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Radiological Changes observed in Covid 19 Pneumonia and utilization
of CT scan as a screening tool along with a real-time reverse
transcriptase-polymerase chain reaction (rRT-PCR) for effective
diagnosis
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Abstract
Objective: In this review article, Symptom and diagnosis of SARS-COV-2 or more commonly known as COVID-19
viral infection have been reviewed based on current literature. The CT scan, rRT-PCR results for infected patients have
been focused on.
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Introduction
Coronaviruses (enveloped RNA viruses) are a group of
viruses giving rise to illnesses such as the common cold,
Severe acute respiratory syndrome (SARS), and the Middle
East respiratory syndrome (MERS) (1,2,3).
Coronavirus disease of 2019 (Covid 19) is an infectious
disease caused by a new coronavirus; severe acute
respiratory syndrome coronavirus 2 (SARS COV 2) which
emerged in Wuhan, China spreading globally resulting in
the coronavirus pandemic of 2019-2020, as declared by
WH Recent evidence shows that this SARS COV 2 shares
similar pathogenesis of pneumonia to that caused by
SARS-COV and MERS-COV.O in March 2020 (4,5).
Recent evidence shows that this SARS COV 2 shares
similar pathogenesis of pneumonia to that caused by
SARS-COV and MERS-COV (3,6).
It is a zoonotic disease belonging to the beta coronaviruses
and indicating the bat as the natural host as identified by
several research groups (7).

Before 2019
There are seven types of Coronaviruses (CoV) known to
infect humans: 229E (alpha CoV), NL63 (alpha CoV),
OC43 (beta CoV), HKU1 (beta CoV), MERS-CoV (beta
CoV), SARS-CoV (beta CoV), and the most recent SARSCoV-2. Most of these cause self-limiting upper respiratory
infection or the ‘common cold’; however, occasionally
other organ systems are involved and may cause severe
complications (8). The earliest viral isolate of CoV was
done in 1960 (9).

Earlier published studies on MERS-CoV indicate most
common finding on chest radiograph to be ground-glass
opacities (66%) followed by lung consolidation (18%)(10)
with a preference towards lower lobes and the peripheral
zones (11). Another study on MERS-CoV suggested that
using a similar scoring criterion to Covid 19, patients with a
score of >10 on day 10 of viral exposure required
intubation to minimize fatal outcomes (12).

Signs and Symptoms of COVID-19
Covid 19 usually manifests as systemic as well as/or
respiratory symptoms which consist of fever, shortness of
breath, dry cough, myalgia, headache, fatigue, and
breathing difficulty (13).
Rare symptoms include nausea, vomiting, diarrhea, nasal
congestion, chest tightness, and palpitations (14). In severe
disease manifestation, it may cause pneumonia, kidney
failure, severe acute respiratory syndrome, and death (2).
Remarkable signs of viral pneumonia comprise of
decreased oxygen saturation, blood gas deviations,
lymphopenia, increased PT (Prothrombin Time), elevated
levels of LDH (Lactate Dehydrogenase) and inflammatory
markers
(C-reactive
protein,
D-dimers,
and
proinflammatory cytokines) (15).
Novel reports also suggest that gastrointestinal and
asymptomatic infections are also seen in young children
(4, 16).
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The most prominent risk factors for mortality are old age
(>70 years) and underlying health issues; hypertension
being the most frequent, proceeded by diabetes mellitus and
coronary artery disease (17, 18).

Diagnosis
Covid 19 is a highly contagious disease leading to a large
increase in the number of affected individuals day by day
thereby rendering diagnostic tools a crucial part to
overcome the crisis. In relation to rRT-PCR, chest CT
imaging seems to be a more practical, dependable and fast
method to assess and diagnose COVID-19, especially in
areas of epidemic spread (19).
As chest CT is routinely used for the diagnosis of
pneumonia hence forming a convenient tool for diagnostic
workup, disease progression, prognosis and follow up of
the disease (20).
Imaging has limited sensitivity in the early course of the
disease but in severe disease, only 3% are found to have
normal chest x rays thus making it an effective tool for
diagnosis (21, 22).

RT-PCR
The definitive diagnostic test for Covid 19 is Real-Time
Reverse Transcriptase-Polymerase Chain Reaction (RTPCR) so far and is considered to have low sensitivity,
reported being ranging between 60-70% but relatively high
specificity (23) depending on the country, thereby
rendering false negatives a huge problem to label a person
disease-free.

Figure 1: Opacity in the right lower lobe (Stage 1) (26).

However, the long processing time and uncertain outcomes
of RT-PCR in the early course of the disease have made it
evident the need for an effective screening tool to
complement the early diagnosis of the disease.

X-RAY Changes
Findings observed in chest x-ray include asymmetric
migratory lesions, bilateral perihilar infiltration, and illdefined patchy or diffuse air space opacities (consolidation)
which progressed diffusely later eventually indicating
deterioration. Mild bronchiectasis was also observed in the
lesion. However, diagnosing Covid 19 on chest radiography
is likely to be challenging specifically in patients with mild
symptoms and low severity (24, 25).
The figures mentioned above shows the course of
progression of changes observed in Covid 19 pneumonia
starting from ill-defined opacities in the lower lobes as
shown in (figure 1) followed by radiological worsening
with bilateral and peripheral alveolar consolidations (figure
2) leading to radiological worsening demonstrating ARDS
(figure 3) ultimately showing extensive ground glass
opacities (figure 4).

Figure 2: Radiological worsening with bilateral and
peripheral alveolar consolidations, more prominent in the
left lung (Stage 2) (27).
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travel history or contact with a Covid positive individuals
(25).
The average lead time appeared to be 3 days in the
diagnosis of viral infection by CT scan concerning RTPCR (29).
Imaging by chest radiography typically demonstrates
diffuse or patchy asymmetric airspace opacities, identical to
other pneumonia types of coronavirus origin (20).
Single inspiratory films of CT were taken in a study carried
out in China establishing that CT scans showed groundglass opacities (GGO) in 56% patients while 18% had no
significant radiological findings initially. Peripheral,
subpleural, and bilateral circumscribed round nodular GGO
are the classic CT findings, nevertheless, they are
indefinite. Alveolar exudates, consolidation, crazy paving
appearance (GGO with interlobular septal thickening),
reverse halo sign, and linear opacities all are included in
radiological findings as the disease progresses. Early in the
disease process, the lesions are unilateral, later manifesting
bilaterally. In 88% of the cases, lower lobes are
predominantly involved (4).

Figure 3: Radiological worsening with disease progression
and findings consistent with ARDS (Stage 3) (27).

In another study for 18 out of 21 patients, the total CT score
peaked after 10 days of the onset of symptoms with a
calculated total score of 6 and then gradually decreased first
forming residual parenchymal bands followed by the
absorption stage (26 days after symptom onset) in which
consolidation and paving pattern started absorbing
gradually (4).
A semi-quantitative system of scoring was employed to
evaluate the pulmonary involvement, the total chest CT
score was calculated as the total lung involvement (5
pulmonary lobes, score 1-5 for each lobe, with a range from
0 as none and 25 as maximum). 0, no involvement; 1, <5%
involvement; 2, 25% involvement; 3, 26%-49%
involvement; 4, 50%-75% involvement and 5, >75%
involvement (30).
Four stages were defined,
involvement on CT scans:

depending

upon

lung

Stage 1/Early Stage (0-4 days): GGO in 75% of patients,
Total CT score 2 ± 2
Stage 2/Progressive Stage (5-8 days): expanded crazy
paving pattern in 53% of patients, Total CT score 6 ± 4
Stage 3/ Peak Stage (9-13 days): consolidation in 91%
patients, Total CT score peaked at 7 ± 4

Figure 4: AP chest radiograph showing extensive bilateral
ground-glass opacities (Stage 3) (28).

Stage 4/ Absorption Stage (>=14 days): the gradual
resolution of consolidation in 75% of patients, Total CT
score 6 ± 4 (30).

Computer Tomography (CT) CHANGES

Centrilobular
nodules,
pneumothorax,
mediastinal
lymphadenopathy, pleural effusions, and tree in bud
opacities may indicate atypical causes of pneumonia.

CT scan has appeared to be a sensitive modality in the
detection of Covid 19 pneumonia even in initial stages of
disease (asymptomatic population) and may be used as a
screening tool along with RT-PCR in patients having recent

Involvement of more than four lung zones bilaterally and
gradual deterioration of airspace consolidation on CT chest
greater than 12 days after the onset of symptoms despite
aggressive treatment is paired with worse outcomes (20).

580
Medical Science and Discovery, 2020; 7(8):578-83

Mukhtar et al.

http://dx.doi.org/10.36472/msd.v7i8.411
lymphadenopathy that are not characteristically seen in
pneumonia caused by Covid 19 (32).
In 83% of the patients with MERS, the initial radiographic
changes include multifocal airspace opacities later
extending into perihilar and upper lobes with 33% leading
to lung fibrosis in patients having prolonged ICU admission
along with extensive lung involvement in the acute phase of
the disease.

Figure 5: CT chest findings of pneumonia by COVID-19
as seen on trans axial images. (a) Early-stage showing
GGO as the typical radiological feature distributed
subpleural in the lower lobes (Total CT score 2±2) (31). (b)
Progressive stage demonstrating crazy-paving pattern
(Total CT score 6±4) (c) Peak stage showing Consolidation
(Total CT score 7±4) (30).

In patients having SARS, fibrosis may also occur in about
1/3rd of the patients in addition to traction bronchiectasis
and rarely honeycombing (19).
However, in other types of viral pneumonia, the classical
pattern is observed as bilateral consolidations, bronchial
wall thickening, nodular opacities, and mild pleural
effusions. Lobar consolidation is an uncommon finding in
viral pneumonias (33).

Sensitivity of ct scan in relation to RT-PCR
Typical chest CT findings seem to play a pivotal role in
screening and diagnosing individuals having negative
results from swab test thus having higher sensitivity
comparable to RT PCR, however, unremarkable chest
imaging does not rule out the infection as initial findings
may be normal in about 14% of the patients (34, 35).
Another study presented by a team at the Taizhou Enze
Medical Center (Group) Enze Hospital on 19 February
2020 revealed that a chest CT scan for COVID-19 has
greater sensitivity (98%) in comparison to the polymerase
chain reaction (71%) (36).
Owing to the delays in laboratory testing, limited resources
and a huge number of symptomatic individuals CT might
serve as an effective screening tool in diagnosing
individuals having false negative RT-PCR to control the
pandemic (25).
Figure 6: CT chest findings of a 47-year-old Covid 19 case
who presented with a constant fever of 38.8°C for 3
consecutive days. (a) EARLY STAGE (day 3), subpleural
GGO in addition to partial consolidation as shown in the
lower right lobe (b) PROGRESSIVE STAGE (day 7),
expanded zone of GGO with overlapping inter-and
intralobular thickening of septa (the crazy-paving pattern)
and partial consolidation. (c) PEAK STAGE (day 11),
GGO with subpleural consolidation. (d) ABSORPTION
STAGE (day 20), continued resolution with nominal
remaining GGO and parenchymal bands (30).

Comparison of covid 19 with non-covid19
pneumonia
Despite the fact that the imaging features are closely related
to those of SARS and MERS, the bilateral involvement of
the lungs on initial imaging is more likely to be associated
with COVID-19 on the other hand, the early abnormalities
were seen in SARS and MERS frequently demonstrate a
unilateral spread (20).
Compared to Covid 19, Non-Covid 19 pneumonia is
presumably to have peripheral and central distribution,
pleural thickening, air bronchogram, pleural effusion and

Conclusion
In conclusion, the emergence of this pandemic poses many
challenges for our health care systems and much research
on effective strategies needs to be developed with a
multidisciplinary approach to combat this crisis.
Initial changes evident on CT scan include bilateral groundglass opacities, consolidation, septal thickening, and paving
opacities peaking on the 10th day after symptom onset and
resolving gradually after 26th day. An integrated criterion
combining CT as well as rRT PCR is desirable and will
help to accomplish greater reliability of diagnosis in
clinical practice. Chest CT in addition to being fast, reliable
and relatively easy to perform has high specificity but
moderate sensitivity in differentiating between Covid 19
and non-Covid 19 pneumonia hence exceeding DNA
detection tests like RT-PCR (2).
Radiologists are encouraged to use the scoring system
mentioned earlier and make a confirmatory diagnosis to
lessen the burden of rRT PCR and decrease the overall
anxious atmosphere in ER. History of contact and travel
history plays a fundamental role in diagnosing and
preventing the spread. Thus, relying on the exposure
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history, clinical symptoms and CT features rather than rRTPCR tests alone would aid more rapid detection of disease
and may allow for efficient control of viral transmission.
Quarantining the patient is also critical for controlling the
transmission due to the highly contagious nature of this
disease.
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