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Coronavirus Disease 2019 (COVID-19) in

Molecular Imaging: A Systematic Review of
Incidental Detection of SARS-CoV-2
Pneumonia on PET Studies
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There have been several reports of the incidental detection of severe acute respiratory syn-
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drome coronavirus 2 pneumonia on positron emission tomography/computed tomography
(PET/CT) studies, which represent the potential role of molecular imaging in the detection
and management of coronavirus disease 2019. Here, we systematically review the value of
PET/CT in this setting. We conducted a systematic search on June 23, 2020, for PET stud-
ies with findings suggestive of coronavirus disease 2019. Web of Science, PubMed, Sco-
pus, EMBASE, and Google Scholar databases were used. Patients with at least one PET/CT
imaging evaluation were included in the study. Fifty-two patients in 30 publications with a
mean age of 60 § 12.74 (age range; 27-87) were included in this study, of which 28 (53.8%)
were male, and 19 (36.5%) were female. In 5 (9.7%) patients, gender was not reported.
PET/CT was performed with 18F-fluorodeoxyglucose for 48 (92.3%), 18F-choline for 3 (5.8%),
and 68Ga-PSMA for 1 (1.9%) patients. The mean SUV max of pulmonary lesions with
18F-fluorodeoxyglucose uptake was 4.9 § 2.3. Moreover, 39 (75%) cases had an underly-
ing malignancy, including 18 different type of primary cancers and 6 (11.5%) patients with
metastatic disease. The most common pulmonary findings in PET/CT were bilateral hyper-
metabolic ground-glass opacities in 39 (75%), consolidation in 18 (34.6%), and interlobu-
lar thickening in 4 (7.6%). In addition, mediastinal 14 (27%) and hilar 10 (19.2%) lymph
node involvement with increased metabolic activity was frequently identified. Early diagno-
sis of severe acute respiratory syndrome coronavirus 2 pneumonia is not only crucial for
both appropriate patient management but also helps to ensure appropriate postexposure
precautions are implemented for the department and hospital staff and those who have
been in contact with the patient.
Semin Nucl Med 51:178-191 © 2020 Elsevier Inc. All rights reserved.
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Introduction

The novel Coronavirus disease 2019 (COVID-19) caused
by severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2 coronavirus), first emerged in China, and then
spread to the other regions worldwide.1 Currently, almost
all countries have been seriously affected by the global
pandemic, with profound impacts on their healthcare and
socioeconomic systems. As of July 23, 2020, a total of
15 million COVID-19 cases with around 630,000 deaths
have been confirmed worldwide.2 COVID-19 typically
presents with fever and lower respiratory symptoms, and
the majority of infected patients display bilateral multifo-
cal pulmonary lesions in chest imaging. No definitive
therapy for the SARS-CoV-2 infection is available yet.
Hence, early diagnosis, early isolation, and supportive
management continue to be the crucial strategies to com-
bat the present crisis.3

Viral RNA nucleic acid testing (RT-PCR) is currently
considered the gold standard of diagnosis; however, the
test suffers from insufficient sensitivity, particularly in
the early time course of the disease.4,5 Therefore,
chest imaging, specifically high-resolution CT, has been
purposed as a supportive tool in the detection and
management of SARS-CoV-2 pneumonia. Numerous
publications have described the major imaging features
of COVID-19. Multifocal ground-glass opacities (GGOs)
with a peripheral distribution and later superimposition
of consolidation are among the most frequently
reported characteristics.6�8 However, the mentioned
findings are not highly specific for COVID-19, and sev-
eral other lung pathologies might also mimic similar CT
manifestations.
Moreover, despite some uncertainties due to the lack of

enough data, there might be a potential role for other
imaging tools (eg, positron emission tomography/com-
puted tomography or PET/CT) in the detection and man-
agement of COVID-19.9 Although 18F-fluorodeoxyglucose
(18F-FDG) PET/CT is not usually employed in the diagno-
sis of acute pneumonia, its clinical value in the pulmo-
nary inflammatory/infectious conditions has already been
explored.10 18F-FDG-PET can assess the severity of the
disease, monitor disease progression, and evaluate the
post-therapy response.11 More importantly, whole-body
PET/CT imaging offers a unique chance to evaluate the
possible extrapulmonary manifestations of COVID-19.
Over the last few months, several case reports with inci-

dental detection of COVID-19 on PET/CT have been pub-
lished worldwide.12,13 However, a comprehensive study is
still lacking in this regard. Hence, we conducted the present
study to comprehensively review the available publications
on PET/CT findings in COVID-19, which might guide us to
a better understanding of the disease pathology, its long-
term complications, and developing novel therapies. Indeed,
the potential added value of FDG-PET/CT in depicting the
underlying pathophysiological inflammatory process might
offer a great chance to fight against the ongoing COVID-19
pandemic.
Materials andMethods
Search Strategy
We conducted a systematic search for available published
articles describing PET findings in COVID-19 patients. The
search was performed on June 23, 2020, using Web of
Science, PubMed, Scopus, EMBASE, and Google Scholar
databases. The following search keywords were used:
“COVID-19”, “coronavirus”, “coronavirus and infection”,
“SARS-CoV-19”, “2019-CoV-19”, “radiolog*”, “Tomography,
X-ray, Computed”, “Positron-Emission Tomography”, “PET/
CT*”, and “FDG-PET”. The full list of keywords which were
used in the databases is provided as Appendix 1. The study
flow diagram is also presented in Figure 1.
Eligibility Criteria
Patients with confirmed COVID-19 infection (by RT-PCR
test using nasopharyngeal swabs), with at least one PET/CT
imaging evaluation were included in the study. Duplicate
studies, conference abstracts, irrelevant reports, and studies
in any language except English were excluded.
Data Extraction and Quality Assessments
Regarding the quality assessment, two independent reviewers
assessed the risk of bias of the included studies using the
National Institutes of Health quality assessment tool for case
series/reports,14 and cohort studies using the modified ver-
sion of Newcastle-Ottawa Quality Scale15 (Supplementary
Tables 1 and 2). Two blinded reviewers extracted data and
then proceeded to cross-check the results. The third reviewer
resolved disagreements via consensus. The following data
were extracted: First author’s name, study region, study type,
patient’s age, gender, type of cancer or reason for the exam,
pulmonary PET/CT imaging findings, extrapulmonary PET/
CT imaging findings, maximum standardized uptake values
(SUVmax) of the target pulmonary lesions, and the radio-
pharmaceutical used in PET imaging. Moreover, we reported
one patient in our center (Fig. 2) and collected a series of
PET/CT images from three included studies16�18 via formal
permissions obtained from their publishers (Figs. 3-5).
Results
Included Studies
After excluding the duplicate search results and full-text anal-
ysis, 30 studies were included in the final review: 19 case
reports, three case series, two cohort studies, and six letters
to the editor and commentaries. According to the National
Institutes of Health and Newcastle-Ottawa Quality Scale
quality assessment tools, quality of included studies was pre-
dominantly fair (Supplementary Tables 1 and 2). Fifty-two
patients with a mean age of 60 § 12.74 (age range; 27-87,
age Interquartile range; 55-67 years old) were included in
this study, of which 28 (53.8%) were male, and 19 (36.5%)
were female. In 5(9.6%) patients, the gender was not



Figure 1 Flow diagram of study selection process.
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reported (Table 1). PET/CT scan was performed with
18F-FDG for 48 (92.3%), 18F-choline for 3 (5.8%), and
68Gallium-prostate-specific membrane antigen (68Ga-PSMA)
for 1 (1.9%) patients. Additionally, one patient (no. 2) had
both 18F-FDG-PET/CT and PET/MR. The mean SUV max of
pulmonary lesions with 18F-FDG uptake was 4.9 § 2.3,
with a range of 2.2-18. Besides, mildly increased activity
of pulmonary lesions was observed on 18F-choline and
68Ga-PSMA studies (SUVmax of 3.8 and 3.2, retrospectively).
With regard to the patient’s chronic disease, 39 (75%) cases
had underlying malignancy, including 18 different types of
cancer, presented in Table 2. Five (9.6%) patients had metas-
tases to other organs such as bone (n = 2), lung (n = 2) and
liver (n = 1).
PET/CT Findings
The most common pulmonary PET/CT findings were
hypermetabolic bilateral GGOs in 39 (75%), followed by
consolidation in 18 (34.6%), and interlobular thickening
in 4 (7.6%). Moreover, mediastinal 14 (27%), and hilar
10 (19.2%) lymph node involvement with high metabolic
activity was frequently seen (Table 3).

Four patients (no. 3, no. 8, no. 21, and no. 51) were dis-
charged from the hospital; patient no. 3 was a known case of
Hodgkin’s lymphoma, with a history of diabetes and morbid
obesity, who was referred for staging PET in an outpatient
facility. She did not report any history of recent travel or con-
tact with known cases of COVID-19. The PET/CT showed
stage II right pelvic adenopathy with only mild 18F-FDG
activity (SUVmax 2.9). Multifocal bilateral peripheral pulmo-
nary opacities with moderate 18F-FDG activity (SUVmax 4.5)
were identified in the left lower lobe. Two days later, she
developed a runny nose, coughing, and fever (38°C). She
was discharged uneventfully after 1 week of inpatient man-
agement, but her pelvic radiation was postponed due to the
restrictions carried out during the COVID-19 pandemic.

Patient no. 8 was a Wuhan resident, who presented to the
hospital with diarrhea and vertigo for 2 days. Following
detection of GGOs in the upper lobe of the left lung in the
chest CT scan, 18F-FDG-PET/CT was performed to differenti-
ate between benign or malignant etiologies. The maximum



Figure 2 A 33-year-old male with history of Hodgkin’s lymphoma was referred for follow-up post-treatment imaging.
18FDG-PET/CT scan revealed mild residual metabolic activity of the mediastinal lymph nodes and focal ill defined
hypermetabolic consolidation in right lung base, consistent with atypical pneumonia. The diagnosis of COVID-19 was
confirmed by PCR.
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intensive projection image showed 18F-FDG uptake in bilat-
eral lungs, with the SUVmax ranging from 2.4 to 12.4 in
lung GGOs. The patient received antibiotics and anti-inflam-
matory therapy against COVID-19. Follow-up chest CT on
day nine of admission demonstrated interval progression of
GGOs. Follow-up chest CT on day nineteen of admission
demonstrated interval resolution of the previously identified
GGOs with minimal residual consolidation. The patient was
symptom-free since day 18 and was discharged from hospital
on day 30.
Patient no. 51, again from Wuhan, presented with fever,

fatigue and dry cough for 5 days. His previous CT suggested
hilar malignancy. 18F-FDG PET/CT showed an FDG-avid
mass with a SUVmax of 4.9 in the right lung and increased
uptake of FDG in the right paratracheal and right hilar lymph
nodes, as well as bone marrow (Fig. 3). First nasopharyngeal
swab test was negative for COVID-19 infections. However,
the second RT-PCR test turned positive for COVID-19 and
the patient recovered and discharged from the hospital after
ten days of admission.

In terms of COVID-related extrapulmonary PET/CT
findings, only one patient (no. 34) with anosmia was
reported. She was a 27-year-old woman with no respira-
tory problems, with persistent isolated anosmia for six
weeks. PET/CT revealed mild asymmetric hypometabo-
lism in the left orbitofrontal cortex (SUVmax of 9.5 on
the left side, in comparison with 10 on the right side).
Though, FDG uptake in the left inferior temporal cortex
was normal (Fig. 5).

18F-choline PET/CT was performed for only three patients
(no. 22, no. 27 and no. 45). Patient no. 27 was a 59-year-old
man with a history of recurrent prostate cancer. 18F-choline



Figure 3 (A) PET maximum intensity projection (MIP) image of patient no. 51 revealed an FDG-avid mass with a SUV-
max of 4.9 in the right lung. Increased accumulation of FDG in the right paratracheal, right hilar lymph nodes (arrow-
heads), and bone marrow were also noted. On axial images (B, low dose CT; C, PET/CT fusion) there were ground-
glass opacities (GGOs) with areas of focal consolidation primarily in the right upper lobe (arrows) and a focal opacity
in the left upper and right middle lobes (arrows). Follow-up CT 4-day later demonstrated progression of lesions in
bilateral upper and middle lobes with newly developed focal opacities in the left upper and lower lobes (D, arrows).
Images obtained from Zou et al,16 Radiology, March 6, 2020 and permission to use granted by Ashley E. Daly, Senior
Manager of Radiology, Radiological Society of North America (RSNA).
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PET/CT performed after radical prostatectomy for the evaluation
of disease spread. This patient had no respiratory symptoms
or fever. Choline PET revealed bilateral subsegmental
peripheral areas of GGOs with an increased choline-PET
uptake (SUV max ranging from 3 to 4). No pleural effusion
or mediastinal lymph node involvement was noted. In addi-
tion, bone metastases with no pelvic nodal involvement
were detected. After 36 hours of choline PET examination,
the patient developed dizziness, fatigue, and respiratory fail-
ure, and thus was admitted to the hospital.
Discussion
As COVID-19 continues throughout the world, a variety of
imaging findings have been reported. Chest imaging (chest
X-ray and CT) has been successfully employed as a practical
supplement to RT-PCR testing for COVID-19 diagnosis.
Moreover, CT can be used as a valuable tool for evaluation
and monitoring of lung lesions in COVID-19. Multiple bilat-
eral GGOs with a peripheral and posterior distribution with
or without superimposed consolidations are the typical CT
manifestations of SARS-CoV-2 infection in the lungs.
PET imaging is commonly performed for patients with

underlying inflammatory or neoplastic disease and guides
the therapeutic strategies of these patients by evaluating
the extent and burden of the disease and staging. Although
based on the available reports, COVID-19 can be detected by
PET/CT, several factors might explain why routine molecu-
lar imaging does not seem beneficial in the evaluation of
COVID-19. PET is generally considered a high-cost imaging
modality with prolonged acquisition time. It also has
increased radiation exposure compared to chest X-ray and
chest CT that are commonly employed in the diagnostic
work-up of these patients. Additionally, there is a high-risk
of disease transmission to the staff and other patients who
have been in contact with the patient.43�45

However, in the era of COVID-19, all PET studies, no mat-
ter what the clinical indication is, should be screened by the
reading nuclear radiologists for COVID-19. In fact, the inter-
pretation of PET/CT should not be restricted to the assess-
ment of neoplastic disease. With the growing incidence of
SARS-CoV-2 pneumonia, radiologists and nuclear medicine
physicians interpreting PET/CTs and PET/MRIs should be
educated about the imaging features of COVID-19 on molec-
ular imaging. COVID-19 should be considered among the
differential diagnoses of suspicious imaging features, such as
hypermetabolic pulmonary infiltrates and mediastinal and
hilar lymphadenopathy, for which constant vigilance is cru-
cial. More specifically, due to atypical clinical features of
COVID-19 infection in immunocompromised or high-risk
patients, the detection of SARS-CoV-2 pneumonia on PET
imaging is of paramount clinical importance.46

Furthermore, these patients are more prone to developing
complications related to SARS-CoV-2 infection, with
increased rates of hospital admissions and mortality, stressing
the need for early detection and management of SARS-CoV-2
pneumonia in this high-risk population. The detection of
incidental COVID-19 pneumonia in FDG-PET/CT findings
has been common in recent studies.16,17,23 However, the
reports are so limited and sparse, and a comprehensive
review of these manifestations is still lacking. Here, we sys-
tematically reviewed PET/CT findings in the available pub-
lished articles describing incidental SARS-CoV-2 pneumonia
features. To the best of our knowledge, this is the first sys-
tematic review in this regard. We found bilateral GGOs, con-
solidation, and interlobular thickening as the most common
CT features in COVID-19 PET/CT imaging, consistent with
previous radiologic reports.47,48 Furthermore, these pulmo-
nary lesions displayed increased FDG uptake, which is not



Figure 4 PET (left panel), CT (middle), and 18-Fluorocholine PET/CT (right) of patient no. 22. First row: upper lung.
Second row: middle lung. Third row: lower lung. The patient underwent examination within his routine follow-up for
a prostate adenocarcinoma. PSA was 1.97 ng/mL and unchanged compared with the previous evaluation. The CT scan
shows diffuse wide areas of solid-subsolid ground-glass opacities, bilateral and subpleural crazy-paving bronchovascu-
lar thickening. The patient referred with mild fever (>38°C), cough, fatigue, shortness of breath, ageusia-dysgeusia,
and anosmia, all strongly suggestive symptoms for a Covid-19 infection. PET shows multiple irregular foci of mild to
intense increased FDG uptake, corresponding to consolidations on CT. Images obtained from Savelli et al,17 Medical
Hypotheses, November 2020, Vol. 144(2020):109885, and permission to use granted by Elsevier and Copyright Clear-
ance Center.
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unexpected, as acute pneumonia is characterized by hyper-
metabolism in PET imaging. Reported SUVs have ranged
from 2.2 to 18, with a mean pulmonary lesions SUVmax
of 4.9. In those cases which demonstrate significantly high
metabolic activity, we could suggest follow-up imaging to
complete resolution of hypermetabolic space occupying pul-
monary lesions to exclude underlying neoplastic lesions.
Sufficient evidence about the potential utility of FDG-

PET/CT in the diagnosis and management of infectious and
inflammatory diseases already exists.49 Increased glycolytic
activity in the inflammatory cells enables FDG-PET to iden-
tify active inflammation sites throughout the body. Besides,
the acute infectious process in COVID-19 could also be
mapped via PET imaging in patients with immunocom-
promising underlying diseases, such as cancers.
Additionally noted, even in the absence of nodal enlarge-
ment by size criteria of anatomic imaging, increased tracer
uptake was frequently seen in the mediastinal and hilar
lymph nodes of COVID-19 patients. This suggests that
SARS-CoV-2 pneumonia causes lymphadenitis presenting
with increased FDG uptake, which contradicts previous
radiologic studies about rare nodal involvement in COVID-
19 pneumonia.50,51

Moreover, the extrapulmonary findings of COVID-19 have
been reported recently in literature, causing complications in
the brain, gastrointestinal tract, heart and kidneys.52,53 In
this era, a unique advantage of whole-body PET/CT over
competing imaging modalities is the potential for detection
of additional incidental metabolically active lesions through-
out the rest of the body in a single acquisition. Karimi et al18



Figure 5 18FDG-PET/CT scan of a 27-year-old woman (patient no. 34) with persistent anosmia and positive PCR for
SARS-CoV-2. Representative axial (A, B, D) and coronal (C) images are shown. There was decreased uptake in the left
orbitofrontal cortex (arrows). The uptake of temporal lobes was symmetric and normal (arrows, D). Images obtained
from Karimi-Galougahi et al,18 Academic Radiology, July 2020, Vol. 27(7):1042-1043, and permission to use granted
by Elsevier and Copyright Clearance Center.
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(no. 34) have reported reduced activity in the orbitofrontal
cortex in COVID-19-associated anosmia, which might indi-
cate an impaired neural function as the underlying pathology
of anosmia, due to SARS-CoV-2 neurotropism. Also, Zou et
al16 (no. 51) reported bone marrow uptakes in COVID-19,
similar to the previous reports of Middle East respiratory syn-
drome in nonhuman models.54 This suggests that FDG-PET
might be able to assess the end-organ damages of COVID-
19. Increased uptake of COVID-19 pulmonary lesions is not
limited to FDG-PET studies. Other radiopharmaceuticals
have also shown mild increased activity in the pulmonary
lesions and lymphadenopathy of COVID-19. Scarlattei et al39

reported cases (no. 44 and no. 45) of mildly increased activ-
ity of pulmonary consolidation in 68Ga-PSMA (SUVmax of
3.2). They also reported mildly increased uptake of pulmo-
nary consolidation (SUVmax of 3.8) and reactive mediastinal
lymphadenopathy (SUVmax of 3.4) in 18F- choline study.
As mentioned above, FDG-PET/CT holds an important

role in monitoring the disease activity, and response evalua-
tion of lung inflammatory pathologies. Deng et al55 suggested
that higher FDG uptake in pulmonary lesions is positively
correlated with both longer healing time and the erythrocyte
sedimentation rate value. They reported a patient with a pul-
monary lesions SUVmax of 4.6 recovered faster than a
patient with a SUVmax of 12.2 (17 days compared to
26 days after the symptom onset). However, these case find-
ings should be confirmed in larger studies before drawing a
definite conclusion. Due to some disadvantages of PET imag-
ing as mentioned above, no serial PET imaging is also present
to date. However, it is believed that molecular imaging with
PET is potentially able to quantify the lung inflammation
during the course treatment of lung inflammatory diseases.

Our study has some limitations. First, since per the inter-
national guidelines, the elective nuclear medicine operations
are not usually performed in patients with confirmed
COVID-19, and most of the current reports on the detection
of COVID-19 in molecular imaging studies have been
obtained in asymptomatic cases. Hence, the imaging manifes-
tations of patients with known infection and/or severe com-
plications have not been studied yet. Second, the limited



Table 1 Characteristics of 52 Patients With COVID-19 Infection According to Pulmonary and Extrapulmonary PET/CT Imaging Findings

Patient No./
Sex/Age (y) First Author Country Cancer Disease

Radiotracer
Type

Extrapulmonary Findings
(PET/CT Scan) Pulmonary Findings (PET/CT Scan)

P1/F/65 Castanheira19 Portugal Breast cancer 18F-FDG Ipsilateral hilar and subcarinal
FDG-avid (SUVmax range: 4-5) LN

Unilateral and peripheral GGOs, Rt. Lower lobe
interlobular thickening

P2/M/57 Li20 China NR 18F-FDG Normal-sized LN in the mediasti-
num but with increased metabolic
activity

Focal GGOs and bandlike opacities in both lungs
without increased metabolic activity

P3/F/58 Amin12 Canada Hodgkin’s lymphoma 18F-FDG NR Multifocal and bilateral peripheral GGOs, modera-
te18F-FDG activity (SUVmax:4.5) in Lt. lower lobe

P4/F/56 Doroudinia13 Iran NR 18F-FDG NR Bilateral and diffuse GGOs with increased metabolic
activity, few bilateral hypermetabolic nodules

P5/M/60 Mo21 USA SCC of tonsil 18F-FDG Foci of hilar and mediastinal
FDG avidity

Irregular bilateral GGOs

P6/M/55 Loforte22 Italy NR 18F-FDG NR Multilobular and subpleural GGOs and consolidation
in Rt. and Lt. inferior lobes (SUVmax:10.3-10.6)

P7/M/75 Kamani23 Switzerland NR 18F-FDG Hypermetabolic lymphadenopathy
in the Rt. lower paratracheal, sub-
carinal, and bilateral hilar stations
(SUVmax:6.1)

Bilateral, hypermetabolic (SUVmax:7.6) focal GGOs
with partial consolidation

P8/M/37 Liu24 China NR 18F-FDG NR Multiple bilateral 18F-FDG uptake, GGOs: at apical
segment of left and right upper lobes and posterior
segment of Lt. upper lobe

P9/M/57 Qin25 China NR 18F-FDG NR Peripheral GGOs with increased 18F-FDG uptake
(SUVmax range:2.2-4.6) in Rt. upper lung

P10/M/56 Qin25 China NR 18F-FDG Multiple FDG-avid LN in the medi-
astinum and the subclavian region
(SUVmax range: 4.1-7.0)

Multiple FDG-positive GGOs (SUVmax range:7.9-18)
in both lungs

P11/F/61 Qin25 China NR 18F-FDG Multiple FDG-positive LN in the
mediastinum and the Rt.
subclavian region (SUVmax
range: 3.4-5.4)

Multiple peripheral FDG-avid GGOs (SUVmax range:
3.7-12.2) in Rt. lung

P12/F/48 Qin25 China NR 18F-FDG Multiple FDG-positive LN in the
mediastinum and Rt. hilar region
(SUVmax range: 3.8-5.5)

Peripheral FDG-avid GGOs (SUVmax range: 3.7-9.3)
with bilateral interlobular septal thickening

P13/NR/53 Czernin26 Germany Pancreatic cancer
(NET)

18F-FDG NR Hypermetabolic area in Rt. upper and lower lobe
(SUVmax: 5.5)

P14/F/56 Albano27 Italy Rectal cancer 18F-FDG NR Bilateral 18F-FGD-positive GGOs and consolidation,
most pronounced in the inferior lobes

P15/M/77 Albano27 Italy Laryngeal cancer 18F-FDG NR Bilateral faint 18F-FDG uptake in GGOs (not
suggestive of aspiration)

P16/F/55 Albano27 Italy Breast cancer (inva-
sive ductal)

18F-FDG NR Retrosternal 18F-FDG-avid nodal relapse, GGOs in the
posterior segments of the inferior lung lobes
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Table 1 (Continued )

Patient No./
Sex/Age (y) First Author Country Cancer Disease

Radiotracer
Type

Extrapulmonary Findings
(PET/CT Scan) Pulmonary Findings (PET/CT Scan)

P17/F/55 Albano27 Italy Hodgkin’s lymphoma 18F-FDG Metabolically active lymphoma in
the axillary LN

New interstitial opacities near the pleura of the Rt.
lung

P18/M/65 Albano27 Italy Laryngeal cancer 18F-FDG NR Several GGOs with increased FDG uptake (SUVmax:
5.3) in Rt. lung

P19/F/65 Albano27 Italy Ovarian cancer 18F-FDG 18F-FDG-avid mediastinal LN Consolidative areas in both lungs with increased 18F-
FDG uptake

P20/F/79 Albano27 Italy Thyroid carcinoma
(poorly
differentiated)

18F-FDG NR New diffuse interstitial pneumonia with peripheral
GGOs

P21/M/75 Sherman28 USA Non-Hodgkin’s
lymphoma

18F-FDG FDG-avid thoracic LN Bilateral FDG-avid peripheral GGOs, multilobar
consolidations

P22/NR/NR Savelli17 Italy Prostate
adenocarcinoma

18F-choline ageusia-dysgeusia and anosmia Multiple irregular foci of increased FDG uptake

P23/M/73 Polverari29 Italy NSCLC 18F-FDG Increased 18F-FDG uptake involving
the Rt. lower paratracheal LN
(SUVmax: 5.6)

Bilateral diffuse and intense FDG uptake (SUVmax:
5.9) in Rt. the lower and Lt. lower lobe (SUVmax: 7.9)

P24/M/82 Amini30 Iran Colon cancer
(adenocarcinoma)

18F-FDG Hypermetabolic mediastinal LN
(SUVmax:4.5)

FDG activity in the Lt. lung (SUVmax range:1.5-8.6)
and in the Rt. lung (SUV max range: 1.2-8.3)

P25/M/59 Reed-
Embleton31

UK Gastrointestinal stro-
mal tumor

18F-FDG NR FDG-avid prominently bilateral and peripheral GGOs
in upper and lower lobes

P26/F/56 Chuang32 USA SCC 18F-FDG NR New bilateral multifocal hypermetabolic GGOs
P27/M/59 Olivari33 Italy Recurrent prostate

cancer

18F-choline NR Bilateral subsegmental peripheral GGOs with
increased choline uptake (SUV max range: 3�4)

P28/F/45 Setti34 Italy Colon cancer 18F-FDG Modest mediastinal LN uptake Consolidative opacities
P29/M/67 Setti34 Italy Rectal cancer

(adenocarcinoma)

18F-FDG NR GGOs

P30/F/44 Setti34 Italy Salivary gland
carcinoma

18F-FDG Faint mediastinal LN uptake Consolidative opacities and GGOs

P31/F/56 Setti34 Italy Ovarian carcinoma
(clear cell)

18F-FDG NR GGOs

P32/M/70 Setti34 Italy SCC of lung 18F-FDG NR GGOs
P33/M/78 Zanoni35 Italy Non-Hodgkin’s

lymphoma

18F-FDG Multiple FDG avid Lymphadenopa-
thy above and below the
diaphragm

Faint and diffuse uptake within a Lt. inferior lobe con-
solidation and a single non-FDG-avid peripheral
rounded GGOs in the Rt. upper lobe
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Table 1 (Continued )

Patient No./
Sex/Age (y) First Author Country Cancer Disease

Radiotracer
Type

Extrapulmonary Findings
(PET/CT Scan) Pulmonary Findings (PET/CT Scan)

P34/F/27 Karimi-
Galougahi18

Iran NR 18F-FDG Lt. orbitofrontal cortex hypometabo-
lism asymmetric confirmed to the
lateral side. (SUVmax of 9.5 on the
left cortex compared to 10 on the
contralateral side)

NR

P35/M/73 Kirienko36 Italy Vascular tumor of
retroperitoneum

18F-FDG NR Increased FDG uptake in the lungs

P36/F/52 Playe37 France Non-Hodgkin’s lym-
phoma (MCL)

18F-FDG Thoracic and subdiaphragmatic LN
involvement with high FDG uptake
(SUVmax:8.7)

Bilateral GGOs and curvilinear opacities, with pre-
dominance in the posterior subpleural areas associ-
ated with a moderate FDG uptake (SUVmax: 4)

P37/M/54 Colandrea38 Italy Non-Hodgkin’s
lymphoma

18F-FDG Multiple FDG-avid LN in mediasti-
num and Lt. subclavian region

Intense 18F-FDG uptake on multiple bilateral subseg-
mental peripheral patchy GGOs with obscure bound-
aries and mainly subpleural distribution and areas of
focal consolidation in the upper lobes

P38/M/61 Colandrea38 Italy Lung and brain
tumors (unknown
origin)

18F-FDG Multiple FDG-positive areas in
mediastinal, subcarinal and hilar
LN

Intense 18F-FDG uptake on multiple peripheral GGOs
in the Lt. lower lobe and areas of focal consolidation
in the upper lobes

P39/M/48 Colandrea38 Italy Lung cancer (stage
IV)

18F-FDG Radiotracer uptake in the treated
LN, due to the recent radiotherapy

Intense FDG uptake in a focal consolidation in the
upper Lt. lobe, multiple peripheral GGOs with inter-
stitial thickening and thin fibrous stripes in the Lt.
lower lobe

P40/M/54 Colandrea38 Italy Cheek melanoma 18F-FDG NR Intense uptake of subpleural pseudo nodular
thickenings in the Rt. lower lobe, multiple small
subpleural GGOs and opacities bilaterally
without18F-FDG uptake

P41/NR/NR Colandrea38 Italy Tongue carcinoma 18F-FDG Focal FDG-positive area in Rt. hilar
LN

Intense 18F-FDG uptake on multiple peripheral GGOs
in both lower lobes and area of focal consolidation in
the Rt. upper lobe

P42/M/80 Scarlattei39 Italy Solid lung nodule 18F-FDG Active tracer uptake in Rt. hilar LN
(SUVmax:2.5)

Increased tracer uptake (SUVmax: 2.6) corresponding
to GGOs in the superior segment of the Lt. lobe with
bronchovascular thickening showing mild tracer
uptake (SUVmax: 2.5)

P43/F/57 Scarlattei39 Italy Breast cancer
(intraductal)

18F-FDG High intensity of tracer uptake in
mediastinal, hilar, and carinal LN
(SUVmax: 7)

Intense and diffuse uptake (SUVmax range in the Rt.
Lung: 2.2-7.7; SUVmax range in the Lt. lung: 2.7-9.1)
in both lungs corresponding to GGOs on CT images

P44/M/65 Scarlattei39 Italy Prostate cancer
(adenocarcinoma)

68Ga-PSMA NR Mild tracer uptake (SUVmax: 3.2) in the subpleural
region of both lungs, with greater extent in the Rt.
lung, corresponding to CT findings of subpleural
GGOs in the dependent lung
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Table 1 (Continued )

Patient No./
Sex/Age (y) First Author Country Cancer Disease

Radiotracer
Type

Extrapulmonary Findings
(PET/CT Scan) Pulmonary Findings (PET/CT Scan)

P45/M/70 Scarlattei39 Italy Prostate cancer
(adenocarcinoma)

18F-choline Focal tracer uptake in a hilar, cari-
nal, and peribranchial LN (SUV-
max: 3.4)

Mild focal tracer uptake (SUVmax: 3.8) in the
subpleural region of both lungs and single GGOs
localized in the middle lobe of the right lung

P46/F/57 Scarlattei39 Italy Focal Splenic lesions 18F-FDG NR Intense/moderate uptake (SUVmax range: 4.6-3.7) in
the bilateral subpleural regions corresponding to CT
findings of GGOs in the posterior segments

P47/NR/NR Ajuria-
Illarramendi40

Spain Lung cancer 18F-FDG NR Heterogeneous GGOs with air bronchogram in the
superior segment of the Rt. lower lobe with mild
diffuse metabolic uptake (SUVmax: 3.9)

P48/NR/NR Ajuria-
Illarramendi40

Spain Lung cancer 18F-FDG NR Paramedial consolidation and thickened interlobular
septa in the Rt. lower lobe with high focal 18F-FDG
avidity (SUVmax: 5.3)

P49/NR/NR Ajuria-
Illarramendi40

Spain Lung cancer 18F-FDG NR Bibasilar opacities and fibrotic stripes with
heterogeneous high metabolic activity (SUVmax:5)

P50/M/67 Martineau41 Canada Lung cancer
(adenocarcinoma)

18F-FDG Bilateral, hypermetabolic
mediastinal lymphadenopathy,
suggestive of reactive LN than
metastatic disease

Relatively intense uptake (SUVs range:5.0-7.2) in the
peripheral opacities

P51/M/55 Zou16 China Suspect hilar
malignancy

18F-FDG Increased FDG uptake of the Rt.
paratracheal and Rt. hilar LN as
well as bone marrow

FDG-avid mass (SUVmax:4.9) in the Rt. Lung. The
GGOs with areas of focal consolidation primarily in
the Rt. upper lobe and focal opacities in the Lt. upper
and Rt. middle lobes

P52/M/87 Krebs42 USA Primary salivary duct
carcinoma

18F-FDG NR Multiple areas of FDG-avid GGOs and patchy
opacities with interlobular septal thickening in
both lungs

GGOs, ground-glass opacities; LN, lymph node; Lt., left; MCL, mantle cell lymphoma; NET, neuroendocrine tumor; NR, not reported; NSCLC, non�small-cell lung cancer; Rt., right; SCC, squamous
cell carcinoma; SUV, standardized uptake values (all reported based on g/mL).
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Table 2 Types of Cancer in Study Patients

Cancer Type (Subtypes)
Number
of Patients

Breast cancer (invasive ductal,
intraductal)

3

Hodgkin’s lymphoma 2
Non-Hodgkin’s lymphoma (mantle cell
lymphoma)

4

Squamous cell carcinoma (tonsil, paratra-
cheal lymph node)

2

Pancreas tumor (NET*) 1
Rectal cancer (adenocarcinoma of rec-
tum, primary staging tumor)

2

Laryngeal cancer 2
Ovarian cancer (clear cells ovary
carcinoma)

2

Thyroid carcinoma (poorly differentiated) 1
Prostate cancer 4
Colon adenocarcinoma 2
Gastrointestinal stromal tumor (GIST) 1
Salivary carcinoma (duct, gland
carcinoma)

2

Vascular tumor of retroperitoneum 1
Lung cancer (NSCLC#, adenocarcinoma) 8
Cheek melanoma 1
Tongue carcinoma 1
Total 39

*NET, neuroendocrine tumor.
#NSCLC, non�small-cell lung cancer.

Table 3 Types of Lymph Node Involvement in Study Patients

Lymph Node Type Number of Patients

Hilar 10
Subcarinal 5
Mediastinal 14
Subclavian 3
Paratracheal 3
Thoracic 2
Subdiaphragmatic 2
Total 39
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number of reports in this era might limit the interpretation,
and thus further studies are warranted.
Overall, the potential value of PET imaging to better

understand and characterize the disease might help us
improve our coping strategies during this ongoing pandemic.
However, although contested by many the fact that PET can
be a noninvasive beneficial imaging tool in the early detection
and monitoring COVID-19 pneumonia in high-risk patients,
we believe that PET should not be recommended in the diag-
nostic work-up of COVID-19 and other infectious types of
pneumonia, as poses the risk of the disease spreading in
nuclear medicine units and other imaging modalities are
available that can provide sufficient clinical and diagnostic
information.56 Thus, more investigations with modified pro-
tocols are needed in future, to fully explore the possible clini-
cal indications of molecular imaging for characterizing the
disease severity and its prognosis.57 Incidental detection of
different abnormalities in nuclear medicine studies has been
widely discussed in the literature. Accordingly, we strongly
recommend the evaluation of PET images for previously
unsuspected pathologies in daily practice, as this may even-
tually lead to uncovering of crucial pathologies that signifi-
cantly change the patient management and prognosis. This is
particularly important with the evolving diseases of the 21st
century.45,46,58
Conclusion
This systematic review gains a deep insight over the diagnostic
value of detecting COVID-19 on PET imaging performed for
other clinical indications. As patients undergoing PET imaging
usually suffer from immunocompromising underlying dis-
eases, such as cancers, early detection of potentially life-threat-
ening and devastating pneumonia in these patients is of
paramount importance to minimize the disease complications
and limit the progression. This not only helps to uncover clini-
cally unsuspected COVID-19 in this sensitive population, but
also helps ensure appropriate postexposure precautions are
implemented for the department and hospital staff and those
who have been in contact with the patient.
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