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Abstract

The novel coronavirus disease 2019 (COVID-19) produced by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is sweeping the world in a very short time.
Although much has been learned about the clinical course, prognostic inflammatory
markers, and disease complications of COVID-19, the potential interaction between
SARS-CoV-2 and the thyroid is poorly understood. In contrast to SARS-CoV-1, limited
available evidence indicates there is no pathological evidence of thyroid injury caused
by SARS-CoV-2. However, subacute thyroiditis caused by SARS-CoV-2 has been reported
for the first time. Thyroid dysfunction is common in patients with COVID-19 infection.
By contrast, certain thyroid diseases may have a negative impact on the prevention and
control of COVID-19. In addition, some anti-COVID-19 agents may cause thyroid injury or
affect its metabolism. COVID-19 and thyroid disease may mutually aggravate the disease
burden. Patients with SARS-CoV-2 infection should not ignore the effect on thyroid func-
tion, especially when there are obvious related symptoms. In addition, patients with thy-
roid diseases should follow specific management principles during the epidemic period.
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Coronaviruses are enveloped, nonsegmented, positive-sense, coronavirus, have caused significant human morbidity and
single-stranded RNA viruses. Until recently, only 2 beta mortality (1, 2). However, with more than 76 million cases
coronaviruses, severe acute respiratory syndrome corona-  confirmed and approximately 1.7 million disease-related

virus (SARS-CoV) and Middle East respiratory syndrome deaths in 222 countries/regions (as of December 22,2020,
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11:13 PM GMT+8) (3), the World Health Organization
declared the novel coronavirus disease 2019 (COVID-19),
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), first isolated in Wuhan, China, as a “public
health emergency of international concern.”

Most patients affected by COVID-19 are asymptom-
atic or present with mild flu-like symptoms, whereas 14 %
of cases are severe and 5% are critical (4). The pathogen-
esis of COVID-19 involves SARS-CoV-2 entering the lung
through the respiratory system and depositing in the lung
parenchyma. Afterward, angiotensin-converting enzyme 2
(ACE2) on the surface of pneumocytes binds to the spike
protein of the virus as a receptor and mediates its entry
into host cells (5, 6). A study by Wrapp et al found that
the binding ability of the SARS-CoV-2 spike protein to the
ACE2 receptor was stronger than that of SARS-CoV-1 (7),
which may explain why SARS-CoV-2 has caused a greater
number of infections. In addition, viral RNA has also been
detected in blood, stool, and urine samples of patients
with COVID-19 (8), suggesting that SARS-CoV-2 can also
interact with ACE2 expressed in other organs and lead to
potential extrapulmonary spread and multiorgan involve-
ment. In addition to the respiratory system, the marked
tissue tropism of SARS-CoV-2 has also been detected in
the cardiovascular, coagulative, gastrointestinal, and ner-
vous systems (9). In fact, many endocrine organs, such as
the pancreas, testis, ovary, adrenal gland, pituitary gland,
and thyroid, have been found to express ACE2 (10, 11).
ACE2 expression levels were found to be the highest in the
testis, followed by the thyroid, and the lowest level was
found in the hypothalamus (10, 11). The serum ACE level
was positively correlated with 3,5,3’-triiodothyronine (T3)
and thyroxine (T4) (12), suggesting it may be useful as a
probe for exploring peripheral thyroid hormone action. In
addition, one study by Rotondi and colleagues (13) dem-
onstrates that the messenger RNA (mRNA) encoding for
the ACE2 receptor is expressed in thyroid follicular cells,
making thyroid a potential target for SARS-CoV-2 entry.
SARS-CoV-2 infection may aggravate the original diseases
in endocrine organs or induce new abnormalities. In turn,
these endocrine diseases may worsen the adverse prognosis
of COVID-19 (4,9, 14, 15). Previous studies have indicated
that the mortality rates of COVID-19 from different re-
gions of the world vary greatly but have consistently shown
that comorbidities, such as hypertension, chronic kidney
disease, and type 2 diabetes, significantly increase the mor-
tality of patients with SARS-CoV-2 (16-18).

Several reviews have described the impact of COVID-
19 on the thyroid, including pathology, function, and dis-
ease, but most have not covered recently published studies
with substantial contents and made a corresponding infer-
ence based only on the situation of the SARS era in 2003.

Whether thyroid hormones or thyroid diseases in turn
affect COVID-19 has not been mentioned. In addition,
most studies have explored only the interaction between
COVID-19 and the thyroid itself. Whether the medications
used to treat COVID-19 will have additional effects on
the thyroid gland is rarely reported. Therefore, in this re-
port, we briefly review the potential interaction between
COVID-19 and the thyroid gland, including thyroid path-
ology, thyroid function, and thyroid diseases. In addition,
we explored the potential harmful effects of COVID-19
drugs on the thyroid.

Review

Effect of Severe Acute Respiratory Syndrome
Coronavirus 2 on the Thyroid

Morphological and pathological changes

Postmortem examinations in patients who died of SARS-
CoV-2 have been performed in several studies, reporting
pathological changes in different organs including the
thyroid gland (17-20). Interestingly, no abnormalities in
morphology or significant damage in thyroid follicles were
found, but only one mentioned lymphocytic infiltration
in the interstitium (19). In addition, no SARS-CoV-2 was
found in thyroid tissues by immunohistochemistry and
polymerase chain reaction analysis. However, because the
existing autoptic studies are still limited, not focused on
thyroid disorders, and the thyroid function of these patients
has not been described, more focused cytology/histology
studies are needed to prove or disprove direct damage to
the thyroid gland by SARS-CoV-2.

Previously, one study reported in detail the histopatho-
logical findings of the thyroid gland of SARS-infected pa-
tients during the outbreak of SARS-CoV-1 (22). The results
showed that parafollicular cells and follicular epithelial
cells were extensively damaged; epithelial cells were des-
troyed and fell off into the follicles, leading to the rupture
of the follicles. However, there was no inflammatory infil-
tration or cell necrosis, which supports the hypothesis that
extensive apoptosis leads to thyroid injury in SARS-CoV-1
infection. Overall, the differences in thyroid morphology
results between SARS-CoV-1 and SARS-CoV-2 may sug-
gest, on the other hand, that although SARS-CoV-2 causes
a worse infection, its relative severity is lower than that of
SARS-CoV-1. To be sure, the data on the effect of SARS-
CoV-2 on thyroid structure are still insufficient.

Changes in thyroid function

Data on thyroid function affected by SARS-CoV-2 are
controversial. A study by Chen et al compared the clinical
characteristics of patients with COVID-19 in a deceased
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group and a recovery group (23), finding that thyrotropin
(TSH) and free 3,5,3’-triiodothyronine (FT3) concentra-
tions were significantly lower in the deceased patients than
in the recovered patients. The difference in the free thy-
roxine (FT4) levels was not statistically significant.

Another study by Chen et al analyzed thyroid function
between patients with COVID-19 and healthy control in-
dividuals (23). During the follow-up period of 3 months
after the diagnosis of COVID-19, 64% of the patients had
abnormal thyroid function parameters. Of these patients,
56% had lower-than-normal TSH levels, which was a
higher proportion than that in the healthy control group.
The levels of serum TSH and total 3,5,3"-triiodothyronine
(TT3) of the patients with COVID-19 were significantly
lower than those of the healthy control group, while no
significant difference in total thyroxine (TT4) was found
between the 2 groups. In addition, in the subgroup analysis
of patients with COVID-19 according to disease severity,
the degree of the decrease in TSH and TT3 correlated posi-
tively with the severity of the disease: the more severe the
COVID-19 infection was, the lower the TSH and TT3 levels.
Similar results were also reported in 2 other studies (24,
25). Meanwhile, it is worth noting that the study by Muller
and colleagues (24) also found a prevalence of thyrotoxi-
cosis in 15.3% of COVID-19 patients compared with only
1.3% of controls. Notably, most patients with COVID-19
mentioned earlier did not receive thyroid hormone replace-
ment therapy. After recovery from pneumonia, all thyroid
hormone levels returned to within normal range. A study
by Wei et al analyzed the thyroid function and patho-
logical changes in patients infected with SARS-CoV-1 (21),
and impaired thyroid function was found in patients with
SARS; even after a few years, the serum TSH level of SARS
patients was still lower than that of healthy controls, which
suggests that SARS-CoV-1 may cause more severe thyroid
function changes than SARS-CoV-2.

A retrospective study by Lania et al (26) found that the
thyroid function evaluated at hospitalization correlated
with some inflammatory parameters. This study included
287 noncritical patients hospitalized for COVID-19. Of all
patients, 20.2% had thyrotoxicosis, and 5.2% had hypo-
thyroidism. Moreover, the authors found the thyrotoxicosis
was significantly associated with increased interleukin-6
(IL-6) levels, which indicates that COVID-19 may be asso-
ciated with a high risk of thyrotoxicosis related to systemic
immune activation induced by the SARS-CoV-2 infection.

The etiology and pathogenesis of thyroid dysfunction
after COVID-19 have not been completely understood. One
hypothesis is that there is a direct influence on the thyroid
gland by SARS-CoV-2, which has been confirmed in the
study of SARS-CoV-1. The thyroid gland is firmly attached
to the wall of the trachea, which is invaded by the virus in

advance. Therefore, there seems to be potential for the virus
to invade the thyroid gland directly through the upper re-
spiratory tract. One autopsy study of patients with SARS by
Wei et al (21) showed obvious destruction of the follicular
and parafollicular cells of the thyroid but not a reduction
in thyroid follicular size, which may be responsible for re-
duced T3 and T4 levels. However, no significant abnormal-
ities in thyroid follicular morphology were found in recent
reports focused on postmortem examination of COVID-19
patients, and no SARS-CoV-2 was found in thyroid tissues
by immunohistochemistry and polymerase chain reaction
analysis (17-20). Although ACE2 is highly expressed in thy-
roid tissues (11), there may be other reasons preventing the
virus from entering the thyroid follicular cells.

The second potential explanation could imply an
underlying nonthyroidal illness syndrome (NTIS) caused
by critical illness (27). Patients with NTIS are often char-
acterized by normal or low serum TSH concentration and
low T3 concentration, accompanied by a low concentra-
tion of T4 in more severe or prolonged illness (27, 28).
A study by Khoo et al (29) detected that patients with
COVID-19 had lower admission TSH and FT4 levels com-
pared to those without COVID-19 after eliminating the
potential interference of cortisol on TSH. Meanwhile, no
overt thyrotoxicosis was found in any patients when using
complete sets of FT4 and TSH measurements. Ten patients
with COVID-19 in a study by Lui and colleagues (30) were
found to have isolated low FT3, with normal TSH and
FT4 levels, suggesting a possible NTIS; FT3 in the study
showed a decreasing trend with worsening clinical severity
of COVID-19. Similar results were also reported in patients
with NTIS in other critical illnesses (31). Furthermore, an
independent inverse correlation between erythrocyte sedi-
mentation rate and FT3/FT4 ratio was also demonstrated
in the Lui study (30), which suggested the potential effect
of systemic inflammation on deiodinase activity.

The third hypothesis is that dysfunction of the
hypothalamic-pituitary-thyroid (HPT) axis causes a di-
minished level of serum TSH in patients with SARS-CoV-2
(32). It has been reported that SARS-CoV-2 infection can
affect the nervous system, usually affecting the cranial
nerves of smell and taste (33). Leow et al (32) reported
4 SARS-CoV-1 survivors with biochemical hypothy-
roidism, 3 of whom had a central etiology, and 2 patients
with central hypocortisolism who also presented with cen-
tral hypothyroidism. Therefore, the authors suggested that
SARS-CoV-1 affects the hypothalamus or pituitary gland
and leads to HPT axis and hypothalamic-pituitary-adrenal
axis dysfunction. In addition, Wei et al found that both
the number and immunoreactive intensity of TSH-positive
cells in the pituitary of SARS-CoV-1 patients decreased sig-
nificantly compared with those in control individuals (34),
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suggesting that the decrease in TSH levels may be related to
changes in TSH-secreting cells in the pituitary. In addition,
an autopsy study of patients with SARS-CoV-1 revealed
that ACE2 was expressed in the hypothalamus and pitu-
itary (35); edema and neuronal degeneration along with
the SARS-CoV-1 genome have also been identified in the
hypothalamus (32), suggesting that these regions may be
potential targets of the virus. However, in this case (central
hypothyroidism) we would expect accordingly low levels
of TSH, FT3, and also FT4, whereas COVID-19 patients
have unexpectedly normal/increased levels of FT4, which
is the main limitation of this hypothesis. Additionally,
there is still a lack of pathological evidence of SARS-CoV-2
invading the hypothalamus or pituitary cells, as well as in-
formation on other pituitary hormones in patients with
SARS-CoV-2, especially in patients with abnormal thyroid
function. Hence, more comprehensive data are needed to
prove this hypothesis.

Last, except for the direct viral effect on thyroid or pi-
tuitary cells, another potential mechanism that cannot be
ignored is the indirect effects of immune-mediated postviral
inflammatory reaction caused by COVID-19 infection (21,
36). As we know, COVID-19 generally has 3 consecutive
stages (37). The early stage is when the virus invades the
respiratory tract, causing flu-like symptoms and possible
development into viral pneumonia. The second stage is
characterized by pulmonary inflammation and coagulation
disorders, usually combined with innate immune activa-
tion and accompanied by triggering of proinflammatory
responses, including cytokines IL-1f, IL-6, tumor necrosis
factor a, and adaptive T-cell-mediated immune response
(16, 37), while the postviral inflammatory reaction may be
the inducing factor of thyroid dysfunction. Lania et al (26)
also found that thyroid dysfunction was associated with a
high level of IL-6 in patients with SARS-CoV-2 infection.

All together, thyroid dysfunction secondary to SARS-
CoV-2 infection is likely a mixture of several mechanisms.
It is also worth noting that the result of anti-COVID-19
drugs and the iodine load due to examination with com-
puted tomography scan may also influence euthyroid
status. However, most existing studies have not clarified
this, and the effect of SARS-CoV-2 on thyroid function
needs further study.

Thyroid disease

To date, 8 studies have reported subacute thyroiditis (SAT)
associated with COVID-19, 7 of which were in the form
of a case or case series report (38-44); the eighth was a
retrospective controlled study with a large sample, and
the description of SAT was brief and lacked the necessary
data for analysis (24). Detailed clinical data of the 5 studies
is listed in Table 1. The 10 patients were 9 women and 1

man, aged 18 to 68 years; 7 were Italian, and the other
3 patients were Burmese, Turkish, and Mexican, respect-
ively. COVID-19 infection was confirmed in all of them
by oropharyngeal swab examination or typical pulmonary
characteristics of computed tomography scan. Notably, the
symptoms of these patients with COVID-19 infection were
not serious, all had only mild fever and upper respiratory
symptoms, and no one had been treated in intensive care
units. The time from diagnosis of COVID-19 infection to
typical symptoms of SAT was from 5 to 42 days. The symp-
toms of SAT in all patients were classic, including fever,
anterior neck pain, fatigue, tremors, anosmia, sweating,
and palpitations. One patient in the study by Ippolito and
colleagues may not have mentioned significant neck pain
because of high-dose painkillers for previous back surgery
(39). In addition to typical clinical symptoms, the diag-
nosis of SAT depends on general nonspecific laboratory
and imaging examinations, for which a detailed descrip-
tion is shown in Table 1. However, 3 patients in a study
by Muller et al who were finally diagnosed with SAT by
thyroid ultrasound and scan did not present with obvious
clinical symptoms; the laboratory indexes showed low or
suppressed TSH concentrations with normal level of T3
and T4, which indicate the SAT may have overlapped with
NTIS (24). Hence, because SAT may present with atypical
symptoms and some symptoms may overlap with that of
COVID-19, we suggest physicians be alert to the possibility
of SAT during the COVID-19 pandemic. After diagnosis of
SAT, most patients received treatment with corticosteroids,
while one was given ibuprofen for severe neck pain. Clinical
symptoms were relieved within a few days. In addition, the
laboratory indexes of SAT returned to normal levels after
1 to 2 months, suggesting a good prognosis. Two patients
were diagnosed with subclinical hypothyroidism at the last
evaluation.

Although the benefit of glucocorticoids for the treat-
ment of SAT is debated (45), it is undeniable that ad-
ministration of glucocorticoids is beneficial for relieving
symptoms quickly and significantly reducing the recurrence
rate (47). The effectiveness of glucocorticoids in patients
with COVID-19 has been demonstrated in several studies.
Recently, a study by the RECOVERY Collaborative Group
of Oxford University (47) found that the use of dexametha-
sone resulted in lower mortality among severe COVID-19
patients who were receiving either invasive mechanical
ventilation or oxygen alone, which may be associated with
the effect of glucocorticoids on modulating inflammation-
mediated lung injury and thereby reducing progression to
respiratory failure and death. Taken together, these results
indicate that a small dose of glucocorticoids seems to be
a more appropriate treatment option for SAT caused by
SARS-CoV-2.
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The etiology and pathogenesis of SAT are not com-
pletely understood, but the disease is well known to
follow a viral infection or a postviral inflammatory re-
action, especially in genetically predisposed individuals
(48, 49). Previous studies have shown that individuals
carrying some human leukocyte antigen (HLA) haplo-
types (such as HLA-Bw35, HLA-B67, HLA-B15/62, and
HLA-Drw8) were susceptible to SAT (50, 51). The inci-
dence of SAT often changes with the season and has a cer-
tain prevalence, especially during outbreaks of echovirus
and coxsackievirus (48). Moreover, some other viruses
that have shown evidence of being associated with SAT
include Epstein-Barr virus, orthomyxovirus, hepatitis E,
mumps, adenovirus, rubella, HIV, and cytomegalovirus
(48). Although an autopsy study by Wei et al (21) showed
obvious destruction of the follicular and parafollicular
cells of the thyroid in patients with SARS, there was no
report of coronavirus associated with SAT during the
SARS-CoV-1 pandemic. In addition, a previous study
demonstrated the presence of some other virus-like par-
ticles in the follicular epithelium of patients with SAT (48,
52), but as mentioned earlier, there is still no direct evi-
dence of SARS-CoV-2 located in thyroid follicular cells
(17-20). In addition, because the present huge interest in

COVID-19 and limited cases could also lead to publica-
tion bias, this possibility should not be ignored.

According to these clinical findings (Fig. 1), thyroid dys-
function is common in patients with COVID-19 infection.
Meanwhile, SARS-CoV-2 may be considered accountable
for the onset of SAT, which highlights that SAT should
be included as a complication triggered by SARS-CoV-2;
during the COVID-19 pandemic, physicians should be alert
to the possible connections between SARS-CoV-2 and thy-
roid dysfunction.

Effect of Thyroid on Coronavirus Disease 2019

Effect of thyroid diseases on coronavirus disease 2019

There is no evidence that patients with existing auto-
immune thyroid disease, thyroid dysfunction, thyroid
nodules, or cancer are more susceptible to contracting viral
illnesses, including infection with SARS-CoV-2, or that they
are at risk of developing more severe COVID-19 disease.
Certain subsets of patients are likely to be at increased risk
of developing severe coronavirus infection. Patients with
thyroid ophthalmopathy usually receive glucocorticoid
therapy and immunosuppressive therapy (53), which are
considered to be extremely vulnerable and are highly likely

Viral Infection

fI T\
. Hypothalamus / P Activation of inflammatory
Infection status pituitary injury Direct infection factors and cytokines
NTIS HPT axis Thyroid cell Immune-mediated
dysfinction Destruction damage
Thyroid dysfunction SAT

Figure 1. Potential mechanisms for effects of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections on thyroid. HPT, hypothalamic-
pituitary-thyroid; NTIS, nonthyroidal illness syndrome; SAT, subacute thyroiditis.
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to aggravate the disease once infected with COVID-19.
Hence, one guideline suggested that these patients should
self-isolate for at least 12 weeks (54). Moreover, it has been
reported that conjunctivitis is a manifestation of COVID-
19 (55), and SARS-CoV-2 mRNA can be detected in
teardrops (56). Hence, patients with ophthalmopathy com-
bined with COVID-19 may have a higher risk of infection
transmission, especially when they have significant ocular
soft-tissue involvement.

Patients with hyperthyroidism are not known to have
an increased risk of COVID-19 infection, but there are 2
situations that may interact with COVID-19. COVID-19
often activates an excessive immune response. Therefore,
it is strongly recommended that patients with thyroid dys-
function continue to take thyroid medications because of a
higher risk of complications (such as thyroid storm). In add-
ition, patients with thyrotoxicosis undergoing antithyroid
drug treatment are at risk of developing neutropenia/agran-
ulocytosis, albeit rarely, with a rate of 0.2% to 0.5% (57,
58). Symptoms of agranulocytosis (flu-like illness) may
overlap with those of COVID-19, often making it difficult
to differentiate one from the other clinically. Thus, it is re-
commended that patients on antithyroid drugs with symp-
toms suggestive of neutropenia immediately discontinue
the drug and obtain an urgent full blood count to measure
neutrophil count until symptoms have resolved (59).

3,5,3’-Triiodothyronine: a potential medication for severe
coronavirus disease 2019?

A trial conducted by Pantos et al (60, 61) has been registered
(ClinicalTrials.gov ID: NCT04348513) to investigate the
efficacy and safety of intravenous high-dose T3 for critic-
ally ill patients with COVID-19.

Patients with severe/critical illness, such as sepsis,
trauma, and myocardial infarction, may present with thy-
roid dysfunction secondary to NTIS or specific thyroid
damage (direct, indirect, or both), and low circulating T3
has been proven to be associated with increased mortality
(31). T3 does, however, have some potential mechanisms
for the treatment of COVID-19, such as increasing the
tolerance of cells to hypoxia by inhibiting p38 mitogen-
activated protein kinase activation, promoting tissue
repair by regulating Akt activity, and inhibiting lung fi-
brosis by improving epithelial mitochondrial function
(62). The decreased and low concentration of T3 present
in patients with severe extrathyroid diseases is a com-
ponent of NITS, which is an adaptive phenomena to se-
verity of infection, and this low T3 syndrome should not
be treated with T3 in most patients. Therefore, in view of
the lack of strong arguments, the effect of T3 in COVID-
19 is questionable.

Effect of Anti-Coronavirus Disease 2019
Medications on the Thyroid

Medication therapy is an important measure for preventing
and controlling COVID-19. Currently, there is no specific
antiviral medication or vaccine approved for treating pa-
tients with suspected or confirmed COVID-19. The rapid
progression of COVID-19 and the incomplete under-
standing of the disease have brought unprecedented chal-
lenges to health workers, researchers, and scientists. At
present, more than 100 different drugs or experimental
therapies have been used to treat COVID-19 (63, 64).
Among them, some have been proven to be effective (47,
65, 66), some have no obvious effect on COVID-19 (67-
69), and some still need to be further verified (70). In add-
ition, whether these agents will affect the thyroid gland
during anti-COVID-19 treatment is unclear. To the best of
our knowledge, several drugs have been reported to have
adverse effects on the thyroid gland in the treatment of
other diseases. In the following section, we described the
medications that may cause thyroid damage or affect its
metabolism (Fig. 2).

Corticosteroids

Glucocorticoid is the most widely used and effective
anti-inflammatory and immunosuppressant. An uncon-
trolled inflammatory state is frequent with COVID-19
and may contribute to multiorgan failure; diffuse al-
veolar damage with hyaline membranes were also found
on pulmonary histological examination of patients with
critical COVID-19. The effect of corticosteroids in con-
trolling this exacerbated response has been proved in sev-
eral high-quality published studies (71, 72). A study by the
RECOVERY Collaborative Group in the United Kingdom
(47) found that dexamethasone could increase survival rates
among hospitalized patients who were receiving either in-
vasive mechanical ventilation or oxygen alone for COVID-
19 but not among those receiving no respiratory support.
Hence, in the latest World Health Organization guideline
on drugs for COVID-19 (73), systemic corticosteroids were
recommended in patients with severe and critical COVID-
19 but not in patients with nonsevere COVID-19.

It has long been known that glucocorticoids could af-
fect serum TSH levels in humans. A study by Samuels and
McDaniel (74,75) demonstrated that the physiological dose
of hydrocortisone plays an important role in the daily vari-
ation of serum TSH level, with lower levels in the morning
and higher levels at night. Several other studies described
acute inhibition of TSH secretion both in humans and rats
that occurred after administration of pharmacological
doses of glucocorticoid and rebounded after withdrawal of
glucocorticoid (76, 77); similar results were also found in
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Figure 2. Potential mechanisms for effects of anti-novel coronavirus disease 2019 drugs on thyroid. NEFA, nonesterified fatty acid; PKC, protein

kinase C; TGB, thyroxine-binding globulin.

patients with Cushing syndrome (78). However, the avail-
able evidence suggests that long-term high-dose gluco-
corticoids or Cushing syndrome cortisol excess does not
seem to cause clinically evident central hypothyroidism re-
quiring thyroid hormone replacement (77, 79). Therefore,
the clinical application of glucocorticoid for normal thy-
roid function of noncritical patients usually does not evoke
worry about the impact of treatment on thyroid function,
but for patients with thyroid disease and critical COVID-
19, glucocorticoid should be used cautiously.

The mechanism of the effect of glucocorticoid on TSH
is still unclear. One possible explanation is that gluco-
corticoid can inhibit TSH-releasing factor (TRH) in the
hypothalamus directly. John and colleagues (80) demon-
strated that dexamethasone appears to suppress the release
of TSH from thyrotropes in a protein kinase C-dependent
manner through the protein annexin 1. Glucocorticoid re-
ceptors are found in the TRH neurons of male rats (81);
additional direct evidence is that high-dose glucocorticoids
could decrease TRH mRNA expression in the paraven-
tricular nucleus of the human hypothalamus (82).

Low-molecular-weight heparin

As mentioned earlier, COVID-19 generally has 3 consecu-
tive stages (37). In the second stage, which is characterized
by pulmonary inflammation and coagulation disorders,
activation of the coagulation cascade leading to severe
hypercoagulability has been detected in these patients. In
particular, disseminated intravascular coagulation can occur
in critically patients (83). Hence, early anticoagulation such

as heparin may reduce coagulopathy, microthrombus for-
mation, and the risk of organ damage. The role of heparin
in COVID-19 is supported by several retrospective studies
(84-86), but its exact curative effect and appropriate ef-
fective dose should be proven in high-quality clinical trials.

The main effect of heparin on thyroid is interference with
the measurement of serum free thyroid hormone, which
was first reported in a study by Schatz et al (87). To verify
this phenomenon, 9 healthy controls and 5 individuals with
hypothyroidism were administered intravenous heparin,
and a prompt (within 2-15 minutes) increase (up to 5-fold)
in FT4 concentrations was found in this cohort. Previous
studies (88, 89) have proven that this phenomenon is due
to the significant increase of serum nonesterified fatty acid
(NEFA) concentration induced by heparin-induced endo-
thelial lipoprotein lipase activation. When the concentra-
tion of NEFA exceeds the normal serum-binding capacity,
NEFA will directly compete for T4 and T3 binding sites
on thyroxine-binding globulin. Therefore, patients treated
with heparin should generally avoid having FT4 and FT3
measured. Meanwhile, when indicated, measurement
of total thyroid hormone levels, together with TSH and
thyroxine-binding globulin, can help confirm the patient’s
euthyroid status.

Limitations and Prospects

Like all reviews, ours has several limitations that warrant
discussion. First, COVID-19 is a relatively new disease with
limited access to public information. Although the number
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of publications on COVID-19 histopathology is increasing
almost every day, and although we have repeated our
studies in the preparation of this report, we cannot rule
out the possibility that we may not have included abso-
lutely up-to-date publications. Second, the conclusion of
the effect of SARS-CoV-2 on thyroid morphological and
pathological changes has been gleaned mainly from sev-
eral autopsy reports containing only a limited number of
cases; more focused cytology/histology studies are needed
to prove or disprove direct damage to the thyroid gland by
SARS-CoV-2. Finally, as an increasing number of questions
related to SARS-CoV-2 are being answered, the develop-
ment and application of vaccines are the focus of current
and future research. Up to December 21, 2020, a total of
236 vaccines are being studied, of which 39 have been in
clinical trials (90). However, because most vaccines are cur-
rently in research or clinical trials, it is not known whether
these vaccines will interact with the thyroid gland.

Conclusions

SARS-CoV-2 infection is a serious challenge facing the
whole world that directly or indirectly involves multiple
organs and multiple systems. In contrast to SARS-CoV-1,
limited available evidence indicates there is no patho-
logical evidence of thyroid injury caused by SARS-CoV-2.
However, SAT caused by SARS-CoV-2 has been reported
for the first time. In addition, thyroid dysfunction is also
common in patients with COVID-19 infection. By contrast,
certain thyroid diseases may have a negative impact on the
prevention and control of COVID-19. In addition, some
anti-COVID-19 agents may cause thyroid injury or affect
its function, which has not been considered in previous re-
ports. In addition, patients with thyroid disease should not
only strengthen awareness of their own personal protection
but also comply with professional medical consultation
when necessary.

Acknowledgments

Financial Support: This work was supported by the National
Natural Science Foundation (grant No. 81702646), the Post-Doctor
Research Project, West China Hospital, Sichuan University (grant
No. 2019HXBHO043), and the Sichuan Science and Technology Pro-
gram of China (grant No. 2020YFS0208).

Author Contributions: The first author of this manuscript is
W.J.C.; W.J.C. and Y.A.T. conducted literature retrieval and data
collection; W.J.C. summed up the information and wrote the first
draft. J.Y.L., TW., Z.H.L., and J.Q.Z. revised the article critically.
J.Y.L. made substantial contributions to the conception and design.
All authors approved the version for publication and agree to be
accountable for all aspects of the work. J.Y.L. is the guarantor of
this work.

Additional Information

Correspondence: Jianyong Lei, PhD, Thyroid and Parathy-
roid Surgery Center, West China Hospital of Sichuan University,
No. 37 GuoXueXiang, Chengdu, Sichuan 610041, China. Email:
leijianyong11@163.com.

Disclosures: The authors have nothing to disclose.

Data Availability: Data sharing is not applicable to this article
because no data sets were generated or analyzed during the present
study.

References

1. Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus AD,
Fouchier RA. Isolation of a novel coronavirus from a
man with pneumonia in Saudi Arabia. N Engl | Med.
2012;367(19):1814-1820.

2. Ding Y, Wang H, Shen H, et al. The clinical pathology of se-
vere acute respiratory syndrome (SARS): a report from China. |
Pathol. 2003;200(3):282-289.

3. WHO: Coronavirus disease (COVID-19) pandemic. Accessed
December 23, 2020. https://www.who.int/emergencies/diseases/
novel-coronavirus-2019

4. Wu Z, McGoogan JM. Characteristics of and important les-
sons from the coronavirus disease 2019 (COVID-19) out-
break in China: summary of a report of 72 314 cases from the
Chinese Center for Disease Control and Prevention. JAMA.
2020;323(13):1239-1242.

5. Ziegler CGK, Allon SJ, Nyquist SK, et al; HCA Lung Biological
Network. SARS-CoV-2 receptor ACE2 is an interferon-
stimulated gene in human airway epithelial cells and is detected
in specific cell subsets across tissues. Cell. 2020;181(5):1016-
1035.e19.

6. Li W, Moore M], Vasilieva N, et al. Angiotensin-converting
enzyme 2 is a functional receptor for the SARS coronavirus.
Nature. 2003;426(6965):450-454.

7. Wrapp D, Wang N, Corbett KS, et al. Cryo-EM structure of
the 2019-nCoV spike in the prefusion conformation. Science.
2020;367(6483):1260-1263.

8. Wang W, Xu Y, Gao R,etal. Detection of SARS-CoV-2 in different
types of clinical specimens. JAMA. 2020;323(18):1843-1844.

9. Guan WJ, Ni ZY, Hu Y, et al, China Medical Treatment
Expert Group for Covid-19. Clinical characteristics
of coronavirus disease 2019 in China. N Engl | Med.
2020;382(18):1708-1720.

10. Lazartigues E, Qadir MMF, Mauvais-Jarvis F. Endocrine sig-
nificance of SARS-CoV-2’s reliance on ACE2. Endocrinology.
2020;161(9):bqaal08.

11. Li MY, Li L, Zhang Y, Wang XS. Expression of the SARS-CoV-2
cell receptor gene ACE2 in a wide variety of human tissues.
Infect Dis Poverty. 2020;9(1):45.

12. Smallridge RC,Rogers J,Verma PS. Serum angiotensin-converting
enzyme. Alterations in hyperthyroidism, hypothyroidism, and
subacute thyroiditis. JAMA. 1983;250(18):2489-2493.

13. Rotondi M, Coperchini E Ricci G, et al. Detection of SARS-
COV-2 receptor ACE-2 mRNA in thyroid cells: a clue for
COVID-19-related subacute thyroiditis. | Endocrinol Invest.
Published October 6,2020. doi:10.1007/s40618-020-01436-w

gz0z ¥snbny 9| uo isenb Ag 99€2809/7000EbA/E/Z9 |/31011EB/OPUS/WOD dNO-dlWapEIE//:SANY WO PaPEOjUMO]


mailto:leijianyong11@163.com?subject=
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/doi

Endocrinology, 2021, Vol. 162, No. 3

"

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

28.

26.

27.

28.

29.

30.

31.

32.

Deng SQ, Peng HJ. Characteristics of and public health re-
sponses to the coronavirus disease 2019 outbreak in China. |
Clin Med. 2020;9(2):575.

Rubino E Amiel SA, Zimmet P, et al. New-onset diabetes in
Covid-19. N Engl | Med. 2020;383(8):789-790.

Zhou E, Yu T, Du R, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohortstudy. Lancet. 2020;395(10229):1054-1062.
Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors
of mortality due to COVID-19 based on an analysis of data
of 150 patients from Wuhan, China. Intensive Care Med.
2020;46(5):846-848.

Bradley BT, Maioli H, Johnston R, et al. Histopathology
of fatal COVID-19 in-

Lancet.

and ultrastructural  findings

fections in Washington State: a case series.
2020;396(10247):320-332.

Yao XH, Li TY, He ZC, et al. A pathological report of three
COVID-19 cases by minimal invasive autopsies [article in
Chinese]. Zhonghua Bing Li Xue Za Zhi. 2020;49(5):411-417.
Barton LM, Duval EJ, Stroberg E, Ghosh S, Mukhopadhyay S.
COVID-19 autopsies, Oklahoma, USA. Am ] Clin Pathol.
2020;153(6):725-733.

Wei L, Sun S, Xu CH, et al. Pathology of the thyroid in severe
acute respiratory syndrome. Hum Pathol. 2007;38(1):95-102.
Chen T, Wu D, Chen H, et al. Clinical characteristics of 113
deceased patients with coronavirus disease 2019: retrospective
study. BMJ. 2020;368:m1091.

Chen M, Zhou WB, Xu WW. Thyroid function analysis in
50 patients with COVID-19: a retrospective study. Thyroid.
2021;31(1):8-11.

Muller I, Cannavaro D, Dazzi D, et al. SARS-CoV-2-
related atypical thyroiditis. Lancet Diabetes Endocrinol.
2020;8(9):739-741.

Li T, Wang L, Wang H, et al. Characteristics of laboratory
indexes in COVID-19 patients with non-severe symptoms in
Hefei City, China: diagnostic value in organ injuries. Eur | Clin
Microbiol Infect Dis. 2020;39(12):2447-2455.

Lania A, Sandri MT, Cellini M, Mirani M, Lavezzi E,
Mazziotti G. Thyrotoxicosis in patients with COVID-19: the
THYRCOV study. Eur | Endocrinol. 2020;183(4):381-387.
Fliers E, Bianco AC, Langouche L, Boelen A. Thyroid func-
tion in critically ill patients. Lancet Diabetes Endocrinol.
2015;3(10):816-825.

Van den Berghe G. Non-thyroidal illness in the ICU: a syndrome
with different faces. Thyroid. 2014;24(10):1456-1465.

Khoo B, Tan T, Clarke SA, et al. Thyroid function before, during
and after COVID-19. | Clin Endocrinol Metab. Published on-
line November 12, 2020. doi:10.1210/clinem/dgaa830

Lui DTW, Lee CH, Chow WS, et al. Thyroid dysfunction in re-
lation to immune profile, disease status and outcome in 191
patients with COVID-19. | Clin Endocrinol Metab. Published
online November 3, 2020. doi:10.1210/clinem/dgaa813

Padhi R, Kabi S, Panda BN, Jagati S. Prognostic significance of
nonthyroidal illness syndrome in critically ill adult patients with
sepsis. Int | Crit Illn Inj Sci. 2018;8(3):165-172.

Leow MK, Kwek DS, Ng AW, Ong KC, Kaw G]J, Lee LS.
Hypocortisolism in survivors of severe acute respiratory syn-
drome (SARS). Clin Endocrinol (Oxf). 2005;63(2):197-202.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Lechien JR, Chiesa-Estomba CM, De Siati DR, et al. Olfactory
and gustatory dysfunctions as a clinical presentation of mild-
to-moderate forms of the coronavirus disease (COVID-19):
a multicenter European study. Eur Arch Otorhinolaryngol.
2020;277(8):2251-2261.

Wei L, Sun S, Zhang ], et al. Endocrine cells of the
adenohypophysis in severe acute respiratory syndrome (SARS).
Biochem Cell Biol. 2010;88(4):723-730.

M. COVID-19 and the
system: exploring the unexplored. | Endocrinol Invest.
2020;43(7):1027-1031.

Tang Y, Liu J, Zhang D, Xu Z, Ji ], Wen C. Cytokine storm in
COVID-19: the current evidence and treatment strategies. Front
Immunol. 2020;11:1708.

Wu C, Chen X, Cai Y, et al. Risk factors associated with acute

respiratory distress syndrome and death in patients with cor-

Pal R, Banerjee endocrine

onavirus disease 2019 pneumonia in Wuhan, China. JAMA
Intern Med. 2020;180(7):934-943.

Brancatella A, Ricci D, Viola N, Sgro D, Santini F, Latrofa F.
Subacute thyroiditis after Sars-COV-2 infection. | Clin
Endocrinol Metab. 2020;105(7):dgaa276.

Ippolito S, Dentali F, Tanda ML. SARS-CoV-2: a potential
trigger for subacute thyroiditis? Insights from a case report. |
Endocrinol Invest. 2020;43(8):1171-1172.

Asfuroglu Kalkan E, Ates I. A case of subacute thyroiditis
associated with Covid-19 infection. | Endocrinol Invest.
2020;43(8):1173-1174.

Ruggeri RM, Campenni A, Siracusa M, Frazzetto G, Gullo D.
Subacute thyroiditis in a patient infected with SARS-COV-2:
an endocrine complication linked to the COVID-19 pan-
demic. Hormones (Athens). Published online July 16, 2020.
doi:10.1007/s42000-020-00230-w

Brancatella A, Ricci D, Cappellani D, et al. Is subacute
thyroiditis an underestimated manifestation of SARS-CoV-2 in-
fection? Insights from a case series. | Clin Endocrinol Metab.
20205105(10):dgaas537.

Mattar SAM, Koh SJQ, Rama Chandran S, Cherng BPZ.
Subacute thyroiditis associated with COVID-19. BMJ] Case
Rep. 2020;13(8):¢237336.

Campos-Barrera E, Alvarez-Cisneros T, Davalos-Fuentes M.
Subacute thyroiditis associated with COVID-19. Case Rep
Endocrinol. 2020;2020:8891539.

Fatourechi V, Aniszewski JP, Fatourechi GZ, Atkinson E]J,
Jacobsen SJ]. Clinical features and outcome of subacute
thyroiditis in an incidence cohort: Olmsted County, Minnesota,
study. | Clin Endocrinol Metab. 2003;88(5):2100-2105.

Arao T, Okada Y, Torimoto K, et al. Prednisolone dosing
regimen for treatment of subacute thyroiditis. | UOEH.
2015;37(2):103-110.

RECOVERY Collaborative Group; Horby P, Lim WS,
Emberson JR, et al. Dexamethasone in hospitalized patients
with Covid-19—preliminary report. N Engl ] Med. Published
online July 17,2020. doi:10.1056/NEJMo0a2021436
Desailloud R, Hober D. Viruses and thyroiditis: an update. Virol
J. 2009;6:5.

Nishihara E, Ohye H, Amino N, et al. Clinical characteristics of
852 patients with subacute thyroiditis before treatment. Intern
Med. 2008;47(8):725-729.

gz0z ¥snbny 9| uo isenb Ag 99€2809/7000EbA/E/Z9 |/31011EB/OPUS/WOD dNO-dlWapEIE//:SANY WO PaPEOjUMO]



12

Endocrinology, 2021, Vol. 162, No. 3

50.

S1.

52.

53.

54.

55.

Sé.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Ohsako N, Tamai H, Sudo T, et al. Clinical characteris-
tics of subacute thyroiditis classified according to human
leukocyte antigen typing. ]| Clin Endocrinol Metab.
1995;80(12):3653-3656.

Stasiak M, Tymoniuk B, Stasiak B, Lewinski A. The risk of re-
currence of subacute thyroiditis is HLA-dependent. Int ] Mol
Sci. 2019;20(5):1089.

Sato M. Virus-like particles in the follicular epithelium of the
thyroid from a patient with subacute thyroiditis (de Quervain).
Acta Pathol Jpn. 1975;25(4):499-501.

Taylor PN, Zhang L, Lee RW], et al. New insights into the patho-
genesis and nonsurgical management of Graves orbitopathy.
Nat Rev Endocrinol. 2020;16(2):104-116.

Department of Health & Social Care; Public Health England.
Guidance on shielding and protecting extremely vulnerable
persons from COVID-19. Accessed August 10, 2020. https://
www.gov.uk/government/publications/guidance-on-shielding-
and-protecting-extremely-vulnerable-persons-from-covid-19/
guidance-on-shielding-and-protecting-extremely-vulnerable-
persons-from-covid-19

Durén CS, Mayorga GDC. The eye: “an organ that must not
be forgotten in coronavirus disease 2019 (COVID-2019) pan-
demic.” ] Optom. Published online July 15,2020. doi:10.1016/.
optom.2020.07.002

Xia J, Tong J, Liu M, Shen Y, Guo D. Evaluation of corona-
virus in tears and conjunctival secretions of patients with SARS-
CoV-2 infection. | Med Virol. 2020;92(6):589-594.

De Leo S, Lee SY, Braverman LE. Hyperthyroidism. Lancet.
2016;388(10047):906-918.

Burch HB, Cooper DS. Anniversary review: antithyroid drug
therapy: 70 years later. Eur | Endocrinol. 2018;179(5):R261
-R274.

Boelaert K, Visser WE, Taylor PN, Moran C, Léger J, Persani L.
Endocrinology in the time of COVID-19: management of
hyperthyroidism and hypothyroidism. Eur ] Endocrinol.
2020;183(1):G33-G39.

Pantos C, Kostopanagiotou G, Armaganidis A, Trikas A, Tseti 1,
Mourouzis I. Triiodothyronine for the treatment of critically
ill patients with COVID-19 infection: a structured summary
of a study protocol for a randomised controlled trial. Trials.
2020521(1):573.

Pantos C, Tseti I, Mourouzis L. Use of triiodothyronine to treat
critically ill COVID-19 patients: a new clinical trial. Crit Care.
2020;24(1):209.

Yu G, Tzouvelekis A, Wang R, et al. Thyroid hormone inhibits
lung fibrosis in mice by improving epithelial mitochondrial
function. Nat Med. 2018;24(1):39-49.

Fajgenbaum DC, Khor JS, Gorzewski A, et al. Treatments ad-
ministered to the first 9152 reported cases of COVID-19: a sys-
tematic review. Infect Dis Ther. 2020;9(3):435-449.

Sanders JM, Monogue ML, Jodlowski TZ, Cutrell J]B.
Pharmacologic treatments for coronavirus disease 2019
(COVID-19): a review. JAMA. 2020;323(18):1824-1836.
Antinori S, Cossu MV, Ridolfo AL, et al. Compassionate
remdesivir treatment of severe Covid-19 pneumonia in intensive
care unit (ICU) and Non-ICU patients: clinical outcome and
differences in post-treatment hospitalisation status. Pharmacol
Res. 2020;158:104899.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Zhou Q, Chen V, Shannon CP, et al. Interferon-a2b treatment
for COVID-19. Front Immunol. 2020;11:1061.

Tang W, Cao Z, Han M, et al. Hydroxychloroquine in patients
with mainly mild to moderate coronavirus disease 2019: open
label, randomised controlled trial. BM]J. 2020;369:m1849.

Gao G, Wang A, Wang S, et al. Brief report: a retrospective
evaluation on the efficacy of lopinavir/ritonavir and chloro-
quine to treat non-severe COVID-19 patients. | Acquir Immune
Defic Syndr. 2020;85(2):239-243.

Verdugo-Paiva F, Izcovich A, Ragusa M, Rada G. Lopinavir-
ritonavir for COVID-19: a living systematic review. Medwave.
2020;20(6):¢7967.

Xu X, Han M, Li T, et al. Effective treatment of severe COVID-
19 patients with tocilizumab. Proc Natl Acad Sci U S A.
2020;117(20):10970-10975.

Tomazini BM, Maia IS, Cavalcanti AB, et al; COALITION
COVID-19 Brazil II Investigators. Effect of dexamethasone
on days alive and ventilator-free in patients with moderate or
severe acute respiratory distress syndrome and COVID-19:
the CoDEX randomized clinical trial. JAMA. 2020;324(13):
1307-1316.

Xiang Z, Liu ], Shi D, et al. Glucocorticoids improve severe or
critical COVID-19 by activating ACE2 and reducing IL-6 levels.
Int ] Biol Sci. 2020;16(13):2382-2391.

Lamontagne F, Agoritsas T, Macdonald H, et al. A living WHO
guideline on drugs for covid-19. BMJ. 2020;370:m3379.
Samuels MH, McDaniel PA. Thyrotropin levels during hydro-
cortisone infusions that mimic fasting-induced cortisol eleva-
tions: a clinical research center study. ] Clin Endocrinol Metab.
1997:82(11):3700-3704.

Samuels MH. Effects of variations in physiological cortisol
levels on thyrotropin secretion in subjects with adrenal insuffi-
ciency: a clinical research center study. | Clin Endocrinol Metab.
2000;85(4):1388-1393.

Wilber JE Utiger RD. The effect of glucocorticoids on thyro-
tropin secretion. | Clin Invest. 1969;48(11):2096-2103.
Nicoloff JT, Fisher DA, Appleman MD Jr. The role of gluco-
corticoids in the regulation of thyroid function in man. J Clin
Invest. 1970;49(10):1922-1929.

Roelfsema F, Pereira AM, Biermasz NR, et al. Diminished and
irregular TSH secretion with delayed acrophase in patients with
Cushing’s syndrome. Eur | Endocrinol. 2009;161(5):695-703.
Brabant A, Brabant G, Schuermeyer T, et al. The role of gluco-
corticoids in the regulation of thyrotropin. Acta Endocrinol
(Copenh). 1989;121(1):95-100.

John CD, Christian HC, Morris JF, Flower RJ, Solito E,
Buckingham JC. Kinase-dependent regulation of the se-
cretion of thyrotrophin and luteinizing hormone by gluco-
corticoids and annexin 1 peptides. | Neuroendocrinol.
2003;15(10):946-957.

Cintra A, Fuxe K, Wikstrom AC, Visser T, Gustafsson JA.
Evidence for thyrotropin-releasing hormone and gluco-
corticoid receptor-immunoreactive neurons in various
preoptic and hypothalamic nuclei of the male rat. Brain Res.
1990;506(1):139-144.

Alkemade A, Unmehopa UA, Wiersinga WM, Swaab DF, Fliers E.
Glucocorticoids decrease thyrotropin-releasing hormone mes-

senger ribonucleic acid expression in the paraventricular

gz0z ¥snbny 9| uo isenb Ag 99€2809/7000EbA/E/Z9 |/31011EB/OPUS/WOD dNO-dlWapEIE//:SANY WO PaPEOjUMO]


https://www.gov.uk/government/publications/guidance-on-shielding-and-protecting-extremely-vulnerable-persons-from-covid-19/guidance-on-shielding-and-protecting-extremely-vulnerable-persons-from-covid-19
https://www.gov.uk/government/publications/guidance-on-shielding-and-protecting-extremely-vulnerable-persons-from-covid-19/guidance-on-shielding-and-protecting-extremely-vulnerable-persons-from-covid-19
https://www.gov.uk/government/publications/guidance-on-shielding-and-protecting-extremely-vulnerable-persons-from-covid-19/guidance-on-shielding-and-protecting-extremely-vulnerable-persons-from-covid-19
https://www.gov.uk/government/publications/guidance-on-shielding-and-protecting-extremely-vulnerable-persons-from-covid-19/guidance-on-shielding-and-protecting-extremely-vulnerable-persons-from-covid-19
https://www.gov.uk/government/publications/guidance-on-shielding-and-protecting-extremely-vulnerable-persons-from-covid-19/guidance-on-shielding-and-protecting-extremely-vulnerable-persons-from-covid-19

Endocrinology, 2021, Vol. 162, No. 3

13

83.

84.

85.

nucleus of the human hypothalamus. | Clin Endocrinol Metab.
2005;90(1):323-327.

Li T. Diagnosis and clinical management of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion: an operational recommendation of Peking Union
Medical College Hospital (V2.0). Emerg Microbes Infect.
2020;9(1):582-585.

Pavoni V, Gianesello L, Pazzi M, Stera C, Meconi T, Frigieri FC.
Venous thromboembolism and bleeding in critically ill COVID-
19 patients treated with higher than standard low molecular
weight heparin doses and aspirin: a call to action. Thromb Res.
2020;196:313-317.

Shi C, Wang C, Wang H, et al. The potential of low molecular
weight heparin to mitigate cytokine storm in severe COVID-
19 patients: a retrospective cohort study. Clin Transl Sci.
2020;13(6):1087-1095.

86.

87.

88.

89.

90.

Ayerbe L, Risco C, Ayis S. The association between treatment
with heparin and survival in patients with Covid-19. | Thromb
Thrombolysis. 2020;50(2):298-301.

Schatz DL, Sheppard RH, Steiner G, Chandarlapaty CS,
de Veber GA. Influence of heparin on serum free thyroxine. |
Clin Endocrinol Metab. 1969;29(8):1015-1022.

Mendel CM, Frost PH, Cavalieri RR. Effect of free fatty acids
on the concentration of free thyroxine in human serum: the role
of albumin. J Clin Endocrinol Metab. 1986;63(6):1394-1399.
Mendel CM, Frost PH, Kunitake ST, Cavalieri RR.
Mechanism of the heparin-induced increase in the concen-
tration of free thyroxine in plasma. | Clin Endocrinol Metab.
1987365(6):1259-1264.

COVID-19 treatment and vaccine tracker. Milken Institute. 2020.
Updated January 8, 2021. Accessed December 21, 2020. http:/
milken-institute-covid-19-tracker.webflow.io/#vaccines_intro

220z 1snBny 9| uo 1senB Aq 99£Z809/¥00GEDA/E/Z9 | /9[01E/0PUS/WOS"dNO"DIWSPEDE//:SANY WO} PAPEOIUMOQ


http://milken-institute-covid-19-tracker.webflow.io/#vaccines_intro
http://milken-institute-covid-19-tracker.webflow.io/#vaccines_intro

