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Abstract: Following a lot of reports of coronavirus disease 2019 (COVID-19) CT images, the feature of FDG-PET/
CT imaging of COVID-19 was reported in several articles. Since FDG accumulates in activated inflammatory cells,
FDG-PET/CT has huge potential for diagnosing and monitoring of inflammatory disease. However, FDG-PET/CT
cannot be routinely used in an emergency setting and is not generally recommended as a first choice for diagnosis
of infectious diseases. In this review, we demonstrate FDG-PET/CT imaging features of COVID-19, including our
experience and current knowledge, and discuss the value of FDG-PET/CT in terms of estimating the pathologic

mechanism.
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Introduction

The coronavirus disease 2019 (COVID-19) outbreak
that originated in Wuhan, China, spread across the world
within a few months from the first report identified as
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) in January 2020 (/-3). Clinical manifestations
and nucleic acid testing (RT-PCR) are essential in the
diagnosis of COVID-19 (4). The common features of
chest CT in patients with COVID-19 are multifocal
patchy shadows and ground-glass opacities (5,6) (Figure
1). However, various diseases can mimic these features,
including other viral pneumonias (7), and chest CT
is therefore not currently recommended as an initial
screening tool (8). Following numerous reports regarding
the CT appearance of COVID-19, several groups have
reported ['*F]-2-fluoro-2-deoxy-D-glucose (FDG) -
positron emission tomography/computed tomography
(PET/CT) imaging findings of COVID-19 (9-16). We
experienced two measurements of FDG-PET/CT in
a COVID-19 infected patient, one was 4 weeks from
symptoms onset and the other was 4 weeks after the first
FDG-PET/CT scan (Figure 2).

Here, we review the features of FDG-PET/CT,
including our experience and the latest knowledge of
COVID-19, and discuss the imaging findings to approach
the pathological mechanism.

FDG-PET/CT

The glucose analog FDG is a molecular imaging probe
used to evaluate tissue glucose utilization and glucose

metabolism. A PET/CT test can provide metabolic
and anatomic information of lesions simultaneously.
FDG-PET/CT has utility in the staging, restaging, and
assessment of therapeutic effects in malignancy, and is
used in the management of patients with malignancy (/7).
Because FDG accumulates in activated inflammatory
cells including neutrophils and macrophages, FDG-PET/
CT has huge potential for diagnosing and monitoring
inflammatory disease (/8).

COVID-19 as an incidental finding

Patients with cancer and cardiovascular disease have a
greater risk for worse clinical outcomes of COVID-19
infections (/9). It is particularly noteworthy that the
incidence of positive CT findings specific to COVID-19
was high among those who were asymptomatic but tested
positive (20). Thus, departments treating patients with
cancer and cardiovascular disease encountered high-risk
patients with COVID-19, and imaging departments that
possessed a CT scanner have a relatively high incidence
of encountering highly suspicious findings of COVID-19
infection (27). In fact, some reports demonstrate
incidental detection of COVID-19 infection in FDG-
PET/CT examination in patients with malignancy
(11,21,22). With regard to FDG-PET/CT, which is used
in the management of patients with cancer, abnormal
findings on chest CT and abnormal FDG uptake related
to COVID-19 should be surveyed carefully, and we
should be alerted immediately if COVID-19 infection is
suspected.

As an advanced preparation, the nuclear medicine
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Figure 1. Chest CT images of COVID-19. Chest CT images
at 14 days after symptom onset showed peripheral grand glass
opacity with crazy-paving appearance in both lungs, which
were typical findings of COVID-19 pneumonia.

Figure 2. Whole-body FDG-PET images of COVID-19. (A):
Whole body FDG-PET image of the patient with COVID-19
pneumonia (4 weeks after symptom onset and 3 weeks after
negative RT-PCRs). (B): Whole-body FDG-PET image of the
patient with COVID-19 pneumonia (4 weeks from previous
FDG-PET scan). Intense FDG uptake was confirmed in
lung lesion and mediastinal lymph node in the first image.
In addition, increased FDG was seen in bone marrow and
spleen. FDG uptake in lung lesion and mediastinal lymph
node disappeared, and uptake in bone marrow and spleen
were decreased as physiological uptake level.

department should have established effective procedures
for patients and staff flow when facing known,
suspected, and incidentally detected COVID-19 patients,
and should control transmission of the virus while
continuing to provide essential and critical services (23).

FDG-PET/CT requires a wait of at least 60 min after
injection and approximately 20 min (depending on the
machine) for scanning one patient. Therefore, patients
with COVID-19 undergoing FDG-PET/CT would stay
longer in the PET/CT department than in the CT scan
room. The long-term care of COVID-19 patients in a
small and closed space with limited equipment will
be a burden for any staff in a PET/CT department. For
this reason, FDG-PET/CT is not used routinely in an
emergency setting and would not be the first choice for
diagnosis of infectious diseases.

FDG-PET/CT imaging findings in COVID-19
Pneumonia

The most remarkable features of FDG-PET/CT in
patients with COVID-19 are increased FDG uptake in
lung lesions that form segmental ground-glass densities
and plaques (/0,16,23), which are typical CT findings
in the early-stage of the disease. In non-small cell lung
cancer (NSCLC), FDG uptake in the lesion correlates
with tumor cell density and cell proliferation, thus early
stage NSCLC featuring ground-glass opacities generally
shows low FDG uptake (24). Therefore, FDG uptake of
lung lesions in COVID-19 has an atypical appearance in
terms of density-based considerations. Similar features
have been confirmed in active interstitial pneumonia, in
which FDG uptake reflects activity of the lesion (25).

SARS-CoV-2 infects cells expressing the surface
receptors angiotensin-converting enzyme 2 (ACE2)
and transmembrane protease serine 2 (TMPRSS2). The
active replication and release of the virus lead the host
cell to undergo pyroptosis and release damage-associated
molecular patterns. These patterns are recognized
by neighboring epithelial cells, endothelial cells and
alveolar macrophages, and trigger the generation of pro-
inflammatory cytokines and chemokines (26). Thus,
FDG uptake in segmental ground-glass density lesions
suggests a high level of inflammatory related processes
occurred in the lesion and looks like an early stage of
COVID-19 in CT.

As a clinical progression of COVID-19, CT
images reveal inflammatory exudation, consolidation,
and increased density, accompanied by thickening
of pulmonary vascular shadowing, bronchus sign,
paving-stone sign, interlobular septal thickening, and
pleural effusion (/2). In most reports, FDG uptake was
confirmed in progressed lung lesions in patients with
common COVID-19 manifestation (/0,11,13-16). It
is well known that in pneumonia, intense FDG uptake
appears in the active stage and during progression. Das
et al. observed significant FDG uptake in progressed
lesions such as lung nodules and cavities in patients with
Middle East respiratory syndrome coronavirus (MERS-
CoV) infection (27).

At the time of our first FDG-PET/CT scan, the
respiratory symptoms of the patient were improved, and
chest CT showed a reduction in the size of the segmental
ground-glass opacities and plaques, decreasing lesion
density, formulating liner opacity and trabecular
shadowing were the same as the previous report (28).
It is noteworthy that there was still intense FDG uptake
in these CT features indicating the recovery stage of
COVID-19 (Figure 3). In general, metabolic changes
precede morphological changes; therefore, functional
imaging using PET is a useful early predictor of the
therapeutic response in inflammation and cancer
lesions. Intense FDG uptake in lung lesions indicates
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Figure 3. FDG-PET/CT imaging of lung lesion in COVID-19. Left side: CT and fused FDG-PET/CT image of the chest in
the first examination (4 weeks after symptom onset). Right side: CT and fused FDG-PET/CT image of the chest (4 weeks after
the first FDG-PET/CT examination). Intense FDG uptake was seen in liner opacity (black arrowhead), reticular opacity with
consolidation (black arrow), and grand glass opacity with consolidation (open arrowhead) in the lung. Moderate FDG uptake
was confirmed in grand glass opacity (open arrows) at the left upper lobe. All the FDG uptake in the first examination was

significantly decreased in the second PET/CT scan.

First FDG-PET/CT
(4 weeks after symptom onset)

4 weeks after first FDG-PET/CT

Figure 4. FDG-PET/CT imaging of lymph nodes in
COVID-19. Left side: FDG-PET/CT image of the chest in
the first examination (4 weeks after symptom onset). Right
side: FDG-PET/CT image of the chest (4 weeks after the first
FDG-PET/CT examination). Intense FDG uptake was seen in
mediastinal and hilar lymph nodes. All the FDG uptake in the
first examination was significantly decreased in the second
FDG-PET/CT scan.

a high level of inflammatory change persists even in
the recovery stage. However, it is still unclear whether
the inflammatory change is caused by the remaining
COVID-19 itself, the immunotherapeutic response, or
angiovascular damage. In our experience, FDG uptake
in lung lesions was decreased at 4 weeks after the first
FDG-PET/CT scan (Figure 3). Therefore, we should note
that FDG uptake in the recovery stage will not always
forecast disease progression of COVID-19. Considering
this finding, it is of interest whether FDG uptake can
predict potential damage of lung tissue.

Lymph nodes

FDG uptake in lymph nodes is frequently seen in patients

CT image CT portion of First FDG-PET/CT  CT portion of FDG-PET/CT
days from symptom onset) (4 weeks after symptom onset) (4 weeks after first FDG-PET/CT)
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Figure 5. Change of CT feature of lymph node over time.
Left side: CT image (14 days from symptom onset), Middle:
CT portion of FDG-PET/CT (4 weeks after symptom onset),
Right side: CT portion of second FDG-PET/CT (4 weeks after
first FDG-PET/CT examination). CT image (14 days from
symptom onset) showed no evidence of mediastinal lymph
node swelling (arrowhead). Although the size of the lymph
node is not significant, it was increased compared to 2 weeks
from CT imaging and decreased within 4 weeks after the first
FDG-PET/CT examination.

with COVID-19 (Figure 4). The FDG uptake in lymph
nodes is thought to reflect immunoreactions activated by
inflammatory cells such as neutrophils, monocytes, and
effector T cells by the release of local chemokines. In
the immune response to viral infections, the number of
monocytes in lymphoid tissue increases, thus leading to
increased FDG uptake (/2,29).

A previous study reported that in COVID-19, lymph
node enlargement is a rare finding on CT, which present
in < 1% of patients (30). The size and the shape of these
lymph nodes showing intense FDG uptake was not clear
in some reports, but it is generally small, nonspecific,
and regular in shape as we identified in our case (Figure
5). In our experience, FDG uptake was confirmed
in mediastinal lymph nodes without significant
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enlargement, and the uptake decreased during 4 weeks
of observation (Figure 4). The CT image showed little
change in size of a lymph node during the clinical course
(Figure 5), but CT may be less sensitive to host reactions
compared with FDG-PET/CT, and therefore the actual
percentage of lymph node involvement may be higher
than seen on CT.

In contrast, lymph node swelling has been
manifested in pneumonia caused by parainfluenza virus
and adenovirus (30). FDG uptake in small axillary
lymph nodes is a common feature just after influenza
vaccination (37). In COVID-19, however, several studies
have reported negative FDG uptake in these lymph
nodes, which may occur in the minimally invasive and
early stages of the disease (32). Therefore, the immune
response is weak or almost absent in the early stage and
becomes more active over time. Moreover, reduction of
FDG uptake in lymph nodes may indicate normalization
of hyperactive immune response in the body, but further
investigation is necessary to confirm this hypothesis.

Possible identification of lesions related to COVID-19

Patients with COVID-19 show various symptoms that
can cause damage to the gastrointestinal tract, kidneys,
heart, bone marrow, and other organs (33). Small vessel
vasculitis causing skin disease (34) and symptoms
similar to those of Kawasaki disease (35) have been
reported as related to COVID-19. However, FDG-PET/
CT is limited in its ability to diagnose small or middle
vessel aortitis and medium-to-large vessel aortitis. In the
case that vasculitis causes organ damage, the abnormal
FDG-PET/CT findings on organs may indirectly
indicate the existence of small-sized or middle-sized
vessel aortitis (36).

Damage to endothelial tissue is considered to be the
underlying mechanism of cardiovascular complications
in COVID-19 (37). No report has described FDG uptake
by the vascular wall that would suggest endothelial
tissue damage. FDG can visualize metabolically
active atherosclerosis because FDG is taken up by
macrophages within atherosclerotic plaques (38,39).
However, considering that complications of COVID-19
tend to occur in the elderly, it is questionable whether
FDG can distinguish the uptake of FDG caused by
atherosclerosis. Further investigation of the relationship
between endothelial tissue damage and FDG uptake in
the arterial wall in COVID-19 is required.

Because active thrombosis can be depicted as intense
FDG uptake, a survey of FDG uptake when thrombosis
is suspected may be of additional value in patients with
COVID-19 (40).

Increased FDG uptake in bone marrow may be
an additional imaging feature in COVID-19 as it was
confirmed in another report (9,13,15,16). Chefer et al.
reported high uptake by bone marrow over a long period
of time in a MERS-CoV animal model (4/). SARS-

CoV-2 invades host cells via two receptors: angiotensin-
converting enzyme 2 (ACE2) and CD147 (42). CD147
is expressed by mesenchymal stem cells of human
cord blood and bone marrow origin (43), and CD147
expression is induced by high glucose concentration
in monocytes (44). Based on this mechanism, FDG
uptake by bone marrow may be an additional feature of
COVID-19. In a COVID-19 patient, more neutrophils
and scattered plasma cell infiltration are frequently
found in the spleen. The author suggested that
pathological changes of the spleen might be related to
the direct attack of virus and the attack of immune cells
(45). Similar to our case, slight to moderate FDG uptake
in the spleen is confirmed in some reports (10,13),
however the significance of this feature is still unknown.
In another report, FDG-PET/CT imaging revealed
hypoactivity of the orbitofrontal cortex in COVID-19
patients with anosmia (46).

Conclusions

We review the FDG-PET/CT imaging features of
COVID-19, including our experience and current
knowledge. FDG-PET/CT may have potential to
increase our understanding of the mechanism of
COVID-19. Further investigation is required to confirm
the substantial value of FDG-PET/CT in patients with
COVID-19.
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