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Abstract
Background The necessity to identify and isolate COVID-19 patients to avoid intrahospital cross infections is particularly 
felt as a challenge. Clinically occult SARS-CoV-2 infection among patients admitted to the hospital is always considered a 
risk during the pandemic. The aim of our study is to describe the application of CT scan to reveal unexpected COVID-19 in 
patients needing hospital admission.
Method In our emergency department, we prospectively enrolled adult patients needing hospital admission, without symp-
toms suspected of COVID-19, and showing negative reverse transcriptase-polymerase chain reaction (RT-PCR) swab test. 
CT scan was performed to diagnose clinically occult COVID-19 pneumonia. All the exams were read and discussed retro-
spectively by two expert radiologists and assigned to one of 4 exclusive diagnoses: typical (typCT), indeterminate (indCT), 
atypical (atyCT), negative (negCT). The clinical characteristics and final diagnoses were described and compared with the 
results of CT scans.
Results From May 25 to August 18, 2020, we prospectively enrolled 197 patients. They showed 122 negCT, 52 atyCT, 22 
indCT, and 1 typCT. Based on the CT imaging, the prevalence of suspected clinically occult COVID-19 pneumonia was 
11.6% (23 patients). None had confirmation of SARS-CoV-2 infection after the hospital stay. Nineteen patients had negative 
serial RT-PCR while in 4 cases, the infection was excluded by clinical follow-up or appearance of positivity of RT-PCR 
after months.
Conclusion Our descriptive analysis confirms that CT scan cannot be considered a valid tool to screen clinically occult 
COVID-19, when the asymptomatic patients need hospitalization for other conditions. Application of personnel protections 
and distancing among patients remains the best strategies to limit the possibility of intrahospital cross-infections.
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Introduction

The bursting of COVID-19 pandemic is challenging the 
health systems around the world, both in scarce-resource 
areas and even in the most advanced and rich countries. 
One of the major challenges posed by the pandemic is 

the management of the surge of admissions, at the same 
time isolating infected patients to limit in-hospital cross-
infections. The first diagnosis of SARS-CoV-2 infection in 
suspected patients is based on the confirmation by reverse 
transcriptase-polymerase chain reaction (RT-PCR) naso-
pharyngeal swab test and visualization of pneumonia by 
chest imaging, including lung ultrasound and CT scan 
[1–3]. From the beginning of the first pandemic surge 
characterized by an extremely high prevalence of infec-
tions, it became evident that the sensitivity of the RT-
PCR was not sufficient to avoid a significant number of 
false negative cases [4]. In patients with clear symptoms 
raising suspicion, the process for the first diagnosis of 
COVID-19 is improved by a systematic combination of 
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clinical assessment, bedside lung ultrasound or CT scan, 
and RT-PCR [3]. In some cases, only serial repetitions 
of the RT-PCR swab during the hospital stay may reveal 
initial false negative results. However, it is largely demon-
strated that SARS-CoV-2 may give asymptomatic infec-
tion in a significant percentage of cases. Thus, in patients 
admitted to the hospital who do not present with symptoms 
suspected of SARS-CoV-2 infection, there is the possi-
bility of asymptomatic infection. For this reason, during 
the pandemic, there is the necessity to exclude asympto-
matic SARS-CoV-2 in patients admitted to the hospital 
for other pathologies, to isolate unexpected new cases and 
limit the danger of cross-infections. In the recent literature, 
it was demonstrated that CT scan imaging may be use-
ful to reveal signs of the typical SARS-CoV-2 pneumonia 
in patients without symptoms and negative RT-PCR [5]. 
To limit the eventuality of mixing in the same areas of 
the hospital infected and non-infected patients during a 
COVID-19 pandemic surge, it is crucial to standardize a 
strategy that may go from strengthening the procedures for 
distancing and using of personal protective equipment for 
patients and personnel, to the more complex and expensive 
separation of infected and free areas.

The purpose of our study was to evaluate the useful-
ness of a diagnostic strategy that aims to identify clini-
cally occult COVID-19 pneumonia by thoracic CT scan-
ning performed in patients admitted to the hospital without 
symptoms of SARS-CoV-2 infection.

Material and methods

Epidemiological and temporal framework

From 25 May 2020 to 18 August 2020, we enrolled 
patients admitted to the San Luigi Gonzaga Hospital in 
Torino, Italy. Our institution is a university hospital serv-
ing the population of Torino, the main town of the Pie-
monte Region in the north-west of Italy, and neighboring 
small towns on the west side. The emergency depart-
ment (ED) of the hospital counts around 45,000 visits 
per year. During spring 2020, our Region was hit hard 
by the COVID-19 outbreak with a peak of around 3500 
patients admitted to the hospitals in the end of March. 
After the mid of May in our area, we assisted to a progres-
sive decrease in the prevalence of COVID-19 cases. Dur-
ing the period of enrollment, the prevalence of the disease 
in our hospital dropped to very few cases still admitted, 
following the general trend observed in Piemonte (few 
tens of cases during August). The local ethical commit-
tee approved the protocol of this retrospective study (no. 
6386 23/4/21).

Selection of the population

Inclusion criteria were as follows: (1) consecutive patients 
presenting to the ED and needing admission to the hos-
pital for any medical, surgical, and trauma condition; (2) 
negative first RT-PCR swab test performed in the ED; (3) 
absence of symptoms and any other clinical condition rais-
ing suspicion of COVID-19; (4) acquisition of a thoracic 
CT scan before definitive admission, for the diagnosis of 
clinically occult COVID-19 pneumonia, whose indica-
tion was independent from our analysis and based on an 
internal diagnostic algorithm specifically designed to limit 
cross-infections inside the hospital (Fig. 1) [6]. Patients 
of age > 50 who signed the informed consent received the 
exam.

RT‑PCR swab test

The diagnosis of COVID-19 was confirmed by a RT-
PCR nasal-pharyngeal and/or bronchial swab (BD 
SARS-CoV-2 Reagents for BD MAX System™). In pre-
triage, a hand-reading Rapid Antigenic Test (COVID-
19 Ag RAPID TEST DEVICE, Abbott Panbio™) or a 
facilitated reading (LumiraDx SARS-CoV-2 Ag test — 
LumiraDx) was performed to guide the first allocation 
of the patients in different areas of the ED. However, the 
infection was confirmed only after the RT-PCR swab 
detailed above.

CT scan protocol

Patients with indication to CT scan signing the informed 
consent were moved to the radiology unit inside the ED 
to perform the exam. A multidetector CT (GE OPTIMA 
660 General Electric Healthcare, Milwaukee WI, USA) 
was used. The patients were in supine and head-first posi-
tion and received scanning with breath held. Parameters 
used were the following: 10 0 kV; 100, mAs real-time 
adaptive control; layer thickness 1–2.5 mm; pitch, 1–1.5; 
matrix, 512 × 512. No contrast was administered. All 
images were transmitted to the post-processing worksta-
tion and reconstructed using high-resolution and conven-
tional algorithms. Each study was read and interpreted 
by two experts with a long-standing experience in chest 
imaging. Signs and nomenclature of CT scan were those 
recommended for COVID-19 and reported in the Radio-
logical Society of North America Expert Consensus 
document [7]. Each CT scan was assigned to one of the 
4 imaging classification recommended in the consensus 
document:
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– Typical appearance, in the presence of peripheral, bilat-
eral, multifocal ground glass opacities (GGO) with or 
without consolidation, or visible lines (“crazy-pav-
ing”).

– Indeterminate appearance, in the presence of multifocal 
perihilar or unilateral GGO with or without consolida-
tion, or very small GGO non-rounded or non-peripheral.

– Atypical appearance, in the presence of isolated lobar or 
segmental consolidation without GGO, or discrete small 
nodules, or lung cavitation, or smooth interlobular septal 
thickening with large pleural effusion.

– Negative, in case of no CT features suggesting pneumo-
nia.

Clinical diagnoses

We focused our analysis on patients with any sign suspected 
of COVID-19 pneumonia at CT imaging obtained before 

admission (Typical and Indeterminate appearances). To 
decide about the final diagnoses, we considered the results of 
repeated RT-PCR swab tests, both nasal-pharyngeal and/or 
bronchial, and the whole documentation obtained during the 
hospital stay, as well as, in some doubtful cases, the results 
of long-term follow-up and monitoring of RT-PCR testing.

Results

During the period of the study, there were 7900 accesses 
to the ED with 1336 admissions, of which only 6 patients 
with a confirmed main diagnosis of COVID-19 pneumo-
nia with respiratory failure. Out of 1330 patients admit-
ted without confirmation of COVID-19 pneumonia, 197 
patients responded to the criteria for screening asymp-
tomatic COVID-19 and received a CT scan study before 
admission from the ED. The calculated total cost of CT 

Fig. 1  The original algorithm that was implemented in our institu-
tion to guide allocation of patients needing admission, agreed by an 
internal committee headed by the Director of the Department and 
the Chiefs of Oncology, Internal Medicine, Pulmonology, Radiol-
ogy, Emergency Medicine units. The thick red arrows indicate the 
path dedicated to patients at low probability for COVID-19 and nega-
tive RT-PCR, needing admission. After signing an informed consent, 

these patients received CT scan before admission to diagnose unex-
pected COVID-19 pneumonia. COVID-19, coronavirus disease 2019; 
DH, day hospital; POS, positive; NEG, negative; Prob., probabil-
ity; LUS, lung ultrasound; CXR, chest radiography; CT, computed 
tomography; RT-PCR, reverse transcriptase-polymerase chain reac-
tion
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scans was 24.448 euros net of the time spent by the per-
sonnel and cost of supplies. The total amount of irradia-
tion per patient was based on a specific protocol at low 
dose, giving an average computed tomography dose index 
volume (CTDIvol) < 5  mGy and dose length product 
(DLP) < 180 mGy × cm per patient. Out of 197 CT studies, 

88.3% (n = 174) was read Negative or Atypical thus exclud-
ing asymptomatic COVID-19 active pneumonia at admis-
sion. In 11.7% (n = 23) cases, CT scan was assigned to 
Typical or Indeterminate appearance (22 Indeterminate 
and 1 Typical). Figure 2 illustrates the patient’s flow of the 
study and Figs. 3 and 4 show two demonstrative cases with 

Fig. 2  The patient’s flow dia-
gram showing the flow of par-
ticipants to our study. COVID-
19, coronavirus disease 2019; 
CT, computed tomography

Fig. 3  CT scan of one patient 
without symptoms of COVID-
19 and negative RT-PCR swab 
test. The scan shows bilateral 
ground glass areas (red arrows) 
and was interpreted as Typical 
for COVID-19 interstitial pneu-
monia, thus raising suspicion 
of asymptomatic SARS-CoV-2 
infection. The patient was 
admitted into an area of the 
hospital dedicated to COVID-
19, even if in a protected bed, 
with a main diagnosis of acute 
myeloid leukemia. During the 
hospital stay COVID-19 was 
excluded because of repeated 
negative RT-PCR tests
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Typical and Indeterminate CT readings. The documentations 
of the 23 cases with suspected COVID-19 pneumonia have 
been carefully reviewed after the hospital stay to reach a 
final diagnosis. In Table 1, we report the correspondence 
between the CT readings, the motivations supporting the 
status concerning COVID-19 infection at admission and dis-
charge, and the final clinical diagnoses. No patient resulted 
affected by SARS-CoV-2 infection. In 19 cases, the RT-PCR 
repeated serially during the hospital stay confirmed the first 
negativity obtained result in the ED. In 3 cases, the negativ-
ity to COVID-19 was also corroborated by the appearance 
of positivity of the RT-PCR with a new hospital admission 
after months from the enrollment. In one case, the patient 
was discharged quickly without repetition of swab tests, but 
COVID-19 was then excluded because the patient became 
positive to SARS-CoV-2 and admitted for related pneumo-
nia after months. In 2 cases, a first pulmonary diagnosis 
of microcitoma and cancer metastases allowed to attribute 
the CT signs to the neoplastic disease, supported also by 
the clinical evolution that followed the admissions. In one 
case of ischemic stroke, the repetition of swab tests was not 
performed, but the diagnosis of COVID-19 was excluded 
after clinical follow-up and repetition of chest imaging. In 16 

cases out of 23, the patients were admitted to COVID areas 
or to protected beds (grey zone) inside the COVID areas, 
with a complementary diagnosis of active infection based 
on the CT result. In 7 cases, the physician in charge decided 
to admit the patient in a non-COVID area despite the result 
of CT. In 21 cases, the diagnosis of COVID-19 at discharge 
was not confirmed. Only 2 out of 23 patients were still dis-
charged with a probable diagnosis of COVID-19 infection: 
there was one patient with third-degree atrio-ventricular 
block who was discharged without the time to perform the 
RT-PCR surveillance but resulted positive to COVID-19 
pneumonia with new hospital admission after months, and 
one patient who died of septic shock and showed 2 negative 
RT-PCR tests.

Discussion

Our observational analysis demonstrates that performing CT 
scan to diagnose clinically occult pulmonary involvement of 
COVID-19 in patients who need admission to the hospital 
for alternative diseases cannot be supported. This is particu-
larly valid in a moment of decrease of the prevalence of the 
infection during the COVID-19 pandemic.

Our geographic area was first hit by the COVID-19 pan-
demic outbreak during spring 2020. At that time, our insti-
tution identified emergent priorities for the surge of admis-
sions. The priorities included, among others, the need for 
protecting patients and personnel from the risk of cross-
infections inside the hospital. For this reason, it was decided 
to secure adequate supply of personnel protective equipment 
and institute separated areas inside the hospital for patients 
with and without COVID-19 active infection. These areas 
included beds dedicated both to patients needing intensive or 
emergency care and to patients needing low-intensity care. 
Due to the known sub-optimal sensitivity of the first RT-
PCR testing and delay in obtaining the laboratory result, 
our group experienced a strategy based on a combination of 
lung ultrasound and clinical evaluation to guide a safe initial 
allocation of patients suspected of COVID-19 [8, 9]. The 
protocol was then validated by an international multicenter 
study [3]. Based on that experience, we reiterate here that 
chest imaging needs to be integrated with the clinical condi-
tion and presenting symptoms to allow an accurate diagnos-
tic process. After the first allocation in the ED, in cases that 
remain doubtful, serial repetition of RT-PCR together with 
extension of chest imaging to CT scan allow completion of 
the diagnostic process to guide admission of the patients to 
dedicated COVID or non-COVID areas [3]. During the out-
break waves, the number of alternative pathologies needing 
hospital admission dramatically fell to a minimum that was 
never experienced in the past, and almost all the available 
beds became dedicated to COVID-19 patients.

Fig. 4  CT scan of one patient without symptoms of COVID-19 and 
negative RT-PCR swab test. The scan shows mono-lateral ground 
glass areas (red arrows) and was interpreted as Indeterminate for 
COVID-19 interstitial pneumonia, thus raising suspicion of asympto-
matic SARS-CoV-2 infection. The patient was admitted into a gray 
area of the hospital dedicated to suspected COVID-19, with a main 
diagnosis of bacterial pneumonia. During the hospital stay the RT-
PCR resulted repeatedly negative and the patient was again admit-
ted to the hospital after some months for COVID-19 pneumonia, this 
time with positive RT-PCR
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However, during these last 2 years, it became evident 
that the pandemic may manifest with highly variable prev-
alence [10]. After the first dramatic wave, our institution 
experienced a fall in the prevalence of COVID-19 and an 
increase in the number of alternative pathologies need-
ing admissions. Progressively, the COVID-19-dedicated 
beds were converted to general use, with a growing need 
to limit the risk of subclinical COVID-19 cases admit-
ted in COVID-19-free areas. To this aim, in our institu-
tion, it was deliberated the implementation of a diagnostic 
algorithm based on the evaluation by CT scan to diagnose 
clinically occult COVID-19 pneumonia [5]. This algo-
rithm was applied to any patient over 50 years old who 
needed admission from the ED for any diagnosis alterna-
tive to COVID-19 and showing negative RT-PCR tests. 
The protocol was approved and applied during the period 
of our analysis; after 3 months of application, our analysis 
demonstrates its failure.

One of the main objective reasons of failure is the variabil-
ity in the prevalence of COVID-19. This variability strongly 
affects the diagnostic accuracy of RT-PCR and chest imaging, 
the two main diagnostic tools in the management of COVID-
19 [4, 11]. For example, during the peak of the surge, the prob-
ability that a positive RT-PCR assay is effectively linked to 
the SARS-CoV-2 infection is extremely high and negativity 
of the test will have not enough power to exclude, while the 
opposite happens when the prevalence of the infection drops 
down. Thus, a negative RT-PCR during a fall in the preva-
lence is far more sensitive in excluding than during the peak 
of the surge. The same can be said for chest imaging. In a 
moment of high prevalence, signs of interstitial pneumonia 
become highly specific, while they fail in ruling-in COVID-19 
pneumonia when the prevalence approaches 0 cases and dif-
ferential diagnoses become more probable. Moreover, chest 
imaging can only diagnose the pulmonary involvement dur-
ing the time course of the disease but cannot be of any help in 

Table 1  Correspondence between CT scan readings and clinical diag-
noses in 23 patients without symptoms of COVID-19 and negative 
RT-PCR nasal-pharyngeal swab test, needing hospital admission. The 
columns report: CT scan results, definitive diagnosis about the sta-

tus of SARS-CoV-2 infection during the hospital stay (assigned after 
follow-up) with main motivation, final clinical diagnosis, dedicated 
areas inside the hospital where the patients were admitted and then 
discharged

CT, computerized tomography of the chest; COVID-19, coronavirus disease 2019; RT-PCR, reverse transcriptase-polymerase chain reaction; 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2

CT scan reading COVID-19 status Main motivation for COVID-19 
status

Final clinical diagnosis Area of admission Area of discharge

Typical Negative Repeated RT-PCR negative Acute myeloid leukemia COVID No COVID
Indeterminate Negative Follow-up negative Ischemic stroke No COVID No COVID
Indeterminate Negative COVID-19 positive after months Subarachnoid hemorrhage COVID No COVID
Indeterminate Negative Pulmonary microcytoma Obstructive icterus No COVID No COVID
Indeterminate Negative COVID-19 positive after months Bacterial pneumonia COVID No COVID
Indeterminate Negative Repeated RT-PCR negative Bacterial pneumonia COVID No COVID
Indeterminate Negative Repeated RT-PCR negative Bacterial pneumonia COVID No COVID
Indeterminate Negative COVID-19 positive after months Third-degree atrio-ventricular 

block
COVID COVID

Indeterminate Negative Repeated RT-PCR negative Ischemic stroke bacterial pneu-
monia

COVID No COVID

Indeterminate Negative Repeated RT-PCR negative Hepatic failure No COVID No COVID
Indeterminate Negative Repeated RT-PCR negative Decompensated heart failure COVID No COVID
Indeterminate Negative Repeated RT-PCR negative Severe COPD in heavy smoker COVID No COVID
Indeterminate Negative Repeated RT-PCR negative Decompensated heart failure No COVID No COVID
Indeterminate Negative Repeated RT-PCR negative Bacterial pneumonia No COVID No COVID
Indeterminate Negative COVID-19 positive after months Decompensated heart failure COVID No COVID
Indeterminate Negative Repeated RT-PCR negative Bacterial pneumonia COVID No COVID
Indeterminate Negative Repeated RT-PCR negative Acute myeloid leukemia No COVID No COVID
Indeterminate Negative Repeated RT-PCR negative Neoplastic pleural effusion COVID No COVID
Indeterminate Negative Pulmonary metastases Prostate carcinoma No COVID No COVID
Indeterminate Negative Repeated RT-PCR negative Follicolar lymphoma COVID No COVID
Indeterminate Negative Repeated RT-PCR negative Septic shock COVID Dead
Indeterminate Negative Repeated RT-PCR negative Decompensated heart failure COVID No COVID
Indeterminate Negative Repeated RT-PCR negative Bacterial pneumonia COVID No COVID
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diagnosing the infection not complicated by pneumonia. Thus, 
the usefulness of CT scan when used to diagnose COVID-19 is 
strongly limited [11, 12]. Finally, following the Bayesian rea-
soning, the accuracy of any diagnostic test fails when applied 
to patients without clinical suspicion. Thus, like for any other 
test, CT scan simply loses specificity in diagnosing COVID-
19 pneumonia when applied to patients without symptoms of 
the disease [13].

In the opinion of these authors, a strategy based on sys-
tematic RT-PCR and CT imaging for the identification of 
COVID-19-infected patients in the ED to guide allocation 
in watertight compartments inside the hospital may hide pit-
falls. Based on doubtful imaging obtained during our study, 
some patients were allocated in COVID-19 areas, even if 
sometimes in protected beds, but then revealed not infected. 
Moreover, our observation is limited by the fact that the 
algorithm was applied in a moment of fall in the prevalence 
when the probability of false negative RT-PCR became 
extremely low. It is not said that, during a rise in the preva-
lence, the percentage of false negative swabs might become 
significantly higher. In these cases, CT imaging may be of 
help in finding clinically occult COVID-19 pneumonia but 
cannot help in diagnosing those cases without pulmonary 
involvement. For all these reasons, more than relying on a 
strict selection in the ED of COVID-19 and non-COVID-19 
patients for admissions in separated areas, it is safer consid-
ering any patient and personnel a possible source of infec-
tion. We speculate that a general strategy based on rein-
forcement of bed distancing, personnel equipping, and strict 
monitoring of patients with negative RT-PCR tests inside 
the areas dedicated to alternative COVID-19 pathologies 
remains a more efficient and safer alternative.

Conclusion

During the COVID-19 pandemic, the risk of admitting to the 
hospital patients with asymptomatic SARS-CoV-2 infection 
should always be considered. However, a systematic CT scan 
to visualize signs of viral pneumonia cannot be considered 
a valid strategy to diagnose patients with asymptomatic 
COVID-19.
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