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Abstract: Background: Since most endocrine glands express ACE-2 receptors and can be infected by
SARS-CoV-2 virus, this retrospective multicentre observational study aims to assess the metabolic
activity of thyroid and adrenal glands of COVID-19 patients by 18F-FDG PET/CT. Methods: We
retrospectively evaluated the 18F-FDG PET/CT scans of COVID-19 patients admitted by three
different centres, either in a low-intensity department or in the intensive care unit (ICU). A visual
assessment and a semi-quantitative evaluation of areas of interest in thyroid and adrenal glands
were performed by recording SUVmax and SUVmean. The 18F-FDG PET/CT uptake in COVID-19
patients was compared with those observed in normal age-matched controls. Results: Between
March 2020 and March 2022, 33 patients from three different centres (twenty-eight patients in a
low-intensity department and five patients in ICU), were studied by 18F-FDG PET/CT during active
illness. Seven of them were also studied after clinical remission (3–6 months after disease onset).
Thirty-six normal subjects were used as age-matched controls. In the thyroid gland, no statistically
significant differences were observed between control subjects and COVID-19 patients at diagnosis.
However, at the follow-up PET/CT study, we found a statistically higher SUVmax and SUVmean
(p = 0.009 and p = 0.004, respectively) in the thyroid of COVID-19 patients. In adrenal glands, we
observed lower SUVmax and SUVmean in COVID-19 patients at baseline compared to control
subjects (p < 0.0001) and this finding did not normalize after clinical recovery (p = 0.0018 for SUVmax
and p = 0.002 for SUV mean). Conclusions: In our series, we observed persistent low 18F-FDG
uptake in adrenal glands of patients at diagnosis of COVID-19 and after recovery, suggesting a
chronic hypofunction. By contrast, thyroid uptake was comparable to normal subjects at disease
onset, but after recovery, a subgroup of patients showed an increased metabolism, thus possibly
suggesting the onset of an inflammatory thyroiditis. Our results should alert clinicians to investigate
the pituitary–adrenal axis and thyroid functionality at the time of infection and to monitor them after
recovery.
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1. Introduction

Since the outbreak of coronavirus disease 2019 (COVID-19) pandemic, increasing
evidence in the literature highlights that severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) does not show a selective tropism on the respiratory system. It is, indeed,
now well known that SARS-CoV-2 variants have widespread effects on many tissues and
organs, including central nervous, cardiovascular and digestive systems, thus shifting
COVID-19 from a respiratory syndrome to a systemic disease [1,2]. A large body of
literature also describes endocrine gland impairment deriving from several factors: a direct
gland damage induced by the virus, an indirect effect on hypothalamus–pituitary gland
axis, a massive production of inflammatory cytokines and chemokines and virus-triggered
inflammation [3,4].

SARS-CoV-2 mainly uses angiotensin-converting enzyme 2 (ACE-2) receptors to gain
cellular access, causing tissue damage [3]. ACE-2 receptors are variably expressed in
pituitary, thyroid, adrenal, pancreatic and gonadal glands; therefore, the endocrine system
offers several potential targets for viral-induced damage [5–7]. It is now clear that endocrine
disorders contribute to the complex and varied symptoms experienced by infected patients
and that some of them may take a long time to normalize endocrine functionality [5–7].

It has been reported that 13 to 64% of COVID-19 patients are affected by thyroid
disfunctions [4], with a higher prevalence compared to non-COVID-19 subjects [8–10].
Transient thyrotoxicosis has been mainly described in patients admitted to the intensive
care unit (ICU) [11] and it has been associated with high interleukin 6 (IL-6) levels [12].
This would increase cardiovascular risks, such as arrhythmias, that have been frequently
reported in COVID-19 patients. Sub-acute thyroiditis and Graves’ thyrotoxicosis have also
been described [13,14] as well as hypothyroidism, with the majority of patients reverting to
normal thyroid function after several months post infection [8].

Similar findings have been described after SARS-CoV-2 vaccination, thus suggesting a
direct role of spike protein interaction with ACE-2 receptors, cross reactivity with thyroid
proteins and immune-mediated phenomena triggered by the vaccine itself [15–17].

Adrenal impairment has also been frequently reported. Its aetiology is multifac-
torial. Several case reports described adrenal insufficiency due to adrenal infarction or
haemorrhage [18–22]. Moreover, it has been postulated that SARS-CoV-2 is able to im-
pair the stress-induced cortisol production by expressing several amino acid sequences
that mimic human adrenocorticotropic hormone (ACTH). Therefore, the host’s antibodies
produced against the virus will also cross-react and inactivate endogenous circulating
ACTH [23,24]. This “immune-invasive strategy” may result in the development of cor-
ticosteroid insufficiency and could predispose to more critical clinical presentation of
respiratory tract infection and persisting symptoms [23,24]. In addition to this, a direct
injury on the adrenal cortex, due to the expression of ACE2 receptors in the zona fascic-
ulata and reticularis, impairs the glucocorticoid synthesis [25]. The indiscriminate use of
high doses of exogenous corticosteroids, which have been largely used for therapy, deter-
mines a suppression of hypothalamus–pituitary–adrenal (HPA) axis, thus contributing to
hypocortisolism [23,26–29].

As the acute and devasting phase of SARS-CoV-2 pandemic is passed, “long COVID”
is becoming the new challenge facing clinicians. This condition, due to a multi-systemic
involvement, is characterized by persistent malaise, fatigue, dizziness, myalgia and joint
pain, headache and possible cognitive disturbances affecting the patient for a long time
after COVID-19 diagnosis [30–32]. It has been postulated that adrenal insufficiency concurs
in the development and maintenance of fatigue, myalgia and arthralgia, which have
been reported in 65%, 50.6%, and 54.7%, respectively, of long COVID patients [33,34].
Nevertheless, data on cortisol levels in COVID-19 patients are rarely reported and provide
discordant findings [34,35] and, in general, the long-term impact of endocrine dysfunction
still needs to be further elucidated.

Fluorine-18 fluorodeoxyglucose positron emission tomography/computed tomogra-
phy (18F-FDG PET/CT) is not recommended for diagnosis or for follow-up of COVID-19
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patients despite the literature having extensively described incidental cases of SARS-CoV-2
infection diagnosed in patients undergoing 18F-FDG PET/CT for other reasons [36–40].

Moreover, with the increasing awareness that SARS-CoV-2 infection is not only con-
fined to the respiratory tract, but rather showing a multi-systemic tropism, several papers
have described the 18F-FDG uptake in extra-thoracic tissues and organs during SARS-CoV-2
infection or vaccination [41–49]. During the early months of the COVID-19 pandemic, after
observing the first two patients affected by SARS-CoV-2 infection [42], we performed a
qualitative and semi-quantitative analysis of 18F-FDG uptake in several organs/tissues, in
addition to lungs, and correlated these measurements with patients’ haematological param-
eters [43]. Given the increasing evidence of endocrine gland involvement, our attention
now focuses on the analysis of 18F-FDG uptake in the thyroid and adrenal glands. There-
fore, the aim of this retrospective multicentre observational study is to describe 18F-FDG
uptake in thyroid and adrenal glands in COVID-19 patients at baseline, during follow-up,
and in comparison to normal age-matched subjects.

2. Materials and Methods
2.1. Patients

Inclusion criteria for patients in this retrospective study were:

− Positivity to nasopharyngeal swab with real time polymerase chain reaction (RT-PCR)
test for SARS-CoV-2 between 2020 and 2022;

− Patients admitted in low intensity departments or intensive care unit (ICU);
− Availability of at least one 18F-FDG PET/CT scan during the active SARS-CoV-2

infection performed in order to assess the extent of the disease.

Exclusion criteria were:

− Patients with pre-existing structural and/or functional alterations of thyroid and
adrenal glands;

− Patients who previously received chemotherapy or biologic therapies for oncologic
reasons;

− Pregnancy or nursing women;
− Age < 18 years.

For the control group, we retrospectively evaluated 18F-FDG PET/CT studies per-
formed for several oncologic and non-oncologic clinical indications between 2020 and 2022.
Patients without a history of thyroid and adrenal dysfunctions, based on the electronic pa-
tient file, and showing a normal 18F-FDG biodistribution without any pathological uptake
were enrolled. Patients receiving chemotherapy or immune check-point inhibitors at the
time of the study were excluded from the analysis.

2.2. The 18F-FDG PET/CT Studies

The 18F-FDG PET/CT scans at diagnosis, and at recovery when available, were ac-
quired at Sant’Andrea University Hospital of Rome (Rome, Italy), International European
Oncology hospital in Milan (Milan, Italy), and University Medical Centre Groningen
(Groningen, The Netherlands) by using a hybrid PET/CT system (Siemens, Germany).

The 18F-FDG (3–5 MBq/Kg) was administered 1 h before imaging from pelvis to
head as per standardized EARL procedures [50,51]. After image acquisition, attenuation
corrected PET images were automatically fused with CT images and displayed in maximum
intensity projection (MIP) in axial, coronal and sagittal plane.

To minimize mismatches between CT and PET scans, CT images were obtained with a
slice thickness of 3.75 mm. Moreover, immediately after CT acquisition, PET scan started
from the pelvic region (therefore, less than 2 min delay from CT to pelvic PET).

Patient data were retrospectively collected via electronic patient files. Given the
retrospective nature of this study, the local Ethical Committee waived the need for approval,
but written informed consent was obtained from all non-ICU patients. For ICU patients,
written informed consent was obtained from their closest relatives.
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2.3. Analysis of 18F-FDG PET/CT Studies

A visual analysis of 18F-FDG metabolic activity on lungs and mediastinal lymph-nodes
was performed to assess the severity of the infection [43,52–55] and to meet the clinical
need of each patient. The 18F-FDG biodistribution in both thyroid and adrenal glands was
retrospectively visually evaluated.

A semi-quantitative analysis on axial sections of EARL reconstructed images was also
performed by drawing circular regions of interest (ROIs) in right and left thyroid lobe and
on both adrenal glands and by calculating the maximum and mean standardized uptake
value (SUVmax and SUVmean). The whole glands’ activity was calculated as the mean
of right and left lobe of thyroid gland and as the mean of left and right adrenal gland.
In patients with the right adrenal gland too close to the liver, the measurement was not
performed due to overlap of liver metabolic activity.

2.4. Statistical Analysis

Continuous variables are presented as mean ± standard deviation (SD) and 95%
confidence interval (95% CI).

Comparisons between control subjects, COVID-19 at diagnosis and COVID-19 ICU
of SUVmax and SUVmean of thyroid and adrenal glands were evaluated by generalized
linear mixed model (GLIMMIX) with Gaussian distribution.

Normality residuals were tested by Shapiro–Wilk test and checking the Q-Q plot.
Homoscedasticity was evaluated by checking the studentized residuals vs. fitted values
plot.

Post-hoc analysis was performed using the Tukey method.
The differences between thyroid and adrenal glands in control subjects versus COVID-

19 subjects after recovery were estimated by the Student’s t-test (normality verified) or
Brunner–Munzel test (normality failed).

COVID-19 at diagnosis versus COVID-19 after recovery of thyroid and adrenal glands
was tested by paired Student’s t-test.

The cut-offs of thyroid and adrenal gland uptake were obtained using Youden index,
as described elsewhere [56,57].

Statistical analysis was performed using the SAS v.9.4 TS level 1M8 (SAS Institute Inc.,
Cary, NC, USA). A p-value < 0.05 was considered statistically detectable.

3. Results
3.1. Patients

Between March 2020 and March 2022, we enrolled 33 patients (twenty-four males and
nine females, mean age 57.67 ± 14 years) with SARS-CoV-2 infection admitted to three
centres and studied with 18F-FDG PET/CT (fourteen patients were studied at Sant’Andrea
hospital in Rome; four patients were recruited by IEO in Milan; and fifteen patients were
studied at UMC Groningen). Five out of these fifteen patients were mechanically ventilated
and admitted to ICU for their critical illness at the time of 18F-FDG PET/CT.

Seven patients were studied twice, at diagnosis and after complete clinical recovery,
which occurred between 3 and 6 months after diagnosis, and a double negative RT-PCR
test for SARS-CoV-2.

Respiratory symptoms (mainly dyspnoea), anosmia and persistent fever were the
main causes for hospitalization of these patients. These clinical manifestations appeared
on average 5 to 7 days before 18F-FDG PET/CT. Therapies varied amongst the different
centres and according to the severity of patients’ clinical manifestations, and mainly in-
cluded personalized doses of corticosteroids, remdesivir, tocilizumab, paracetamol and
hydroxychloroquine.

One critically ill patient admitted in ICU died due to progressive respiratory failure
and extra-pulmonary organ failure. Another five patients died for unrelated complications.

For the control group, we identified 36 age-matched patients (17 males and 19 females,
mean age 59.40 ± 15.73 years) without known thyroid and adrenal dysfunctions that
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underwent 18F-FDG PET/CT for oncological and non-oncological reasons and who showed
no pathologic metabolic lesions at scan analysis.

3.2. Thyroid and Adrenal Gland Analysis

Semi-quantitative results of thyroid and adrenal gland 18F-FDG uptake in control
group (group A), non-critical COVID-19 patients (group B) and ICU group (group C) are
reported in Table 1.

Table 1. Differences between control group, non-critical COVID-19 patients and the ICU group, in
terms of SUVmax and SUVmean of thyroid and adrenal glands.

Variable

A
Control
Subjects
(n = 36)

Mean ± SD
(95% CI)

B
COVID-19 at

Diagnosis
(n = 28)

Mean ± SD
(95% CI)

C
COVID-19

ICU
(n = 5)

Mean ± SD
(95% CI)

p p (A vs. B) p (A vs. C) p (B vs. C)

Thyroid
(SUVmax)

1.36 ± 0.18
(1.30 to 1.42)

1.55 ± 0.47
(1.37 to 1.73)

1.31 ± 0.24
(1.02 to 1.61) 0.06 -- -- --

Thyroid
(SUVmean)

1.24 ± 0.16
(1.19 to 1.30)

1.35 ± 0.38
(1.21 to 1.50)

1.18 ± 0.22
(0.90 to 1.45) 0.19 -- -- --

Adrenal
(SUVmax)

2.16 ± 0.32
(2.05 to 2.27)

1.65 ± 0.26
(1.55 to 1.75)

1.73 ± 0.26
(1.40 to 2.06) <0.0001 <0.0001 0.003 0.58

Adrenal
(SUVmean)

1.94 ± 0.30
(1.84 to 2.04)

1.51 ± 0.27
(1.40 to 1.61)

1.64 ± 0.23
(1.35 to 1.93) <0.0001 <0.0001 0.03 0.34

When examining thyroid 18F-FDG uptake (Figure 1), no differences were observed
among the three groups of patients in terms of pattern distribution. Non-critical patients
showed slightly higher SUVmax and SUVmean compared to normal subjects.
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Figure 1. Example of calculation of quantitative parameters on thyroid gland of one COVID-19
patient. Yellow circles and arrows show the regions of interest drawn on thyroid tissue. In this patient,
the right lobe had an SUVmax of 2.18 and an SUVmean of 2.05; the left lobe had an SUVmax of 2.10
and an SUVmean of 1.94.

No statistically significant differences were observed comparing basal and follow-up
study in the seven patients who repeated PET/CT scan, but interestingly, they showed
higher SUVmax (p = 0.009) and SUVmean (p = 0.004) at follow-up study compared to
control subjects (Table 2). Despite mean values that were significantly higher at follow-up
scan, only three patients showed an increased thyroid uptake, thus suggesting that thyroid
inflammation or thyroid hyperfunction may appear evident several months after COVID-19
diagnosis, but not in all patients.
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Table 2. Differences between control group and COVID-19 patients after recovery in terms of SUVmax
and SUVmean of thyroid gland.

Thyroid Uptake

Control Group
(n = 36)

Mean ± SD
(95% CI)

COVID-19 after Recovery
(n = 7)

Mean ± SD
(95% CI)

p

SUVmax 1.36 ± 0.18
(1.30 to 1.42)

1.65 ± 0.30
(1.37 to 1.93) 0.009

SUVmean 1.24 ± 0.16
(1.19 to 1.30)

1.46 ± 0.22
(1.25 to 1.66) 0.004

For thyroid gland in control subjects, a cut-off of 1.56 for SUVmax showed a sensitivity
of 42.4% and a specificity of 94.4%; for SUVmean, a cut-off of 1.41 provided 39.4% of
sensitivity and 91.7% of specificity. SUVmax was higher than the cut-off in 14/33 COVID-
19 patients at diagnosis (42.4%) and in 2/36 controls (5.56%) (p = 0.0003). SUVmean was
higher than the cut-off in 13/33 COVID-19 patients at diagnosis (39.4%) and in 3/36 controls
(8.3%) (p = 0.002) (Figures 2 and 3).

Only two patients were excluded from the analysis of right gland because it was too
close to the liver.
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Figure 3. Boxplots and violin plots of SUVmean in thyroid glands of control group vs. COVID-19
patients at the diagnosis and distribution of SUVmean of COVID-19 patients according to the cut-off.

Similar to the thyroid gland, no correlation was detected between the uptake distri-
bution pattern of adrenal glands and disease severity (Figure 4). As reported in Table 1,
the adrenal glands of COVID-19 patients, either admitted in low-intensity unit or in ICU,
showed statistically lower SUVmax and SUVmean than control subjects.
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Figure 4. Example of calculation of quantitative parameters on adrenal glands of one COVID-19
patient. Yellow circles and arrows show the regions of interest. In this patient, the right adrenal gland
had an SUVmax of 1.33 and an SUVmean of 1.21; the left adrenal gland had an SUVmax of 1.26 and
an SUVmean of 1.20.

The post-hoc analysis showed lower SUVmax and SUVmean in patients with moderate
infection (group B; p < 0.0001 for both SUVmax and SUVmean) and in ICU patients (group
C; p = 0.003 for SUVmax and p = 0.03 for SUVmean) compared to the control group.
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No statistically significant differences were observed when comparing the basal study
and the follow-up study in the seven patients who repeated PET/CT scan, but after recovery,
they showed persistently lower 18F-FDG uptake in adrenal glands compared to healthy
control subjects, in terms of SUVmax and SUVmean (Table 3).

Table 3. Differences between control group and COVID-19 patients after recovery in terms of
SUVmax, SUVmean of adrenal glands.

Adrenal Glands’
Uptake

Control Group
(n = 36)

Mean ± SD
(95% CI)

COVID-19 after Recovery
(n = 7)

Mean ± SD
(95% CI)

p

SUVmax 2.16 ± 0.32
(2.05 to 2.27)

1.66 ± 0.26
(1.57 to 1.75) <0.0001

SUVmean 1.94 ± 0.30
(1.84 to 2.04)

1.53 ± 0.26
(1.43 to 1.62) <0.0001

For adrenal glands, a cut-off of 1.99 for SUVmax showed a sensitivity of 93.9% and
specificity of 66.7%; for SUVmean, a cut-off of 1.88 provided 97% of sensitivity and 52.8%
of specificity (Figures 3 and 4). SUVmax was lower than the cut-off in 31/33 COVID-19
patients at diagnosis (93.9%) and in 12/36 controls (33.3%) (p < 0.0001).

SUVmean was lower than the cut-off in all but one of the COVID-19 patients at
diagnosis (97%) and in 17/36 controls (47.2%) (p < 0.0001) (Figures 5 and 6).
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4. Discussion

Endocrine glands represent a potential target of SARS-CoV-2 infection, and thy-
roid dysfunctions and adrenal insufficiency have been largely described in the litera-
ture [4–27,58–61]. Their impairment takes part of the complex and variegated symp-
tomatology experienced by the patients and might influence the clinical course of the
disease [62].

It is well known that this virus is able to trigger long-term immune activation thus
being responsible for latent or overt inflammatory and autoimmune phenomena or hy-
pofunctionality [63,64]. Drugs may also indirectly impair endocrine glands by exerting
a suppressive effect, and this especially, holds true for HPA axis due to the large use of
steroids, which may turn in the development of hypocortisolism [23,27–29]. It is, indeed
well known that a prolonged treatment with high corticosteroid doses leads to high risk of
adrenal insufficiency that may take up to 6 months to revert [29]. In COVID-19 patients,
both the virus itself and steroid treatment could contribute to the development of cortisol
deficiency and to understand which of these aspects has a major role, deserves further
speculations.

As opposed to thyroid dysfunctions, which usually revert after a variable time from
the infection, adrenal insufficiency might persist for several months after the recovery,
thus having a potential role in long-COVIDsyndrome. In particular, HPA axis impairment
and hypothyroidism are, in part, implied in persistent fatigue reported by the majority of
patient with long-COVID [58–62].

Although 18F-FDG PET/CT plays only a marginal role in the diagnosis and moni-
toring of COVID-19 patients, the increasing evidence of incidental findings detected by
this imaging modality further supports the awareness that SARS-CoV-2 infection is not
only confined to the respiratory tract, but rather it may involve several other organs and
apparatuses [36–43,65,66].

Therefore, this retrospective multicentre study aimed at comparing the 18F-FDG uptake
in thyroid and adrenal glands in patients affected by SARS-CoV-2 infection and in normal
control subjects. Moreover, we compared the 18F-FDG uptake in seven patients who
performed an 18F-FDG PET/CT study at both basal time and after recovery.

For thyroid gland we did not observe any difference in 18F-FDG uptake between
control subjects and newly diagnosed COVID-19 patients (either admitted in low-intensity
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departments or in ICU). Neither was a difference observed from basal PET/CT scan and
follow-up study in the subgroup of patients who performed a double scan. However,
we found statistically higher metabolic activity in the follow-up PET/CT as compared
to control group, thus potentially suggesting an inflammatory status or hyperfunction of
thyroid gland. Unfortunately, given the retrospective nature of this study, data on thyroid
function were not collected; therefore, we are not able to correlate 18F-FDG uptake with
the hormonal status of these patients. It would have been very interesting to investigate
whether these patients experienced a thyroiditis or changes in thyroid hormone function
during and after SARS-CoV-2 infection.

As far as adrenal glands are concerned, we found interesting results. COVID-19
patients (either admitted in low-intensity departments or in ICU) showed statistically lower
SUVmax and SUVmean than control subjects. No differences were observed from basal
PET/CT scan and follow-up study, the metabolic activity did not normalize at recovery but
was persistently lower than activity observed in healthy controls. This would potentially
suggest a suppressive state of adrenal glands, which may persist for a long time after
recovery, thus negatively influencing patients’ quality of life [67]. As previously mentioned,
given the observational retrospective nature of this study, we are not able to correlate
PET/CT findings with pituitary and adrenal function, but this aspect deserves further
speculation, especially considering the role of adrenal insufficiency in the development
of long-COVID syndrome. Furthermore, we are not able to determine the contribution of
direct gland damage due to the virus or the possible role of steroid therapies in adrenal
glands of COVID-19 patients. We can only speculate that in our population, a combination
of both aspects would have contributed to low 18F-FDG uptake in adrenal glands, but this
requires further investigations.

Similar to our findings, Sollini et al. recently analysed 18F-FDG uptake in several
organs in patients suffering from long-COVID, reporting lower adrenal uptake in COVID-
19 patients than in control subjects and speculating that hypocortisolism might play a role
in long-COVID syndrome [68].

Conversely, Bülbül and colleagues recently assessed 18F-FDG uptake in several en-
docrine glands including pituitary, thyroid, adrenal glands, testis and pancreas. Although
they found a statistically higher SUVmean in the pancreas of COVID-19 patients compared
to non-COVID-19 patients, they did not observe statistical differences in thyroid, adrenal,
pituitary glands and testis [69].

Despite the multicentre nature, our study has several limitations. First of all, as
previously mentioned, it has a retrospective design. All 18F-FDG PET/CT scans were
performed during the pandemic wave and, in that period, the restrictions due to spreading
of SARS-CoV-2 infection in the many departments had a negative impact on the working
quality also in Nuclear Medicine Units and did not allow the clinician to deeply assess the
whole status of the patients [70–73].

Moreover, the number of examined patients is limited; however, 18F-FDG PET/CT
is not included as a crucial imaging modality for the assessment of COVID-19 severity,
rather it retains a supportive role over conventional radiological scans, and it is justified
only in selected patients. Indeed, despite the large number of COVID-19 patients admitted
in our three centres during the pandemic waves, only a small percentage of them required
a PET/CT study to assess the severity of the infection, to detect possible involvement of
other organs or when clinical symptoms did not match CT findings. Another limitation is
the lack of pituitary, thyroid and adrenal function assessment in COVID-19 patients. We,
therefore, herein only describe the 18F-FDG uptake in thyroid and adrenal gland, opening
new questions about the different behaviour of different endocrine glands. Some may
show an inflammatory or autoimmune status and hyper-functionality; some others may be
downregulated and lead to hypofunctionality. The availability of laboratory tests would
have allowed a correlation between hormonal status of these patients and 18F-FDG uptake
and would have laid the basis for further speculations. Moreover, we cannot exclude that
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the use of high-dose glucocorticoids, which has been largely adopted during the SARS
outbreak, might be responsible of the reduced metabolism observed in adrenal glands.

Despite these limitations, our observation should alert clinicians about excluding a
cortisol deficiency or a thyroid impairment in these kinds of patients in order to promptly
start supportive therapies [23,74].

The correlation between hormonal status of COVID-19 patients, in particular on the
HPA axis and 18F-FDG uptake deserves further speculations and might be relevant in
preventing long-COVID syndrome and improving patients’ quality of life.

5. Conclusions

Despite the observation that thyroid uptake was comparable to normal subjects at
disease onset, after recovery, a subgroup of patients showed an increased metabolic activity,
thus possibly suggesting the onset of an inflammatory thyroiditis. Moreover, we observed
lower 18F-FDG uptake in adrenal glands of COVID-19 patients compared to normal sub-
jects and this finding did not normalize after recovery. This would potentially suggest a
persistent hypofunctionality and would alert clinicians to investigate the endocrine status
at both basal time and after the recovery. In the long-COVID era, this aspect should be one
of the priority areas for future research.
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