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INTRODUCTION

Novel coronavirus disease of 2019, abbreviated as
COVID-19, is a viral disease currently affecting the
whole world with World Health Organization (WHO)
announcing the disease as pandemic on March 11,
2020. This new coronavirus has caused respiratory
disease and in some cases severe pneumonia and
death. The disease initially started in Wuhan, China,
and being highly contagious — according to studies on
the reproductive number - it has since spread around
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the world."? As of this moment, there is no specific
pharmacological therapy for COVID-19 making early
detection of infected patients and isolating them highly
crucial for disease control.

The main diagnosis of COVID-19 is based on the reverse
transcription—polymerase chain reaction (RT-PCR) or
gene sequencing on respiratory samples. However,
RT-PCR has some limitations such as sample collection,
transportation, and 6-8 h delay time. The possibility of
false negative RT-PCR in the case of insufficient viral
load is another major drawback of this method."!
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Chest computed tomography (CT) scan, a routine
imaging tool for diagnosis of pneumonia, is relatively
easy to perform and can be helpful in the fast diagnosis
of COVID-19. It has been reported that chest CT shows
radiographic features in COVID-19 patients including
notable peripheral ground-glass opacities (GGOs) and
nodular or mass-like GGO that are often bilateral and
multilobar. Additional imaging findings have also been
reported as linear, curvilinear, or perilobular opacities;
diffuse GGO; and consolidation.**! An important concern
about using CT scan as a diagnostic tool is similar imaging
findings observed in different viral pneumonias rendered by
their similar pathogenesis.®! Furthermore, typical features
are observed in patients with negative RT-PCR results at
times. !

Considering PCR limitations and availability of CT-scan
and controversial reports regarding its value so far, we
have conducted this study to estimate the diagnostic value,
specificity, and sensitivity of chest CT scans compared to
RT-PCR.

SUBJECTS AND METHODS

This was an observational study aiming at determining
the diagnostic value of CT scan compared with PCR, as
the gold standard, in the diagnosis of suspected patients
with COVID-19 in Isfahan, Iran. The study conformed to
the ethical guidelines of the 1975 Declaration of Helsinki
and was approved by the ethical committee of Isfahan
University of Medical Sciences with Research number of
IR.MULMED.REC.1399.002.

We recruited 291 hospitalized patients who were suspicious
of having COVID-19 according to typical clinical findings
for COVID-19 pneumonia and had undergone both CT-scan
and PCR procedures on the day of admission to the hospital
from 2020 to 02-20-2020-03 to 24. Subjects must have had
fever, dyspnea, and cough accompanied with SpO,<93%
to be considered as suspicious. The RT-PCR assay was
conducted based on the WHO protocol.®

Thoracic CT scan without contrast was performed for all
participants using PHILIPS 16-slice scanner with low-dose
scan protocol recommended by the Iranian Society of
Radiology for COVID 19 pneumonia with parameters of
100-120 Kvp, 50-100 mAs, Pitch =0.8-1.5, slice thickness of
1-3 mm in the supine position during full inspiration from
top to bottom.®! The gathered CT images were reported
by two radiologists together who were expert in thoracic
imaging and blinded to RT-PCR results. The CT-scan
findings were subdivided into four categories, i.e., typical,
indeterminate, atypical, and negative according to the
Radiological Society of North America consensus [Table 1].F!
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Analysis

Mean age as well as the gender frequencies was reported.
Prevalence of patients with COVID-19 in the study sample
was calculated by dividing the number of patients with
COVID-19 diagnosed by PCR by the total number of
recruited subjects. We calculated the diagnostic indices
of CT scan, i.e., sensitivity (true positive/the number
of COVID-19 patients classified by PCR), specificity
(true negative/the number of COVID-19-free subjects
classified by PCR), positive predictive value (PPV)
(true positive/total positive [true + false]), and
negative predictive value (NPV) (true negative/total
negative [true + false]). All of the aforementioned indices
were calculated twice employing two different approaches;
the first time we categorized “typical” and “indeterminate”
findings as positive CT results and the second time, we
considered only “typical” results as positive and the
remaining three categories were classified as negative.
We also calculated the area under curve for the study
screening test. For all of the above-mentioned indices, a
95% confidence interval (95% CI) was calculated. All of our
analyses were done using STATA 12.

RESULTS

Our study included 291 hospitalized patients (161 [55.3%]
males and 130 [44.6%] females). The mean age of
participants was 53.8 years (standard deviation (SD) of 16.7).
One hundred and seventy subjects (99 males, 71 females),
composing 58.4% of all subjects, were confirmed with
COVID-19 after the PCR test (mean age = 55.2, SD = 16.8).
The rest of the subjects (121 patients) comprised 62 males
and 59 females with mean age of 51.8(SD = 16.6).

There was no statistically significant difference between the
two groups regarding age and gender (P = 0.08 and 0.24,
respectively).

We performed two sets of analyses by using two different
CT-scan result categorizations as explained earlier.

First analysis results

Table 2 demonstrates the comparison of PCR results and
CT-scan findings of 291 patients in the first analysis. Of
170 patients with COVID-19 diagnosed by PCR, 145 (85.3%)
were correctly classified as true positive by CT scan. The
specificity of CT scan was 38.8% (95% CI = 30.1%—48.1%).
Overall, CT scan correctly categorized 192 (65.9%) of total
291 participants. However, 74 (61.2%) of COVID-19-free
patients as well as 25 (14.71%) patients with COVID-19 were
mistakenly classified as false positive and false negative,
respectively. The PPV as well as the NPV and their 95%
CI are demonstrated in Table 3. Positive and negative
likelihood ratios were 1.39 and 0.38, respectively [Table 3].
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The area under the receiver operating characteristic (ROC)
curve was 0.62 (95% CI: 0.57-0.67) [Figure 1].

Second analysis results

Based on the second approach, Table 4 demonstrates
the comparison of PCR and CT-scan findings. CT scan
accurately categorized 190 (65.2%) of total 291 participants
and a total of 101 (34.7%) patients were misclassified as
false positive or false negative. The probability of being
free of COVID-19 in those with negative CT findings was
59.8% (NPV). Moreover, 68.3% of those with positive CT-scan
findings were true COVID-19 patients (PPV) [Table 5]. The
area under the ROC curve and 95%CI were 63.1% and
57.6%—68.7%, respectively [Figure 2].

DISCUSSION

COVID-191is a global issue diagnosed by RT-PCR as the gold
standard method with controversy still going on about the
value of CT scan in its diagnosis.

Our study showed a relatively high sensitivity of CT scan
in disease detection. PPV and specificity had low values but
were higher when “typical” CT scan reports were considered
as positive test results compared to the time both “typical”
and” indeterminate” cases were assumed to be positive.

Up to 85.3% (79.1%-90.3%) sensitivity is detected for chest
CT scan in our study. Another less affirmative result from
diamond princess cruise ship passengers has shown that
61% of 112 RT-PCR-positive COVID-19 cases had lung
opacities on CT and 20% of symptomatic patients had
negative thoracic CT scans.!'”l Other studies have also
shown that CT scan has a wide sensitivity from 44% to 98%
compared to RT-PCR results.['"]

On the other hand, it has been shown that the sensitivity of
CT scan for COVID-19 infection diagnosis increases over
time after symptom onset.!™ We used first admission day
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Area under ROC curve for CT-Scan findings of 291 possible patients with Covid-19 referred to Isfahan hospitals = 0.62

scans in our study so the true sensitivity may be even more
than shown in our study.

Table 1: Classification of 291 patients with possible
coronavirus disease-2019 admitted to Isfahan
hospitals during February-March 2020 using computed
tomography scan

COVID-19 CT classification n (%)

Typical 189 (64.95)
Intermediate 30 (10.31)
Atypical 32 (11.00)
Negative 40 (13.75)

COVID-19=Coronavirus disease-2019; CT=Computed tomography

Table 2: Comparison of polymerase chain reaction
results with computed tomography-scan findings of
291 patients with possible coronavirus disease-2019,
Isfahan, 2020

CT classification PCR

Positive (%) Negative (%)
Positive? 145 (85.29) 74 (61.16)
Negative® 25 (14.71) 47 (38.84)

aTypical or intermediate; ®Atypical or negative. PCR=Polymerase chain reaction;
CT=Computed tomography

Table 3: Diagnostic values of computed tomography-
scan findings, i.e., sensitivity, specificity, positive
predictive value, and negative predictive value

CT-scan indices Diagnostic values, 95% CI

Sensitivity 85.3 (79.1-90.3)
Specificity 38.8 (30.1-48.1)
PPV 66.2 (59.5-72.4)
NPV 65.3 (53.1-76.1)
ROC area 62.1 (0.57-67.2)

Positive likelihood ratio 1.39 (1.19-1.63)

Negative likelihood ratio 0.379 (0.247-0.579)
CT=Computed tomography; PPV=Positive predictive value; NPV=Negative
predictive value; ROC=Receiver operating characteristic, CI=Confidence interval
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Figure 1: Area under the curve for computed tomography-scan findings of 291
possible patients with COVID-19 referred to Isfahan hospitals = 62%, the first
approach

3 Journal of Research in Medical Sciences

Figure 2: Area under the curve for computed tomography-scan findings of 291
possible patients with COVID-19 referred to Isfahan hospitals = 63.1%, the
second approach
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Table 4: Comparison of polymerase chain reaction
results with computed tomography-scan findings of
291 possible patients with coronavirus disease-2019,
Isfahan, 2020

CT classification PCR

Patients with Free of

COVID-19 (%) COVID-19 (%)
Positive? 129 (75.88) 60 (49.59)
Negative® 41(24.12) 61 (50.41)

aTypical; ®Atypical, intermediate, or negative. PCR=Polymerase chain reaction;
CT=Computed tomography; COVID-19=Coronavirus disease-2019

Table 5: Diagnostic values of computed tomography-
scan findings, i.e., sensitivity, specificity, positive
predictive value, and negative predictive value

CT-scan indices Diagnostic values, 95% CI

Sensitivity] 75.9 (68.7-82.1)
Specificity 50.4 (41.2-59.6)
PPV 68.3 (61.1-74.8)
NPV 59.8 (49.6-69.4)
ROC area 63.1(57.6-68.7)

CT=Computed tomography; Cl=Confidence interval; PPV=Positive predictive value;
NPV=Negative predictive value; ROC=Receiver operating characteristic

We detected very low specificity (38.8% and 50.4%) and
near 1 positive likelihood ratio for CT scan in our study
which implies that although CT scan may be an acceptable
screening tool for COVID-19 in epidemic areas, but its high
false-positive results seem to make it inappropriate for true
detection of healthy people.

There is no previous report of a high specificity of CT scan
in differentiating COVID-19 pneumonia from other viral
infections with similar features; however, Esposito et al.
have shown that predictive values offer a more precise
assessment of CT scan’s reliability in the current pandemics
and that the diagnostic accuracy of CT scan is influenced
by disease prevalence. In other words, in the presence of
high disease prevalence, the PPV of CT scan will increase
even if it is not highly specific.!!

Another matter to take into account is that RT-PCR
test as the gold standard for COVID-19 diagnosis may
be unavailable and is shown to have false-negative
results initially in the course of disease due to a lack of
replicable nucleic acid or technical errors."'! CT-scan
abnormalities including peripheral, bilateral areas of
well-demarcated GGO affecting predominantly the lower
lobes might exist before RT-PCR-positive test results in
COVID-19 patients.!'*% However, comparable results have
been reported in SARS and MERS and would possibly be
found if CT was used during any viral pneumonia such as
influenza epidemic.l'”!® Hence, a limitation of our study
that could have affected the assessment of specificity and
PPV for worse is that we have used the admission-day
RT-PCR as gold standard and considered those with
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negative PCR tests and positive CT-scan reports as false
positives. PCR has been reported to have false-negative
results itself. Thus as these patients may have been
diagnosed accurately by CT and the actual specificity and
PPV may be higher than shown in our study.

CONCLUSION

Relying on CT scan for COVID-19 diagnosis seems wrong
and the risk of wide use of the modality must be mentioned.
CT-scan results do not create enough diagnostic benefit and
could result in incorrect confidence for COVID-19 patients
in case of negative results. In the matter of screening, since
CT-scan resources are widely available, its integration in
the clinical process may be helpful for COVID-19-suspected
patients in epidemics, although COVID-19-suspected
patients should be isolated and managed till confirmed
by (multiple) RT-PCR tests.
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