Check for
updates

SN

SN Comprehensive Clinical Medicine (2021) 3:1515-1527
https://doi.org/10.1007/s42399-021-00912-5

COVID-19

The Association of Subacute Thyroiditis with COVID-19:
a Systematic Review

- Hareem Farooq' @ - Muhammad Mohsin Ali%@® -
- Qudsia Anwar Dar* - Awab Hussain’

Muhammad Aemaz Ur Rehman'
Muhammad Ebaad Ur Rehman?

Accepted: 13 April 2021 / Published online: 29 April 2021
© Springer Nature Switzerland AG 2021

Abstract

The multisystem effects of SARS-CoV-2 encompass the thyroid gland as well. Emerging evidence suggests that SARS-CoV-2
can act as a trigger for subacute thyroiditis (SAT). We conducted a systematic literature search using PubMed/Medline and
Google Scholar to identify cases of subacute thyroiditis associated with COVID-19 and evaluated patient-level demographics,
major clinical features, laboratory findings and outcomes. In the 21 cases that we reviewed, the mean age of patients was 40.0 +
11.3 years with a greater female preponderance (71.4%). Mean number days between the start of COVID-19 illness and the
appearance of SAT symptoms were 25.2 + 10.1. Five patients were confirmed to have ongoing COVID-19, whereas the infection
had resolved in 16 patients before onset of SAT symptoms. Fever and neck pain were the most common presenting complaints
(81%). Ninety-four percent of patients reported some type of hyperthyroid symptoms, while the labs in all 21 patients (100%)
confirmed this with low TSH and high T3 or T4. Inflammatory markers were elevated in all cases that reported ESR and CRP. All
21 cases (100%) had ultrasound findings suggestive of SAT. Steroids and anti-inflammatory drugs were the mainstay of
treatment, and all patients reported resolution of symptoms; however, 5 patients (23.8%) were reported to have a hypothyroid
illness on follow-up. Large-scale studies are needed for a better understanding of the underlying pathogenic mechanisms, but
current evidence suggests that clinicians need to recognize the possibility of SAT both in ongoing and resolved COVID-19
infection to optimize patient care.
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Introduction infection [1]. The etiology of SAT has been linked to viral

infections such as mumps, measles, rubella, coxsackie, and

Subacute thyroiditis (also called as De Quervain’s thyroiditis,
viral thyroiditis, subacute granulomatous thyroiditis, or giant
cell thyroiditis) is a self-limiting inflammatory disorder of the
thyroid gland which usually follows or coexists with a viral
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adenovirus, either through direct viral toxicity or inflammato-
ry response against the virus [2, 3]. It generally presents in
women with neck or jaw pain, tender thyroid gland, and sys-
temic signs/symptoms [2]. As of February 3, 2021, WHO on
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its official website has reported more than 103 million docu-
mented cases of COVID-19 while the death toll is above 2.2
million. Efforts are being made to identify the endocrinolog-
ical effects of COVID-19, and abnormalities of hypothalamic-
pituitary-thyroid (HPT) axis have been reported [4]. The in-
terplay between thyroid hormones and immune system along
with the direct cytotoxic effect of the virus is proposed to play
a role in these abnormalities, including subacute thyroiditis
[4]. The increasing evidence of SAT during or after the
COVID-19 infection has been reported in various published
cases [5—17], which highlights the concern that physicians
ought to consider COVID-19 (ongoing or previous) as an
etiological factor/trigger in patients presenting with subacute
thyroiditis. This is especially important amidst the ongoing
pandemic or even in the future as physicians encounter
SARS-CoV-2. All these factors, coupled with lack of a pub-
lished systematic review on this topic, encouraged us to un-
dertake this write-up.

Methods
Search Strategy
Online databases including PubMed/Medline and Google

Scholar were searched for articles published until February
3, 2021. Search strategy followed Preferred Reporting Items

)

for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines by using keywords like the following: COVID-19,
SARS-CoV-2, Subacute Thyroiditis, De Quervain’s
Thyroiditis, and Viral Thyroiditis. All studies, regardless of
time, language, and country of publication, and all types of
research articles were scrutinized. The bibliographies of indi-
vidual case reports and case series were also scrutinized to
find any relevant cases. The final available references were
downloaded into an EndNote library. The complete strategy
is outlined in the PRISMA flowchart (Fig. 1).

Study Selection

The relevant published articles on this topic were mainly case
reports and case series. Joanna Briggs Institute Critical
Appraisal Tool [18] was employed by two authors indepen-
dently to assess the quality of all case reports and case series.
Both the authors engaged in discourse to reach one consensus
score for each article. One case report was translated from
Portuguese into English via Google Translator, but it was
excluded due to a poor score on Critical Appraisal. All the
other case reports and case series included in the final analysis
were in English language. Data were curated and organized in
the form of two tables each for case reports and case series.
One table focused on patient demographics, clinical features,
treatment(s), and follow-up/outcome. The other table focused
on lab investigations and imaging results. Continuous

Fig. 1 PRISMA flow diagram
c
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2 é variables were presented as means + standard deviations, and
E f categorical variables were presented as absolute values and
§ E percentages. Microsoft Excel was used for data extraction
= o and statistical analysis for this study.
& ]
s % Es% g Result
£ E ;5 o g esults
5% =ziis E
g% § é :S § é é Our search identified 30 articles; 9 were excluded due to du-
8 § § E\ Z g o 8 plication, and 7 articles on COVID-19 were excluded because
% ; = ‘g% *é'é *é they did not address subacute thyroiditis and 1 was excluded
= £ E‘g 2 A - because it scored low on Critical Appraisal. Finally, 13
N S @ Q] articles—11 case reports and 2 case series [5—17]—were in-
%‘)g é’ o _ fg cluded in the final analysis. Since 10 patients were described
T; % 2se |y in the two case series, individual data from 21 total patients is
o el § 5 & § E described here, in the form of 2 tables each for case reports
é § g £ g g g '% (Tables 1 and 3) and case series (Tables 2 and 4). The mean
% 'g é k= 5 = '% £ age of patients was 40.0 & 11.3 years (range 18-69 years). Out
Z “8E=s §. of'the 21 patients, 15 were females (71.4%) and 6 were males
5 E’ (28.6%). Most cases were reported in Italy (n = 7; 33.3%) and
- & E g 3 3 Iran (n = 6; 28.6%), 2 in the USA (9.5%) and Turkey (9.5%)
_§ ?, E "9; £ E 'qz) % ?D g each. One case (4.8%) each was reported in Singapore,
gog LE @ i S :;, % ;;3 gﬁ Mexico, the Philippines, and India. Out of the 21, 9 reported
E % % E g8= 7 ;'; ; a contact/travel history (42.9%), 4 reported no contact history,
5B Eg22% E 'E" 2 % 5 whereas the remaining studies did not mention whether or not
253 § § § ‘é g g % £z 5 exposure had occurred. Only 2 reports mentioned a comorbid-
e g_:%" ity, with one patient having long-standing diabetes, and 1
2 % having asthma. One patient had a family history of thyroid
i § o % disease, whereas 2 patients had a goiter long before the onset
£ -, 28 58 of any symptoms.
£ 8 ,§ g % 2 Mean days between the start of COVID-19 illness and the
g _5) fg § % L@ appearance of SAT symptoms were 25.2 £ 10.1 (minimum 5
g &% 5 £ "§ days and maximum 42 days). Five patients had ongoing
= = § COVID-19, whereas the infection had resolved in 16 patients
:0:2 g S before onset of SAT symptoms. COVID-19 diagnosis was
f % B g made by RT-PCR swabs in 12 patients (57.1%), whereas in
E o ; G g 9 cases (42.9%) with no current symptoms, no previous RT-
2= £ % § PCR, or a negative current RT-PCR, a past COVID-19 illness
; $E & g was confirmed by the presence of IgG/IgM against SAR-
5% ?? g E COV2 in the patients’ blood. Out of the 13 people who had
é ig § go %E a chest X-ray/CT chest at presentation for SAT, only 3
2o _% & % showed abnormalities (21.3%).
% :«% % g . é 3 Fever and neck pain were the most common presenting
° sES é £ g complaints with each being present in 17 out of 21 patients
Lé',‘f\ (81%). Other complaints included fatigue, palpitations,
_‘§ : odynophagia, sweating, and throat pain. Out of the 16 reports
25 that mentioned neck examination, a tender thyroid was found
) ' % ‘E in all 16 patients (100%). Out of the 21 patients, 17 mentioned
é Lé N (94.4%) the presence of hyperthyroid symptoms like fatigue
g z & % and palpitations, | mentioned absence of such symptoms, and
- é - Z ‘é 3 reports did not mention anything in this regard. Out of the
= = § g5 21, 15 cases reported ESR (erythrocyte sedimentation rate)
= 5 S & values which were high in all 15 patients (100%), with a mean

SN Comprehensive Clinical Medicine
A SPRINGERNATURE journal



SN Compr. Clin. Med. (2021) 3:1515-1527

1520

[BULIOU QIOM §)S3)
uonounj proIAy} yHuow

skep

1 19ye pue pareaddesip pue|[3 proIAYy) paSIe[uo M9J ® 10} Sunse] eiF[eAw
Pa10A0dYY  swoydwiAs oy Soom | Yy QuO[OSIUpPaI] Apysis pue Jopus], suoneydied ‘ondne padojoaap ‘o3e yuow | 0€ ~
“[EULIOU 2IoM S)S3)
uonouny ProIAY) yuout JJoam | 10§ Sumse|
1 1oye pue ‘pareaddesip ‘pue|3 proiAy) pagdiejud [3noo AIp pajrui[-J[os uely
Pa10A00dy  swoydwiAs oy Yoom | Yy QuOjOSIUpaId ApySIys pue 1opud], suoneydied ‘ongne, padoraadp ‘roud yuowr | 0€~ ‘0707 ‘Inodqeryog
(Aue (sAep) swoydwihs 1S Anunod papodar
QwooMo dn-morjog Juounedn) V'S UOTJRUTIIEX] swoydwiAs proyuedA  J1) 9SIN0D [EOTUI[O JUBAS[SY 0} SSaU[T 6T-AIAQD WO duIL ], IBoA “TO0TINY
SSO[
Srom “Klarxue ‘eruwosur 61-AIAOD
‘eruoyse ‘suoneydred 10} pazipeydsoy
PaAJosalIsed “19A9J ‘ured yooN u29q pey pueqsny SUON. q9% %
Suneams 101103
PaAJOsalIsed ‘suoneydied ‘ured yooN - ASNYJIP JIXOJUOU ‘[[euS J6T ¢
Suneams s[enpIArpur
‘eruayyse ‘suoneydred aAnIsod-61-AIAOD
paAjosaijsed 10A9] ‘ured ooN T Jim 1oejuo) QUON 16T z
BIXOIOUR
‘eruaypse ‘suonjeydred
paAjosalnsed 10A9J ‘ured YOON - QUON d8¢ I A8 ‘070T ‘eiereouerg
ured 300U IoL)UE pue
paAjosalsed ‘suoneydred ‘on3ney ‘10A0] IUD 6T-AIAOD Y& 9SImN. - I ¥€ 9
SOOM T ISB UIPIM
eruwownaud 61-QIAOD
10J pazieydsoy
Joquuow Ajrurej
PUE BAIE SNIABUOIOD
ured yoou JOLIIUE pue douoeadrd-ysiy
PaAJOSaI/ISed ‘suonedred ‘on3ney 10A9 0} [oAe1) JO AI0)STH - WS S
SYeOM T UIIM
ured yoou JOLIdJUE pue eruowmnaud 61-qIAQD 10}
PaAJOSalIsed ‘suoneydred ‘on3ney 10A9, pazipendsoy Joquuaw AJrue,| - i1y ¥
BAIR SIIABUOIOD
ured yoou JouUE pue doudeadrd-ysiy
PpaAjosalsed ‘suoneydred ‘on3ney 10A0] 0} [9AE1) JO AI0ISTH - NS¢ ¢
SYeOM T UTIM
eruowmoud 61-AIA0D
10] pazifeydsoy
ured yoou JouLIUE pue Joquuowu AJruey
PaAJOSal/Ised ‘suoneydred ‘on3ney 1A SIUD 61-AIAOD e 9SINN - dLE z
BAIR STUIABUOIOD
ured yoou JOLIdJUE pue soudeadrd-ysiy
paAjosalsed ‘suoneydred ‘onney ‘ToAd] 0} [oART} JO AI0)STH - 192 I uel] {0z0g ‘nodqeIjos
ENEN )
smejs P1oIAy)-uou 1o proiyy (d/N) xas
uonddyul 61-AIAOQD syure[dwod Sunuasal KIOISIY J0RIUOD/[OARI], Jo A10)s1y A[ruuej/[euosiog ‘(s1eak) 93y Joquinu Juoned Anunoo popodor 1eak ‘Joyny

(SOLIOS 9SO JO MIIASI) SHIPIOIAY) AJnoeqns Pajerdosse-¢[-qIAQD JO dW0aNo pue ‘9smod ‘uonejussald [eorurpo ‘soryderSowag

zZ3IqeL

SN Comprehensive Clinical Medicine

A SPRINGER NATURE journal



1521

SN Compr. Clin. Med. (2021) 3:1515-1527

papodar jou eyep (-) ‘5)s9) uonouny pProIAY) S 747 ‘SHIPIOIAY) Andeqns JyS O[ewd) ,/ ‘Ofew jy

PAIAOIY

proifypodAy

proifyjodAg

PAI2A0IRY

PAIA0CIY

PAISAOITY

Pa10A0TY

PAI2A0Y

onewoydwAse :syoom ¢
QUIXOIAYIOAI] UO
pawe)s ‘wsIproIAyodAy
[e2TUIOqNS 1M
JUQISISUOD ST ], SeaIoyM
‘oBuel [BULIOU 1) U d1oM
SIyIeW A1OjRUIUR[jUl

‘onewojdwAse :syoom g
wisiproIAyodAy
[BOTUIOqNS 1A
JUA)SISUOD S 4], SeaIoyMm
‘oBuelr [ewLIOU Ot UT AIOM
SIoMTewl AIojewUR[yUl

‘onewo)dwAse sxeom 7
SLAL [eutou fpim
onewoydwAse :dn-mojjoy
YIUOW-G' | ~ UOISIOAOIPIED
im paread) uoneILiqig
[ewe :uonejuasaid

LVS Joye skep g

‘TEULIOU 2I9M ST ], yjuour |

onewodwAse :yjoom |

[EULIOU IOM ST ] ‘ypuou |
onewodwAse :joom |

[BWLIOU 2IOM ST ], (puowt |
onewodwAse joom |
[BULIOU 9JOM ST ], (puowt |
onewoydwAse oM |

QuosIupaIg

udjordngp

Joroueidoxd
puE QUOSIUPAI

QuoSIupaAI

QuojosIupaId

JuojostupaIg

QuojoSIupalg

suojostupaid

pue[3 pro1Ay) padIe[uo
Apysis pue 1opus],

pue[S proiAy) paSIe[ud
ApySiys pue 1opud],

pue[3 proiAy) pagiejud
ApySiys pue 1opud],

pue[3 proiAy) pagiejud
Apysis pue 10pua],

Kjarxue ‘eruwosur

‘sso] JySrom ‘suonendied

'IPIROAYDE) ‘suoneydied

suonendied

suonendieq

suoneydied ‘ongne,

suoneydied ‘on3neq

suonendied ‘onneq

suonendyed ‘ondneq

oAnisod paurewal qems
IOAOMOT ‘SooM T Jnoqe
pajse[ Jet) 61-AIAOD
priwt jo swoydwAs
padojaaap ‘orjuoo-jsod
T-AOD-SUVS

10J oAnIsod paysa],

03e ypuow | ~ swoydwAs
61-AIAOD Pl Jo K101STH

sAep M9J & UIIm
POAJOSAI JRTJEOYLIOUTYT
p[itt pamoys
90e)u09-)s0d paunueren()
Iae]
SAep MaJ 2AnE3oU pa)sI)
PuE Pa1dA0al ‘swoydwAs
2Ansa33ns Jo asneooq

o3e skep 91 Z-A0D-SUVS
10} 9AnIsod p)sa],

QUON
sKep mdj e 10} Sunse|
'I3[eAw priwt pue ‘ysnod
KIp ‘10A9] opeIS-mo|
padojoadp ‘o3e yyuowr |
skep
M9J © 10} Sunse] eid[eAw
PIIW pUB I9AJJ 9PLI3-MO]
padojoadp ‘o3e ypuowr |

QuoN

0C~

9¢ ~

0€~

Ae

91~ ‘0T0T ‘elloreourig

0€~

0€~

0€~

0€~

(panunuod)

oIqeL

SN Comprehensive Clinical Medicine

A SPRINGER NATURE journal



SN Compr. Clin. Med. (2021) 3:1515-1527

1522

pue3 ayy ur oxeydn
JjejoudaypIad-o ] weE

‘(ysry) S, paonpar A[pasjIew pamoys
(USpLA Aydersnuos proikyy ‘pueys
(CEENE | pro1At oruagoyo20dAy T-A9D-SAVS
aAnESON (moy) HSL - - - pue pagre[ud KpsnyyI(y [euuoN DS pue N[ 0T0T ‘to83my
(19891
MO[) pajoolep 3,
USELA
(Us) $14 PajeAd]d seore
+QqvsL (mop) HSL Aprur sOgM 101 06 toyae0dAy asnyyip oduniniy - YOd-Ld  0TOT ‘eloyeduelg
(uSry) gL [e1oL
(U pLA SUINGHIRE
oATESON (wo0]) HSL [eULoN ! 1€ snoouagoIa1ay APSnJII - Aod-1d 020 ‘Suoy)
$9qO[ PIOIAY) Yjoq Ul sontoedo sse[3
PAAISSqO Seale o107d00dAY punoid ‘sasearour Ajsuop
(rewzou) €14 qH MmO[ pue ‘suonen[yul Je[npouo[nonal Juow3os
sy $14  ‘spydonnou ySiy Ayaged ‘snoousdornoy £q Jouadns 9qo[ Jomo]
oAnE3ON. (mO[) HSL ‘SOEM PAIeAd[T 69L 08  PpozuejoeIRyd SI BwAyoudIed pue 9qof Joddn ‘Suny jydu oy, MOd-1Y 020C ‘udAnn
$0qo[
10q Ul AJLIR[NISBA [BULIOU
(ewwiou) ¢, [e10L pue KrorueSoyooodAy
(Jewriou) 1.4 PaULAP-[II PIM 9q0]
SIULEEIN (M0]) HSL 608 - pro1dy) yySur padierud Apysys  eruowmaud 2qof 1mo[ 13y AOd-1Y 020T ‘SHEN
seare
SOEAM pueieaserd 2107020d Ay paurap-[|t
[euuou “(Tp/3 Ayored [eaoe(iq yim
+4qvOdL (mo)) HSL 16 qH) erwduy ¥'9¢ LOT  pue[S proiy) SNOULF0IAIH [eUION U041 0T0T ‘Heqs|
UeOS OUIPOIOIPET
(CETENE| uo ayeydn ou ‘g/n) uo
(Usy) $14 AILIB[NOSEA PAsLaIoap [pim
JANE3ON. (mo[) HSL - - - proIAyp o101p20dAy paSre[ug  seare sse[3-punoid [e1e[g 041 0Z0¢ ‘omjoddy
sOEM pueiererd oyeydn
(Us) $14 [ewuiou “(Tp/3 UIPOT AATIIBOIPEI OU 020C
oAneSoN  9[qeioelopun HSL ' 01qH) eruouy 99 7L POMOUS UedS oUIPOI PIOIAYL - ADd-1d ‘erorreg-sodwe))
JOSUO BIPIBOAYOE)
(USy) €14 Toye Junod DM
(GBI EAR PareAd] AJpIIu QIMX2)0193 SNOAUST0INAY
oAnESON (moy) HSL 1dooxa euoN €1l - s puelS proiky pagre[uy [eULION A0d-1d 0T0T “TeneN
(CERAR| rwAyouared snosusgoisley
(Usy) €14 pue Ajuenosea 020C
oANRSON (mo)) HSL PABAI[D SHHM 101 el JO 9SBAIdAp SSIYIIP SANR[Y [BWLION AOd-IM  “ueey njSomysy
(aviL
PUe ‘qVOdL ‘qv31) (1 i
SAIpOquIIUE PIOIAY], SLAL  sonfea gejauleseqg /Bw) YD /Ww) YSH — SuiSewrpunosenin proiky 19U [D/ARI-X 159D sisouderp 61-AIAOD Iedk ‘royiny

(spodor osed JO MaTALT) SHIPIOIAT) InoeqNs PojeIdosse-6T-qIAOD JO suonesnsaaur K1ojeIoqe] pue sonsoudelq € ajqel

SN Comprehensive Clinical Medicine

A SPRINGER NATURE journal



SN Compr. Clin. Med. (2021) 3:1515-1527 1523

Lo} ~
88 S of 78.5 + 28.8 mm/h. Eighteen cases reported CRP (C-reactive
§ 2 Q&i protein) values, and it was elevated in all 18 (100%), with an
g g & average 39.0 + 30.3 mg/L. Deranged TFTs (thyroid function
Tsa E 8 tests) were seen in all patients, with each case having low
= < = . . .
E Eo 3| & § TSH, and either high T3 or high T4 or both. Serum thyroglob-
A e E ulin was detectable in only 3 patients. Antithyroid antibodies
== —E were only reported positive in 2 patients, one being TPO-Ab
22 ii (thyroid peroxidase antibody) and the other one being TgAb
g o £ (thyroglobulin antibodies). All 21 cases (100%) had abnormal
& ; é § f thyroid ultrasounds suggestive of SAT.
& 233 E‘J Twenty case reports discussed the medications of their pa-
= tients; 18 out of these were administered steroids while others
E 9 were given hydroxychloroquine, ibuprofen, methimazole, or
E § only oral aspirin. Four of these were also given beta-blockers
f ol for controlling hyperthyroid symptoms. All patients recovered
'TE) Té % a few days after treatment; however, 5 patients were reported
5.‘”3 > & to have developed hypothyroid features/TFTs on follow-up
= E after resolution of SAT symptoms.
E =
N =
2o | ¢ e . .
E g Discussion
g
& = & To our knowledge, this is the first systematic review of sub-
== - % acute thyroiditis (SAT) in COVID-19 patients. The term thy-
o = g 5 g roiditis literally means thyroid inflammation. Most
g = = . . . TR . . .
& §D g ; 3 S: 5 3 5 thyroidologists classify thyroiditis into (a) infectious thyroid-
g & Eg52 8 e itis (includes all forms of infection, except viral); subacute
g 5 2 SEE2 . = tis (includes all f f infect t viral); (b) subacut
5 = E 2 3 5 sg<E gE g thyroiditis; (c) autoimmune thyroiditis (Hashimoto’s thyroid-
2 = ) .- s g . s ‘el
8 f?g _5 gn_g g E = E § g «‘; itis and Grave’s disease); and (d) Riedel’s thyroiditis [3].
E B g R é’ © ‘é E 2 E E Among all types of thyroiditis, subacute thyroiditis has been
s 25252 8-EEs | 2 most strongly linked to viral infections in the literature [3].
g, E5 288288288 |4 gy
S 3 The viral particles presumed to be of influenza or mumps were
a o3 p p p
8% first demonstrated in the follicular epithelium of a patient suf-
@ 2} fering from subacute thyroiditis [19], and multiple viruses
= £ 2 have been implicated as a trigger for subacute thyroiditis since
% g _‘§ then. Some of them include mumps, measles, rubella, influ-
3] =3 enza, coxsackie, adenovirus, varicella zoster virus, cytomega-
= £ 2 lovirus, Epstein-Barr virus, hepatitis E, and HIV [2, 3, 20]. In
D B o . . . . .
> 25 most patients, a typical viral prodrome of malaise, myalgias
3 2 & and fatigue is also seen clinically. [21] A variety of case re-
© ' 3 % ports and case series have emerged over the last year suggest-
-z O 8 ing that COVID-19 virus may also act as a possible trigger for
%) % & SAT, either during the infection or after its resolution. While
S o : large-scale clinical data needs to be reviewed before making
= o g § strong comments, the recurring and consistent evidence from
§ s % 2 the recognition of this virus to date suggests that COVID-19
S ) g ffg may be another virus that merits the list of viral culprits in
=l - g § subacute thyroiditis.
g § o & SAT typically presents as pain localized to the anterior of
§ 5 z ? 5 the neck that may radiate up to the jaw or ear on either side,
~ o 5] . . . .
- | 2 ’:‘3 %% low-grade fever, fatigue, and mild thyrotoxic/hyperthyroid
2| 2 2 ~ 2 symptoms [2, 22-26]. Tenderness on palpation and enlarged
< = = 2= . . .
=1 < @) SRS size of the gland are some of the cardinal signs. Laboratory
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findings suggest hyperthyroid etiology (suppressed TSH, low
free T4, and poor or no thyroid uptake), and thyroid ultra-
sound shows characteristic findings of poorly defined
hypoechoic areas with a heterogeneous echo pattern
[27-29]. Inflammatory markers like ESR and CRP are typi-
cally elevated. The disease may have a triphasic clinical
course of hyperthyroidism, hypothyroidism, and return to nor-
mal thyroid function. The hypothyroid phase, however, may
last for months until the patient becomes euthyroid [24-26].
Most of the cases we reviewed presented with findings con-
sistent with the above mentioned clinical features and inves-
tigations. Majority of the patients presented with complaints
of anterior neck pain and fever, while some patients also pre-
sented with generalized fatigue, sore throat, cough, and
odynophagia. In a total sample of 21, 16 patients (76%) gave
a positive history of a previous COVID-19 infection con-
firmed either by a previous RT-PCR or a positive antibody
test (IgM/IgG). The remaining 24% developed SAT during
ongoing COVID-19 infection; however, two patients [5, 12]
had an asymptomatic infection which was only confirmed via
RT-PCR after they presented with SAT features.

It is believed that SARS-CoV-2 can affect the thyroid func-
tion in multiple ways. The three reported effects of the virus
are (a) thyrotoxicosis (either subacute/painful thyroiditis or
painless/atypical thyroiditis); (b) hypothyroidism (central or
primary); and (c) nonthyroidal illness syndrome (previously
known as euthyroid sick syndrome) [4]. This suggests that the
effects of the virus on thyroid gland are highly variable and it
is difficult to predict the abnormalities in thyroid function tests
(TFTs). However, when studying the complication of sub-
acute thyroiditis in COVID-19 alone, a strikingly similar pat-
tern in terms of presentation, TFTs and outcome is observed.

Cytokine storm syndrome—a term used to describe the detri-
mental effects of hypercytokinemia on human cells—has been
well described in the literature as the cause of thyroid problems
[30]. While it is well documented that this storm is the cause of
nonthyroidal illness syndrome seen in COVID-19 patients, at
present there is little evidence to suggest the direct thyroid cyto-
toxic effect of cytokines, at least in humans [30, 31]. Immune-
mediated post-viral inflammatory reaction, involving both the
adaptive and innate immune systems, has also been described
in the literature as a cause of thyroid problems [32, 33]. This
mechanism might be responsible for the post-infection SAT ob-
served in the majority of patients described here too.

Among the many possible mechanisms, direct viral dam-
age remains the most reliable evidence to date. The molecular
interaction of SARS-CoV-2 with ACE-2 and TMPRSS?2 re-
ceptor is required for entry into the human cells [34-36] and
recent work by Rotondi et al. and Lazartigues et al. demon-
strated the presence of ACE-2 and TMPRSS2 mRNA in thy-
roid cells [37, 38]. This receptor-virus interaction is similar to
previously described viruses of the same family, SARS-CoV
and MERS-CoV [39, 40]. The abundance of these receptors in

thyroid [41] compared to other tissues (small intestine, heart,
adipose) potentially explains the subacute thyroiditis associat-
ed with SARS-CoV-2, hence strengthening the documented
mechanism of direct viral injury in SAT. Moreover, the struc-
tural proximity of the virus-laden superior airway to the thy-
roid gland may play some role as well [42]. This
mechanism—direct follicular cell damage leading to spillage
of thyroid hormones into plasma—yprobably explains the pre-
dominant thyrotoxic clinical picture (palpitations, tachycardia,
insomnia, anxiety, etc.) in more than % and thyroid function
tests suggesting hyperthyroid etiology in 100% of the cases. It
has also been hypothesized that drugs used in COVID-19,
especially glucocorticoids and low molecular weight heparin,
may also damage the gland and affect thyroid function [43].
While this mechanism might play a role in thyroid abnormal-
ities, there is not enough evidence to support it in our review
because not all patients described here received steroids and
heparin for COVID-19 infection.

In the cases we reviewed, more than % patients (76%) pa-
tients were females as is seen in most cases of subacute thy-
roiditis. The female preponderance also highlights the autoim-
mune etiology of SAT that is well documented in the literature
[2, 44, 45]. Tt is important to realize that patients can either
present with pre-dominant COVID-19 features (headache, an-
osmia, upper respiratory symptoms) or pre-dominant SAT fea-
tures (given above). After a careful review of the literature, the
authors reiterate that anterior neck pain must carefully be
assessed through a good history and examination so that it is
not conflated with upper respiratory symptoms.

Keeping in view the above discussion, we believe it is
important for clinicians to assess for SAT when encountering
patients with ongoing or previous COVID-19. It is also im-
perative to assess for an underlying asymptomatic infection
via RT-PCR if a patient presents with features suggestive of
SAT. A proper follow-up of COVID-19 might also be needed
because most cases have been reported in those with a recent
or previous infection. It must also be noted that treatment
outcomes in all the 21 cases were excellent with steroids and
anti-inflammatory drugs, reiterating the need for timely diag-
nosis of this clinical entity.

The authors would like to acknowledge some limitations
while drawing inferences in this review. Firstly, the sample
size is small because of lack of published literature on the
topic. Secondly, the lack of control group and individual-
centered data limits the generalizability of results. Lastly, there
is a tendency towards publication bias as clinically challeng-
ing cases are more likely to be reported and published.

Conclusion

Direct viral injury and post-viral inflammatory reaction may
contribute to subacute thyroiditis seen during or after COVID-
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19 infection. The mechanism of direct viral injury is well
supported by the presence of ACE-2 and TMPRSS2 mRNA
in thyroid cells, while post-viral inflammatory reaction has
been documented previously as the cause in many other viral
infections associated with subacute thyroiditis. COVID-19-
associated SAT is likely to present with the classic clinical
features of fever and neck pain, hyperthyroid TFTs (low
TSH, high free T4), and suggestive ultrasound findings. The
recognition of this clinical entity is important for physicians to
consider because prompt treatment is likely to lead to com-
plete resolution; however, the possibility of a hypothyroid
phase after SAT treatment should not be ignored. A proper
follow-up after COVID-19 resolution is necessary because
cases of SAT have been reported months after the infection.
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