
Cough and dyspnea 60 (66.7%) 78 (70.9%) 0.29
GIT manifestations 12 (13.3%) 3(2.7%) <0.001
Laboratory findings
Leukocytosis 15 (16.7%) 60 (54.5%) < 0.001
Lymphopenia 40 (44.4%) 20 (18.2%) <0.001
CT features
Isolated GGO 19 (21.1%) 16 (14.5%) 0.042
Consolidation 51 (56.7%) 76 (69.1%) 0.27
Crazy-paving 18 (20%) 25 (22.7%) 0.37
Reversed halo 10 (11.1%) 4 (3.6%) 0.004
Subpleural bands 20 (22.2%) 14 (12.7%) 0.05
Vascular thickening 25 (27.8%) 15 (13.6%) 0.012
Traction bronchiectasis 10 (11.1%) 36 (32.7%) 0.006
Pulmonary nodules 14 (15.6%) 40 (36.4%) <0.001
Lymphadenopathy 0 (0%) 15 (13.6%) <0.001
Pleural effusion 6 (6.7%) 29 (26.4%) <0.001
Laterality Unilateral 15 (16.7%) 26 (23.6%) 0.31
Bilateral 75 (83.3%) 84 (76.4%) 0.28
Lobar affection
Upper 38 (42.2%) 50 (45.5%) 0.040
Lower 77 (85.6%) 60 (54.5%) 0.004
Distribution
Peripheral 67 (74.4%) 53 (48.2%) <0.001
Central 9 (10%) 14 (12.7%) <0.001
Diffuse 14 (15.6%) 43 (39.1%) <0.001

DISCUSSION

The abrupt onset of the new coronavirus (COVID-19) in late 2019
posed grave public healthiness apprehensions because of the fast
human-to-human transmission that could lead to deadly ARDS.
The RT-PCR was the 1% typical diagnostic technique using a throat
swab, which has specificity (60-70%) but a high sensitivity for the
detection of viral RNA, which leads to several false-negative
results that need to be tested'®*3. The chest HRCT has been
proposed as an additional diagnostic method that enables rapid
diagnosis of the disease and helps to quarantine suspected
COVID-19 cases and contact them. In our analysis, chest CT
showed rational sensitivity from 76.25% to 90% in distinguishing
COVID-19 GGO form non-COVID-19, with analytical results from
60% to 75%. However, due to the resemblance among the
radiographic image of viral infections and COVID-19 pneumonia,
CT has low to moderate specificity and ranged from 46% to 68%.
Bai et al encompassed 425 CT scans of the chest from the United
States and China and related the analytical accurateness of two
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dissimilar radiology teams from both countries'*®. Artificial
intelligence technology demonstrates that the Al system assists
radiologists with moderate analytical accurateness (85% vs. 90%,
p <0.001)%.

Chest findings has not been previously reported. Other
viruses of the respiratory system, such as the influenza virus,
display lower prevalence of round GGO and nodular density,
interstitial thickening with additional widespread GGO, tree-like
appearance in buds, and pleural effusion'’*8, GGO is realized in
additional coronavirus diseases, counting severe unifocal lung
involvement, ARDS and syndromes such as air bronchogram
pattern, pulmonary consolidation, and thickening of the pulmonary
septum without pulmonary nodules and reverse halo sign'®%,

In the final stages of viral infections like CMV, HPV and HIV,
integration with pleural effusion results in irregular, multifocal,
widespread GGO and ARDS, especially in the elderly, after organ
transplantation, and in immunocompromised patients?22, Other
reasons of ground glass opacities include a heterogeneous
diseases group that are less similar to COVID-19. Unlike COVID-
19, bacterial pneumonia causes partial opacity in the lungs without
specific site dominance. Most interstitial pneumonia, unlike the
acute manifestations of COVID-19, has an insidious onset®?4.
Nonspecific interstitial pneumonia (NSIP) is often prone to
disorders of the connective tissues and is accessible by CT scan
with basal peripheral vascular fibrosis, traction bronchiectasis, and
honeycomb architectural distortion. In the history of drug-induced
lung injury, certain drugs (especially chemotherapeutic agents)
have been used, and diffuse manifestations without distinct
location or imaging features are distinct?®>. Pulmonary edema is a
comprehensive term that describes fluid accumulation in the
spaces of extravascular systems of the lungs due to overload of
volume caused by heart or non-heart disease. Radiological
observations of GGO are performed in the area of the hilum,
interstitial thickening, and pleural effusion. Hypersensitivity
pneumonia is caused by prolonged inhalation of an external
allergen that enhances the immune response of the lungs at
various stages?.

In acute stage there is a bilateral non-uniform pattern of
GGO, in the stage with subacute disease, there is GGO with
internal nodules and mosaic pattern, and in the chronic stage there
is a fibrosis seen bilaterally?”. Much research has been focused on
the diagnosis of fever, as this is one of the first and foremost
symptoms that may be associated with the progression and
severity of lung involvement in COVID-19 infection as well as the
adverse outcomes of the disease. This can be explained by the
fact that although GITI symptoms (including nausea, vomiting and
diarrhea) were lower in both groups, they were higher statistically
in the COVID-19 group than in the non-Covid-19 group (p <0.001).
The new coronavirus has the exceptional capability to bind to ACE-
Il receptors that are distributed throughout the gastric mucosa and
then cause nonspecific gastroenteritis with  electrolyte
disturbances?. In the present study, one of the most significant
differences between the two groups was lymphopenia (44.4%) in
COVID-19 patients, which was statistically much communal than
the other group (p <0.001).

CONCLUSION

In this study, chest CT showed low specificity for the detection of
COVID-19 from other viral pneumonias and moderate specificity
for the detection of COVID-19 GGO from other GGO causes
provided a reasonable diagnosis. Thus, accurate radiological
evaluations, laboratory data and accurate clinical scenarios can aid
to achieve a precise diagnosis and decrease the numeral of false
positives, particularly during an epidemic.
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