
Cumhuriyet Medical Journal, 45(1): 81-86, 2023 
DOI: http://dx.doi.org/10.7197/cmj.1137978 

81

Cumhuriyet Medical Journal 

│  cmj.cumhuriyet.edu.tr  │ Founded: 2004 Available online, ISSN:1305-0028 Publisher: Sivas Cumhuriyet Üniversitesi 

Effect of Coronavirus Disease 2019 on Fluorine-18 fluorodeoxyglucose Uptake of 
Endocrine Organs 
Ogün Bülbül1,a,* , Sibel Göksel Duman1,b, Demet Nak1,c 
1Department of Nuclear Medicine, Recep Tayyip Erdogan University, Faculty of Medicine, Training and Research Hospital, Rize, Turkey 

*Corresponding author

Research Article ABSTRACT 

History 

Received: 22/12/2022 
Accepted: 13/02/2023 

Purpose: The new type of Coronavirus (SARS-CoV-2) damages cells by using the angiotensin converting 
enzyme-2 (ACE2) as a receptor to adhere and go through the cell membrane. It is known that some of the 
endocrine organs express ACE2 and these organs are potential targets for Coronavirus 2019 disease (Covid-
19). This study aimed to investigate the effect of Covid-19 on Fluorine-18 fluorodeoxyglucose (18F-FDG) 
uptake of endocrine system organs. 

Material and method: Sixteen patients who had Covid-19 underwent 18F-FDG positron emission 
tomography/computed tomography (PET/CT) later, 77 patients who did not have Covid-19 underwent 18F-
FDG PET/CT between March 2020-October 2021 were included. SUVmax and SUVmean of the pituitary, 
thyroid, adrenal gland, pancreas, and testis measured from the PET/CT of the patients who had Covid-19 were 
compared with SUVmax, and SUVmean measured from the same organs in PET/CT images of the patients who 
had not Covid-19. 

Results: Pancreatic mean SUVmax was significantly higher in patients who had Covid-19 than in patients who 
did not (p= 0.035). Pancreatic mean SUVmean was slightly higher in patients who had Covid-19 than in patients 
who did not, but this difference was not statistically significant (p= 0.072). No significant difference was found 
between the SUVmax and SUVmean values of the pituitary gland, thyroid gland, adrenal gland, and testis in 
patients who had Covid-19 and did not have. 

Conclusion: : It was thought that the pancreas might have been affected in the course of Covid-19 due to the 
higher mean SUVmean values of the pancreas in patients who had Covid- 19. 
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ÖZ 
Amaç: Yeni tip koronavirüs (SARS-CoV-2) anjiyotension dönüştürücü enzim-2’yi (ACE2)reseptör olarak 
kullanarak hücreye tutunur, hücre membranı geçer ve hücreye zarar verir. Bazı endokrin organların ACE2 
eksprese ettiği bilinmektedir ve bu organlar Covid-19 için hedef olma potansiyeline sahiptir. Bu çalışmada 
Covid-19’un endokrin sistem organlarındaki F-18 florodeoksiglukoz (18F-FDG) tutulumuna etkisini araştırmak 
amaçlanmıştır. 
Gereç ve yöntem: Mart 2020-Ekim 2021 arasında Covid-19 geçirip sonrasında 18F-FDG PET/BT çekimi yapılan 
16 hasta ile Covid-19 geçirmeyen 77 hastanın verileri analiz edildi. Covid-19 geçiren ve geçirmeyen hastaların 
hipofiz bezi, tiroid bezi, adrenal bez, pankreas ve testislerinden ölçülen SUVmax ve SUVmean değerleri 
karşılaştırıldı. 
Bulgular: Covid-19 geçiren hastaların ortalama pankreas SUVmax değeri Covid-19 geçirmeyen 
hastalarınkinden daha yüksekti (p= 0.032). Covid-19 geçiren hastaların ortalama pankreas SUVmean değeri 
Covid-19 geçirmeyen hastalarınkinden daha yüksekti ancak bu fark istatistiksel olarak anlamlı düzeyde değildi 
(p= 0.072). Covid-19 geçiren ve geçirmeyen hastaların hipofiz bezi, tiroid bezi, sürrenal bez ve testislerinden 
ölçülen SUVmax ve SUVmean değerleri arasında anlamlı düzeyde farklılık saptanmadı. 
Sonuç: Covid-19 geçiren hastalarda ortalama pankreas SUVmean değerinin daha yüksek olması nedeniyle 
pankreasın Covid-19 sürecinde etkilenmiş olabileceği düşünüldü. 
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Introduction 
The Coronavirus 2019 disease (Covid-19), 

which emerged in Wuhan, China, in December 2019, 
spread all over the world in a short time, and the World 
Health Organization (WHO) declared Covid 19 a 
pandemic on March 11, 2020. The new type of 
coronavirus (SARS-CoV-2), the causative agent of Covid-
19 (1), has mutated, revealing new, more infectious 
variants (Alpha, Beta, Gamma, Delta, and Omicron, 
etc.) (2-4).  

Covid-19 usually manifests itself with mild 
upper respiratory tract infections or is asymptomatic in 
people with a robust immune system and no severe 
comorbidities (5). The most frequently affected organ 
system in severe cases is the pulmonary system (5,6). 
However, many extrapulmonary manifestations have 
been reported (5). Hyperthyroidism and 
hypothyroidism are among the best-known effects of 
Covid-19 on the endocrine system (7,8). The effect of 
Covid-19 on other endocrine organs other than the 
thyroid gland has not yet been clarified. It was revealed 
in the severe acute respiratory syndrome (SARS) 
epidemic in 2003 that the coronavirus could affect the 
endocrine system (9). It is known that Fluorine-18 
fluorodeoxyglucose (18F-FDG) has a high uptake in 
inflammatory pathologies. Therefore, in the presence 
of inflammation in endocrine organs, 18F-FDG uptake 
of these organs may increase. This study aims to 
investigate the effect of Covid-19 on 18F-FDG 
uptake/glucose metabolism of endocrine system 
organs. 

Materials 
All patients who underwent 18F-FDG positron emission 
tomography/computed tomography (PET/CT) in our 
hospital and applied to the Covid-19 pandemic 
outpatient clinic between March 2020 and October 
2021 were identified. Among these patients, those who 
did not have a real-time polymerase chain reaction (RT-
PCR) test were excluded. Finally, 93 patients who 
underwent 18F-FDG PET/CT in our clinic and whose RT-
PCR was studied from nasal and throat swabs for Covid-
19 for any reason were included in the study. During this 
period, PET/CT was not performed on patients with 
symptoms such as fever, cough, sore throat that may be 
associated with Covid-19, unless the RT-PCR result was 
negative. Maximum standardized uptake value 
(SUVmax) and mean standardized uptake value 
(SUVmean) (threshold of 40% of SUVmax) were 
calculated by placing a circular region of interest (ROI) in 
the localization of the pituitary fossa, thyroid gland, 
pancreas, adrenal gland and testes of male patients on 
PET/CT fusion images (Figure 1). Patients with 18F-FDG 
uptake suggest primary malignancy associated with the 
aforementioned endocrine organs or metastasis in 

these organs were excluded. Since four of 16 patients 
who had Covid-19 had pancreatic cancer, SUV 
measurements were not made from the pancreas of 
these patients. Since the hypothalamus, pineal gland, 
parathyroid glands, and ovaries could not be 
distinguished in 18F-FDG PET/CT, SUV values of these 
organs could not be calculated. 

18F-FDG was injected intravenously at a 3.7 MBq/kg (0.1 
mCi/kg) dose to patients with blood glucose levels 
below 200 mg/dl after fasting for at least 4-6 hours. 
Before PET/CT, the patients rested for 60 minutes in a 
single room. PET/CT images were obtained from the 
vertex to the upper thigh (Siemens Biograph mCT 20). 
First, low-dose CT images were acquired with 120 kVp, 
50 mAs, iodine-containing oral contrast, and free-
breathing protocol. Then, PET images were obtained 
with a 2 min/bed position in three-dimensional mode. A 
nuclear medicine physician with five years of oncological 
PET/CT experience evaluated images at the Siemens 
syngo.via workstation. 

SUVmax and SUVmean values of the pituitary, thyroid, 
adrenal gland, pancreas, and testis measured from the 
first PET/CT performed in the post-Covid-19 period of 
patients had Covid-19 were compared with SUVmax, 
and SUVmean values measured from the areas 
mentioned earlier in PET/CT images performed during 
the staging phase of the diseases of the patients who 
had not Covid-19. The independent sample t-test was 
used to make this comparison. Only eight patients with 
Covid-19 had PET/CT images before Covid-19. The 
SUVmax and SUVmean values obtained from the 
previously mentioned endocrine organs from these 
patients' pre- and post-Covid-19 images were 
compared. The Wilcoxon test was used to make this 
comparison. In all statistical tests, p < 0.05 was 
considered statistically significant. All Statistical 
analyzes were performed with SPSS version 25 (IBM 
Corp. Released 2017. IBM SPSS Statistics for Windows, 
Version 25.0. Armonk, NY: IBM Corp.). 

Results 

Post-infective PET/CT imaging of patients who had 
Covid-19 was performed median of 130 (45-284) days 
after nasal and throat swab RT-PCR results. Detailed 
demographic information is in table 1. 
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who did not (1.9 ± 0.4) (p= 0.035) (Table 2). In addition, 
pancreatic mean SUVmean value was slightly higher in 
patients who had Covid-19 (1.6 ± 0.3) than in patients 
who did not (1.4 ± 0.3), but this difference was not 
statistically significant (p= 0.072). SUVmax and 
SUVmean values of the pituitary gland, thyroid gland, 
adrenal gland, and testis did not differ between the 
patients who had Covid-19 and who did not (Table 2). 

Only six of 16 patients who had Covid-19 did not receive 
oncological treatment at the time of post-Covid-19 
PET/CT, and imaging was performed for cancer staging 
in these patients; In the other ten patients, the imaging 
purpose was to evaluate treatment response. 
Pancreatic mean SUVmax value was slightly higher in 
patients who had Covid-19 (2.1 ± 0.3) than in patients  

Table 1. Patient characteristics

Patients infected by 
Covid-19 

Patients not infected by 
Covid-19 

p-value

n (%) n (%) 
Gender  
- Female
- Male

6 
10 

22 
55 

0.479 

Primary malignancy
- Lung 5 (31)
- Pancreas 4 (25)
- Breast 3 (19)
- Others 4 (25)

- Lung 24 (31)
- Unknown primary

9 (11)
- Larynx 6 (7) 
- Others 39 (51)

Mean ± SD Mean ± SD
Age (years) 65 ± 11 66 ± 13 0.737 
Blood glucose level 
during FDG injection 
(mg/dL) 

104 ± 15 102 ± 18 0.624 

Dose of FDG (MBq) 274 ± 85 (7.4 ± 2.3 mCi) 285 ± 48 (7.7 ± 1.3 mCi) 0.416 
Covid-19: Coronavirus disease 2019, FDG: Fluorodeoxyglucose 

Table 2. SUVmax and SUVmean values of the endocrine organs

Patients 
infected by Covid-19 
(n=16) 

Patients not 
infected by Covid-19 
(n=77) 

p-value

Mean ± SD Mean ± SD 
Pituitary gland 

- SUVmax
- SUVmean

2.6 ± 0.6 
1.8 ± 0.4 

2.8 ± 0.7 
2.0 ± 0.5 

0.506 
0.361 

Thyroid gland
- SUVmax
- SUVmean

2.2 ± 0.8 
1.6 ± 0.7 

2.0 ± 0.5 
1.6 ± 0.4 

0.228 
0.964 

*Pancreas
- SUVmax
- SUVmean

2.1 ± 0.3 
1.6 ± 0.3 

1.9 ± 0.4 
1.4 ± 0.3 

0.035 
0.072 

Adrenal gland
- SUVmax
- SUVmean

2.1 ± 0.4 
1.6 ± 0.4 

2.3 ± 0.6 
1.6 ± 0.4 

0.175 
0.948 

Testicle
- SUVmax
- SUVmean 

2.9 ± 0.8 
1.9 ± 0.6 

3.2 ± 0.6 
2.5 ± 0.8 

0.598 
0.207

SUV: standardized uptake value, Covid-19: Coronavirus disease 2019, SD: Standard deviation
* n=12 for postinfected group, because 4 patients had focal F-18 FDG uptake in pancreas due to

pancreatic cancer. 
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No significant difference was found between the 
SUVmax and SUVmean values of the pituitary gland, 
thyroid gland, adrenal gland, pancreas, and testis 

before and after Covid-19 in 8 patients who had Covid-
19 and had PET/CT examination both before and after 
infection (Table 3).

Table 3. Comparison of the Groups' Depression Levels According to the Beck Depression Inventory 

Discussion 

In the light of the information obtained from 
the SARS epidemic, the endocrine system was thought 
to be a potential target for SARS-CoV-2 (9). Findings of 
central adrenal insufficiency in some patients after 
SARS epidemic, thyroid follicular epithelial damage and 
decrease in TSH in some patients, presence of SARS-
CoV in pancreatic tissue, increase in prolactin, 
luteinizing hormone and follicle-stimulating hormone, 
decrease in estrogen and progesterone after SARS in 
women, the demonstration of microscopic damage to 
the testicular tissue of patients who died from SARS and 
the high angiotensin converting enzyme-2 (ACE2) 
expression in the testis were the basis of this thought 
(9). Clinically, it has been shown in some retrospective 

studies that Covid-19 can cause endocrinological 
problems, especially thyroid dysfunction (10,11). 

Considering this information, we examined 
whether there were changes in the glucose 
metabolisms of the endocrine system organs after 
Covid-19. Pancreatic SUVmax values of patients who 
had Covid-19 were slightly higher than those who did 
not (p= 0.035). Among these patients, SUV 
measurement was not performed in the pancreas of 4 
patients with primary pancreatic cancer. None of the 
remaining 12 patients had focal or diffuse pathological 
18F-FDG uptake in their pancreas. Five of these patients 
had lung cancer, but none had a history of 
immunotherapy that could cause pancreatitis. Wang et 
al. reported elevated pancreatic enzymes in 17% of 52 
patients hospitalized for Covid-19 pneumonia (12). 

Table 3. SUVmax and SUVmean values of the endocrine organs befere and after Covid-19 (n=8) 

Before Covid-19 After Covid-19 p-value

Mean ± SD Median 

(min - max) 

Mean ± SD Median 

(min-max) 

Pituitary gland 

- SUVmax 

- SUVmean 

2.7 ± 0.6 

1.9 ± 0.4 

2.7 (1.9 – 3.4) 

1.9 (1.5 – 2.6) 

2.6 ± 0.5 

1.8 ± 0.3 

2.3 (2.0 – 3.2) 

1.6 (1.5 – 2.2) 

0.596 

0.129 

Thyroid gland 

- SUVmax 

- SUVmean 

1.8 ± 0.4 

1.6 ± 0.3 

2.0 (1.2 – 2.4) 

1.6 (1.1 – 1.9) 

2.1 ± 0.6 

1.6 ± 0.4 

2.3 (1.2 – 2.6) 

1.7 (1.1 – 2.0) 

0.416 

0.414 

Pancreas 

- SUVmax 

- SUVmean 

1.9 ± 0.5 

1.0 ± 0.6 

1.9 (1.4 – 2.7) 

1.2 (0.9 – 1.7) 

2.1 ± 0.3 

1.6 ± 0.3 

2.1 (1.6 – 2.5) 

1.5 (1.3 – 2.1) 

0.115 

0.114 

Adrenal gland 

- SUVmax 

- SUVmean 

2.1 ± 0.5 

1.7 ± 0.5 

2.1 (1.4 – 2.8) 

1.6 (1.2 – 2.5) 

2.2 ± 0.4 

1.8  ± 0.4 

2.2 (1.7 – 2.7) 

1.7 (1.1 – 2.3) 

0.734 

1.000 

Testicle 

- SUVmax 

- SUVmean 

3.5 ± 0.8 

2.3 ± 0.4 

3.7 (2.4 – 4.3) 

2.4 (1.8 – 2.7) 

2.9 ± 0.7 

1.9 ± 0.4 

3.0 (2.1 – 3.4) 

2.0 (1.5 – 2.3) 

0.068 

0.144 

SUV: standardized uptake value, Covid-19: Coronavirus disease 2019 
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Bruno et al. showed that 8.5% of the 70 patients 
hospitalized for Covid-19 who had pneumonia had 
elevated pancreatic enzymes (13). In the two studies 
mentioned, the patients had no acute pancreatitis 
clinically. Since the patients in our study applied to the 
hospital for cancer staging or oncological treatment 
response evaluation, amylase and lipase laboratory test 
results were not available in the routine clinical 
evaluation of the patients. Therefore, the relationship 
between pancreatic 18F-FDG uptake after Covid-19 and 
pancreatic enzymes could not be examined. The 
expression of ACE2 messenger RNA in pancreatic tissue 
(14,15) and the presence of case reports about Covid-
19-associated acute pancreatitis (16-18) suggest that
the pancreas may be vulnerable to the attack of SARS-
CoV-2. We think that the mild SUVmax elevation, which
we detected after Covid-19 in the pancreas, may be
related to mild inflammation.

Lania et al. detected thyrotoxicosis in 20.2% of 
the 287 Covid-19 patients who were hospitalized (10). 
They found overt thyrotoxicosis in 53.4% of the patients 
with thyrotoxicosis. They reported an inverse 
correlation between thyroid stimulatin hormone (TSH) 
and interleukin 6 (rho= −0.41; p < 0.001). The same 
study reported that 5.2% of the patients had 
hypothyroidism. Our study showed no difference 
between SUVmax and SUVmean of the thyroid glands 
of patients who had and did not have Covid-19. There 
was no difference between pre-Covid-19 and post-
Covid-19 SUVmax and SUVmean of the thyroid glands 
of the eight patients who underwent PET/CT before and 
after Covid-19. The patients' history of hospitalization 
due to Covid-19, serum TSH, free T3 and free T4 
hormones, and thyroid antibody levels during the 
PET/CT were unknown. The small number of patients in 
this study and perhaps the fact that most of the 
patients had mild Covid-19 may be the reason why 
there was no diffuse increase in 18F-FDG uptake in the 
thyroid gland. Also, Albano et al. reported that the most 
common pathology in patients with diffuse 18F-FDG 
uptake in the thyroid gland is thyroiditis (19). However, 
not all patients with thyroiditis may show diffuse 18F-
FDG uptake. For this reason, we think that the presence 
of thyroiditis cannot be definitively excluded in the 
patients in our study who had Covid-19. 

In their review, Frara et al. reported that cases 
of pituitary apoplexy, syndrome of inappropriate 
antidiuretic hormone, and hypophysitis associated with 
Covid-19 have not yet been proven (20). Similarly, 
Covid-19-related adrenal gland and testicular 
inflammation have not been proven. In our study, there 
was no difference between the SUVmax and SUVmean 
values of the pituitary, adrenal gland, and testis in 
patients who had and did not have Covid-19. 
Study Limitations 
Our study has some limitations. The small number 
of patients who had and did not have Covid-19 is is an 
important factor that may affect the results of 

statistical analysis. The high number of patients who 
had PET/CT scans both before and after Covid-19 could 
have enabled us to more accurately evaluate the effect 
of Covid-19 on 18F-FDG uptake of endocrine organs. 
Because the laboratory test results associated with 
organs whose SUV values were measured were absent 
in our study, we could not evaluate the glucose uptake 
of these organs parallel to test results such as thyroid 
function tests, amylase, and lipase. In addition, among 
the patients included in our study, asymptomatic 
carriers who did not have a PCR test and the presence 
of patients with false negative or false positive PCR test 
results cannot be definitively excluded. 

Conclusion 

The pancreas, like many organs, is a possible 
target for SARS-CoV2 due to its expression of ACE2 
mRNA. In our study, the slightly higher 18F-FDG uptake 
in pancreas in the patients who had Covid-19 compared 
to those who did not have the disease suggested that 
the pancreas may have been affected in the course of 
Covid-19.   

Ethics Committee Approval: This study was 
approved by Ethics Committee and conducted 
according to the principles of the Declaration of 
Helsinki (Decision date: 14.12.2021, approval number: 
2021/213).  

Informed Consent: The ethical committee 
waived the requirement for informed consent as the 
study was retrospective. 

Authors' Contributions: Concept- O.B. ; 
Design- O.B., S.G., D.N. ; Supervision: O.B. ; Data 
Collection and Processing: O.B., S.G., D.N. ; Analysis 
and/or Interpretation: O.B, S.G., D.N. ; Literature 
Search: O.B., ; Writing: O.B. 

Conflicting of Interest: The authors declared 
no conflict of interest. 

Financial Disclosure: The authors received no 
financial support for the research, authorship, and/or 
publication of this article. 

References 

1. Sanyal S. How SARS-CoV-2 (COVID-19) spreads
within infected hosts - what we know so far. Emerg
Top Life Sci. 2020;4:371-8.

2. Wang X, Powell CA. How to translate the
knowledge of COVID-19 into the prevention of
Omicron variants. Clin Transl Med. 2021;11:e680.

3. Planas D, Veyer D, Baidaliuk A, Staropoli I,
Guivel-Benhassine F, Rajah MM, Planchais C, Porrot
F, Robillard N, Puech J, Prot M, Gallais F, Gantner P,
Velay A, Le Guen J, Kassis-Chikhani N, Edriss D, Belec
L, Seve A, Courtellemont L, Péré H, Hocqueloux L,
Fafi-Kremer S, Prazuck T, Mouquet H, Bruel T, Simon-

85



Felek et al. / Cumhuriyet Medical Journal, 45(1):81-86,2023 

86

Lorière E, Rey FA, Schwartz O. Reduced sensitivity of 
SARS-CoV-2 variant Delta to antibody neutralization. 
Nature. 2021;596:276-280. 

4. Abdool Karim SS, de Oliveira T. New SARS-CoV-
2 Variants - Clinical, Public Health, and Vaccine
Implications. N Engl J Med. 2021;384:1866-68.

5. Johnson KD, Harris C, Cain JK, Hummer C, Goyal
H, Perisetti A. Pulmonary and Extra-Pulmonary
Clinical Manifestations of COVID-19. Front Med
(Lausanne). 2020;7:526.

6. Jiang F, Deng L, Zhang L, Cai Y, Cheung CW, Xia
Z. Review of the Clinical Characteristics of
Coronavirus Disease 2019 (COVID-19). J Gen Intern
Med. 2020;35:1545-49.

7. Lisco G, De Tullio A, Jirillo E, Giagulli VA, De
Pergola G, Guastamacchia E, Triggiani V. Thyroid and
COVID-19: a review on pathophysiological, clinical
and organizational aspects. J Endocrinol Invest.
2021;44:1801-14.

8. Speer G, Somogyi P. Thyroid complications of
sars and coronavirus disease 2019 (Covid-19).
Endocr J. 2021;68:129–36.

9. Mongioì LM, Barbagallo F, Condorelli RA,
Cannarella R, Aversa A, La Vignera S, Calogero AE.
Possible long-term endocrine-metabolic
complications in COVID-19: lesson from the SARS
model. Endocrine. 2020;68:467–70.

10. Lania A, Sandri MT, Cellini M, Mirani M, Lavezzi
E, Mazziotti G. Thyrotoxicosis in patients with
COVID-19: The THYRCOV study. Eur J Endocrinol.
2020;183:381–7.

11. Scappaticcio L, Pitoia F, Esposito K, Piccardo A,
Trimboli P. Impact of COVID-19 on the thyroid gland:
an update. Rev Endocr Metab Disord. 2021;22:803–
15.

12. Wang F, Wang H, Fan J, Zhang Y, Wang H, Zhao
Q. Pancreatic Injury Patterns in Patients With
Coronavirus Disease 19 Pneumonia.
Gastroenterology. 2020;159:367–70.

13. Bruno G, Fabrizio C, Santoro CR, Buccoliero GB.
Pancreatic injury in the course of coronavirus
disease 2019: A not-so-rare occurrence. J Med Virol.
2021;93:74–5.

14. Liu F, Long X, Zhang B, Zhang W, Chen X, Zhang
Z. ACE2 Expression in Pancreas May Cause
Pancreatic Damage After SARS-CoV-2 Infection. Clin
Gastroenterol Hepatol. 2020;18:2128-30.

15. Kusmartseva I, Wu W, Syed F, Van Der Heide V,
Jorgensen M, Joseph P, Tang X, Candelario-Jalil E,
Yang C, Nick H, Harbert JL, Posgai AL, Paulsen JD,
Lloyd R, Cechin S, Pugliese A, Campbell-Thompson
M, Vander Heide RS, Evans-Molina C, Homann D,

Atkinson MA. Expression of SARS-CoV-2 Entry 
Factors in the Pancreas of Normal Organ Donors and  
Individuals with COVID-19. Cell Metab. 
2020;32:1041-51. 

16. Hadi A, Werge M, Kristiansen KT, Pedersen UG,
Karstensen JG, Novovic S, Gluud LL. Coronavirus
Disease-19 (COVID-19) associated with severe acute
pancreatitis: Case report on three family members.
Pancreatology. 2020;20:665-7.

17. Eldaly AS, Fath AR, Mashaly SM, Elhadi M.
Acute pancreatitis associated with severe acute
respiratory syndrome coronavirus-2 infection: a case
report and review of the literature. J Med Case Rep.
2021;15: 1–12.

18. Aloysius MM, Thatti A, Gupta A, Sharma N,
Bansal P, Goyal H. COVID-19 presenting as acute
pancreatitis. Pancreatology. 2020;20:1026-7.

19. Albano D, Treglia G, Giovanella L, Giubbini R,
Bertagna F. Detection of thyroiditis on PET/CT
imaging: a systematic review. Hormones.
2020;19:341–9.

20. Frara S, Allora A, Castellino L, di Filippo L, Loli P,
Giustina A. COVID-19 and the pituitary. Pituitary.
2021;24:465–81.


