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The  World  Health  Organization  (WHO)  declared  the COVID-19  epidemic  to  be  a  global  pandemic  in  March
2020. COVID-19  is  an  infection  caused  by SARS-CoV-2,  a coronavirus  that  utilizes  the  angiotensin-2  con-
verting  enzyme  to penetrate  thyroid  and  pituitary  cells,  and  may  result  in  a “cytokine  storm”.  Based  on
the pathophysiological  involvement  of the  pituitary-thyroid  axis,  the current  review  discusses  the  diag-
nosis  of  abnormal  thyroid  function  test,  and  the management  of patients  presenting  with  thyrotoxicosis,
thyroid-associated  orbitopathy  and  hypothyroidism  in the  context  of  SARS-CoV-2  infection.

©  2020  Elsevier  Masson  SAS.  All  rights  reserved.
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En  mars  2020,  l’Organisation  mondiale  de  la  santé  (OMS)  a déclaré  l’épidémie  COVID-19  une  pandémie
mondiale.  L’infection  est causée  par  le  SARS-CoV-2,  un  coronavirus  qui  utilise  l’enzyme  de  conversion
3l
4l
SH
hyrotoxicose
rbitopathie
ypothyroïdie

de l’angiotensine  2  pour  pénétrer  dans  les  cellules  thyroïdiennes  et  hypophysaires  et  qui peut entraîner
un  « orage  cytokinique  ». Sur  les  bases  physiopathologiques  de  l’infection  par  le SARS-CoV-2  sur  l’axe
hypophyso-thyroïdien,  nous  abordons  dans  cette  revue  le  diagnostic  des  perturbations  fonctionnelles
thyroïdiennes  et  la  prise  en  charge  des  patients  avec  une  thyréotoxicose,  une  orbitopathie  basedowienne
et  une  hypothyroïdie  au cours  d’une  infection  par  le  SARS-CoV-2.

©  2020  Elsevier  Masson  SAS.  Tous  droits  réservés.
The World Health Organization (WHO) declared the COVID-19
pidemic to be a global pandemic in March 2020. The condition
nvolves SARS-CoV-2 infection and may  result in acute pneumoni-
is, severe forms of which determine prognosis. Recent clinical
nd epidemiological data report varied extra-pulmonary visceral
cutaneous, neurological, cardiovascular, ophthalmological, etc.)
ut also endocrine (pancreatic, pituitary, etc.) involvement, and

articularly thyroid disorders associated with COVID-19.

An understanding of the pathophysiological involvement of
n abnormal pituitary-thyroid axis in SARS CoV-2 infection may

E-mail address: caron.p@chu-toulouse.fr

https://doi.org/10.1016/j.ando.2020.09.001
003-4266/© 2020 Elsevier Masson SAS. All rights reserved.
enable correct interpretation of thyroid function test anomalies and
accurate assessment of thyroid function, particularly in patients
with severe forms requiring Emergency Room (ER) treatment,
allowing appropriate management of thyroid dysfunctions, in par-
ticular thyrotoxicosis and thyroid insufficiency.

1. Pathophysiology of the pituitary-thyroid axis in
SARS-CoV-2 infection
The SARS-CoV-2 coronavirus can cause immune response
hyperactivity involving Th1/Th17 lymphocytes [1,2] leading to
release of pro-inflammatory cytokines (interleukin 1-6, tumor
necrosis factor �), and which may  cause a “cytokine storm”. In

https://doi.org/10.1016/j.ando.2020.09.001
http://www.sciencedirect.com/science/journal/00034266
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he acute phase, increased concentrations of interleukins, and in
articular of interleukin 6, lead to thyrotoxicosis, the prevalence
f which correlates with interleukin 6 elevation [3], disruption of
esiodases and thyroid hormone transport proteins, and impaired
ituitary cell TSH secretion, resulting in abnormal thyroid func-
ional parameters. There is a decrease in free T3 concentration,
orrelating with an increase in interleukin 6 [4], normal or mod-
rately decreased free T4 and normal or decreased TSH. These
nomalies are described as “low T3 syndrome” or “euthyroid sick
yndrome” (anomalies of thyroid function parameters reported
n non-thyroid-related conditions). These thyroid function test
nomalies are generally transient and do not require specific treat-
ent [5].
During follow-up, the “cytokine storm” may  cause immune

ystem dysregulation, leading to autoimmune disorders such as
nti-phospholipid syndrome, thrombocythemia, hemolytic ane-
ia, Guillain-Barré syndrome, and, in terms of thyroid disorders,
raves’ disease and, more rarely, chronic autoimmune thyroiditis

6].
Autopsy studies conducted in the aftermath of the SARS-

oV epidemic found destruction of thyroid follicular cells [7],
lso reported from histological data obtained from patients who
xperienced an infectious event related to SARS-CoV-2 [8]. Histo-
ogical examination of the thyroid revealed absence of lymphocytic
nfiltrates but presence ‘of extensive apoptosis, suggestive of
estructive thyroiditis which may  be the causal factor in thyro-
oxicosis [9].

In addition, recent studies demonstrated the presence of
ARS-CoV-2 RNA in serum and plasma from COVID-19 patients,
ndicating episodes of viremia [10]. The SARS-CoV-2 virus uses the
ngiotensin II converting enzyme, a membrane carboxypeptidase,
s a “receptor” to gain entry into cells. Angiotensin II converting
nzyme is expressed on thyroid follicular and pituitary cells [11],
nd this may  explain the incidence of thyroid and pituitary disor-
ers reported during COVID-19 episodes [12,13].

. Abnormal thyroid function test during SARS-CoV-2
nfection

Thyroid function tests from 48 patients evaluated in acute-
hase SARS-CoV infection showed decreases in T3 and T4
oncentrations in 94% and 46% of patients, respectively. These
nomalies persisted during convalescence [4]. T3 decrease cor-
elated with disease severity, and there was also a decrease in
SH concentration. A study of SARS-CoV survivors reported that
.7% developed hypothyroidism; one-quarter of these patients pre-
ented peripheral autoimmune thyroiditis (presence of antithyroid
utoantibodies) and three-quarters central thyroid insufficiency,
ssociated with corticotropic insufficiency in 66% of patients, and
orrelated with pituitary disorders that proved to be transient on
ong-term follow-up [14].

A recent study of patients with SARS-CoV-2 lung infection
howed a decrease in total T3 and TSH concentrations compared to
ontrols or to patients with non-COVID-19 pneumonia [15]. These
nomalies, and particularly the decrease in T3 concentration, were
ore pronounced in patients with the severe forms resulting in

eath than in SARS-CoV-2 survivors [16].
Although, on March 13, 2020, the World Health Organization

WHO) did not recommend systematic thyroid function test of hos-
italized COVID-19 patients [17], it seems useful to perform thyroid
unction test in patients admitted to the ER or Intensive Care Unit

ICU), given the prevalence of thyroid dysfunctions, and also dur-
ng follow-up to detect onset of hypothyroidism in the context of a
ituitary disorder and to diagnose thyrotoxicosis linked to inflam-
atory or destructive thyroiditis [18].
ogie 81 (2020) 507–510

3. Thyrotoxicosis and SARS-CoV-2 infection

During the course of SARS-CoV-2 infection, thyrotoxicosis may
be complicated by thromboembolic episodes and cardiac rhythm
disorders (atrial fibrillation), increasing morbidity and mortality
[19–22].

Thyrotoxicosis may  be secondary to various conditions:

• Graves’ disease is an autoimmune thyroid disorder related to the
presence of TSH receptor-stimulating antibodies. Activation of
an autoimmune response, irrespective of context [23] and thus
including during COVID-19 infection, may  induce onset or relapse
of Graves’ disease [24]. The risk of SARS-CoV-2 infection is not
higher in diagnosed or treated Graves’ patients. Conversely, in the
elderly with Graves’ disease that is not well controlled by medical
treatment, severe SARS-CoV-2 infection may  lead to a thyrotoxic
storm, increasing COVID-19-related mortality. This highlights the
importance of continuing treatment of Graves’ disease during a
COVID-19 episode.

Antithyroid drugs are the first-line treatment in Graves’ disease
[25]. A “block-replace” regimen should be considered for both
children and adult patients [26], to facilitate control of thyrotox-
icosis, minimize hormone level check-ups and teleconsultations
[27] during lockdown. Antithyroid therapy may  be complicated
by agranulocytosis, a rare but serious hematological complica-
tion, which can produce infectious signs and symptoms similar
to those of a COVID-19 episode. Agranulocytosis requires imme-
diate discontinuation of antithyroid drugs and complete blood
count [28]. Weekly complete blood counts should be suggested
at the initiation of antithyroid drug treatment, for early detection
of neutropenia and prevention of agranulocytosis. In infectious
episodes, and particularly pulmonary infection due to SARS-CoV-
2, agranulocytosis may  exacerbate COVID-19 symptoms;

• subacute inflammatory or destructive thyroiditis in COVID-
19 patients can be secondary to the “cytokine storm”, with
interleukin-6 elevation inducing inflammatory thyroiditis [3],
or alternatively be secondary to the SARS-CoV-2 infection,
which causes destructive thyroiditis [29], as observed dur-
ing other viral infections that induce a thyrotoxicosis episode
(cytomegalovirus, enterovirus, coxsackievirus) [30]. Following
case reports of patients with thyrotoxicosis related to subacute
thyroiditis [29,31–33], a retrospective study of 287 patients hos-
pitalized for COVID-19 infection found higher incidence (20.2%)
of thyrotoxicosis related to inflammatory thyroiditis (in absence
of antithyroid autoantibodies) and correlating with interleukin
6 concentration [3]. Clinical characteristics of thyroiditis during
COVID-19 include: higher incidence in females [22], increased
frequency of heart rhythm disorders (atrial fibrillation) [22], and
silent cervical forms. Lymphocytopenia is a common hemato-
logical anomaly encountered in SARS-CoV-2 infection, and may
decrease lympho-plasmocytic infiltration of the thyroid gland,
thereby decreasing the pain symptoms in the anterior cervical
region observed in some patients [18]; at the hormonal level, “T4
thyrotoxicosis” may  result from thyroid cell lysis [4,7] releasing
synthesized thyroid hormones, along with a decrease in desio-
dase activity in the COVID-19 infectious context, responsible
for a decrease in T3 concentration. At the paraclinical level, a
hypoechoic, heterogeneous non-vascularized thyroid gland may
be observed on cervical ultrasound scan [22,31], not fixing on
scintigraphy. Treatment with �-blockers should be considered,
depending on the cardiologic context, and corticosteroid ther-
apy (at an initial dose < 0.5 mg/kg/day) should be considered,

depending on the COVID-19 infectious context. Follow-up may
be marked by emergence of transient hypothyroidism [22].

In practice, it is advisable to perform a thyroid function test in
COVID-19 patients, particularly in those admitted to ICU, because
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of the relatively high incidence of SARS-CoV-2-induced thyrotox-
icosis secondary to subacute thyroiditis [18].

. Graves’ orbitopathy and SARS-CoV-2 infection

Autoimmune orbital disorders are observed in Graves’ dis-
ase and Hashimoto’s thyroiditis. Thyroid-associated orbitopathy
s clinically significant in 30–50% of patients and impairs visual acu-
ty in 5%. Progression of thyroid-associated orbitopathy features an
nflammatory phase followed by the emergence of fibrosis with
equelae of varying severity (Rundle curve).

Patients in an inflammatory stage of orbitopathy are at greater
isk of COVID-19 infection, which explains why the quarantine
ules for these patients must be strictly respected. Conjunctival
isorders related to SARS-CoV-2 infection may  delay diagnosis of
raves’ orbitopathy and expose patients to a risk of exacerbation,
ith eye infections and decreased visual acuity.

At the inflammatory stage and depending on the severity of the
rbitopathy, the following options should be considered [25]: for
ild forms, cease smoking, restore and maintain euthyroidism,

nd initiate oral selenium supplementation; for moderate and
evere forms, initiate first-line intravenous corticosteroid therapy,
r oral corticosteroid therapy although this carries a risk of side-
ffects (type-2 diabetes, arterial hypertension) and corticotropic
nsufficiency; for severe forms with decreased visual acuity, surgi-
al orbital decompression should be discussed when intravenous
orticosteroid therapy has failed. Surgery for sequelae of thyroid-
ssociated orbitopathy may  be postponed until after the COVID-19
andemic.

Medical treatment with intravenous and oral glucocorticoids
r immunosuppressive therapy with mycophenolate mofetil, aza-
hioprine, rituximab or tocilizumab are risk factors for SARS-CoV-2
nfection, and patients may  develop severe forms of COVID-19 [25].

It should be noted that a recent in vitro study of orbital fibro-
lasts isolated from patients with non-inflammatory or mildly

nflammatory Graves’ orbitopathy evaluated chloroquine and
ydroxychloroquine treatment, which have recently been dis-
ussed as potential treatments for specific infectious forms of
OVID-19 [34]. This study reported dose-dependent inhibition of
rbital fibroblast proliferation, adipogenesis and glycoaminogly-
an production, which all contribute significantly to autoimmune
rbital orbitopathy [35]. Thus, according to the authors, chloro-
uine and hydroxychloroquine, respecting standard contraindi-
ations and monitoring criteria, may  be a treatment for Graves’
rbitopathy by inhibiting orbital fibroblast autophagy.

. Hypothyroidism and SARS-CoV-2 infection

In adults, primary hypothyroidism occurs most commonly as
 result of either autoimmune thyroiditis or surgical (total thy-
oidectomy) or radioisotope treatment. Central hypothyroidism
s much more uncommon. Epidemiological studies indicate that
atients with hypothyroidism are not at increased risk of COVID-
9 infection [36,37]. On the other hand, autoimmune thyroiditis
ay  develop after the “cytokine storm” induced by SARSCoV-2

nfection, and may  lead to primary hypothyroidism. Conversely,
ituitary disorder during COVID-19 infection may  contribute to
ituitary insufficiency, resulting in thyroid and corticotropic insuf-
ciency, requiring thyroid and corticoadrenal replacement therapy
ith levothyroxine and hydrocortisone [14].

Diagnostic and/or therapeutic management of hypothyroidism

uring SARS-CoV-2 infection does not require any other particular
onsideration. Treatment of pre-existing hypothyroidism should be
ontinued during COVID-19 infection. The patient should be pro-
ided with the necessary supplies of thyroid hormones in order

[

[
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to pursue treatment throughout lockdown. Levothyroxine dose
should be increased by 30–50% in case of pregnancy, and should
be monitored according to clinical data and TSH concentration,
specifically to prevent the development of hypothyroidism.

Hydroxychloroquine treatment, alone or as part of a combined
therapy [34] has been proposed as a treatment option for some
COVID-19 patients. It may  impair thyroxine metabolism and there-
fore requires TSH levels to be monitored to ensure euthyroidism is
maintained [38,39].

In practice, thyroid function needs to be assessed both clini-
cally and hormonally, in the acute phase of a SARS-CoV-2 infection
and during follow-up, in order to initiate levothyroxine replace-
ment therapy if thyroid insufficiency is detected and to discontinue
replacement therapy once pituitary gland disorders, in particular,
resolve during convalescence [40].

6. Conclusion

Based on the pathophysiology of SARS-CoV-2 infection in the
pituitary-thyroid axis and a review of recent articles, we sug-
gest routine assessment of thyroid function in the acute phase
for COVID-19 patients requiring a high level of intensive care, as
they frequently present thyrotoxicosis due to subacute thyroiditis
related to SARS-CoV-2, and during convalescence in order to diag-
nose and adapt levothyroxine replacement treatment in patients
with primary or central hypothyroidism.

Considering the ongoing COVID-19 pandemic, future prospec-
tive studies are needed to increase epidemiological and clinical
knowledge and optimize the management of thyroid disorders in
COVID-19 patients.
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