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Introduction: Thyroid dysfunctions associated with SARS-CoV-2 acute infection
have been extensively described since the beginning of COVID-19 pandemics.
Conversely, few data are available on the occurrence of thyroid autoimmunity
after COVID-19 resolution. We assessed the prevalence of autoimmune thyroid
disease (ATD) and thyroid dysfunctions in COVID-19 survivors three months after
hospital admission.

Design and methods: Single-center, prospective, observational, cohort study
performed at ASST Papa Giovanni XXIIl Hospital, Bergamo, Italy. 599 COVID-19
survivors were prospectively evaluated for thyroid function and autoimmunity
thyroperoxidase antibodies (TPOAb), thyroglobulin antibodies (TgAb). When a
positive antibody concentration was detected, thyroid ultrasound was
performed. Multiple logistic regression model was used to estimate the
association between autoimmunity and demographic characteristics,
respiratory support, and comorbidities. Autoimmunity results were compared
to a cohort of 498 controls referred to our Institution for non-thyroid diseases
before the pandemic onset. A sensitivity analysis comparing 330 COVID-19
patients with 330 age and sex-matched controls was performed.

Results: Univariate and multivariate analysis found that female sex was positively
associated (OR 2.01, SE 0.48, p = 0.003), and type 2 diabetes (T2DM) was
negatively associated (OR 0.36, SE 0.16, p = 0.025) with thyroid autoimmunity;
hospitalization, ICU admission, respiratory support, or COVID-19 treatment were
not associated with thyroid autoimmunity (p > 0.05). TPOAb prevalence was
greater in COVID-19 survivors than in controls: 15.7% vs 7.7%, p = 0.002.
Ultrasonographic features of thyroiditis were present in 94.9% of the evaluated
patients with positive antibodies. TSH was within the normal range in 95% of
patients.
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Conclusions: Autoimmune thyroid disease prevalence in COVID-19 survivors
was doubled as compared to age and sex-matched controls, suggesting a role of
SARS-CoV-2 in eliciting thyroid autoimmunity.

KEYWORDS

SARS-CoV-2, COVID-19, thyroid peroxidase (TPO) antibodies, thyroiditis, autoimmune
diseases, thyroid dysfunctions, thyroid autoimmunity, autoimmune thyroid disease

1 Introduction

Viral infections may trigger autoimmune diseases (1). Reports
of autoimmune conditions occurring after SARS-CoV-2 infection
have been described (2), including anecdotal cases of Graves’
disease (3-5) and Hashimoto’s thyroiditis (6, 7). However, only
few studies systematically evaluated the impact of COVID-19 in the
development of autoimmune thyroid disease (ATD). Anaya et al.
(8) found an increased prevalence of thyroperoxidase antibodies
(TPOAD) in 120 patients hospitalized for COVID-19 as compared
to healthy, pre-pandemic controls, suggesting an activation of
thyroid autoimmunity by SARS-CoV-2. Consistently, Lui et al.
(9) reported an increase in TPOADb concentration in COVID-19
survivors three months after hospital admission. However, most
patients in this cohort were treated with interferon beta (IFN-beta)
that has been associated per se with the induction of thyroid
autoimmunity; the reassessment of a larger cohort of patients not
exposed to IFN-beta was thus advocated by the Authors to provide a
conclusive answer.

Alterations of thyroid function tests (TFTs) during the acute
phase of COVID-19 have been more extensively characterized since
the beginning of the pandemics (10, 11). Low TSH levels, attributed
either to a destructive thyroiditis associated with thyrotoxicosis or
to a non-thyroidal illness (NTI), were reported in several studies
(12-18). According to most studies (12-14, 16, 19), TFTs usually
normalize after COVID-19 recovery, but this finding has not been
established in a large population.

Aim of our study was to assess the prevalence of ATD and
thyroid dysfunction in a large cohort of COVID-19 survivors at a
medium-term (three months) follow-up after hospitalization.

2 Materials and methods

2.1 Study cohort

COVID-19 survivors participating to our outpatient service
program were eligible for the study. The enrollment protocol has
been described in a previous paper (20). Briefly, a list of all patients
with COVID-19 discharged from the emergency department or
admitted to the hospital wards of our Institution (ASST Papa
Giovanni XXIII, Bergamo, Italy) was obtained from the hospital
electronic health records database. Asymptomatic positive patients
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admitted for planned procedures were excluded. Other exclusion
criteria were: age less than 18 years, pregnancy, history of thyroid
disease or previous thyroid surgery, concomitant medications
known to interfere with thyroid function (lithium, amiodarone,
interferon-o. and antiretroviral drugs), severe kidney insufficiency
(eGFR < 30 ml/min), and severe liver failure. Patients’ enrollment
took place between 2 May and 31 July 2020, before availability of
SARS-CoV-2 vaccines, to avoid potential biases due to occurrence
of post-vaccination thyroid disorders (21, 22).

To compare thyroid autoimmunity data, a control group was
retrieved from the hospital electronic health records database.
Controls were included if i) had one assessment of TPOAb and/
or thyroglobulin antibodies (TgAb) from January 2016 to January
2020, ii) their medical history was negative for thyroid disease, and
iii) they referred to our Institution for reasons other than a
suspected thyroid disease.

2.2 Assays

Thyroid stimulating hormone (TSH), TPOAD, and TgAb were
measured in all patients; free thyroxine (fT4) and free tri-
iodothyronine (fI'3) were measured in patients with abnormal
TSH levels. A chemiluminescent immunoassay (Atellica Solution,
Siemens) was employed. Normal range for TSH, fT4 and fT3 were
0.5-5.0 mIU/L, 0.7-1.8 ng/dL, and 2.3-4.5 pg/mL, respectively. For
TPOAD, measuring interval was 28-1300 U/mL and range of
normality was below 60 U/mL. For TgAb, measuring interval was
15-500 U/mL and range of normality was below 60 U/mL.

2.3 Ultrasound assessment

When positive antibodies were detected, ultrasonography of the
thyroid was prescribed. Thyroid volume was calculated with the
ellipsoid formula (23): width (mm) x length x thickness x 0.52 =
volume (mL) for each lobe. Ultrasonographic diagnosis of
thyroiditis was made if one or more of the following features
were present: hypoechogenity of gland parenchyma, non-
homogeneous parenchymal texture, and increased vascularity. All
thyroid ultrasound examinations were performed by two operators
(AR and SC) with the same instrument (My Lab Seven, Esaote,
Italy), using a 3- to 13-MHz linear transducer.
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2.4 Statistical analysis

Descriptive statistics was used to summarize clinical
characteristics of COVID-19 patients during the acute phase of the
disease and at the subsequent clinical evaluation. Continuous
variables were expressed as medians and interquartile ranges
(IQRs) and categorical variables were presented as frequencies and
percentages. The study population was then stratified based on the
presence of thyroid autoimmunity (yes/no), and differences between
groups were tested using the Mann-Whitney test for continuous
variables and the chi-square test (or Fisher’s exact test when
appropriate) for categorical variables. To evaluate the association of
thyroid autoimmunity and COVID-19, we conducted a sensitivity
analysis comparing 330 COVID-19 patients with 330 age and sex-
matched subjects retrieved from control group.

A multiple logistic regression model was used to estimate odds
ratios (ORs) of autoimmunity and their corresponding 95%
confidence intervals (CIs) for the following variables: age (at
entrance), sex, respiratory support (no support/low need/high
need), and diabetes mellitus (yes/no). In the multivariable analysis
were included demographic characteristics, respiratory support (as
proxy of disease severity) and covariates that resulted significantly
different between groups in the univariate analysis. For all tested
hypotheses, two-sided p-values of 0.05 or less were considered
significant. Statistical analysis was performed using STATA
Software, release 16.1 (StataCorp LP, College Station TX, USA) and
was carried out at the biostatistical laboratory of the Foundation for
Research (FROM) at Papa Giovanni XXIII Hospital in Bergamo.

3 Results

The search in hospital electronic health records database
identified 2965 patients eligible for the study (946 discharged
from emergency department and 2019 admitted to Hospital), of
which 646 died before the enrollment and 405 declined to
participate. Of the remaining 1914, 767 were screened by 31 July
2020. In total, 168 patients met the exclusion criteria for this study.
The final population therefore consisted of 599 patients (180
females). Figure 1 shows the flow-chart describing screened,
included, and excluded subjects. Median time at evaluation was
102.5 days after hospital admission.

TPOAD were above the normal range in 85 patients (14.2%),
TgAb in 43 (7.2%) and both antibodies in 23 (3.8%) patients. At
least one antibody was positive in 105 patients (48 females), with an
overall prevalence of thyroid autoimmunity of 17.5%.

Median TPOAb was 102 U/mL (IQR 68.5 - 611) in patients
with positive TPOAb and 36 U/mL (IQR 27-44) in patients with
negative TPOAb; median TgAb was 174 U/mL (IQR 89.5 - 285.7)
in patients with positive TgAb and 18 U/mL (IQR 14-23) in patients
with negative TgAb.

Median TSH was 1.55 mIU/L (IQR 1.09 - 2.15); thirty patients
(5.0%) showed abnormal TSH values, of which 19 (3.2%) had values
below 0.5 mIU/L and 11 (1.8%) above 5.0 mIU/L. All patients with
TSH levels < 0.5 mIU/L had normal fT3 and fT4 levels. Nine out of
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the eleven patients with TSH levels > 5.0 mIU/L had normal T4
levels, exhibiting a condition of subclinical hypothyroidism. The
other two patients displayed overt hypothyroidism. Median TSH of
patients with thyroid autoimmunity was 1.77 mIU/L (1.25 - 2.55).
Ten patients (9.6%) in this subgroup showed abnormal TSH values,
of which six (5.7%) had values below 0.5 mIU/L and 4 (3.9%) had
values above 5.0 mIU/L.

Ultrasonography was prescribed to every patient with positive
thyroid antibodies; however, only 59 patients (26 females) accepted
to undergo the examination, which was performed at a median time
of 23 days after the blood tests. Mean thyroid volume was 11.5 mL
in males and 9.5 mL in females. Ultrasonographic features of
thyroiditis were present in 56 patients (94.9%).

Univariate analysis found that thyroid autoimmunity was
positively associated with female sex (p < 0.001) and negatively
associated with type 2 diabetes (T2DM) (p = 0.009), but not with
hospitalization, ICU admission, respiratory support, or COVID-19
treatment (Table 1). Multivariable analysis confirmed the
association between thyroid autoimmunity and both female sex
and T2DM (see Table 2).

The control group included 498 patients (320 females, median
age 52.7 years). TPOAb were available in 444 patients, TgAb in 373
and both autoantibodies in 325. TPOADb were above the normal
range in 37/444 patients (8.3%), TgAb in 33/373 (8.8%) and both
antibodies in 14/325 (4.3%) patients.

The sensitivity analysis included 660 subjects (330 patients and
330 controls) matched for age and sex, with a female prevalence of
49.7% for both groups and a median age of 60 (IQR 51-70) in patients
and of 59 (47-68) in controls. Positive TPOAb prevalence was higher
in patients than in controls (52/330, 15.7% vs. 23/297, 7.7%:; p = 0.002),

Patients retrieved from the
hospital database
n = 2965

646 died
405 declined partecipation
1147 did not complete
evaluation by July 30, 2020

Patients screened
n=767

111 met exclusion criteria

Patients assessed

n =656
57 reported a history of
thyroid disease at the
endocrinological visit
Study population
n =599

FIGURE 1
Flow chart of screened, included, and excluded patients
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TABLE 1 Clinical characteristics of COVID-19 patients according to thyroid autoimmunity status.

Thyroid autoimmunity

No (N=494) Yes (N=105)

Age, median (IQR) 65.0 (55.0-73.0) 61.0 (54.0-72.0) 0.30

Gender, n (%)

Females 132 (26.7) 48 (45.7) <0.001
Males 362 (73.3) 57 (54.3)

BMI (Kg/mz) 26.4 (24.5-29.7) 26.7 (24.6-29.3) 0.89
Hospitalization, n (%) 434 (87.9) 93 (88.6) 0.84
ICU admission, n (%) 50 (10.1) 7 (6.7) 0.27

Respiratory support, n (%)

None 91 (18.8) 22 (21.4) 0.54
Nasal cannula 115 (23.7) 27 (26.2) 0.59
Venturi mask 54 (11.1) 7 (6.8) 0.19
Reservoir bag 85 (17.5) 16 (15.5) 0.63
CPAP 92 (19.0) 23 (22.3) 0.43
Orotracheal intubation 47 (9.7) 8 (7.8) 0.54
ECMO 1(0.2) 0 (0.0) 0.64

Comorbidity, n (%)

Diabetes 76 (15.4) 6 (5.7) 0.009
Atrial fibrillation 24 (4.9) 2(1.9) 0.18
Hypertension 184 (37.2) 32 (30.5) 0.19
IHD 58 (11.7) 9 (8.6) 0.35
Chronic heart failure 22 (4.5) 3 (2.9) 0.46
CKD 46 (9.3) 11 (10.5) 0.71
COPD 20 (4.0) 5 (4.8) 0.74
Autoimmune disease 14 (2.8) 1(1.0) 0.26
Solid cancer 10 (2.0) 2(1.9) 0.94
Hematological cancer 9 (1.8) 2(1.9) 0.95
Liver failure 4(0.8) 0 (0.0) 0.35
Cerebrovascular disease 12 (2.4) 4(3.8) 0.43

COVID-19 treatment n (%)

Lopinavir/ritonavir 215 (43.5) 51 (48.6) 0.34
Hydroxychloroquine 299 (60.5) 62 (59.0) 0.78
Glucocorticoids 169 (34.2) 26 (24.8) 0.061
Antibiotics 312 (63.2) 65 (61.9) 0.81
Tocilizumab 27 (5.5) 2(1.9) 0.12
Siltuximab 5 (1.0) 3 (2.9) 0.13
Remdesivir 10 (2.0) 2(1.9) 0.94
(Continued)
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TABLE 1 Continued

Thyroid autoimmunity

No (N=494) Yes (N=105)

Chronic treatment n (%)

ACE inhibitors 80 (16.2) 16 (15.2) 0.81
ARBs 74 (15.0) 13 (12.4) 0.49
doilgsr antihypertensive 154 (31.2) 23 (21.9) 0.059
Glucocorticoids 19 (3.8) 2 (1.9) 0.33
Oral antidiabetic drugs 56 (11.3) 4 (3.8) 0.020
Insulin 14 (2.8) 1(1.0) 0.26
Oral anticoagulants 43 (8.7) 4(3.8) 0.090
Antiplatelet drugs 88 (17.8) 21 (20.0) 0.60
PPIs 112 (22.7) 18 (17.1) 0.21

BMI, body mass index; ICU, intensive care unit; CPAP, continuous airway positive pressure; ECMO, extra-corporeal membrane oxygenation; IHD, ischemic heart disease; CKD, chronic kidney

disease; COPD, chronic obstructive pulmonary disease; ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers; PPIs, proton pump inhibitors.

Bold values denote statistical significance at the p < 0.05 level.

while no difference was observed in positive TgAb prevalence (22/330,
6.7% vs. 20/250, 8%; p = 0.539). Median TPOAD (40 (IQR 31-51) vs.
31 (IQR (27-40)) and TgAb (18 (IQR 14-25) vs. 14 (IQR 14-20)) were
within the normal range but significantly higher in COVID-19 patients
as compared to controls (both p < 0.001) (Table 3).

4 Discussion

Studies evaluating the impact of SARS-CoV-2 infection on
thyroid mainly focused on the alterations of TFTs during the
acute phase of the disease, with less evidence about possible long-
term effects on thyroid autoimmunity. Our aim was indeed to

characterize thyroid autoimmunity and function in the largest
cohort of COVID-19 survivors to date.

Most patients had normal TSH levels three months after hospital
admission, as already reported in previous studies with smaller
cohorts (12-14, 16, 19). Accordingly, the rate of newly diagnosed
thyroid dysfunction was comparable to general population (24, 25).
This finding seems to rule out a permanent direct damage to the
thyroid gland induced by SARS-CoV-2. In this view, the alterations of
TFTs in the acute phase of COVID-19 could more probably be
secondary to a N'TT (16) or a transient, self-limiting, thyroiditis.

The overall prevalence of thyroid autoimmunity in our cohort
was 17.5%. Interestingly, the prevalence of positive TPOAD in
COVID-19 patients was doubled as compared to controls

TABLE 2 Multivariable analysis of factors correlated with thyroid autoimmunity in the cohort of COVID-19 survivors.

Outcome:

Thyroid Autoimmunity QelkBlEi

Std. Err.

[95% Conf. Interval]

Age (admission) 0.9969255 0.0083459 -0.37 0.713 0.9807 1.01342
‘ Sex

Male 1 (Ref)

Female 2.01324 0.47481 2.97 0.003 1.26808 3.19629
‘ Respiratory support

No respiratory support 1 (Ref)

Low need* 0.9432334 0.3005707 -0.18 0.854 0.5051 1.76142

High need* 1.079216 0.3266112 0.25 0.801 0.59635 1.95305
‘ Diabetes mellitus

No 1 (Ref)

Yes 0.360492 0.1640879 -2.24 0.025 0.14772 0.87972

*Low need: Nasal cannula, Venturi mask; High need: reservoir bag, CPAP, orotracheal intubation ECMO.

Bold values denote statistical significance at the p < 0.05 level.
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TABLE 3 Sensitivity analysis comparing 330 COVID-19 patients with 330 pre-pandemic controls.

COVID-19 Patients

Female Sex* (n, %) 164/330 (49.7%)

Controls p-value

164/330 (49.7%)

Age* (median, IQR) 60 (51-70) 59 (47-68)

Positive TPOADb (n, %) 52/330 (15.7%) 23/297 (7.7%) 0.002
Positive TgAb (n, %) 22/330 (6.7%) 20/250 (8%) 0.539
TPOAb (U/mL) (median, IQR) 40 (31-51) 31 (27-40) < 0.001
TgAb (U/mL) (median, IQR) 18 (14-25) 14 (14-20) < 0.001

TPOADb, anti-thyroperoxidase antibodies; TgAb, anti-thyroglobulin antibodies.
*Age and sex were matched in cases/controls for the sensitivity analysis.
Bold values denote statistical significance at the p < 0.05 level.

matched for sex and age (15.7% vs 7.7%). Few authors evaluated
thyroid autoimmunity in COVID-19 patients, mostly during the
acute phase. Anaya et al. (8) reported an increased prevalence of
TPOAD in 120 patients hospitalized for COVID-19 as compared to
healthy, pre-pandemic controls (36.7% vs. 20%). Lui et al. (9)
identified TPOADb in 20.5% of patients hospitalized for
COVID-19; the Authors reevaluated thyroid autoimmunity three
months after the admission, reporting a significant increase in
TPOAD with 4 out of 82 patients becoming TPOAbD positive and
an overall prevalence of TPOAb positivity of 25%. The same group
confirmed these results in a subsequent study including also
asymptomatic COVID-19 patients (19). Our finding of an
increased concentration and prevalence of TPOAb in COVID-19
survivors strengthens the hypothesis that SARS-CoV-2 could be
able to trigger thyroid autoimmunity; similarly, we found a slightly
increased TgAb concentration in patients as compared to controls,
though positive TgAb prevalence did not differ between the two
groups; TgAb, however, are less useful than TPOAD in predicting
thyroid dysfunction (26). Besides, the presence of an actual
autoimmune process was consistently confirmed by the evidence
of ultrasonographic features of thyroiditis in almost all patients with
positive thyroid antibodies.

As already described for other viruses, SARS-CoV-2 may elicit
autoimmune conditions through an hyperactivation of both the
innate and adaptive immune response (27). Specifically, SARS-
CoV-2 may directly trigger thyroid autoimmunity infecting thyroid
follicular cells, where ACE-2 receptor is abundantly expressed (28);
viral presence has indeed been retrieved in thyroid specimens (29,
30) and reactivity between TPO antigen and SARS-CoV-2 has been
demonstrated in vitro, favoring the hypothesis of molecular
mimicry (31). Alternatively, the hyperinflammatory status caused
by severe COVID-19 may induce thyroid damage through the
systemic increase of cytokines, unleashing thyroid autoimmunity
in genetically predisposed individuals (32). Our findings may
suggest that the latter mechanism plays a minor role in triggering
thyroid autoimmunity, since the presence of ATD was unrelated
with clinical parameters of COVID-19 severity.

In our cohort, thyroid autoimmunity directly correlated with
female sex, as expected, and inversely correlated with type 2 diabetes
mellitus (T2DM). Diabetes is generally characterized by an
impairment of the immune system (33) and diabetic patients with
non-severe COVID-19 have a reduced antibodies response to

Frontiers in Endocrinology

SARS-CoV-2 (34). It is therefore conceivable that diabetic
survivors were also characterized by a decrease of autoantibodies
against thyroid. Moreover, since during hospitalization in our
hospital most diabetic patients were treated with sitagliptin, the
immunomodulatory role exerted by the drug (35) may have limited
the onset of thyroid immunity.

The strength of our study relies on i) being a large monocentric
study, with all patients treated at the same institution and
subsequently evaluated by two endocrinologists, and ii) the
inclusion of a sensitivity analysis that allowed a direct comparison
with age and sex matched controls evaluated before the pandemics.

The main limitations are i) the lack of baseline data about
thyroidal status (function and antibodies) of the patients; and ii) not
having assessed TSH-receptor antibodies in patients with low TSH.
However, it has to be taken into account that routine assessment of
thyroid function and autoimmunity is not recommended in the
clinical care of acute COVID-19 patients (36).

In conclusion, our study showed that a relatively high
proportion of COVID-19 survivors develop both serological and
ultrasonographic features of thyroiditis, with only a minority
displaying TFT's abnormalities. It is thus possible that the activation
of immune response occurring during the acute phase of COVID-19
may induce or precipitate the onset of ATD in some patients. Since
the development of thyroid autoimmunity usually precedes the onset
of thyroid dysfunction, further longitudinal studies are needed to
evaluate thyroid function in a long-term follow-up. Accordingly, the
assessment of TPOAb and TFTs could be considered in patients
evaluated for long COVID (19), as symptoms of this condition may
overlap with those associated with ATD.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

AR, SC, MR, SB, SV, and RT designed the study. AR and SC
evaluated the patients. AR, SI, GC, AG, and TB designed and

frontiersin.org


https://doi.org/10.3389/fendo.2023.1126683
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Rossini et al.

performed the analyses. AR, FP, and SI drafted the manuscript and
prepared figure and tables. All authors contributed to the article and
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Desailloud R, Hober D. Viruses and thyroiditis: An update. Virol J (2009) 6:5.
doi: 10.1186/1743-422X-6-5

2. Saad MA, Alfishawy M, Nassar M, Mohamed M, Esene IN, Elbendary A. Covid-
19 and autoimmune diseases: A systematic review of reported cases. Curr Rheumatol
Rev (2021) 17(2):193-204. doi: 10.2174/1573397116666201029155856

3. Lanzolla G, Marcocci C, Marino M. Graves' disease and graves' orbitopathy
following covid-19. J endocrinol. Invest (2021) 44(9):2011-2. doi: 10.1007/s40618-021-
01576-7

4. Mateu-Salat M, Urgell E, Chico A. Sars-Cov-2 as a trigger for autoimmune
disease: Report of two cases of graves' disease after covid-19. J endocrinol. Invest (2020)
43(10):1527-8. doi: 10.1007/s40618-020-01366-7

5. Harris A, Al Mushref M. Graves' thyrotoxicosis following sars-Cov-2 infection.
AACE Clin Case Rep (2021) 7(1):14-6. doi: 10.1016/j.aace.2020.12.005

6. Varol AC, Hatice U, Gorgun S. Covid-19 and hashimoto's disease. Rev Assoc Med
Bras (2021) 67(5):640. doi: 10.1590/1806-9282.20210242

7. Tee LY, Harjanto S, Rosario BH. Covid-19 complicated by hashimoto's
thyroiditis. Singapore Med ] (2021) 62(5):265. doi: 10.11622/smed;j.2020106

8. Anaya JM, Monsalve DM, Rojas M, Rodriguez Y, Montoya-Garcia N, Mancera-
Navarro LM, et al. Latent rheumatic, thyroid and phospholipid autoimmunity in
hospitalized patients with covid-19. ] Transl Autoimmun (2021) 4:100091. doi: 10.1016/
j.jtauto.2021.100091

9. Lui DTW, Lee CH, Chow WS, Lee ACH, Tam AR, Fong CHY, et al. Insights from
a prospective follow-up of thyroid function and autoimmunity among covid-19
survivors. Endocrinol Metab (Seoul) (2021) 36(3):582-9. doi: 10.3803/EnM.2021.983

10. Ippolito S, Dentali F, Tanda ML. Sars-Cov-2: A potential trigger for subacute
thyroiditis? insights from a case report. J endocrinol. Invest (2020) 43(8):1171-2.
doi: 10.1007/s40618-020-01312-7

11. Brancatella A, Ricci D, Viola N, Sgro D, Santini F, Latrofa F. Subacute thyroiditis
after sars-Cov-2 infection. J Clin Endocrinol Metab (2020) 105(7). doi: 10.1210/clinem/
dgaa276

12. Muller I, Cannavaro D, Dazzi D, Covelli D, Mantovani G, Muscatello A, et al.
Sars-Cov-2-Related atypical thyroiditis. Lancet Diabetes Endocrinol (2020) 8(9):739-
41. doi: 10.1016/52213-8587(20)30266-7

13. Chen M, Zhou W, Xu W. Thyroid function analysis in 50 patients with covid-19:
A retrospective study. Thyroid (2021) 31(1):8-11. doi: 10.1089/thy.2020.0363

14. Khoo B, Tan T, Clarke SA, Mills EG, Patel B, Modi M, et al. Thyroid function
before, during, and after covid-19. J Clin Endocrinol Metab (2021) 106(2):e803—e11.
doi: 10.1210/clinem/dgaa830

15. Wang W, Su X, Ding Y, Fan W, Zhou W, Su J, et al. Thyroid function
abnormalities in covid-19 patients. Front Endocrinol (2020) 11:623792. doi: 10.3389/
fendo.2020.623792

16. Campi I, Bulgarelli I, Dubini A, Perego GB, Tortorici E, Torlasco C, et al. The
spectrum of thyroid function tests during hospitalization for sars cov-2 infection. Eur |
Endocrinol (2021) 184(5):699-709. doi: 10.1530/EJE-20-1391

17. 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):381-7. doi: 10.1530/EJE-20-0335

18. Lui DTW, Lee CH, Chow WS, Lee ACH, Tam AR, Fong CHY, et al. Thyroid
dysfunction in relation to immune profile, disease status, and outcome in 191 patients
with covid-19. J Clin Endocrinol Metab (2021) 106(2):¢926-€35. doi: 10.1210/clinem/
dgaa813

19. Lui DTW, Lee CH, Chow WS, Lee ACH, Tam AR, Pang P, et al. Long covid in
patients with mild to moderate disease: Do thyroid function and autoimmunity play a
role? Endocrine Pract (2021) 27(9):894-902. doi: 10.1016/j.eprac.2021.06.016

Frontiers in Endocrinology

07

10.3389/fendo.2023.1126683

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

20. Venturelli S, Benatti SV, Casati M, Binda F, Zuglian G, Imeri G, et al. Surviving
covid-19 in bergamo province: A post-acute outpatient re-evaluation. Epidemiol Infect
(2021) 149:e32. doi: 10.1017/50950268821000145

21. Ippolito S, Gallo D, Rossini A, Patera B, Lanzo N, Fazzino GFM, et al. Sars-Cov-
2 vaccine-associated subacute thyroiditis: Insights from a systematic review. J
Endocrinol Invest (2022) 45(6):1189-200. doi: 10.1007/s40618-022-01747-0

22. di Filippo L, Castellino L, Allora A, Frara S, Lanzi R, Perticone F, et al. Distinct
clinical features of post-Covid-19 vaccination early-onset graves' disease. J Clin
Endocrinol Metab (2022) 108(1):107-13. doi: 10.1210/clinem/dgac550

23. Brunn J, Block U, Ruf G, Bos I, Kunze WP, Scriba PC. [Volumetric analysis of
thyroid lobes by real-time ultrasound (Author's transl)]. Dtsch Med Wochenschr (1981)
106(41):1338-40. doi: 10.1055/s-2008-1070506

24. Aghini-Lombardi F, Antonangeli L, Martino E, Vitti P, Maccherini D, Leoli F,
et al. The spectrum of thyroid disorders in an iodine-deficient community: The
pescopagano survey. J Clin Endocrinol Metab (1999) 84(2):561-6. doi: 10.1210/
jcem.84.2.5508

25. Chiovato L, Magri F, Carle A. Hypothyroidism in context: Where we've been and
where we're going. Adv Ther (2019) 36(Suppl 2):47-58. doi: 10.1007/5s12325-019-01080-8

26. Jo K, Lim DJ. Clinical implications of anti-thyroglobulin antibody measurement
before surgery in thyroid cancer. Korean ] Intern Med (2018) 33(6):1050-7.
doi: 10.3904/kjim.2018.289

27. Vahabi M, Ghazanfari T, Sepehrnia S. Molecular mimicry, hyperactive immune
system, and sars-Cov-2 are three prerequisites of the autoimmune disease triangle
following covid-19 infection. Int Immunopharmacol (2022) 112:109183. doi: 10.1016/
j.intimp.2022.109183

28. Rotondi M, Coperchini F, Ricci G, Denegri M, Croce L, Ngnitejeu ST, et al.
Detection of sars-Cov-2 receptor ace-2 mrna in thyroid cells: A clue for covid-19-
Related subacute thyroiditis. J endocrinol. Invest (2021) 44(5):1085-90. doi: 10.1007/
540618-020-01436-w

29. Poma AM, Bonuccelli D, Giannini R, Macerola E, Vignali P, Ugolini C, et al.
Covid-19 autopsy cases: Detection of virus in endocrine tissues. J endocrinol. Invest
(2021) 45(1):209-14. doi: 10.1007/s40618-021-01628-y

30. Tanda ML, Ippolito S, Gallo D, Baj A, Novazzi F, Genoni A, et al. Sars-Cov-2
detection in primary thyroid sarcoma: Coincidence or interaction? J endocrinol. Invest
(2022) 45(5):1059-63. doi: 10.1007/s40618-021-01722-1

31. Vojdani A, Vojdani E, Kharrazian D. Reaction of human monoclonal antibodies
to sars-Cov-2 proteins with tissue antigens: Implications for autoimmune diseases.
Front Immunol (2020) 11:617089. doi: 10.3389/fimmu.2020.617089

32. Caso F, Costa L, Ruscitti P, Navarini L, Del Puente A, Giacomelli R, et al. Could
sars-Coronavirus-2 trigger autoimmune and/or autoinflammatory mechanisms in
genetically predisposed subjects? Autoimmun Rev (2020) 19(5):102524. doi: 10.1016/
j.autrev.2020.102524

33. Berbudi A, Rahmadika N, Tjahjadi AI, Ruslami R. Type 2 diabetes and its
impact on the immune system. Curr Diabetes Rev (2020) 16(5):442-9. doi: 10.2174/
1573399815666191024085838

34. Pal R, Sachdeva N, Mukherjee S, Suri V, Zohmangaihi D, Ram S, et al. Impaired
anti-Sars-Cov-2 antibody response in non-severe covid-19 patients with diabetes
mellitus: A preliminary report. Diabetes Metab Syndr (2021) 15(1):193-6.
doi: 10.1016/j.dsx.2020.12.035

35. Solerte SB, D'Addio F, Trevisan R, Lovati E, Rossi A, Pastore I, et al. Sitagliptin
treatment at the time of hospitalization was associated with reduced mortality in
patients with type 2 diabetes and covid-19: A multicenter, case-control, retrospective,
observational study. Diabetes Care (2020) 43(12):2999-3006. doi: 10.2337/dc20-1521

36. (WHO) WHO. Clinical management of covid-19: Living guideline. Geneva: Who
Guidelines Approved by the Guidelines Review Committee (2022).

frontiersin.org


https://doi.org/10.1186/1743-422X-6-5
https://doi.org/10.2174/1573397116666201029155856
https://doi.org/10.1007/s40618-021-01576-7
https://doi.org/10.1007/s40618-021-01576-7
https://doi.org/10.1007/s40618-020-01366-7
https://doi.org/10.1016/j.aace.2020.12.005
https://doi.org/10.1590/1806-9282.20210242
https://doi.org/10.11622/smedj.2020106
https://doi.org/10.1016/j.jtauto.2021.100091
https://doi.org/10.1016/j.jtauto.2021.100091
https://doi.org/10.3803/EnM.2021.983
https://doi.org/10.1007/s40618-020-01312-7
https://doi.org/10.1210/clinem/dgaa276
https://doi.org/10.1210/clinem/dgaa276
https://doi.org/10.1016/S2213-8587(20)30266-7
https://doi.org/10.1089/thy.2020.0363
https://doi.org/10.1210/clinem/dgaa830
https://doi.org/10.3389/fendo.2020.623792
https://doi.org/10.3389/fendo.2020.623792
https://doi.org/10.1530/EJE-20-1391
https://doi.org/10.1530/EJE-20-0335
https://doi.org/10.1210/clinem/dgaa813
https://doi.org/10.1210/clinem/dgaa813
https://doi.org/10.1016/j.eprac.2021.06.016
https://doi.org/10.1017/S0950268821000145
https://doi.org/10.1007/s40618-022-01747-0
https://doi.org/10.1210/clinem/dgac550
https://doi.org/10.1055/s-2008-1070506
https://doi.org/10.1210/jcem.84.2.5508
https://doi.org/10.1210/jcem.84.2.5508
https://doi.org/10.1007/s12325-019-01080-8
https://doi.org/10.3904/kjim.2018.289
https://doi.org/10.1016/j.intimp.2022.109183
https://doi.org/10.1016/j.intimp.2022.109183
https://doi.org/10.1007/s40618-020-01436-w
https://doi.org/10.1007/s40618-020-01436-w
https://doi.org/10.1007/s40618-021-01628-y
https://doi.org/10.1007/s40618-021-01722-1
https://doi.org/10.3389/fimmu.2020.617089
https://doi.org/10.1016/j.autrev.2020.102524
https://doi.org/10.1016/j.autrev.2020.102524
https://doi.org/10.2174/1573399815666191024085838
https://doi.org/10.2174/1573399815666191024085838
https://doi.org/10.1016/j.dsx.2020.12.035
https://doi.org/10.2337/dc20-1521
https://doi.org/10.3389/fendo.2023.1126683
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Increased prevalence of autoimmune thyroid disease after COVID-19: A single-center, prospective study
	1 Introduction
	2 Materials and methods
	2.1 Study cohort
	2.2 Assays
	2.3 Ultrasound assessment
	2.4 Statistical analysis

	3 Results
	4 Discussion
	Data availability statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


