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readily available on a case-by-case basis for 
COVID-19 screening [13–15].

Thin-section chest CT is commonly used 
for detection and imaging of interstitial lung 
diseases like COVID-19 [16]. Chest CT as a 
diagnostic tool has been implemented with 
protocols of 1- to 5-mm slice thickness, and 
symptom presentation correlates with the 
presence of lung abnormalities [16–19]. The 
symptom presentation has also been found to 
vary with age and prevalence of preexisting 
comorbidities [20, 21]. Most individuals in-
fected with SARS-CoV-2, however, show no 
symptoms [22–24]. The potential for patients 
without symptoms to spread COVID-19 con-
firms the importance of early detection and 
subsequent patient care support and isola-
tion. Some studies also suggest value in fol-
low-up imaging for monitoring and manag-
ing COVID-19. Chung et al. [25] performed 
follow-up chest CT (at 1–4 days and a mean 
interval of 2.5 days after symptom onset) 
for eight patients and reported that 63% had 
mild disease progression, 25% had moderate 
disease, and only 13% had no worsening of 
COVID-19 symptoms. These findings high-
light the information follow-up CT can pro-
vide on disease progression.

RT-PCR testing is a commonly used and 
highly specific messenger RNA detection 
and quantification technique that can detect 
the presence of SARS-CoV-2 in a biologic 
specimen [26–28]. Real-time RT-PCR test-
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I
nitially detected in Wuhan, 
China, coronavirus disease 
( COVID-19) is caused by a sin-
gle-stranded RNA virus belong-

ing to the family Coronaviridae [1, 2]. It is 
thought that COVID-19 originated from bats 
and infected an intermediate mammalian 
host before human transmission, showing the 
zoonotic potential evidenced in similar coro-
navirus outbreaks such as the severe acute 
respiratory syndrome coronavirus (SARS-
CoV) [3, 4]. As a result of genomic similari-
ties between COVID-19 and SARS-CoV, the 
virus responsible for COVID-19 has been of-
ficially named “severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2)” [1, 5]. 
Although patients with COVID-19 may pres-
ent with gastrointestinal or upper respiratory 
symptoms, the most common symptoms are 
fever, dry cough, and dyspnea [6–8].

Early estimates approximate the mean ba-
sic reproduction number for SARS-CoV-2 as 
3.28, implicating a rapid spread of the disease 
and underscoring the need for efficient and 
accurate screening [9]. Despite heightened 
public awareness and strong interventional 
responses, COVID-19 had been diagnosed in 
more than 2 million individuals worldwide 
by April 15, 2020. Diagnosis has typically in-
volved testing with reverse transcriptase poly-
merase chain reaction (RT-PCR) assay, chest 
CT, or both [10–12]. The number of RT-PCR 
testing kits is limited; in contrast, CT is often 
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OBJECTIVE. Multiple studies suggest CT should be a primary diagnostic tool for coro-
navirus disease (COVID-19) because they reported sensitivities with CT far superior to that of 
reverse transcriptase polymerase chain reaction (RT-PCR) testing. This review aimed to as-
sess these reports and found chest CT to have a clinical utility that is limited, particularly for 
patients who show no symptoms and patients who are screened early in disease progression. 

CONCLUSION. CT has limited sensitivity for COVID-19 and a lower specificity than 
RT-PCR testing, and it carries a risk of exposing providers to severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). Chest CT should be considered a supplemental diagnos-
tic tool, particularly for patients who show symptoms. 
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ing uses fluorescent dyes to allow scientists 
to see the results almost immediately. In the 
United States, the Centers for Disease Con-
trol and Prevention have developed the most 
commonly used assay for COVID-19, which 
involves a primer for regions of the viral 
nucleocapsid gene (N1 and N2) and differs 
from the World Health Organization’s assays 
that target the virus’s RNA-dependent RNA 
polymerase and its envelope genes [26]. 
This review compares the clinical utility of 
 COVID-19 CT radiologic profiles with that 
of RT-PCR viral nucleic acid testing. The 
aim is to show how biased data has affected 
the literature and to shed light on more reli-
able calculations of sensitivity according to 
high-quality methods.

Materials and Methods
Our search strategy included scanning ar-

ticles in the PubMed database published be-
tween January 1, 2020, and April 15, 2020, 
containing the following keywords in the ti-
tle or abstract: “CT,” “RT-PCR,” “sensitivi-
ty,” and “COVID-19.” In addition, we used 
the medical subject headings search terms 
“reverse transcriptase polymerase chain re-
action,” “polymerase chain reaction,” “coro-
navirus,” “severe acute respiratory syn-
drome,” “SARS virus,” and “sensitivity and 
specificity.” This review focuses on sensitivi-
ty because that is the perceived benefit of CT. 
Guidelines from organizations were included 
when deemed appropriate, whereas articles 
that did not involve human subjects or that 
were not available in English were excluded. 
Of the search results, articles that were con-
sidered to provide relevant data on the clini-
cal utility of CT or RT-PCR testing in diag-
nosing COVID-19 were selected for review. 
Additional articles from our search results 
were included when necessary to allow in-
troductory remarks.

Clinical Utility of CT
A study by Fang et al. [13] evaluated chest 

CT results from 51 patients on admission. 
The mean time ± SD from initial disease on-
set to CT was 3 ± 3 days. Chest CT scans re-
vealed that 98% (50/51) of patients had ab-
normalities that were consistent with viral 
pneumonia. Furthermore, 72% of the patients 
showed typical CT findings, whereas 28% 
had atypical CT manifestations. Notably, all 
patients in this study had symptoms includ-
ing fever or acute respiratory symptoms. Be-
cause no patient who did not have symptoms 
was included, this study may have exagger-

ated the sensitivity of CT. Similarly, Long 
et al.’s [27] calculated CT sensitivity of 97% 
in their study of 36 patients may have been 
overestimated because of the inclusion of 
only patients with fevers higher than 38°C or 
with suspected COVID-19 pneumonia. This 
overestimation is possible; a study that in-
cluded patients who had no symptoms found 
that the sensitivity of CT for COVID-19 was 
greater in patients who had symptoms (79% 
of 28 patients) than in patients who had no 
symptoms (54% of 76 patients) (p = 0.023) 
[29]. Because many individuals infected with 
SARS-CoV-2 have no symptoms, using co-
horts of patients who had symptoms in these 
studies limits the generalizability of the sen-
sitivities they provide to the broader popula-
tion infected with SARS-CoV-2. 

Although Ai et al. [30] reported a high 
sensitivity of 97% (601 total patients; 95% 
CI, 95–98%) for detecting COVID-19 via CT 
in adults when RT-PCR is used as a refer-
ence, the true sensitivity may be lower be-
cause of the biased patient cohort consist-
ing of patients with pneumonia. This study 
also showed how the timeline of negative-to-
positive (and positive-to-negative) chest CT 
scans compares with the respective RT-PCR 
test timelines. Guan et al. [31] only used pa-
tients with confirmed COVID-19 in their 
patient cohort. This study found chest CT 
had a sensitivity of 82% (720/877). Howev-
er, the Guan et al. study is not generalizable 
to a wider population of individuals infect-
ed with SARS-CoV-2 either  because their 
patient cohort, although confirmed to have 
 COVID-19, was also required to have been 
admitted to an ICU, used a mechanical venti-
lator, or died. The poor outcome of these pa-
tients suggests the exclusion of patients with 
milder symptoms who are less likely to dis-
play abnormal findings in CT images. Thus, 
in both studies, the reported CT sensitivity 
may be an exaggeration.

Compared with the information available 
on sensitivity, very little information is avail-
able on the specificity of chest CT for COV-
ID-19, although available reports show it to 
be especially limited. The Ai et al. [30] ar-
ticle, although biased, reported a specificity 
of 25% (413 total patients; 95% CI, 22–30%). 
Given the nonspecific findings on CT in pa-
tients with COVID-19, any abnormal chest 
CT finding was considered a positive result 
by these studies. One study, however, deter-
mined some degree of specificity in CT be-
ing able to distinguish COVID-19 pneumo-
nia from other causes of pneumonia [32]. 

Although their evidence suggests that CT 
may allow radiologists to distinguish finite 
stages of  COVID-19 pneumonia and differ-
entiate them from non– COVID-19 pneumo-
nia, significant differences were identified in 
disease severity, age, and prevalence of car-
diovascular disease between the study’s pa-
tient cohorts with and without  COVID-19. 
These three confounding variables weaken 
the validity of their results.

Compared with studies with biased pa-
tient cohorts, studies with fewer methodolog-
ic limitations showed lower sensitivities for 
chest CT in patients with confirmed COV-
ID-19 (Table 1). One retrospective study [33] 
involving 121 symptomatic COVID-19 cas-
es found that 56% (95% CI, 47–65%) of CT 
scans taken within 2 days of symptom on-
set were normal. By contrast, only one pa-
tient of those who underwent CT within 2 
days of symptom onset had a negative result 
from an initial RT-PCR test. An expert panel 
interpreted these results as indicating that up 
to 50% of CT scans obtained within the first 
2 days from symptom onset may be normal 
[34]. This points to the limited sensitivity of 
CT shortly after symptom onset, especially 
compared with RT-PCR testing, and suggests 
that CT would not be a reliable standalone 
COVID-19 diagnostic test. In agreement 
with this result, a study of 104 cases from the 
Diamond Princess cruise ship found that CT 
scans were normal in 46% of the 76 patients 
who had no symptoms and in 21% of the 28 
patients who had symptoms (p = 0.023) [29]. 
These lower values for the sensitivity of CT 
affirm our suspicion that the biases in the 
previously described studies resulted in their 
overestimation.

Clinical Utility of RT-PCR
RT-PCR testing can be used as an inde-

pendent diagnostic tool given its high speci-
ficity for COVID-19; however, some reports 
suggest it has a limited sensitivity. A study 
by Li and colleagues [35] evaluated the clin-
ical utility of RT-PCR testing in diagnos-
ing COVID-19 among a cohort of 610 pa-
tients assumed to have COVID-19 because 
of positive CT findings of viral pneumonia. 
They found a positive initial RT-PCR test in 
168 patients (implying a sensitivity of 28%). 
However, this study involved a biased patient 
cohort and an invalid assumption because 
not every patient with viral pneumonia has 
COVID-19. An absence of a reference stan-
dard or patients with confirmed  COVID-19 
may have resulted in the inclusion of patients 
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not infected with SARS-CoV-2, explaining 
the low sensitivity of RT-PCR testing. This 
study also noted that 241 patients eventually 
had a positive RT-PCR test results for CO-
VID-19. Although the study did not provide 
the calculation, we can retrospectively cal-
culate the sensitivity of RT-PCR testing (168 
patients who initially screened positive with 
RT-PCR assay out of 241 patients who would 
eventually screen positive for RT-PCR) as 
more accurate at 70% (assuming there were 
no false-positives).

In another recent study, Liu et al. [36] an-
alyzed viral nucleic acid test results of 4880 
cases suspected of having a respiratory in-
fection in one hospital in Wuhan. This study 
found a sensitivity of 38% for RT-PCR for 
the 4818 patients who had nasal and pha-
ryngeal swabs. RT-PCR sensitivity in this 
study was significantly higher in older pa-
tients compared with younger patients and 
in male patients compared with female pa-
tients. However, this study decided that the 
4880 patients had COVID-19 according to 
only typical symptoms or contact with pa-
tients with COVID-19 an assumption that 
weakens the data and casts doubt on the re-
ported sensitivity. Because patients not in-
fected with SARS-CoV-2 may have been in-
cluded in the study, the sensitivity report may 
have been an underestimate. Other data from 
fever clinics reported in this study showed a 
higher sensitivity of 57% (n = 1707) for RT-
PCR results [36].

The Fang et al. [13] study previously de-
scribed also involved a mean time from ini-
tial disease onset to RT-PCR testing of 3 ± 3 
days. The RT-PCR findings revealed that 71% 
(36/51, p < 0.001) of patients had initial posi-
tive results. The authors of this study suggest-
ed that the low sensitivity of RT-PCR testing 
may be attributed to variation in detection rate 
as a result of improper sampling and imma-
ture development of technology. In this co-
hort, 29% had initial negative RT-PCR results 
but positive CT results. This group eventual-
ly had positive RT-PCR results in follow-up 
testing (range, 1–7 days), suggesting the lim-
ited effectiveness of RT-PCR assay testing for 
early-stage COVID-19 detection. However, as 
noted, the cohort for this study involved only 
patients with fevers or acute respiratory symp-
toms. It is therefore expected that RT-PCR 
screening tests would yield positive results for 
a relatively limited proportion of the patients 
because a reference standard of patients with 
confirmed  COVID-19 was not used. In con-
trast, chest CT would have positive results a 
relatively greater proportion because all the 
patients had symptoms.

The Bernheim et al. [33] study previous-
ly described found a high sensitivity of 88% 
(90/102) for RT-PCR testing. Because RT-
PCR testing is used to confirm diagnosis, 
the primary reliable method to test sensitiv-
ity would be to retrospectively evaluate the 
RT-PCR results of patients who were eventu-
ally confirmed to have COVID-19, which is 

how Bernheim et al. approached their study. 
A study by Xiao et al. [37] found 21% of pa-
tients with confirmed COVID-19 initially had 
two consecutive negative RT-PCR results, 
which current guidelines mandate as one of 
the requirements for discharge. This means 
that, for two consecutive RT-PCR results, a 
sensitivity of 79% (55/70) was observed. Un-
fortunately, Xiao et al. did not provide data 
on the sensitivity after the initial RT-PCR 
test. Another study published in JAMA found 
that RT-PCR testing had a sensitivity of 72% 
for COVID-19 through sampling from bron-
choalveolar lavage fluid, sputum, or nasal 
swabs. Interestingly, the greatest sensitivity 
(93%) was observed for bronchoalveolar la-
vage fluid samples, although the sample size 
was small at 15 patients [38].

Although the sensitivity of RT-PCR test-
ing for SARS-CoV-2 has been shown by these 
studies to be fairly high when sampled from 
bronchoalveolar lavage fluid, sputum, or nasal 
swabs, it was low when specimens were taken 
from other areas such as fecal matter or pha-
ryngeal samples. Hao and Li [39] described a 
case of an unwell adult returning from Wuhan, 
China, whose initial CT scan showed bilater-
al ground glass opacification (GGO) subpleu-
ral distribution. However, three separate RT-
PCR assays of oropharyngeal swab samples 
were negative for SARS-CoV-2 nucleic acid. 
A final fourth RT-PCR test was positive for 
SARS-CoV-2, but this was after significant dis-
ease progression was seen on follow-up CT. Al-

TABLE 1: Sensitivity of Initial Chest CT and RT-PCR Testing for Diagnosing Coronavirus Disease (COVID-19)  

First Author 
[Reference]

Total 
No. of Patients

No. (%) of Patients Confirmed to Have 
COVID-19

Methodologic LimitationsOn CT On RT-PCR

Liu [36] 4880 1854 (38) Patients determined to have COVID-19 based on typical symptoms or 
contact with infected people

Fang [13] 51 50 (98) 36 (71) All patients had fever or acute respiratory symptoms

Long [27] 36 35 (97) 30 (83) Only included patients with fever > 38°C and suspected COVID-19 
pneumonia

Ai [30] 601 583 (97) Used a biased cohort of patients with pneumonia

Guan [31] 877 720 (82) Only included patients who had been admitted to ICU, used a ventilator, 
or died 

Xiao [37] 70 55 (79) RT-PCR sensitivity is for two consecutive tests

Wang [38] 127 91 (72)

Li [35] 241a 168 (70)

Bernheim [33] CT: 36; RT-PCR: 102 16 (44) 90 (88)

Inui [29] 104 63 (61)

Note—RT-PCR = reverse transcriptase polymerase chain reaction. 
aOriginal 610 patients were assumed to have COVID-19 because of CT findings of pneumonia; this limitation was resolved here by only using the 241 patients who 

eventually had positive RT-PCR tests as the total number of patients.
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though just one case, those results are in agree-
ment with the Wang study [38], which found 
the RT-PCR test COVID-19 sensitivity in pha-
ryngeal swab samples to be 32% (taken 1–3 
days after admission; 95% CI, 31–33%). This 
may help explain the low sensitivity reported 
by the biased Liu et al. [36] study, because their 
methods included pharyngeal swab samples. 
Although RT-PCR testing reports low sensitiv-
ity for SARS-CoV-2 when a pharyngeal sample 
is used, the greater values for RT-PCR sensi-
tivity given appropriate sampling (i.e., sputum 
or nasal), compared with the biased studies, af-
firm our suspicion that those biases resulted 
in an underestimation of the sensitivity of RT-
PCR testing.

Discussion
Because of the novelty and variable symp-

tom presentation of COVID-19, this disease is 
susceptible to both underdiagnosis and misdi-
agnosis [40, 41]. Although observed chest CT 
sensitivities for COVID-19 differ from study to 
study, many of these reported sensitivities are 
higher than those reported for RT-PCR test-
ing. However, many studies have overstated the 
sensitivity of CT and have involved methods 
riddled with confounding variables and biased 
patient cohorts [30, 32]. These errors have been 
reinforced by newer studies that refer to their 
results as though they were accurate [42–47]. 
Although we applaud efforts to rapidly share 
and publish data on COVID-19 for further re-
search, we urge caution against rushing studies 
that may include the questionable methodolo-
gies described in this review. The actual sensi-
tivity of CT for COVID-19 may in fact be less 
than that of RT-PCR testing (although quality 
reports are too scarce to ensure that conclu-
sion). In addition, performing CT presents radi-
ology providers with a risk of contracting CO-
VID-19 and becoming vectors to transmit the 
disease to others [48, 49].

Although RT-PCR testing fills a crucial 
role in accurately detecting SARS-CoV-2 
on a case-by-case basis, it also has inherent 
problems that limit its utility. Current obsta-
cles to the widespread use of RT-PCR test-
ing include a shortage of testing kits and an 
extended processing period of several hours 
before results are obtained [50]. However, 
given the high specificity and sensitivity of 
RT-PCR testing, we conclude that only it (and 
not chest CT) should be used as a primary 
diagnostic tool. This analysis is in conjunc-
tion with the recommendations set forth by 
the American College of Radiology amid the 
COVID-19 pandemic. We take these recom-

mendations further by suggesting chest CT 
may be used as a supplemental tool primarily 
for patients who have experienced symptoms 
for more than 2 days or who have symptoms 
but had negative RT-PCR test results. In ad-
dition, although RT-PCR testing can simply 
be used to detect SARS-CoV-2, chest CT can 
characterize the disease through detecting 
pulmonary abnormalities such as GGO [51].

Limitations
Current use of CT may be limited to se-

vere cases of COVID-19 in which symp-
toms are present before viral testing, given 
the variable symptom presentation of the 
disease and the high degree of underdiag-
nosis. Additionally, many of the studies ex-
amined and analyzed in this review are lim-
ited to preliminary research on COVID-19 
from China. Furthermore, many of the com-
parative analyses between CT and RT-PCR 
results were performed on adults and elder-
ly individuals with only a limited number 
of pediatric cases. These findings, therefore, 
may not be representative of a larger, more 
diverse demographic.

The main limitation in gathering accurate 
sensitivity reports was the prevalence of poor-
quality studies and unjustified conclusions [30, 
32, 36]. These studies were discussed to show 
the importance of quality methods and how 
biases can affect data. Studying patients with 
pneumonia under the assumption that they 
have COVID-19 and claiming positive results 
if any findings of pneumonia are observed may 
have resulted in overestimations of chest CT 
sensitivity [30]. In addition, assuming patients 
have COVID-19 if they have typical symptoms 
or had been in contact with an individual who 
was confirmed to have COVID-19 likely result-
ed in underestimations of the sensitivity of RT-
PCR testing [36]. Furthermore, the sensitivity 
of RT-PCR testing is improved when a prop-
er sample is collected (nasopharyngeal swabs 
and sputum if possible, as opposed to pharyn-
geal swabs).

Finally, given the lack of available infor-
mation on SARS-CoV-2 at the time some of 
these early studies were conducted, we ac-
knowledge the bias that may be perceived 
in our critique, given our access to improved 
protocols and new information (such as that 
COVID-19 is best confirmed through RT-
PCR testing as opposed to CT findings of 
viral pneumonia). Therefore, our recogni-
tion of the limitations of their methods is not 
meant to imply that the researchers should 
have known of better approaches at the time.

Conclusion
Although multiple studies suggest RT-PCR 

testing has a limited sensitivity and chest CT 
has a superb sensitivity for  COVID-19, these 
reports used limited methods [13, 27, 30, 
36]. The methodologic errors of these stud-
ies must be pointed out and learned from, be-
cause many new studies refer to their results 
and take them for granted [42–47]. As a result, 
clinical information available on the sensitiv-
ity of COVID-19 diagnostics has been steered 
toward inaccuracy. Researchers and provid-
ers should not only be aware of the prevalence 
of questionable methodologies in the current 
literature but also that studies with adequate 
methods suggest the sensitivity of RT-PCR 
testing may be comparable with, or even high-
er than, that of chest CT for COVID-19.
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