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Abstract. – OBJECTIVE: SARS-CoV-2 primar-
ily infects the respiratory tract and leads to se-
vere pneumonia by binding to the ACE-2 recep-
tor. The virus can also interact with ACE-2 re-
ceptors expressed in other tissues as in thy-
roid. This study predicted the complications in-
volving the thyroid in patients with suspected 
SARS-CoV-2.

PATIENTS AND METHODS: Patients with sus-
pected SARS-CoV-2 infection between March 
11, 2020-May 31, 2020 were retrospectively eval-
uated. Sixty-nine patients who were radiologi-
cally diagnosed as COVID-19 according to tho-
racic CT and had previously performed thorac-
ic CT before November 2019 were included in 
the study according to the exclusion and inclu-
sion criteria. Age and gender-matched controls 
(No. 69) were selected with normal thoracic CT 
whose PCR tests were also negative. Thyroid 
densities of participants were calculated and 
compared from the previous and current tho-
racic CTs. Results were also compared with the 
control group. 

RESULTS: Participants were composed of 69 
patients (39 male, mean age 64.35 years). Thy-
roid densities were significantly decreased from 
89HU to 76HU for whole gland, from 88HU to 
76HU for right lobes and from 87.5HU to 75.5HU 
for left lobes at current thoracic CTs performed 
during COVID-19 (p<0.001, p<0.001, p<0.001 re-
spectively). The decrease in densities of the 
whole thyroid gland, both left and right lobes, 
was correlated with mortality (p<0.001). The 
changes in thyroid densities were not correlat-
ed with age nor gender. The decreases in HU 
values of thyroid densities for whole gland, left 
and right lobes, were correlated with mortali-
ty (p<0.001, p<0.001, and p<0.001 respectively).

CONCLUSIONS: COVID-19 is a multi-system-
ic disease that threatens vital organs, including 
the thyroid. Future studies are needed to inves-
tigate the association between SARS-CoV-2 and 
other complications.
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Introduction

COVID-19 was declared a pandemic on March 
11, 2020 by the WHO; the disease is acted 
by Coronavirus-2 (SARS-CoV-2) and results in 
severe acute respiratory syndrome1. The virus 
primarily infects the respiratory tract and leads 
to severe pneumonia by binding to the angio-
tensin-converting enzyme-2 (ACE-2) receptor2. 
Apart from those expressed in pneumocytes, 
the virus can also interact with ACE-2 receptors 
expressed in other tissues3. Similar to that in the 
small intestine, testis, kidneys, heart, and adipose 
tissue, the thyroid gland also has an increased 
expression of ACE-2 receptors2. Particularly, it 
was shown that mRNA encoding for the ACE-2 
receptor was also expressed in thyroid follicular 
cells, a major entry point for SARS-CoV-24.  

Most respiratory infections are frequently held 
liable for being a major environmental factor im-
plicated in subacute thyroiditis and autoimmune 
thyroid diseases. It can also precipitate thyroid 
storm, which is a life-threatening exacerbation of 
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hyperthyroidism characterized by multiorgan fail-
ure5,6. Besides causing subacute thyroiditis, viruses 
can directly harm the thyroid tissue, as in the case 
of thyroiditis associated with SARS-CoV-27. Data 
on SARS-CoV-2 infection and its possible long-
term complications are limited. Therefore, this 
study aimed to predict the complications involv-
ing the thyroid gland in patients with suspected 
SARS-CoV-2 infection. Scientists are trying to 
predict them with what we had got from SARS 
experience. The SARS virus was pathologically 
shown to damage follicular cells by destroying 
follicular epithelium and desquamating epithelial 
cells into the follicular lumen8. A postmortem 
COVID-19 study9 showed chronic inflammation 
of the thyroid with follicular and epithelial cell 
disruption in two (22%) of nine patients. 

Radiological evaluation of the thyroid gland 
includes ultrasound (US), nuclear scintigraphy, 
computed tomography (CT), and magnetic reso-
nance imaging (MRI)10. The US is often the first 
procedure used in the diagnostic evaluation of 
thyroid nodules because it is simple, has a low 
cost, can help distinguish between nodules, such 
as cyctic-solid or benign- malignant, and has no 
radiation. CT and MRI are used for the structural 
assessment of a nodular-enlarged thyroid gland, 
a thyroid mass, or the differentiation of a thyroid 
mass from an adjoining neck mass. In contrast, 
nuclear medicine studies are used to assess the 
function of the thyroid gland and nodules10. The 
iodine content of the thyroid acts as a contrast 
agent and allows excellent visualization of the nor-
mal thyroid tissue with CT. Moreover, the normal 
thyroid gland has high density values, reflected by 
a homogenous increase in density on CT images; 
this is due to the metabolism, storage, and active 
uptake of iodine11. When the iodine content of the 
thyroid diminishes, as seen in thyroiditis, the den-
sity decreases to that of other soft tissues.

Recently, some studies12,13 were published in-
vestigating thyroid hormone levels, but till date 
there are no studies on radiological evaluation of 
thyroid tissue during COVID-19 course. There-
fore, the study is the first one investigating thy-
roid tissue changes by CT without contrast mate-
rial due to SARS-CoV-2 infection. 

Patients and Methods
 

Study Population
Patients admitted to Seka Hospital, Medipol 

Mega University Teaching Hospital, and Bezmi-

alem Vakıf University, with the suspicion of 
clinical COVID-19 between March 11, 2020 and 
May 31, 2020, were retrospectively evaluated. In 
this study, we included 3259 patients with typical 
thoracic CT findings such as bilateral “patchy” 
and “confluent, bandlike” ground glass opacity 
or consolidation in peripheral and mid-to-lower 
lung zones; they were radiologically diagnosed 
as patients with COVID-19 according to the mul-
tinational consensus of Fleischner Society Smith 
DL14-16. Among them, we further selected 201 
patients who had previously undergone thoracic 
CT before November 2019, the date in which 
SARS-CoV-2 was firstly described. Previous and 
current CTs were performed using the same CT 
machine for inclusion in the study. Moreover, 
23 patients were excluded because of previous 
thyroid disorders. A total of 109 cases were ex-
cluded because contrast CT imaging was used to 
measure thyroid density and yielded low image 
qualities. The grading of lung involvement was 
performed according to related references14-16. 
According to both inclusion and exclusion crite-
ria, 69 patients were enrolled in this study (Figure 
1). We compared the thyroid density (TD) in both 
previous and current thoracic CTs. Age and gen-
der matched controls (No. 69) were also selected 
with normal thoracic CT whose PCR tests were 
negative. Thyroid densities of participants were 
also compared with the control group.

Radiologic Evaluation
All scans were performed with the patients 

in the supine position. During end-inspiration 
without intravenous contrast, chest CT was per-
formed cranio-caudally from the level above the 
sternoclavicular joint to the diaphragm. More-
over, CT images were obtained using a 64-slice 
multidetector-row CT scanner (Aquilion CX; 
Toshiba Medical Systems, Japan) at Bezmialem, 
a 128-slice multidetector-row CT scanner (GE 
Healthcare, Chicago, Illinois, United States) at 
SEKA, and a 256-slice multidetector-row CT 
scanner (ICT-256 Philips Healthcare, Amster-
dam, Netherlands) at the Medipol hospitals. The 
Hounsfield unit (HU) of the TD was calculated 
using the same radiologist. 

CT Parameters
Parameters and calibration were as follows: 1 

mm collimation, 1.25 pitch, 0.5 seconds rotation 
time, 3 mm reconstructed section thickness, 3 
mm intersection gap with a matrix of 512 mm × 
512 mm, 120 kV tube voltage, and 250 mA tube 



CT analysis of the thyroid in patients with SARS-CoV-2

4151

current-time product. All images were obtained 
using a standard dose protocol without intrave-
nous contrast media. The lung window setting 
had a window level and width of -500 HU and 
1400 HU, respectively.

Image Interpretation
Reviewers were blinded from the clinical and 

laboratory information. All CT images were re-
viewed independently by the Food and Drug Ad-
ministration (FDA)-approved OsiriX 11.0 Dicom 
viewer (Pixmeo, Bernex, Switzerland). More-
over, CT data were further reviewed on a PACS 
system (FUJIFILM Medical Systems, Lexington, 
Massachusetts, USA). The three reviewers eval-
uated both axial reconstructions and coronally 
reformatted images.

Statistical Analysis
Descriptive statistics were presented as me-

dian, mean, standard deviation, and range. The 
Kolmogorov-Smirnov test was used to assess the 
normality. Ordinal or non-normal distribution 
measurements were evaluated using the Wilcox-
on test within groups and overall sample compar-
isons; the Mann-Whitney test was used in com-
parisons between subgroups. The quantitative 
data with a normal distribution were compared 

using a paired t-test within the group and a t-test 
for independent groups among subgroups. Anal-
yses were performed using SPSS 20.0 (SPSS, 
Corp., Armonk, NY, USA). In all tests, a p-value 
of 0.05 was deemed significant. 

The study design was approved by the Eth-
ical Committee of Medipol University (505-
6.26.2020) and the study protocols were compli-
ant of the ethical standards. 

Results

In this study, 69 patients were included; 39 
of whom were male. The mean age was 64.35 
(±12.76) years. Whole TDs were significantly 
decreased in the thoracic CTs performed when 
they were COVID-19-classified (p<0.001). This 
significant difference was detected twice: when 
comparing with previous thoracic CTs and also 
comparing with control group. During the ana-
tomical evaluation of the lobar densities of the 
thyroid gland, significant decreases in HU values 
were detected in both the right (p<0.001) and left 
(p<0.001) lobes, separately (Table I). Additional-
ly, comparative results of the TDs taken before 
and after the onset of COVID-19 are depicted 
in Figure 2. The decreasing levels of TDs were 

Figure 1. Flow chart of the case selection.
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grouped as follows: high, >30%; moderate, 20%-
30%; and mild, 10%-20%. As a result, 11 (15.9%), 
8 (11.6%), and 18 (26.1%) patients showed mildly, 
moderately, and highly decreased HU values, re-
spectively. Furthermore, there were no significant 
associations between HU values and gender (p = 
0.117), age (p = 0.973), and grade of lung involve-
ment (p = 0.27). 

Real-time SARS-CoV-2 Reverse Transcrip-
tion-Polymerase Chain Reaction (RT-PCR) tests 
were positive in 30.4% (21/69) of the patients. 
Moreover, thyroid densities of both PCR-posi-
tive cases (right p: 0.05, left p: 0.02, bilateral p: 
0.02) and PCR-negative cases (right p<0.001, 
left p<0.001, bilateral p<0.001) significantly de-
creased (Table II). The overall mortality rate was 
at 26% (n = 18). Associated decreases in the HU 
values of TDs in both the left and right lobes of 
the thyroid gland, with relation to the mortality 
rate, were also significant (p<0.001, p<0.001, and 
p<0.001, respectively).  

Discussion

In our study, suspected patients with 
COVID-19 showed significant thoracic CT 
changes in the densities of their thyroid tissue 

during their infective states as compared to 
prior their infection. Results showed that the 
iodine content in thyroid tissues decreased, 
thereby suggesting thyroiditis. Two possible 
mechanisms might be responsible for these 
changes: (a) the direct viral effect and (b) the 
indirect effect of various proinflammatory cy-
tokines caused by the infection13. However, 
this is different from subacute thyroiditis. Sub-
acute thyroiditis is precipitated by autoimmune 
mechanisms mostly triggered by viral infec-
tions; it develops approximately 4-6 weeks 
after infection5,6. However, silent thyroiditis 
was also shown to occur during active SARS-
CoV-2 infection, indicating a nonpost-infec-
tious disorder. This supported the hypothesis 
of a direct viral effect. Moreover, parafollicular 
and follicular epithelial cells, might be injured 
by apoptosis, disrupting the follicle as demon-
strated previously with SARS-CoV-28,12,17.

In our study, a minimum decrease of 10% in 
TDs was detected in more than half of the pa-
tients. The result agreed with a previous study13 
on thyroid functions in which thyrotropin (TSH) 
levels were lower in 56% of patients. A decrease 
in TD was also detected in patients from all three 
centers when evaluated separately. Therefore, it 
may not be an incidental finding. Furthermore, 

Table I. Comparison of thyroid densities (TD) measured at thoracic CTs: current (group 1), previous (Group 2) and control 
group (Group 3) as Hounsfield Unit (HU).

  Group-1 TD (HU) Group-2 TD (HU) Group-3 TD (HU)
  mean mean mean
 Thyroid part (%25/%75) (%25/%75) (%25/%75)

Whole gland 76 (63.5-91.3) 89* (76,5-103,8) 88.5* (77-102.5)
Right lobe 76 (60-92.8) 88* (76.5-103.8) 86* (74,5-102)
Left lobe 75.5 (62.5-91.8) 87.5* (77.3-103.8) 85.5* (75.8-102)

*p < 0.05 when compared with group 1.

Figure 2. A, Comparison of whole thyroid densities at previous and current thoracic CTs during COVID-19. B, Comparison 
of the density of right lobe of the thyroid at previous and current thoracic CTs. C, Comparison of the density of left lobe of the 
thyroid at previous and current thoracic CTs.



CT analysis of the thyroid in patients with SARS-CoV-2

4153

the results were not associated with the level of 
lung involvement. This suggests that the cause of 
thyroid involvement is different from the cause 
of the disease severity. However, this was not 
supported by the finding that the involvement of 
the thyroid was associated with mortality. It may 
have also been due to the small number of cases. 
A previous study18 revealed that thyroid diseases 
were associated with an increased risk of severe 
COVID-19 infection. 

Although thyroid diseases were more common 
in women19, the change in density values in pa-
tients with COVID-19 was not associated with 
both sex and age11; this coincided with our results. 
We selected previous thoracic CT images and 
designated them as the control of the same cases; 
we consider this point the strength of our study. 
We excluded the confounders by comparing the 
cases amongst themselves. 

Recent clinical studies12,13,19 have shown that 
thyrotoxicosis and COVID-19 were associated. 
However, according to our knowledge, there is 
no radiological study showing the involvement 
of the thyroid. COVID-19 is a droplet infection; 
strict precautions must be taken in all healthcare 
settings. Furthermore, it was difficult to perform 
US and nuclear medicine imaging during active 
infection due to high infectivity rates. However, 
due to lung involvements, thoracic CT has been 
selected as the imaging method for almost all 
patients; thoracic CT is not the first imaging 
choice to evaluate thyroid tissue because of ra-
diation.

Limitations include the retrospective nature 
and the relatively small size of this study. We 
could not correlate these results with thyroid 
function tests, thyroid US, and histopathological 
findings. In addition, the number of cases may 
be relatively small. Moreover, the CT devices 

were different in three centers; previous and 
subsequent imaging of all included patients was 
performed using the same device. The high mean 
age of our study population may be due to the in-
clusion criteria of having previous chest CT. Old-
er patients were more often evaluated with chest 
CT because chronic lung diseases were especially 
seen in the elderly. 

Other limitations include the study popula-
tion and their COVID-19 status. The popula-
tion was not completely composed of confirmed 
COVID-19 cases. SARS-CoV-2 PCR tests were 
positive only in 30.4% (n = 21) of cases. Al-
though nucleic acid testing is accepted as the 
gold standard for the diagnosis of COVID-19, 
current tests may deliver false-negative results. 
The positive predictive (PPV) and negative pre-
dictive values (NPV) of RT-PCR were estimated 
to range from 57.7%-93.5% and from 96.1%-
99.6% at different prevalence levels, respective-
ly20. In addition, different RT-PCR test kits from 
different companies have different PPV and 
NPV21. Concerning the typical clinical findings, 
CT imaging can be used for making the clinical 
diagnosis of COVID-19, despite negative nucle-
ic acid test results22. In the study we compared 
thyroid densities of patients with previous thy-
roid densities of themselves and also a control 
group whose thoracic CT were normal and PCR 
test results were negative. The results of thyroid 
densities were similar in both control group as 
shown in Table I. So, the decrease in TDs during 
COVID-19 shows the real impact of COVID-19 
on the thyroid gland.

According to the WHO situation report as of 
December 15, 2020, the overall case fatality rate 
of COVID-19 was 2.2123. In our study, the mor-
tality rate was 26%, which was much higher than 
the mortality rate of 2.7% in the general popula-

Table II. Comparison of thyroid densities (TDs) as Hounsfield Unit (HU) of COVID-19 patients according to PCR results.

   PCR + cases   PCR- cases 

  Previous TD Current TD  Previous TD Current TD
  mean (HU) mean (HU)  mean (HU) mean (HU) 
 Thyroid part (%25/%75) (%25/%75) p-value (%25/%75) (%25/%75) p-value

Whole gland 79.5 75 0.02 94 76.5 0.00
 (74.7-90.2) (55.7-90.2)  (82-106.5) (67-92) 
Right lobe 81 76 0.05 94 76 0.00
 (76-91) (58- 91.5)  (82-107) (64-93) 
Left lobe 80 72 0.02 93 78 0.00
 (72-92) (54-96)  (80-109) (69-92) 
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tion of Turkey24. It was thought to be due to the 
case selection; our cases were all symptomatic 
with pneumonia and followed up at inpatient clin-
ics. The mortality rate was also associated with a 
decrease in thyroid density. 

Conclusions

COVID-19 is a multi-systemic disease that 
threatens vital organs, including the thyroid. Fu-
ture clinical studies are needed to investigate 
the association between SARS-CoV-2 and other 
long-term complications.
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