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Abstract
Purpose Several patients experience unexplained persistent symptoms after SARS-CoV-2 recovering. We aimed at evaluating if
2-deoxy-2-[18F]fluoro-D-glucose ([18F]FDG) was able to demonstrate a persistent inflammatory process.
Methods Recovered adult COVID-19 patients, who complained unexplained persisting symptoms for more than 30 days during
the follow-up visits, were invited to participate in the study. Patients fulfilling inclusion criteria were imaged by [18F]FDG
positron emission tomography/computed tomography ([18F]FDG-PET/CT).Whole-body [18F]FDG-PET/CT, performed accord-
ing to good clinical practice, was qualitatively (comparison with background/liver) and semi-quantitatively (target-to-blood pool
ratio calculated as average SUVmax artery/average SUVmean inferior vena cava) analyzed. Negative follow-up [18F]FDG-PET/
CT images of oncologic patients matched for age/sex served as controls. Mann-Whitney test was used to test differences between
groups. SPSS version 26 was used for analyses.
Results Ten recovered SARS-CoV-2 patients (seven male and three females, median age 52 years, range 46–80) with persisting
symptoms were enrolled in the study. Common findings at visual analysis were increased [18F]FDG uptake in bone marrow and
blood vessels (8/10 and 6/10 cases, respectively). [18F]FDG uptake in bone marrow did not differ between cases and controls
(p = 0.16). The total vascular score was similar in the two groups (p = 0.95). The target-to-blood pool ratio resulted higher in
recovered SARS-CoV-2 patients than in controls.
Conclusion Although the total vascular score was similar in the two groups, the target-to-blood pool ratio was significantly higher
in three vascular regions (thoracic aorta, right iliac artery, and femoral arteries) in the recovered COVID-19 cohort than in
controls, suggesting that SARS-CoV-2 induces vascular inflammation, which may be responsible for persisting symptoms.
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Introduction

The SARS-CoV-2 infection manifests with a broad spectrum of
clinical patterns ranging from minimally or asymptomatic cases
to mild illness, to severe infection, to critical disease [1].
Evidence suggests that hyperinflammation magnifies the clinical

manifestations of COVID-19 infection [2], and it may lead to a
syndrome similar to Kawasaki disease in children [3]. Moreover,
several patients experience unexplained persistent symptoms in-
cluding fatigue, dyspnea, joint, and/or chest pain, after SARS-
CoV-2 recovering. A recent study reported long COVID in up to
87% patients (≥ 3 symptoms in 55% of cases), with a negative
impact on the quality of life in 44% of cases [4]. Persistent
symptoms partially overlap with the typical syndromes—
including the chronic fatigue syndrome—which can occur after
viral infections and community-acquired pneumonia [4].
However, it is not yet known if persistent symptoms are virus-
related (i.e., persistent infection undetectable by commonly used
tests), hyperinflammation-related (i.e., cytokines storm alter the
immune response function resulting in a preserving “energy strat-
egy” of the host), or injury related (e.g., alveolar damage and/or
epithelial damage caused by the infection). The long COVID
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includes a wide range of symptoms, suggesting an underlining
systemic disease. [18F]FDG-PET/CT, originally introduced in
clinical practice for oncological indications and currently recom-
mended in many infectious and inflammatory conditions [5],
represents a valuable tool to characterize patients with persisting
symptoms. We aimed at evaluating if 2-deoxy-2-[18F]fluoro-D-
glucose ([18F]FDG) was able to demonstrate a persistent inflam-
matory process in the vascular epithelium or in any other site.

Methods

Study population

Beginning in June 2020, recovered adult COVID-19 patients,
who complained unexplained persisting symptoms for more
than 30 days during the follow-up visits (regardless of the
severity of acute infection), were invited to participate in the
study. The Ethics Committee of the Humanitas Clinical and
Research Centre approved the study, and patients provided
written informed consent before being enrolled. Patients ful-
filling inclusion criteria were imaged by [18F]FDG positron
emission tomography/computed tomography ([18F]FDG-
PET/CT). Until August 10, 2020, we enrolled in the study
10 recovered SARS-CoV-2 patients (seven male and three
females, mean age ± standard deviation = 58 ± 13 years, me-
dian age 52 years, range 46–80) with persisting unexplained
symptoms (one or two symptoms and ≥ 3 symptoms in six and
four cases, respectively). At onset, 9/10 patients experienced
fever associated to other symptoms including dyspnea (n = 6),
cough (n = 7), fatigue (n = 4), anosmia and/or ageusia (n = 3),
respiratory failure (n = 2), joint pain (n = 2), delirium (n = 1),
acute renal failure (n = 1), chest pain (n = 1), cardiac rhythm
abnormalities (n = 1), headache (n = 1), and otalgia (n = 1).
Pneumonia was confirmed in 8/10 cases. Five patients were
hospitalized. Five patients took drugs for symptom relief
(paracetamol and/or antimicrobial treatment). Three patients
were medically treated with hydroxychloroquine and low mo-
lecular weight heparin in addition to symptomatic treatment,
and one of them required also oxygen. Two patients referred
to intensive care unit were intubated. Persisting symptoms
including dyspnea (n = 7), fatigue (n = 7), ageusia (n = 2), an-
osmia (n = 2), joint pain (n = 2), chest pain (n = 1), headache
(n = 1), and trembling hands (n = 1). None of the recovered
SARS-CoV-2 patients took steroids at the time of PET/CT.
Negative follow-up [18F]FDG-PET/CT images of oncologic
patients (lymphoma n = 7, melanoma n = 2, head and neck
cancer = 1) matched for age and sex were used as controls.

[18F]FDG-PET/CT

Whole-body [18F]FDG-PET/CT was performed according to
EANM/SNMMI Guidelines for [18F]FDG in inflammation

and infection [5]. Briefly, image acquisition was performed
approximately 60 min after intravenous [18F]FDG administra-
tion (activity 2.5–4 MBq per kilogram bodyweight), using a
Discovery PET/CT 690 scanner (General Electric Healthcare,
Waukesha, WI, USA) EARL accredited (http://earl.eanm.org/
cms/website.php). Clinical data including date and stage of
infection, onset and persistent symptoms, recovery date,
duration of persistent symptoms, laboratory tests, and
concomitant medications were collected at the time of [18F]
FDG-PET/CT. Negative follow-up [18F]FDG-PET/CT of on-
cologic patients were acquired as total-body images according
to good clinical practice [6]. Qualitative and semi-quantitative
analysis was performed. All images were assessed visually
and defined negative when no area of increased [18F]FDG
uptake compared with background was observed. The criteri-
on for positivity was at least one abnormal area of radiophar-
maceutical uptake outside the physiological [18F]FDG distri-
bution or higher than the surrounding physiological activity.
Vascular [18F]FDG uptake was assessed according to the pro-
cedural recommendation of the EANM for [18F]FDG-PET/
CT(A) imaging in large vessel vasculitis and polymyalgia
rheumatic [7]. The total vascular score (range from 0 to 21)
was calculated at seven different vascular regions (carotid ar-
teries, subclavian arteries, axillary arteries, thoracic and ab-
dominal aorta, iliac arteries, and femoral arteries). Whenever
[18F]FDG uptake was equal or lower than mediastinum, vas-
cular regions were defined negative. Positive regions were
scored as 1, 2, or 3 based on the [18F]FDG grade of uptake
compared with liver (lower, similar, and higher, respectively).
The target-to-blood pool ratio was calculated for the same
vascular regions (twice for bilateral arteries and distinguishing
the three parts of the thoracic aorta), normalizing the arterial
wall uptake to the background activity of inferior vena cava
(average SUVmax artery/average SUVmean vein) [7].
Overall, 14 target-to-blood pool ratios were calculated. The
size of the proximal ascending aorta wasmeasured on the non-
enhanced CT component of PET/CT and indexed for the body
surface area (Mosteller method).

Statistical analysis

Descriptive statistics were used to summarize patient charac-
teristics. Mann-Whitney test was used to test differences be-
tween the two groups. A p value ≤ 0.05 was considered statis-
tically significant. SPSS version 26 was used for analyses.

Results

We observed mild [18F]FDG lung uptake in 2/10 cases
corresponding to mild fibrosis areas at CT images. This
typical finding of recovered SARS-CoV-2 pneumonia pa-
tients was observed in the CT component of other 4/10
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Table 1 Results of semi-quantitative analysis in the COVID-19 and control group

COVID-19 Controls p value

Bone marrow, [18F]FDG uptake (SUVmax)
Mean 1.26 1.90 0.165
Median 1.29 2.00
Standard deviation 0.59 1.06
Range 0.57–2.47 0.38–3.55

Total visual score
< 5 1 1 0.956
5–9 4 5
≥ 10 5 4
Right carotid artery target-to-blood pool ratio
Mean 1.33 1.22 0.393
Median 1.32 1.16
Standard deviation 0.24 0.21
Range 1.00–1.74 0.98–1.67

Left carotid artery target-to-blood pool ratio
Mean 1.28 1.32 0.481
Median 1.30 1.17
Standard deviation 0.23 0.53
Range 0.87–1.71 0.94–2.76

Right subclavian artery target-to-blood pool ratio
Mean 1.06 1.04 1.000
Median 0.94 1.07
Standard deviation 0.41 0.34
Range 0.41–1.81 0.54–1.60

Left subclavian artery target-to-blood pool ratio
Mean 1.07 1.01 0.353
Median 1.10 1.04
Standard deviation 0.20 0.16
Range 0.65–1.30 0.70–1.19

Right axillar artery target-to-blood pool ratio
Mean 1.03 0.98 0.968
Median 0.89 0.83
Standard deviation 0.42 0.34
Range 0.51–1.76 0.64–1.70

Left axillar artery target-to-blood pool ratio
Mean 1.04 0.95 0.968
Median 1.03 0.87
Standard deviation 0.21 0.24
Range 0.72–1.40 0.61–1.29

Ascending aorta target-to-blood pool ratio
Mean 1.88 1.33 0.002
Median 1.85 1.20
Standard deviation 0.23 0.32
Range 1.63–2.31 1.00–1.92

Aortic arch target-to-blood pool ratio
Mean 1.91 1.29 0.001
Median 1.96 1.22
Standard deviation 0.37 0.23
Range 1.19–2.52 1.05–1.78

Descending aorta target-to-blood pool ratio
Mean 1.66 1.35 0.007
Median 1.61 1.36
Standard deviation 0.31 0.14
Range 1.24–2.24 1.16–1.53

Abdominal aorta target-to-blood pool ratio
Mean 1.86 1.58 0.143
Median 1.79 1.59
Standard deviation 0.46 0.24
Range 1.20–2.75 1.09–1-90

Right iliac artery target-to-blood pool ratio
Mean 1.66 1.27 0.029
Median 1.62 1.23
Standard deviation 0.37 0.28
Range 1.24–2.38 0.87–1.66

Left iliac artery target-to-blood pool ratio
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cases without any tracer uptake. Common findings at vi-
sual analysis in the COVID-19 group were increased
[18F]FDG uptake in bone marrow and blood vessels
(8/10 and 6/10 cases, respectively). Table 1 summarizes
semi-quantitative analysis. [18F]FDG uptake in bone mar-
row was semi-quantitatively higher in controls than in the
long COVID group, even if not statistically different (p =
0.16). The total vascular score was ≥ 10 (maximum val-
ue = 14) in 5/10 and 4/10 patients in the COVID-19 and

the control group, respectively (Fig. 1a). The target-to-
blood pool ratio resulted higher in recovered SARS-
CoV-2 patients than in controls in 13 out of 14 analyzed
arteries (Fig. 1b). The only exception was observed in the
right subclavian artery where the median value of the
target-to-blood pool ratio was higher in the control group
than in COVID-19 patients. Correlation with laboratory
tests and ascending aorta target-to-blood pool ratio is pro-
vided in Fig. 2 for a subset of patients. The size of the

Table 1 (continued)

COVID-19 Controls p value

Mean 1.58 1.38 0.123
Median 1.41 1.27
Standard deviation 0.38 0.42
Range 1.15–2.23 1.05–2.49

Right femoral artery target-to-blood pool ratio
Mean 1.72 1.31 0.015
Median 1.71 1.28
Standard deviation 0.34 0.32
Range 1.29–2.30 0.77–1.92

Left femoral artery target-to-blood pool ratio
Mean 1.64 1.23 0.007
Median 1.53 1.19
Standard deviation 0.34 0.29
Range 1.25–2.24 0.74–1.74

Ascending aorta, size (mm)
Mean 35 31 0.016
Median 35 31
Standard deviation 3 4
Range 30–39 24–37

Ascending aorta indexed for the body surface area (mm/m2)
Mean 17.99 16.69 0.436
Median 16.95 16.57
Standard deviation 2.95 1.73
Range 15.39–24.49 13.99–19.55

Control COVID-19
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Fig. 1 [18F]FDG uptake in blood
vessels (title). Box-and-whisker
plot of the total vascular uptake
(a) and of the target-to-blood pool
ratio (b) (significance is reported
only for p values ≤ 0.05)
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proximal ascending aorta indexed for the body surface
area did not differ in the two groups (Fig. 3). Figure 4
shows some examples of recovered SARS-CoV-2 patients
imaged by [18F]FDG-PET/CT.

Discussion

Although the total vascular score was similar in the two
groups, the target-to-blood pool ratio was significantly higher
in three vascular regions (thoracic aorta, right iliac artery, and
femoral arteries) in the long COVID than in controls. These
data suggest that SARS-CoV-2 induces vascular inflamma-
tion, which may be responsible for persisting symptoms. To
the best of our knowledge, this is the first report on [18F]FDG-
PET/CT suggesting that COVID-19 associated vasculitis as
cause of persisting symptoms after SARS-CoV-2 recovering.
Becker [8, 9] and Libby and Lüscher [10] have recently ex-
plored the hypothesis that COVID-19 represents an endothe-
lial disease, providing a unifying pathophysiological descrip-
tion of this stormy infection. Our data, even if preliminary,
supported this hypothesis. The distinct feature of [18F]FDG
vascular uptake in long COVIDwas the smooth linear pattern,
similar to that observed in large vessel vasculitis. The size of
ascending aorta indexed for the body surface area did not
differ between the two groups. However, the exact mechanism
underlying a possible long-lasting COVID-19-associated vas-
culitis in recovered SARS-CoV-2 patients is still unknown,
and the inflammation in these very late phases of the disease
is expected to progressively improve until complete remis-
sion. We evaluated the correlation between some of the labo-
ratory tests proven to have a prognostic role and the ascending
aorta target-to-background ratio. The observed trend prevents
to draw any conclusion, but supports that more data are worth

to be collected. Furthermore, we observed [18F]FDG uptake in
bone marrow, even if it did not differ between cases and con-
trols (p = 0.16). However, it should be acknowledged that on-
cologic patients may have treatment-related bone marrow
[18F]FDG uptake. The majority of controls were lymphoma
patients studied after chemotherapy, and in this setting, bone
marrow uptake is a typical treatment-related finding.
Therefore, data on bone marrow—higher in controls than in
long COVID—should be carefully interpreted. Limitations of
this preliminary experience include the small sample size, the
availability of laboratory tests for only a subset of patients, the
lack of accurate morphological data on vessels (size and wall
thickening of all vascular regions), and the use of oncological

Fig. 2 Scatterplot of the correlation between target-to-blood pool ratio and laboratory tests in a subset of recovered SARS-CoV-2 patients: a C-reactive
protein (CRP) peak, d lactate dehydrogenase (LDH) peak, c D-dimer peak
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Fig. 3 Box-and-whisker of the size of the proximal ascending aorta
(significance is reported only for p values ≤ 0.05)
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patients as controls. Confirmation of these results might drive
a change in the treatment of SARS-CoV-2 infection and an
additional insight in COVID-19 pathophysiology.
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