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Background: Thyroiditis is an important extrahepatic association in chronic hepatitis C virus (HCV) infection. There have been
reports of an association between SARS-CoV-2 infection and the onset or re-activation of autoimmune hypo-
thyroidism. Therefore, we performed this prospective observational study of 42 patients with COVID-19 infec-
tion and a history of hepatitis C virus infection and thyroid disease with follow-up thyroid function and auto-
antibody testing.

Material/Methods: From April 2020 to October 2020, we performed a prospective observational study of patients with cured hepa-
titis C virus (HCV) infection and documented thyroid disease who became infected with SARS-CoV-2 (confirmed
by SARS-CoV-2 RNA detection via reverse-transcription polymerase chain reaction [RT-PCT] from the upper re-
spiratory tract, both nasal and pharyngeal swabs). Evaluation at 1 and 3 months after SARS-CoV-2 infection in-
cluded serum determination of antithyroid antibodies (anti-thyroglobulin [anti-Tg] and antithyroid peroxidase
[ATPO]), thyroid-stimulating hormone (TSH), free thyroxine (fT4), free triiodothyronine (fT3), and evaluation of
thyroid medication, with dose adjustment if required.

Results: One-month follow-up showed that both patients with autoimmune thyroiditis as well as patients without an-
tibodies had increased ATPO levels. Also, levels of TSH, fT3, and fT4 were significantly decreased. At 3-month
follow-up, levels of ATPO were decreased in all patient groups and the levels of thyroid hormones increased to
normal values.

Conclusions: This study supports previous reports of an association between SARS-CoV-2 infection and thyroid dysfunction
associated with thyroid autoantibodies. Thyroid function tests may be considered as part of the laboratory
work-up in patients with COVID-19.
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Background

The COVID-19 pandemic has proven an important test of the
ability of the scientific medical world to effectively understand,
describe, and manage pathophysiology processes when deal-
ing with epidemics of newly-emerged pathogens. As time pro-
gresses, more and more studies are published reflecting the
systemic impact of what was originally thought to be a respi-
ratory infection [1]. It appears that COVID-19 can directly af-
fect the cardiovascular, gastrointestinal (including the liver and
the pancreas), renal, nervous, and musculoskeletal systems [2].
Furthermore, due to the abundance of ACE2 and TMPRSS?2 re-
ceptors in the thyroid, required for internalization of the vi-
rus, it seems likely that SARS-CoV-2 can affect the thyroid
directly, as well as in the context of an increased systemic in-
flammatory response [3]. The presence of SARS-CoV-2 virus
in the thyroid tissue obtained by autopsy after death due to
COVID-19 suggests a possible direct infection of the thyroid
and may provide an explanation for the thyroid dysfunction
in these patients [4].

A recent meta-analysis has found an association between SARS-
CoV-2 infection and the triggering of Graves’ disease, as well
as subacute thyroiditis [5]. Cases of autoimmune hypothyroid-
ism have been described, but there were no indicators that
the condition developed before or during SARS-CoV-2 infec-
tion [5]. One interesting article reported a temporal correlation
between COVID-19 and thyroid damage: the first to develop is
subacute thyroiditis, followed by Hashimoto’s disease (in pa-
tients with pre-existing autoimmunity), Graves’ disease (peak
incidence at 4 weeks after infection), and painless thyroiditis
in patients with pre-existing autoimmunity [6]. In this regard,
a study published in 2021 including 122 patients without pre-
vious thyroid conditions found an increase in antithyroid per-
oxidase antibodies during COVID-19 and convalescence [7].

In the general population, subclinical hypothyroidism has a
prevalence of 4.3-8.5%, while overt disease is found in 0.3-
0.4%; it is commonly associated with environmental iodine de-
ficiency and autoimmune thyroid diseases. Substitution ther-
apy is recommended in overt disease [8].

Thyroid damage has been associated with acute conditions and
several viral infections, among which hepatitis C virus (HCV)
occupies an important place [9]. HCV chronic infection is as-
sociated with a multitude of extrahepatic manifestations, ei-
ther by inflammatory or autoimmune mechanisms or even by
direct infection of other organs, such as the thyroid [10-13]. In
fact, thyroid involvement is considered the most frequent en-
docrine disorder associated with HCV chronic infection; mech-
anisms responsible for thyroid damage are thyroid destruc-
tion induced by an increased inflammatory response (resulting
in autoimmune thyroiditis) or by direct HCV infection [14,15].
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Current HCV guidelines recommend all oral antiviral therapies
for chronic HCV infection, with benefits of liver function im-
provement, decline of progression toward fibrosis and cirrho-
sis, and improvement of HCV extrahepatic manifestations [16].

Therefore, this prospective observational study of 42 patients
with SARS-CoV-2 infection and a history of hepatitis C virus in-
fection and thyroid disease evaluated thyroid dysfunction with
follow-up thyroid function and autoantibody testing.

Material and Methods

The study was performed following STROBE guidelines and
was approved by the local Ethics Committee (Fundeni Clinical
Institute Ethics Committee approval no 3513/2020). On hospi-
tal admission, patients signed inform consent forms for blood
analysis and the use of their data in scientific research, under
the condition of anonymity.

This study aimed to determine the effects of COVID-19 infec-
tion on thyroid diseases associated with HCV chronic hepati-
tis. From April 2020 to October 2020, we performed a prospec-
tive observational study on patients with cured HCV infection
and documented thyroid disease who became infected with
SARS-CoV-2. We routinely monitor patients with chronic HCV
infection every 6 months, even after obtaining sustained vi-
rologic response after direct-acting antiviral therapy, in accor-
dance with current guidelines [16,17].

Inclusion criteria for the current study were: history of HCV
chronic hepatitis, with undetectable HCV- RNA at 3 months
after direct-acting antiviral therapy (either ombitasvir/parita-
previr/ritonavir and dasabuvir or ledipasvir/sofosbuvir); doc-
umented thyroid disease (autoimmune thyroiditis, hyper-
thyroidism or hypothyroidism) with antibody and hormonal
determination within 6 months before SARS-CoV-2 infection;
and documented SARS-CoV-2 infection cured within 1 month
before the first visit.

We excluded patients who had a history of thyroid cancer as-
sociated with HCV chronic infection; hepatitis B virus or HIV
co-infection; changes in thyroid substitution therapy or anti-
thyroid drugs within 6 months of the first visit; decompensat-
ed cirrhosis, solid or hematological neoplasia.

Demographic and medical data were retrieved from electronic
source documents. Patients came from the south-eastern part
of Romania, which is well known for a high prevalence of io-
dine deficiency-induced goiter [18]. The diagnosis of HCV in-
fection was established by the presence of anti-HCV antibodies
and a history of negative viremia after direct antiviral treat-
ment. SARS-CoV-2 RNA detection was performed on nasal and
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Table 1. Baseline characteristics of the study group.
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Baseline characteristics

Mean age

Male: 15 patients

FO-F2: 11 patients
F3: 19 patients
F4: 12 patients

With autoimmune thyroiditis (37 patients): 982.1+426.6

52.67+21.08 years

Female: 27 patients

Without autoimmune thyroiditis (7 patients): 18.4+7.2

With autoimmune thyroiditis (37 patients): 324.2+132.21

Without autoimmune thyroiditis (7 patients): 65.9+21.7

Euthyroidism: 3.87+1.16

Hypothyroidism (under levothyroxine): 2.14+0.81
Hyperthyroidism (under methimazole): 3.27+1.03

Euthyroidism: 2.11+1.62

Hypothyroidism (under levothyroxine): 3.91+0.62
Hyperthyroidism (under methimazole): 2.57+1.31

Euthyroidism: 15.92+3.53

fT4 (N: 12-22 pmol/l)

Hypothyroidism (under levothyroxine): 18.13+6.22
Hyperthyroidism (under methimazole): 16.46+3.13

SVR — sustained virologic response after HCV infection.

pharyngeal swab samples by reverse-transcription-polymerase
chain reaction (RT-PCR) using the Cobas® SARS-COV-2 RT-PCR
test (Roche Diagnostics, Basel, Switzerland). Evaluation at 1
and 3 months after SARS-CoV-2 infection included serum de-
termination of antithyroid antibodies (anti-thyroglobulin [an-
ti-Tg] and antithyroid peroxidase [ATPO]) thyroid-stimulating
hormone (TSH), free thyroxine (fT4), free triiodothyronine (fT3),
and evaluation of thyroid medication, with dose adjustment
if required. TSH, fT3, fT4, and anti-Tg antibodies were deter-
mined using electrochemiluminescence assays (normal values
0.27-4.2 pUl/mL for TSH, 2.2-4.4 pg/ml for fT3, 12-22 pmol/I
for fT4, and less than 115 IU/ml for anti-Tg), while ATPO was
determined using chemiluminescence with microparticles (nor-
mal values less than 34 [U/ml).

Data were evaluated using SPSS 18.0 (SPSS, Inc., Chicago, IL,
USA) statistical software. Numerical values are expressed as
meanzstandard deviation. ANOVA was performed to compare
values at the 3 evaluation visits, with statistical significance
set at a P value less than 0.05.

Within our study group, patients with evidence of thyroid hor-
mone impairment were defined as either having hypothyroidism
or hyperthyroidism (regardless of the underlying mechanism
and regardless of the presence/absence of autoimmune anti-
bodies). We only used the term autoimmune thyroiditis if the
patient had euthyroidism and positive autoimmune antibodies.

Results

A total of 42 patients were included in the study, with a mean
age of 52.67 years, and female patients representing 64.28%.
Baseline characteristics of the study group are presented in
Table 1. Out of the 42 patients, 7 patients were receiving med-
ication for thyroid disease: 5 patients with hypothyroidism
were receiving levothyroxine (mean dose of 55.4 mcg daily)
and 2 patients with hyperthyroidism were receiving methim-
azole (mean dose 7.5 mg daily).

There were 36 patients with mild COVID-19 infection, while 6
patients had a moderate form of infection. The most frequent
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Table 2. Evolution of TSH, fT3, and fT4 in patients with euthyroidism and dysthyroidism after COVID-19 infection.

Baseline One month P value 3 Months P value
Euthyroidism 3.87x1.16 2.19+1.12 0.02 2.28+0.69 0.4
sH . DU 00 000 I
. ! .56 +0. * .12+0. *
(Uymy ~ Hypothyroidism 214081 e .. e . T
Hyperthyroidism 3.27+1.03 2.67 £1.14 na* 2.81+0.92 na*
Euthyroidism 2.11+1.62 1.71+0.46 0.04 1.92+0.34 0.3
fI30 R OSSR IS
Hypothyroidism 3.91+0.62 3.12+0.74 na* 3.44+0.68 na*
(pg/ml) = AR 0 1UO- NN 00 " N 00 "
Hyperthyroidism 2.57+1.31 2.09+0.45 na* 2.24+0.18 na*
Euthyroidism 15.92+3.53 9.22+2.18 0.01 11.57+2.91 0.05
fra .. U 0 0 I O
.13+6. 48+3. * .54+4. *
(pmolyy . Hypothyroidism - 1813622 1R S - .. e - T
Hyperthyroidism 16.46+3.13 12.17+2.95 na* 14.88+2.79 na*

* na — statistical analysis was not performed due to the low number of patients (2 patients with hyperthyroidism and 5 patients with

hypothyroidism.

symptoms were myalgia (80.95%), fatigue (73.80%), fever
(59.52%), headaches (50%), and digestive symptoms (54.76%).

At 1-month follow-up, we found an increase in antithyroid
antibodies, in patients with autoimmune thyroiditis as well
as patients with baseline normal values of antibodies. In pa-
tients with autoimmune thyroiditis, mean values of ATPO were
1187.7+285IU/ml (versus 982.1+426.6 IU/ml at baseline, P val-
ue 0.02) and mean values of anti-Tg were 563.2+193.1 IU/ml
(versus 324.2+132.21 IU/ml at baseline, P value 0.01). In pa-
tients without autoimmune thyroiditis, ATPO levels increased
to 123.7+32.8 IU/ml (versus 18.4+7.2 IU/ml at baseline, P value
<0.01) and anti-Tg values increased to 134.8+42.2 IU/ml (ver-
sus 65.9+21.7 IU/ml at baseline, P value 0.03). Furthermore, we
found a significant decrease in TSH, fT3, and fT4 levels in pa-
tients with euthyroidism. The results are presented in Table 2.

Moreover, out of the 5 patients receiving levothyroxine, 2 pa-
tients required discontinuation of substitution therapy. Both
of the patients had been on a stable dose of 25 mcg/day for
more than 6 months and had a decrease of TSH levels from
2.1 pUl/mLto 0.5 pUl/mL and from 1.92 pUl/mL to 0.7 pUl/mL,
respectively. One patient who had been on a stable dose of
methimazole of 2.5 mg daily for 4 months discontinued the
therapy due to a TSH increase from 3.2 pUl/mL to 4.6 pUI/mL.

At 3-month follow-up, we noted a significant decrease in ATPO
levels (84.13+25.12 IU/ml versus 123.7+32.8 IU/ml, P value
0.02) in patients without autoimmune thyroiditis and 843+205
IU/ml versus 1187.7+2851U/ml, P value 0.01, in patients with
autoimmune thyroiditis. Anti-Tg levels were significantly lower
in patients with autoimmune thyroiditis (408+113.2 IU/ml ver-
sus 563.24193.1 IU/ml, P value 0.01) and in patients without
autoimmune thyroiditis (86.21+18.48 IU/ml versus 134.8+42.2
IU/ml, P value 0.03). We also noted an increase in TSH, fT3,

and fT3 levels, without statistical significance, except for fT4
levels in patients with euthyroidism. The remaining 4 patients
receiving levothyroxine or methimazole (3 patients on levothy-
roxine, 1 patient on methimazole) did not require dose adjust-
ment or drug discontinuation. The patients that had discontin-
ued medication at 1-month follow-up (either levothyroxine or
methimazole) did not require any treatment restoration with-
in 3 months of follow-up.

Discussion

The present study shows that COVID-19 infection influences
the thyroid function and the presence and levels of antithyroid
antibodies in patients with pre-existing conditions associat-
ed with chronic HCV infection. We found that at 1-month fol-
low-up, levels of ATPO and anti-Tg antibodies were increased
in patients with and without known autoimmune thyroiditis;
the levels declined during the 3-month follow-up until close to
baseline. Furthermore, during the acute phase, patients pre-
sented lower levels of TSH, fT3, and fT4; these also gradually
increased to baseline levels at 3-month follow-up.

It is a well-known fact that there is a thyroid response asso-
ciated with systemic inflammation; a “low triiodothyronine”
syndrome has been described in association with sepsis, po-
tentially accompanied by low levels of T4 [19]. Moreover, septic
shock can induce hypophyseal hypoperfusion, causing central
hypothyroidism [20]. It has also been shown that decreased
baseline thyroid function is associated with a poor prognosis
in patients with sepsis or septic shock, independent of other
prognostic factors [21]. Sepsis-induced thyroid dysfunction ap-
pears to be a transient condition and may represent an adaptive
mechanism to protect the thyroid from cellular death caused
by systemic inflammatory response syndrome. Furthermore,
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there are several pro-inflammatory cytokines (IL1p, IL6, and
TNF-0) that have inhibitory effects on thyroid function [22].
These mechanisms partially explain the results of our study,
particularly the decrease in TSH, fT3, and fT4 levels shortly af-
ter COVID-19 infection.

Recent articles have investigated the varieties of thyroid dis-
ease associated with COVID-19 infection, regardless of a pre-
existing thyroid dysfunction or HCV infection. In a case series,
it has been suggested that COVID-19 can induce subacute thy-
roiditis, developing as late as 36 days after typical COVID-19
symptoms appear [23]. The 4 patients reported presented with
thyrotoxicosis and received low-dose steroid therapy. The in-
cidence of thyroiditis in intensive care unit patients has also
been evaluated in a prospective study comparing COVID-19 in-
fected to non-infected patients [24]. This study also presents
a high incidence of thyrotoxicosis in the COVID-19 subgroup
without underlying thyroid disease. Another large single-cen-
ter retrospective study found a high incidence of thyroid dys-
function in 287 patients admitted to non-intensive care units
for COVID-19 infection: thyrotoxicosis in 20.2% and hypothy-
roidism in 5.2% [25]. On the other hand, a retrospective study
on 50 patients with COVID-19 infection without previous thy-
roid disease found low levels of TSH and total triiodothyro-
nine, which normalized after the infection resolution [26].
Furthermore, a large multicenter trial including 621 patients
reported lower values of TSH and fT4 in COVID-19 infected pa-
tients than in non-infected patients. Interestingly, none of the
patients in this study presented overt thyrotoxicosis [27]. A re-
cent systematic review found a prevalence of thyroid dysfunc-
tion ranging from 13% to 64% in a total of 1237 patients [28].

More relevant studies have evaluated the impact of severe
COVID-19 infection on thyroid function. In a retrospective study
of 100 COVID-19 patients, low levels of fT3, TSH, and T3/
fT4 were correlated with severity of disease and with patient
prognosis [29]. Another retrospective study of 46 COVID-19
patients without a history of thyroid disease also found that
these patients had lower values of fT3 and TSH compared to
a control group. Values were significantly lower in patients
requiring ICU admission [30]. These studies support our find-
ings that SARS-CoV-2 has a major impact on thyroid function.
However, these studies excluded patients with a previous thy-
roid disease, while our study group consists of patients with
a known history of thyroid dysfunction as well as systemic in-
flammation induced by HCV infection. Therefore, the results
cannot be generalized.

Autopsy studies in patients who died from COVID-19 revealed
that the presence of the virus in the thyroid tissue was as-
sociated with a significant inflammatory infiltration and up-
regulation of immune genes involved in the interferon path-
ways, while tissues negative for SARS-CoV-2 did not present

CLINICAL RESEARCH

these inflammatory changes [31]. In our study, we evaluated
patients with previously diagnosed thyroid conditions (asso-
ciated with the chronic HCV infection); this may explain the
increased thyroid inflammation we found in our patients, ex-
pressed by the high levels of autoantibodies,

Important similarities between HCV and SARS-CoV-2 have been
studied. Both viruses, which were originally thought to have
specific target organs, have proven to be systemic infections.
The resemblance between the 2 viruses originates at a genom-
ic lever, both being single-strained RNA viruses. Furthermore,
exacerbation of the immune response, particularly from T
helper2 lymphocytes has been associated with HCV infection
and the previous SARS infections, inducing immune-mediat-
ed tissue damage, which is also suspected in COVID-19 [32].
On a molecular level, both HCV and SARS-CoV-2 use ion chan-
nels (viroporins) as entry pathways into the cells; these virus-
es have structurally similar proteins, p7 and E, that bond to
viroporins [33]. One of the most important ion channel im-
pairments in both these infections is the damage to chloride
channels, which are essential for physiologic processes such
as neuronal excitation, muscle contraction, and transepithelial
fluid transportation [34]. In the ongoing SARS-CoV-2 pandem-
ic, hypochloremia has been associated with the diagnosis of
COVID-19 and with increased illness severity [35].

Inconclusive data also emerge when studying the impact of
COVID-19 on patients with a history of thyroid illness. A re-
port of 2 cases presented the recurrence of Graves’ disease
during infection, both after more than 2 years of stable thy-
roid function without medication [36]. An article regarding the
relationship between thyroid cancer and SARS-CoV-2 showed
an increased prevalence of the infection in this subgroup of
patients [37]. The presence of thyroid cancer appears not to
be an additional risk factor for mortality in COVID-19 [38].

To the best of our knowledge, none of the articles published
analyzed the impact of COVID-19 on patients with HCV- in-
duced thyroid disease, although this is a frequently-encoun-
tered condition. A systematic review published in 2016 showed
an increased prevalence of high anti-Tg and ATPO antibodies
and a 3-fold risk of hypothyroidism in patients with chronic
HCV infection [39]. Modern interferon-free therapies in HCV
infection, which are associated with high cure rates and few
adverse reactions, are expected to reduce the rate and severi-
ty of HCV extrahepatic manifestations [40-43]. It appears that
HCV-associated thyroid disorders can persist after all oral an-
tiviral therapy but are less frequent and severe than after the
classical interferon-based regimens [44,45]. Our findings re-
garding COVID-19 consequences among HCV-infected patients
with preexistent thyroid dysfunction are comparable with those
described by other recent studies (that included patients with-
out known HCV-induced thyroidal dysfunction) [46].
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From a cost-effectiveness point of view, we consider that thy-
roid hormone screening should be done at least in patients
with risk factors for thyroid disease (other autoimmune con-
ditions, patients coming from regions with endemic goiter,
HCV-infected patients, or patients with abnormal clinical thy-
roid examination results).

Our study reveals that COVID-19 infection has a significant im-
pact on the values of thyroid hormones and antibodies and
may lead to medication adjustments in patients with known
thyroid illness. However, the study has several limitations: ab-
sence of patients with severe COVID-19 infection, insufficient
data regarding corticoid therapy received during infection, and
a small number of patients, not permitting sufficient correla-
tions with the stage of liver disease or in patients receiving
antithyroid drugs or substitution therapy. Another important
factor that should be taken into account is the time passed
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since HCV cure was obtained in these patients, as HCV chronic
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Conclusions

This study supports previous reports of an association be-
tween SARS-CoV-2 infection and thyroid dysfunction associ-
ated with thyroid autoantibodies. Thyroid function tests may
be considered as part of the laboratory work-up in patients
with COVID-19 infection.
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