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Abstract

Purpose To evaluate the post- coronavirus disease-19 (COVID-19) outcome of thyroid function in patients with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)-related thyrotoxicosis.

Methods This was a single-center prospective study involving 29 patients (11 females, 18 males; median age 64 years,
range: 43-85) with thyrotoxicosis diagnosed after hospitalization for COVID-19 and then followed-up for a median period
of 90 days (range: 30—120) after hospital discharge. At follow-up, patients were evaluated for serum thyrotropin (TSH), free-
thyroxine (FT4), free-triiodiothyronine (FT3), TSH receptor antibodies (TRAb), thyroglobulin antibodies (TgAb), thyr-
operoxidase antibodies (TPOADb) and ultrasonographic thyroid structure.

Results After recovery of COVID-19, serum TSH values significantly increased (P <0.001) and FT4 values significantly
decreased (P =0.001), without significant change in serum FT3 (P =0.572). At follow-up, 28 subjects (96.6%) became
euthyroid whereas overt hypothyroidism developed in one case. At the ultrasound evaluation of thyroid gland, hypoeco-
genicity was found in 10 patients (34.5%) and in these cases serum TSH values tended to be higher than those without
thyroid hypoecogenity (P = 0.066). All subjects resulted to be negative for TgAb, TPOAb and TRAb.

Conclusion In a short-term follow-up, thyroid function spontaneously normalized in most subjects with SARS-CoV-2-related
thyrotoxicosis. However, thyroid hypoecogenicity was found in a remarkable number of them and future longer-term studies are

needed to clarify whether this ultrasonographic alteration may predispose to develop late-onset thyroid dysfunction.
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Introduction

The coronavirus disease-19 (COVID-19) pandemic caused
by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) continues to affect the global community
and in our country more than 2 million of individuals have
been infected by SARS-CoV-2.

Although the pulmonary system is the main target of
SARS-CoV2 infection [1], extrapulmonary organs can be
affected with potential negative impact on clinical outcome
of COVID-19 [2]. Interestingly, alterations of thyroid hor-
mones resembling a subacute thyroiditis (SAT) have been
consistently reported in a substantial number of subjects
with COVID-19 [3-11], suggesting that thyroid gland may
be a frequent target of SARS-CoV2 infection [12, 13].
However, the clinical relevance of thyrotoxicosis associated
with SARS-CoV2 infection is still unclear [3, 4, 14, 15] and
data on the outcome of thyroid function after recovery of
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COVID-19 are scanty [14]. Specifically, it is still unknown
whether thyroid gland may be persistently damaged by
SARS-CoV2, such as demonstrated for other tissues and
organs in individuals with COVID-19 [16].

In this prospective study, we evaluated the outcome of
thyroid function and ultrasonographic structure after recovery
of COVID-19 in individuals who had developed thyrotox-
icosis during hospital stay for SARS-CoV2 infection.

Materials and methods

This is a prospective single-center study performed on con-
secutive patients who had been hospitalized for COVID-19 at
the IRCCS, Humanitas Research Hospital, Rozzano-Milan,
Italy in the period between March 1st and April 1st 2020 [3].
The inclusion criteria were: 1) hospitalization for COVID-19
diagnosed by real-time reverse-transcriptase—polymerase-
chain-reaction assay of nasal and pharyngeal swab specimens
and/or bronco-alveolar lavage fluid associated with clinical
and radiological signs of pneumonia [17]; 2) primary thyr-
otoxicosis diagnosed during hospital stay [3]; 3) duration of
follow-up 230 days after hospital discharge. Exclusion cri-
teria were: 1) treatment with levo-thyroxine or anti-thyroid
drugs before and at the time of first thyrotropin (TSH) eva-
luation; 2) treatment with drugs interfering with thyroid
function after recovery of COVID-19.

The diagnosis of clinical and subclinical thyrotoxicosis
was based on suppressed serum TSH values associated with
high or normal serum free-thyroxine (FT4), respectively.
Among 58 patients who developed a SARS-CoV2-related
thyrotoxicosis [3], 23 patients (39.7%) died, whereas 6
patients (10.3%) were lost at follow-up. Therefore, 29
patients (11 females, 18 males; median age 64 years, range:
43-85) were enrolled in this prospective study. Nobody of
these patients received corticosteroids during hospital stay.

The first end-point was the evaluation of serum TSH values
after at least 30 days of follow-up. As secondary end-points,
we also evaluated serum FT4 (24 cases), free-triiodiothyronine
(FT3) (14 cases), TSH receptor antibodies (TRAD) (29 cases),
thyroglobulin antibodies (TgAb) (29 cases) and thyroperox-
idase antibodies (TPOAb) (29 cases) and ultrasonographic
thyroid structure (29 cases) at the follow-up.

The study was approved by the Ethics Committee of
IRCCS Humanitas Research Hospital, and the patients gave
their consent to use the clinical and biochemical data for
research purposes.

Biochemical assays
Serum TSH, FT4, FT3 were measured at 8.00 a.m. using

chemiluminescent methods on the Beckman Coulter DxI 800
Access® immunoassay system. In our laboratory, the reference
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ranges of TSH, FT4 and FT3 were 0.344.80 mU/L,
7.82-17.29 pmol/L and 3.38-6.45 pmol/L, respectively. TRAb
were determined using the TRACE (Time-Resoved Amplified
Cryptate Emission) on the Kryptor analyzer and reference
range in our laboratory was <1.8 IU/L. Overt thyrotoxicosis
was defined by low TSH values and serum FT3 and/or FT4
above the reference ranges. Overt hypothyroidism was defined
by high TSH values and serum FT4 and/or FT3 below the
reference ranges. Subclinical thyroid dysfunction was defined
when TSH was either low or high accompanied by FT4 and
FT3 in the reference ranges.

Ultrasound evaluation of thyroid gland

Ultrasonographic examination of the thyroid was performed
with a linear transducer 5-14 (CANON APLIO A). The
echogenicity was evaluated by a standardized comparison
of thyroid parenchyma with the adjacent sternohyoideus,
sternothyroideus and sternocleidomastoideus muscles, in a
longitudinal scan of the thyroid lobes. Thyroid volume was
calculated measuring the three axes of the thyroid lobes; for
all measurements, the transducer kept perpendicular the skin
surface. The length was measured from the most cranial to
the most caudal part of the lobe on a screen picture fol-
lowing the longitudinal axis of the lobe; the maximal width
and depth of the lobe were measured horizontally on a
screen picture cross-sectional to the longitudinal axis of the
lobe, taken from the middle half of the lobe in the lateral
plane. Thyroid volume was calculated for each lobe sepa-
rately using the formula for a rotation ellipsoid (length x
width x depth x n/6) [18].

Statistical analyses

Data were presented as median and range, unless otherwise
stated. The un-paired comparisons were performed by
Mann—Whitney’s and Kruskal-Wallis’ tests, whereas paired
data were compared by Wilcoxon’s and Friedman’s tests.
Frequencies were compared by the Chi-Square’s test, with
Fisher correction when appropriate. Association between
TSH values and thyroid volume was sought by calculating
the Spearman’s rank correlation coefficient. A p value <0.05
was considered as significant.

Results

Table 1 reports the individual data of 29 subjects with
SARS-CoV2-related thyrotoxicosis who were included in
the prospective evaluation of thyroid function and structure.
As compared to patients with SARS-CoV2-related thyr-
otoxicosis who died during hospital stay, the enrolled sub-
jects were significantly younger (64 years, range: 43—85 vs.
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Table 1 Individual clinical data of patients with SARS-CoV-2-related thyrotoxicosis prospectively evaluated after recovery of COVID-19

BASELINE FOLLOW-UP
Sex Age Duration Thyroid Thyroid
(years) TSH (- FT4 FT3 (days) TSH (m- FT4 FT3 volume (mL) hypoecogenicity
mU/L) (pmol/L) (pmol/L) U/L) (pmol/L) (pmol/L)

M 66 0.33 14.36 4.78 30 1.90 15.00 NA 12 NO
F 58 0.31 19.00 3.70 41 2.25 13.00 4.90 9.5 NO
F 85 0.20 19.00 7.33 43 0.70 10.48 6.00 9 NO
F 55 0.21 17.48 4.95 44 0.55 13.97 5.73 15 NO
F 64 0.30 22.23 5.28 60 3.19 12.50 3.00 10 YES
M 43 0.32 12.53 4.77 60 1.81 11.00 NA 12 NO
M 61 0.17 19.93 5.05 60 1.31 14.00 NA 10 YES
M 53 0.12 16.86 3.86 60 0.57 13.00 NA 14 YES
M 61 0.29 12.00 4.00 62 1.11 9.93 5.16 5 YES
F 60 0.32 18.50 4.82 66 0.70 16.00 NA 11 NO
M 48 0.24 15.68 4.92 70 0.45 11.00 NA 19 NO
M 49 0.12 13.65 4.34 90 6.78 4.11 1.80 6.5 YES
M 81 0.19 27.66 3.49 90 3.77 12.60 NA 21 YES
F 73 0.13 22.44 4.09 90 1.84 12.23 2.68 11.3 NO
M 76 0.20 15.56 4.53 90 1.64 12.87 4.73 14 YES
F 64 0.33 20.75 4.10 90 1.60 14.30 5.00 3.0 NO
M 74 0.33 16.38 5.20 90 1.36 10.62 6.58 50 NO
F 80 0.14 13.59 3.86 90 1.21 15.10 5.00 10.2 YES
F 67 0.29 22.40 4.50 90 0.92 17.00 NA 11 NO
F 74 0.30 18.68 4.50 90 0.86 15.00 4.30 3.2 NO
M 77 0.33 15.82 3.28 90 0.66 13.00 NA 18 NO
M 62 0.30 16.60 4.69 92 2.11 NA NA 22 YES
M 57 0.14 24.05 4.00 93 1.50 12.28 4.04 9.5 YES
M 70 0.05 30.49 3.50 96 3.44 NA NA 24 NO
M 68 0.08 18.26 4.74 96 0.93 NA NA 12 NO
F 77 0.12 26.30 4.30 97 1.49 13.66 2.77 12 NO
M 57 0.20 16.90 4.50 100 0.63 NA NA 16.5 NO
M 65 0.09 17.59 4.75 120 1.03 NA NA 16 NO
M 63 0.33 19.00 5.00 120 0.93 16.00 NA 13 NO
F females, FT3 free-iodiothyronine, F74 free-thyroxine, / increased, M males, NA not available, TSH thyrotropin

79 years, range: 67-90; P<0.001) and had higher serum
FT3 values (4.50 pmol/L, range: 3.28-7.33 vs. 4.05 pmol/L,
range: 3.00-5.06; P =0.016), without significant differ-
ences in sex (P =0.608), serum FT4 (P =0.934) and TSH
(P =0.233) values.

At study entry, overt and subclinical thyrotoxicosis were
found in 17 patients (58.62%) and 12 (41.38%) patients,
respectively (Table 1). After a median period of 90 days
(range 30-120), median serum TSH values increased (29
cases; from 0.21 mU/L, range: 0.05-0.33 to 1.49 mU/L,
range: 0.45-6.78; P<0.001; Fig. 1) and FT4 values
decreased (24 cases from 18.59 pmol/L, range: 12.00-27.66
to 13.00 pmol/L, range: 4.11-17.00; P =0.001), without
significant change in serum FT3 (/4 cases; P =0.572). At
follow-up, 28 subjects (96.6%) became euthyroid
whereas overt hypothyroidism developed in one case
(TSH 6.78 mU/L, FT4 4.11pmol/L, FT3 1.8 pmol/L)
(Fig. 1).

At follow-up, all subjects resulted to be negative for
TgAb, TPOAb and TRAD. At the ultrasound evaluation of

thyroid gland, hypoecogenicity was found in 10 patients
(34.5%) (Table 1 and Fig. 2). Patients with thyroid
hypoecogenicity tended to have higher serum TSH values
as compared to those without thyroid hypoecogenicity
(1.57mU/L, range: 0.57-6.78 vs. 0.93mU/L, range:
0.45-3.44; P=0.066). No significant association was
found between TSH values and thyroid volume at follow-up
(tho —0.10; P =0.637) (Table 1).

Discussion

In this prospective study, all but one subjects with SARS-
CoV-2-related thyrotoxicosis became euthyroid after
recovery of COVID-19. However, ultrasound evaluation of
thyroid structure revealed hypoecogenicity in one-third of
patients in relationship with higher serum TSH values at
follow-up.

Since the first months of COVID-19 outbreak, thyroid
dysfunction has been reported in a remarkable number of
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Fig. 1 Individual outcome of serum thyrotropin (TSH) values,
expressed in logarithmic scale, in 29 subjects with SARS-CoV2-
related thyrotoxicosis followed up for a median period of 90 days
(range 30-120)

Fig. 2 Thyroid hypoecogenicity (indicated by the arrows) in a patient
with recent SARS-CoV-2-related thyrotoxicosis

subjects with SARS-CoV-2 infection. Specifically, thyr-
otoxicosis resembling SAT was consistently described in
hospitalized patients with COVID-19 [3, 4, 6-11]. Thyroid
cells might be potential target for SARS-CoV-2 entry as
they have been found to express ACE-2 mRNA [13] and
thyroid follicular and parafollicular epithelium might be
directly damaged by the virus with consequent alteration of
thyroid structure and function. The clinical relevance of
thyroid dysfunction in the setting of COVID-19 is still
uncertain. In our previous report [3], patients with overt
thyrotoxicosis showed higher incidence of atrial fibrillation
and thromboembolic events. In other experiences, thyroid
dysfunction was associated with a unfavorable outcome of
COVID-19, in terms of higher risk of acute respiratory
distress, cardiac injury, fatal events and duration of hospi-
talization [19]. In our cohort, about 40% of patients with
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SARS-CoV2-related thyrotoxicosis died during hospital
stay and noteworthy these subjects showed significantly
lower serum FT3 values as compared to the survivors, likely
reflecting the stronger inhibitory effects of severe systemic
illness on peripheral conversion of T4 in T3 [14].

Infections may represent an environmental trigger of
subsequent autoimmune thyroid diseases and thyroid dys-
function [20]. It is known that in the months and years
following subacute viral thyroiditis there is a higher inci-
dence of thyroid autoimmunity [21] and persistent hypo-
thyroidism was found to develop in up to 15-20% of
subjects with SAT [22-25], in relationship with persistent
alterations of thyroid structure [22, 25]. Whether this is also
applicable to patients after thyroiditis induced by SARS-
CoV-2 is still unknown [3, 4, 14] and data on thyroid
echographic parameters in this setting are scanty [3, 4]. In
our prospective study, the majority of subjects (96%)
achieved euthyroidism in few weeks after recovery of
COVID-19, while only one subject became hypothyroid-
ism. Such a low prevalence of overt hypothyroidism could
be possibly related to a mild parenchymal damage induced
by SARS-CoV-2 as compared to the typical SAT. However,
a relevant number of subjects had serum TSH in the highest
part of reference range in close relationship with hypoeco-
genicity of parenchyma at ultrasound evaluation of thyroid
gland. All patients were found to be negative for thyroid
autoantibodies suggesting that at least in a short-term
SARS-CoV-2 infection may have not induced an auto-
immune process against thyroid gland [26].

This study has limitations. The short-term follow-up and
the small size of study group restricted to only survivors with
subclinical or overt thyrotoxicosis likely did not allow to
capture all cases developing thyroid dysfunction after reso-
lution of SARS-CoV-2 infection [22]. However, the finding
of hypoecogenicity in a remarkable number of subjects with
recent SARS-CoV-2-related thyrotoxicosis provided a ratio-
nale for planning a strict follow-up in these cases for iden-
tifying possible late-onset thyroid dysfunction [27].

In conclusion, this prospective and monocenter study
shows that most of subjects with SARS-CoV-2-related
thyrotoxicosis normalize thyroid function few weeks after
resolution of COVID-19. However, thyroid hypoecogeni-
city was found in a remarkable number of them and future
high-quality prospective and longer-term studies will clarify
whether this ultrasonographic alteration may predispose to
develop late-onset thyroid dysfunction.

Data availability
Data are stored in the Institutional repository Zenodo.
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