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Background: The occurrence of Graves’ disease and Hashimoto thyroiditis after coronavirus disease 2019 (COVID-19) raised con-
cerns that severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) may trigger thyroid autoimmunity. We aimed to address
the current uncertainties regarding incident thyroid dysfunction and autoimmunity among COVID-19 survivors.

Methods: We included consecutive adult COVID-19 patients without known thyroid disorders, who were admitted to Queen Mary
Hospital from July 21 to September 21, 2020 and had serum levels of thyroid-stimulating hormone, free thyroxine, free triiodothyro-
nine (fT3), and anti-thyroid antibodies measured both on admission and at 3 months.

Results: In total, 122 patients were included. Among 20 patients with abnormal thyroid function tests (TFTs) on admission (mostly
low fT3), 15 recovered. Among 102 patients with initial normal TFTs, two had new-onset abnormalities that could represent differ-
ent phases of thyroiditis. Among 104 patients whose anti-thyroid antibody titers were reassessed, we observed increases in anti-thy-
roid peroxidase (TPO) (P<0.001) and anti-thyroglobulin (P<0.001), but not anti-thyroid stimulating hormone receptor titers
(P=0.486). Of 82 patients with negative anti-TPO findings at baseline, 16 had a significant interval increase in anti-TPO titer by
>12 U, and four became anti-TPO-positive. Worse baseline clinical severity (P=0.018), elevated C-reactive protein during hospital-
ization (P=0.033), and higher baseline anti-TPO titer (P=0.005) were associated with a significant increase in anti-TPO titer.
Conclusion: Most patients with thyroid dysfunction on admission recovered during convalescence. Abnormal TFTs suggestive of
thyroiditis occurred during convalescence, but infrequently. Importantly, our novel observation of an increase in anti-thyroid anti-
body titers post-COVID-19 warrants further follow-up for incident thyroid dysfunction among COVID-19 survivors.
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INTRODUCTION has affected millions of people worldwide [1]. The angiotensin-

converting enzyme 2 (ACE2), which is the functional receptor
Coronavirus disease 2019 (COVID-19), which is caused by se-  for SARS-CoV-2, is expressed in many endocrine organs, in-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2),  cluding the thyroid [2]. Therefore, SARS-CoV-2-related thy-
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roiditis could occur concurrently with COVID-19, or weeks af-
ter resolution of COVID-19 [3.4], suggesting that SARS-CoV-2
could affect the thyroid, directly (through a direct viral effect) or
indirectly (through immune dysregulation) [4]. Of note, some
patients who experienced SARS-CoV-2-related thyroiditis were
observed to evolve into the subclinical hypothyroid phase,
around 3 months after the diagnosis of COVID-19 [5]. Further-
more, the occurrence of Graves’ disease and Hashimoto thy-
roiditis after COVID-19 raised concerns that SARS-CoV-2 may
trigger thyroid autoimmunity [6,7]. Indeed, Graves’ disease and
Hashimoto thyroiditis have been reported to occur a few months
after subacute thyroiditis, which is generally considered to be of
viral origin, suggesting that viral infection may trigger autoim-
mune thyroid disorders [8,9]. These thyroid disorders are all
clinically relevant, as they require timely initiation of anti-thy-
roid drugs or thyroxine replacement in addition to symptomatic
management.

Existing studies that reported the results of reassessment thy-
roid function tests (TFTs) mainly focused on patients with initial
TFT abnormalities [10-12]. Uncertainties remain regarding in-
cident thyroid dysfunction and autoimmunity among COV-
ID-19 survivors. We conducted a prospective study of thyroid
function and autoimmunity among COVID-19 patients and pre-
viously reported the baseline findings of 191 of them [13]. Here,
we report their thyroid function and autoimmunity upon follow-
up 3 months later.

METHODS

Consecutive patients aged =18 years admitted to Queen Mary
Hospital for COVID-19 from July 21 to September 21, 2020
were prospectively recruited. The presence of SARS-CoV-2
was confirmed in all patients by reverse-transcription poly-
merase chain reaction from a nasopharyngeal swab and/or deep
throat saliva sample, using the LightMix SarbecoV E-gene as-
say (TIB Molbiol, Berlin, Germany), which targets the envelope
protein (E) gene of SARS-CoV-2. Patients were excluded if
they (1) had a history of thyroid disorders; (2) were on anti-thy-
roid drugs and/or thyroid hormone replacement; and (3) were
on medications with a potential impact on thyroid function in-
cluding a systemic steroid, amiodarone, heparin, and dopamine.

Each patient had blood tests upon admission before the initia-
tion of treatment for COVID-19. Serum thyroid-stimulating
hormone (TSH), free thyroxine (fT4), and free triiodothyronine
(fT3) levels were measured with immunoassays. Basic hematol-
ogy and biochemistry panels, and inflammatory markers (C-re-
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active protein [CRP] and erythrocyte sedimentation rate) were
measured. The upper limit of normal for CRP was 0.76 mg/dL.
Demographics, comorbidities, and COVID-19-related symp-
toms were recorded. COVID-19 severity was classified accord-
ing to the ‘Chinese Clinical Guidance for COVID-19 Pneumo-
nia Diagnosis and Treatment (7th edition)’ [14]. Clinical out-
comes were recorded. Follow-up visits were arranged around 3
months from admission to reassess TFTs and anti-thyroid anti-
bodies. Patients who had TFTs reassessed were included in the
current study.

Serum TSH was measured with an ADVIA Centaur TSH3-
Ultra assay (Siemens Healthcare Diagnostics Inc., Erlangen,
Germany). Serum fT4 was measured with an ADVIA Centaur
FT4 assay (Siemens Healthcare Diagnostics Inc.). Serum T3
levels were measured with an ADVIA Centaur FT3 assay (Sie-
mens Healthcare Diagnostics Inc.). The reference ranges for
TSH, fT4, and fT3 were 0.35—4.8 mIU/L, 12-23 pmol/L, and
3.2-6.5 pmol/L, respectively. Anti-thyroid peroxidase antibody
(TPO) titers were measured with a QUANTA Lite TPO en-
zyme-linked immunosorbent assay (ELISA, Inova Diagnostics,
San Diego, CA, USA). Positive anti-TPO was defined as a mea-
surement of >100 U. Regarding the overall precision of the an-
ti-TPO titer, in the normal range (i.e., 0 to 100 U), the standard
deviation (SD) was 6 U, with a coefficient of variation (CV) of
11.1%; in the moderate positive range, the SD was 28.3 U with
a CV of 9.6%; and in the strong positive range, the SD was 44.4
U with a CV of 5.4% [15]. Hence, in the evaluation of patients
with negative baseline anti-TPO, we defined a significant in-
crease of anti-TPO titer to be >2 times the SD (i.e., >12 U) on
reassessment, compared with that during hospitalization. Anti-
thyroglobulin antibody (anti-Tg) titers were measured with a
QUANTA Lite Thyroid T ELISA kit (Inova Diagnostics). Posi-
tive anti-Tg was defined as a measurement of >100 U. The pre-
cision of the anti-Tg assay in the normal range was not reported.
Anti-TSH receptor antibody (anti-TSHR) titer was measured
with the anti-TSH receptor (TRAb) Fast ELISA (IgG) test kit
(EUROIMMUN Medizinische Labordiagnostika AG, Liibeck,
Germany), using porcine TSHR. Anti-TSHR was considered
positive if the measurement was >1 IU/L.

The study followed the principles of the Declaration of Hel-
sinki and was approved by the Institutional Review Board of the
University of Hong Kong/Hospital Authority Hong Kong West
Cluster (UW 13-265). All participants provided informed con-
sent.

Data were presented as mean*SD, median with interquartile
range (IQR), or number with percentage as appropriate. Be-

www.e-enm.org 583




E n M Lui DTW, et al.

tween-group comparisons were performed with the ¢ test and
Mann-Whitney U test for continuous variables, and the chi-
square or Fisher exact test for categorical variables, as appropri-
ate. Data not normally distributed were logarithmically trans-
formed before analyses. Two-sided P values <0.05 were con-
sidered to indicate statistical significance. All statistical analyses
were performed with SPSS version 26 (IBM Corp., Armonk,
NY, USA).

RESULTS

In total, 122 COVID-19 survivors who had reassessment TFTs
at a median interval of 90 days (IQR, 81 to 96) were included in
the analysis. Their baseline characteristics are shown in Table 1.
Their median age was 58 years (IQR, 44 to 63), and 60 patients
(49.2%) were men. The most common comorbidities were hy-
pertension (n=29, 23.8%) and diabetes (n=19, 15.6%), and
18.1% of patients were smokers. At baseline, 99 (81.1%), 19
(15.6%), and four (3.3%) patients had mild, moderate, and se-
vere COVID-19, respectively. None was critically ill on admis-
sion; that is, all patients were initially admitted to the non-inten-
sive care unit. Ninety-one patients (74.6%) received interferon
beta-1b [16], while 15 patients (12.3%) required dexamethasone
[17]. The median length of stay was 8 days (IQR, 6 to 11).

Fig. 1 shows the overview of the changes in TFT status in all
122 patients included in this study.

Table 2 summarizes the reassessment findings of the 20 pa-
tients with abnormal TFTs on admission. The first five patients
(number 1 to 5) had low TSH levels on admission, and four of
these patients recovered spontaneously, in keeping with thyroid-
itis. Patient number 5 had persistent low TSH and positive anti-
TSHR, and his fT3 and T4 levels were suggestive of subclini-
cal thyrotoxicosis. The next 14 patients (number 6 to 19) had
low fT3 and/or high fT4 levels on admission, suggestive of non-
thyroidal illness syndrome (NTIS). All had resolution of their
thyroid dysfunction, except for patient number 7 and 10. Patient
number 7 had T3-toxicosis upon reassessment, with persistently
positive anti-TPO and anti-Tg but negative anti-TSHR, sugges-
tive of either painless thyroiditis or Graves’ disease with nega-
tive anti-TSHR [18]. Patient number 10 had both low fT4 and
fT3 levels on reassessment, suggestive of NTIS, as he was ad-
mitted for fluid overload and clinically ill at the time of reas-
sessment. The remaining patient (number 20) likely had pre-ex-
isting Hashimoto thyroiditis diagnosed upon admission for CO-
VID-19, requiring thyroxine replacement.

For the 102 patients with normal TFTs on admission, two
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Table 1. Baseline Clinical Characteristics of 122 Patients Who
Had Thyroid Function Reassessed
Characteristic Value
Age, yr 58 (44-63)
Male sex 60 (49.2)
Smoking 19/105 (18.1)
Drinking 22/102 (21.6)
Abnormal TFTs on admission 20(16.4)
Baseline anti-TPO positivity 25(20.5)
Baseline anti-Tg positivity 13 (10.7)
Baseline COVID-19 severity
Mild 99 (81.1)
Moderate 19 (15.6)
Severe 4(3.3)
Baseline CRP, mg/dL 0.69 (0.31-2.21)
Baseline ESR, mm/hr 40 (24-65)
Comorbidities
Hypertension 29 (23.8)
Diabetes mellitus 19 (15.6)
CAD or heart failure 4(3.3)
Stroke or TIA 3(2.5)
Malignancy 5(4.1)
Pulmonary disease 3(2.5)
Clinical course
Length of hospitalization, day 8 (6-11)
Interferon beta-1b treatment 91 (74.6)
Dexamethasone requirement 15(12.3)
Oxygen requirement 12 (9.8)
Intensive care unit admission 2(1.6)
Values are expressed as median (interquartile range) or number (%).
TFT, thyroid function test; TPO, thyroid peroxidase antibody; Tg, thy-
roglobulin; COVID-19, coronavirus disease 2019; CRP, C-reactive pro-
tein; ESR, erythrocyte sedimentation rate; CAD, coronary artery dis-
ease; TIA, transient ischemic attack.

(2.0%) had new-onset abnormal TFTs. These TFT changes were
compatible with different phases of thyroiditis: one had mildly
elevated TSH (5.8 mIU/L), with normal fT4 (16 pmol/L) and
fT3 (4.3 pmol/L); the other had mildly raised fT4 (25 pmol/L),
with normal TSH (1.1 mIU/L) and fT3 (4.7 pmol/L). In the lat-
ter case, assay variability could not be completely excluded.

Of the 122 patients included in this study, 104 (85.2%) had
anti-thyroid antibody titers reassessed. In these 104 patients, we
observed an increase in anti-TPO titer upon reassessment (base-
line 28.32 U [IQR, 14.01 to 67.44] vs. reassessment 35.04 U
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Baseline

Subclinical thyrotoxicosis (n=5)

Follow-up

Spontaneous resolution (n=4)

Low fT3 (n=12)

Isolated elevated fT4 (n=2)

Subclinical hypothyroidism (n=1)

Subclinical thyrotoxicosis (n=1)

Spontaneous resolution (n=10)

T3-toxicosis (n=1) ‘
Low fT3 (n=1)
(concurrent with admission for fluid overload)

Spontaneous resolution (n=2)

Subclinical hypothyroidism (n=1)

Normal thyroid function test
(n=102)

(started thyroxine)

Subclinical hypothyroidism (n=1)
TSH 5.8 mIU/L, fT4 16 pmol/L, fT3 4.3 pmol/L
Isolated elevated fT4 (n=1)
TSH 1.1 mIU/L, fT4 25 pmol/L, fT3 4.7 pmol/L

Normal thyroid function test
(n=100)

Fig. 1. Changes in thyroid function status in all 122 patients included. fT3, free triiodothyronine; fT4, free thyroxine; TSH, thyroid-stimulat-

ing hormone.

[IQR, 18.76 to 99.05], P<0.001). We further studied the change
in anti-TPO titer according to interferon exposure. Among the
82 patients exposed to interferon, a significant increase in the
anti-TPO titer was observed (baseline 27.66 U [IQR, 13.92 to
63.63] vs. reassessment 35.04 U [IQR, 18.88 to 102.07],
P<0.001). A similar trend was also observed among the 22 pa-
tients not exposed to interferon (baseline 30.49 U [IQR, 15.58
to 90.73] vs. reassessment 35.48 U [IQR, 16.00 to 99.72],
P=0.088). Among the 82 patients negative for anti-TPO at
baseline who had anti-TPO reassessed, 16 (19.5%) had an inter-
val increase in anti-TPO titer by >12 U, of whom four patients
became positive for anti-TPO (Table 3). Factors associated with
a significant increase in anti-TPO titer included worse baseline
clinical severity (P=0.018), elevated CRP during hospitaliza-
tion (P=0.033), and a higher baseline anti-TPO titer (P=0.005)
(Table 4). Of note, there was no difference in the proportion of
patients treated with interferon beta-1b or dexamethasone be-
tween those with and without a significant increase in anti-TPO
titer. For the 22 patients with positive anti-TPO findings at base-
line, only one patient became negative for anti-TPO (the anti-
TPO titer went from 124.88 U at baseline to 95.82 U on reas-
sessment).

We also observed an increase in anti-Tg titers upon reassess-
ment (baseline 6.62 U [IQR, 4.89 to 15.57] vs. reassessment
8.71 U [IQR, 6.65 to 15.44], P<0.001). Among the 82 interfer-
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on users, anti-Tg titers increased upon reassessment (baseline
6.70 U [IQR, 4.90 to 18.37] vs. reassessment 8.93 U [IQR, 6.61
to 16.93], P<0.001). Again, a similar change was seen among
the 22 patients not exposed to interferon (baseline 6.60 U [IQR,
4.61 to 9.54] vs. reassessment 7.80 U [IQR, 6.59 to 11.92],
P=0.002). We did not observe incident positivity for anti-Tg,
and all patients positive for anti-Tg at baseline remained posi-
tive upon reassessment. There was no significant change in the
anti-TSHR titer upon reassessment (baseline 1.0 IU/L [IQR, 0.8
to 1.2] vs. reassessment 1.0 IU/L [IQR, 0.8 to 1.3], P=0.486).

DISCUSSION

To date, our study is the largest reassessment cohort assessing
both thyroid function and autoimmunity among COVID-19 sur-
vivors. Regarding TFTs suggestive of NTIS and thyroiditis, the
great majority recovered during convalescence, except for two
patients with pre-existing evidence of autoimmunity: one had
persistent subclinical thyrotoxicosis, while the other developed
T3 toxicosis. We found that abnormal TFTs suggestive of differ-
ent phases of thyroiditis could occur during the convalescence
period, but were observed in only 2% of the patients. A more in-
formed assessment of the utility of TFT surveillance post-COV-
ID-19 and risk factors of new-onset thyroid dysfunction will be
made possible by studying a larger reassessment cohort with a
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Table 3. Thyroid Function and Antibody Profile of Patients with New-Onset Anti-Thyroid Peroxidase Antibody Positivity

On admission Reassessment
PaeNt osm 4, T3, Anmi- AniTg Antc COVIDD TSH, fT4, I3, Ant- Anti-Tg oM
o mlU/L* pmol/L? pmol//L“ TPO,U* U® ) ]SHli’ freatment Days mlU/l’;‘ pmol/L* pmol/L* TPO,U* U° ISHIE’
IU/L IU/L
21 1.2 17 35 6.85 4.90 1.6° IFN+RIB 93 2.8 20 5.0 141.24° 8.3l 1.2¢
22 1.3 18 NA 45.45 4.31 1.0 IFN+RIB 89 1.7 17 53 148.21°  6.58 1.4°
23 2.2 16 4.6 97.06 4.84 0.2 IFN+RIB 90 1.7 20 5.6 122.37¢  7.31 1.2¢
24 1.1 17 4.4 99.85 6.62 0.7 IFN+RIB 105 0.47 19 52 128.51°  9.67 0.7

TSH, thyroid-stimulating hormone; fT4, free thyroxine; fT3, free triiodothyronine; TPO, thyroid peroxidase; Tg, thyroglobulin; TSHR, TSH receptor an-
tibody; COVID-19, coronavirus disease 2019; IFN, interferon beta-1b; RIB, ribavirin.

“Reference ranges: TSH 0.35-4.8 mIU/L, fT4 12-23 pmol/L, fT3 3.2-6.5 pmol/L; *Positive anti-TPO defined as >100 U, positive anti-Tg defined as
>100 U, positive anti-TSHR defined as >1 IU/L; “Values out of the reference ranges.

1 follow-up.
Table 4. Comparison of the Clinical Features of Patients Nega- onger fotow=tp

tive for Anti-TPO at Baseline According to Whether They Had a
Significant Increase in the Anti-TPO Titer anti-Tg titers 3 months post-COVID-19. A major confounder in

Interestingly, we demonstrated an increase in anti-TPO and

Significant No significant this study was that a high proportion of the patients were ex-

Variable increasein  increasein P value posed to interferon beta-1b, which has been associated with in-

anti-TPO titer anti-TPO titer cident thyroid dysfunction and autoantibodies in patients with

Number 16 66 - multiple sclerosis [19]. However, in contrast to the treatment

Baseline characteristics regimen for multiple sclerosis, interferon treatment lasted only

Age, yr olesse) ookl U for 1 to 2 weeks in our COVID-19 patients. As 70% of our pa-
Male sex 9(56.3) 30 (45.5) 0.436

tients received interferon, we analyzed the changes in anti-thy-

Smoking 2/12 (16.7) 8/61 (13.1) 0.665 . . . . .
Drinking S11 @64 11/60(183) 08 roid antibody tlt.ers according to' 1n'terferon e%<posure. ‘In separaj[e
TSH, mIUL 11009-18) 1100815 0631 analyses, we still observed a similar magnitude of increase in
£T4, pmol/L 18(17-19)  18(17-20)  0.554 anti-TPO and anti-Tg titers among interferon users and non-us-
£13, pmol/L 39(3.644) 4103645 0676 ers. Moreover, a similar prevalence of interferon treatment was
Baseline anti-TPO titer, U 43(22-54)  18(10-33)  0.005° found in patients with significant increases in the anti-TPO titer,
COVID-19 severity 0.018* compared to those without. Nonetheless, to clarify the role of
Mild 11 (68.8) 55(83.3) SARS-CoV-2 in the induction of thyroid autoimmunity, it will
Moderate 2(12.5) 11.(16.7) be necessary to analyze a larger reassessment cohort of COV-
Severe 3(18.8) 0 ID-19 patients not exposed to interferon to provide a more de-
Clinical course finitive answer.
E;Z:;f;g;iguring 1503.8) 44(66.7) 0033 Several factors associated with a significant increase in the
Peak ESR during hospitalization, 68 (41-96)  56(35-93)  0.564 anti-TPO titer were identified: worse clinical severity, elevated
mm/hr CRP during hospitalization, and higher baseline anti-thyroid an-
Length of hospitalization, day 8 (6-11) 8(6-11)  0.874 tibody titer. These findings extended the understanding from
Interferon beta-1b treatment 14(87.5) 51(77.3) 0503 case reports of Graves’ disease and Hashimoto thyroiditis oc-
Dexamethasone requirement 2(12.5) 7(10.6) 0.999 curring after COVID-19 [6,7], supporting the proposal that the
Oxygen requirement 2(123) 60D 0650 hyperinflammatory state in COVID-19 may trigger autoimmu-
Intensive care unit admission 1(6.3) 1(1.5) 0.354

nity. Our findings may add to the existing list of autoantibodies
Values are expressed as median (interquartile range) or number (%).

TPO, thyroid peroxidase antibody; TSH, thyroid-stimulating hormone; fT4, . .
free thyroxine; fT3, free triiodothyronine; COVID-19, coronavirus disease rheumatological systems occurring after COVID-19 [20]. As

2019; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate. the occurrence of anti-TPO can precede thyroid dysfunction
“Values with statistical significance.

and autoimmune conditions in neurological, hematological, and

[21], further follow-up is warranted for potential subsequent
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thyroid dysfunction.

Whether our observations of the increase in anti-TPO and an-
ti-Tg titers at 3 months post-COVID-19 represent a transient or
persistent phenomenon requires longer follow-up for clarifica-
tion. Nonetheless, our observations are consistent with the exist-
ing literature describing associations of thyroid autoimmunity
with other viruses [22]. For instance, a higher prevalence of an-
ti-TPO/Tg positivity has been reported among human T-lym-
photropic virus type I (HTLV-I) carriers [23] and patients with
chronic hepatitis C infection [24].

Taken together, for patients with abnormal TFTs or evidence
of thyroid autoimmunity during COVID-19, reassessment is
necessary to monitor whether the condition resolves or pro-
gresses during convalescence. However, current evidence sug-
gests that routine reassessment TFT is not necessary among pa-
tients with initially normal TFTs. Nonetheless, as COVID-19
may have an impact on thyroid autoimmunity, especially among
patients with more severe COVID-19 and significant inflamma-
tory responses during the acute illness, clinicians may have to
watch out for the subsequent development of thyroid autoim-
munity.

The main strength of our study was the comprehensive reas-
sessment of both thyroid function and anti-thyroid antibodies,
showing an increase in anti-TPO and anti-Tg titers and incident
anti-TPO positivity, despite the anti-TPO and anti-Tg assays be-
ing semi-quantitative. There are certain limitations in this study.
Firstly, 70% of our patients received interferon beta-1b, poten-
tially confounding the analysis of SARS-CoV-2-related incident
thyroid dysfunction and autoimmunity. Secondly, most patients
did not have thyroid imaging to assess the potential impact of
SARS-CoV-2 on the thyroid beyond TFT and anti-thyroid anti-
bodies.

In conclusion, we provided the novel observation of an in-
crease in anti-thyroid antibody titers post-COVID-19, which
warrants further follow-up for potential incident thyroid dys-
function among COVID-19 survivors.
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