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Abstract. — OBJECTIVE: Increased calpro-
tectin (S100A8/A9) levels have been demonstrat-
ed in many acute and chronic inflammatory pro-
cesses. Subacute thyroiditis is an inflammatory
disease of the thyroid gland. In our study, we in-
vestigated the value of this inflammation marker
in the diagnosis and follow-up of subacute thy-
roiditis.

PATIENTS AND METHODS: Patients with sub-
acute thyroiditis admitted to our clinic between
November 2018 and January 2020 were includ-
ed in the study. In the acute phase of the disease,
fT4 (free thyroxin), TSH (Thyroid Stimulant Hor-
mone), CRP (C Reactive Protein), ESR (Erythro-
cyte Sedimentation Rate), ALT (Alanine Amino-
transferase), AST (Aspartate Aminotransferase),
Creatinine, WBC (White Blood Cell), Absolute
Lymphocyte and Neutrophil Count (ALC, ANC)
parameters were detected and recorded. After
complete resolution of the disease, the same lab-
oratory parameters and acute phase reactants
were again detected. Additionally, Calprotectin
determination was performed in the acute phase
and recovery period. Persistent hypothyroidism
was determined by 6th-month TSH levels.

RESULTS: Thirty-six patients were included in
the study. Along with the classical acute phase
reactants and ANC, there was a significant in-
crease in the Calprotectin levels in the acute in-
flammatory phase of the disease compared to
the recovery period (96. 92-37.98, p<0.001). Nei-
ther classical acute phase reactants and nor
calprotectin were found to have a significant ef-
fect on the development of permanent hypothy-
roidism. Calprotectin did not correlate with oth-
er acute phase reactants, absolute neutrophil
count and TSH levels in both the acute phase
and resolution period.

CONCLUSIONS: Calprotectin appears to be
an important marker in the diagnosis and fol-
low-up of subacute thyroiditis.
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Introduction

Subacute Granulomatous Thyroiditis (De
Quervain Thyroiditis) is an acute painful inflam-
mation of the thyroid gland. It was first described
in 1904 by Fritz De Quervain. The etiology of the
disease remains unclear. It usually appears after a
viral upper respiratory tract infection, especially
in spring and autumn. Although it is claimed that
there may be factors such as coxsackievirus, ad-
enovirus and influenzavirus in its etiology, these
have not been verified yet'?.

There are no internationally established con-
sensus criteria for the diagnosis of subacute
granulomatous thyroiditis. Diagnosis is made by
combining clinical and laboratory findings'*. The
disease has a prominent inflammatory presenta-
tion led by fever and neck pain. In the laboratory
subclinical or overt thyrotoxicosis due to thyroid
destruction and accompanying high ESR and
CRP levels prevail. ESR levels are usually higher
than 50 mm/h, and most often around 100 mm/h.
Pathological findings include the destruction of
thyroid follicular cells; infiltration of polymor-
phonuclear leucocytes in the acute period; mono-
nuclear cells in the subacute period; and giant cell
granulomatous inflammation. In severe follicular
destruction, permanent hypothyroidism develops
at a rate of about 5%".

Calprotectin is also known as SI00A8/A9 and
(myeloid related protein) MRP8/14 or Calgranulin
A/B. It is found in plasma as SI00A8/A9 heterod-
imeric complex. It is a cytosolic protein in neutro-
phils, monocytes, and macrophages under normal
conditions. In case of an inflammatory stimulus,
it migrates to the cell membrane and acts together
with the cytoskeleton. Calprotectin is involved in
many proinflammatory processes such as che-
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motaxis, neutrophil adhesion, inflammatory cy-
tokine release and apoptosis stimulation. It is
also released from stimulated neutrophils and
myelocytes into the circulation and has direct
bactericidal and fungicidal effects. In addition to
physiological processes such as wound healing,
these proteins have been shown to be associated
the activity of many acute and chronic inflamma-
tory processes”*.

The inflammatory features of subacute granu-
lomatous thyroiditis are clear in terms of clinical,
laboratory and pathological aspects. However,
the inflammatory protein calprotectin has not
yet been studied in this disease. We think that
this protein would be useful in the diagnosis and
follow-up of subacute granulomatous thyroiditis
and may correlate with the degree of thyroid
damage and permanent hypothyroidism. Our aim
is to investigate the usability of this marker in
this disease.

Patients and Methods

Thirty-six patients with subacute granuloma-
tous thyroiditis admitted to Sakarya University
Education and Research Hospital Endocrinology
and Metabolism Outpatient Clinic between No-
vember 2018 and January 2020 were included
the study. Diagnosis of subacute thyroiditis was
made by investigating the acute clinical signs
and symptoms (high fever, weakness, neck pain,
muscle and joint pain and palpitation), measuring
high ESR and CRP levels and accompanying sup-
pressed TSH and high or normal fT3 and {T4 lev-
els in the laboratory, and determining common
hypoechogenic pseudo nodular areas compatible
with subacute thyroiditis via ultrasonography.

All included patients were over 18 years
old. Demographic data; T4 (free thyroxin); TSH
(Thyroid Stimulant Hormone); CRP (C Reac-
tive Protein); ESR (Erythrocyte Sedimentation
Rate); ALT (Alanine Aminotransferase); AST
(Aspartate Aminotransferase); Creatinine; WBC
(White Blood Cell), Absolute Neutrophil Count
(ANC); and Absolute Lymphocyte Count (ALC)
parameters were recorded. After complete resolu-
tion of the disease by proper treatment, the same
laboratory parameters and acute phase reactants
were again measured by the same methods to
check correlation with disease activity. Thyroid
function tests (fT4, TSH) were used to detect
permanent hypothyroidism at the six-month fol-
low-up. In addition, blood samples were collected
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and stored for the determination of Calprotectin
during the acute and resolution phases of the
disease.

Patients with acute or chronic infections; in-
flammatory and rheumatic diseases that may af-
fect blood parameters and acute phase reactants;
those who had used steroids in the last two
months; undergone major surgery in the past
three months; pregnant women; and those with
chronic renal failure, chronic liver disease, con-
gestive heart failure, hematological malignancy
or solid organ malignancy, were excluded from
the study. Although an association between in-
flammatory bowel disease and subacute thyroid-
itis has been demonstrated at the case level in few
publications’, there is no accepted predisposition.
Faecal calprotectin was not studied, as accompa-
nying inflammatory bowel disease was among
our exclusion criteria.

Informed Consent and Ethics Approval

Informed consent was obtained from all patients
participating in the study. Local Ethics Commit-
tee approval was obtained from the Sakarya Uni-
versity Local Ethics Committee (Approval Date
and No:21.11.2018-16214662/050.01.04/96).

Laboratory Analyses

Blood samples were obtained after eight hours
of fasting in the morning during diagnosis and
follow-up, sent to the laboratory immediately
and centrifuged at 2000 rpm for 15 minutes.
Biochemical parameters were investigated using
a Beckman Coulter® AU680 (Brea, CA, USA)
with Beckman Coulter kits. Hemogram parame-
ters examined via a WIC-LYSE for CELL DYN
3700 Kits on the Abbott Cell-Dyn® 3700, Abbott
Park, (IL, USA) device. Erythrocyte Sedimenta-
tion Rate was performed with Rapida ESR100®
in capillary tubes. C Reactive Protein param-
eter was studied with SIEMENS BNII® (Ber-
lin, Germany) with Cardio Phase hsCRP WN®
kits. TSH and fT4 parameters were studied via
an Abbott Architect I 2000 SRIL. USA® device
with available commercial kits. Ultrasonographic
scans were performed by the same author using a
GE Medical Systems Logiq® E9 615 MHz linear
probe (Milwaukee, WI, USA).

To measure calprotectin levels, each blood
sample was collected in dry tube in the morning
after 8 hours of fasting and centrifuged at 2000
rpm for 15 minutes and stored in an -80°C freezer
until laboratory determination. The blood sam-
ples were sent to the laboratory under cold chain
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conditions. Calprotectin studied by Microplate
Reader RT® 2100 C and Microplate Washer RT®
2600 C devices with the appropriate commercial
kits using the Micro ELISA method at 450 nm
wavelength light. Intraassay variability was<10%.

Statistical Analysis

In the sample size calculation, power analysis
was performed using Cohen’s standard effect siz-
es. When the effect size was taken as 0.5, Type
1 error (o) 0.05 and type 2 error () 0.20, the
required sample size was calculated as at least 34
patients.

Data analysis was performed by using SPSS-22
for Windows (Statistical Package for Social
Science®, SPSS Inc. Chicago IL, USA). The
variables were investigated using visual (histo-
grams, probability plot) and analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk’s test) to
determine whether or not they were normally
distributed. We performed analyses to describe
and summarize the distributions of variables. The
continuous variables were expressed in terms of
mean and standard deviation or as median and
interquartile range, depending on the normality
of their distribution. In two different periods
of the disease, the Wilcoxon test was preferred
to compare non-parametric variables, while a
paired Student’s t-test was used for variables
with normal distribution. Logistic regression was
conducted to assess whether the predictor vari-
ables, such as certain inflammatory markers,
significantly predict permanent hypothyroidism.
Since calprotectin variable did not show normal

Table I. Real time PCR primers.

distribution, the correlation coefficients and their
significance were calculated using a Spearman
test. The statistically significant two tailed p-val-
ue was considered as <0.05.

Results

Thirty-six subacute thyroiditis patients were
included in the study. Twenty-seven (80.6%) were
female and 9 (19.4%) were male. The mean age
of the patients was 44.1 (+ 8.8) years. TSH, T4,
ESR, CRP, WBC, ANC and ALC values were
compared in the acute inflammatory period and
recovery period of the disease. TSH, fT4, ESR,
CRP, WBC and ANC levels were statistically
significantly different between the two periods;
however, there was no difference between ALC
results. Analysis results for both baseline charac-
teristics and between the two periods are summa-
rized in Table 1.

Calprotectin levels were compared between
the two periods of the disease. The median levels
of calprotectin were 96. 92 ng/ml (IQR: 24. 47-
130. 37) in the acute inflammatory period and 37.
98ng/ml (14.02-20. 52) during the recovery period
(p<0.001) (Table II).

Possible effects of inflammatory parameters
in acute phase of disease on the development of
permanent hypothyroidism were evaluated via lo-
gistic regression analysis. The following parame-
ters were analyzed: Calprotectin (OR = 1.003, CI
95%: 0. 994-1.011, p = 0. 544); ESR (OR = 1.018,
CI 95%: 0. 967-1.073, p = 0. 474); CRP (OR = 0.
991, CI 95%: 0. 951-1.032, p = 0. 654); WBC (OR

Baseline*(acute inflammatory phase) Recovery phase of the disease* p-value
Women/Men (%) 27/9 (80.6/19.4)
Age (years) 44.1 (+8.8) - -
ALT (IU/L) 19.5 (15.00-32.25) - -
AST (IU/L) 19.5 (16.00-24.00) - -
Creatinine (mg/dL) 0.56 (+0.13) - -
ESR (mm/h) 81.17 (£ 23.19) 19.00 (13.0-26.75) <0.001
CRP (mg/L) 31.05 (17.62-46.12) 3.23 (3.23-4.16) <0.001
WBC (10%mm?) 8.27 (+2.44) 6.72 (+ 1.85) <0.001
ANC (10°*/mm?) 5.31 (+2.00) 373 (+ 1.44) <0.001
ALC (10*/mm?®) 2.20 (= 0.70) 2.28 (£ 0.59) 0.446
TSH (pU/L) 0.010 ([< 0.001]-0.037) 3.51 (+2.69) <0.001
fT4 (pmol/L) 19.13 (15.59-31.37) 11.33 (10.49-12.41) <0.001

ALT; alanine aminotransferase, AST; aspartate aminotransferase, ESR; erythrocyte sedimentation rate, CRP; C-reactive protein,
WBC; white blood cells, ANC; absolute neutrophil count, ALC; absolute lymphocyte count, TSH; thyroid stimulating hormone,
fT4; free-T4 (thyroxine). *Descriptive results for continuous variables were expressed as mean and standard deviation or as
median and interquartile range, depending on the normality of their distribution.
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Table Il. Calprotectin levels in the acute and recovery period of the disease.

Acute inflammatory
phase of the disease

Recovery phase of

the disease p-value

Calprotectin (ng/ml) 96.92

37.98 <0.001

= 1.071, CI 95%: 0. 321-3. 572, p = 0. 911); and
ANC (OR = 0. 801, CI 95%: 0. 190-3.380. p = 0.
763). None of the variables had a statistically sig-
nificant effect on the development of permanent
hypothyroidism (Table I1I).

Correlation analysis was performed for inflam-
matory parameters between both acute and re-
covery period of disease. No significant correla-
tions were found between Calprotectin levels and
other markers such as ESR, CRP, WBC, ANC
and ALC and TSH levels in either the acute or
recovery period. These findings are summarized
in Table I'V.

Discussion

Subacute granulomatous thyroiditis is a rela-
tively common and acute inflammatory disease
of the thyroid. Its prevalence varies between
3-12/100 000. It constitutes 5% of clinically ap-
parent thyroid diseases. The disease is more
common in women, with an F/M ratio of around
4-7/ 114,

Diagnosis of subacute granulomatous thyroid-
itis is typically clinical. It generally progresses
with acute developing prominent inflammation.
High acute phase reactants are typically detected
in patients with appropriate symptomatology. Us-
ing thyroid scintigraphy, iodine and technetium
uptakes are seen to decrease. In ultrasonography,
diffuse enlargement of the thyroid gland and
hypoechoic pseudo nodular patchy shadows are
detected”.

Table IllI. The results of logistic regression analysis*.

While the immunological infrastructure of the
disease has not yet been fully elucidated, it is
thought that cellular immunity plays a major role.
Thyroid autoimmunity does not appear to play a
primary role in the disorder. Although anti-TPO
and Anti-Tg positivity are common, this has been
shown to be a result of the destruction of thyroid
follicular cells. HLA-B35 positivity is present
in 70% of patients. In addition, recent studies
have shown an association with the HLA-B * 18:
01 and DRBI1 * 01 subgroups*!*!?, The definite
etiopathogenesis has not yet been elucidated.
However, it is now clear that there is a clinical,
laboratory and pathologically intense inflamma-
tory burden in this disease.

Calprotectin, also known as SI00A/B heterod-
imer complex or MRP8/14, was first isolated from
granulocytes by Fagerhol and Dale in 1980°. It is
a member of the S100 protein family. The term
S100 comes from the solubility of this proteins in
100% ammonium sulphate. Currently, more than
20 proteins have been identified in this group®?.
It was originally described as an antibacterial and
antifungal molecule, and is found in polymorpho-
nuclear leukocytes, monocytes and macrophages,
but not in lymphoid series. It can also be detected
in various tissues such as osteoclasts epidermal
cells and microvascular endothelium in some
special situations and serves as an important
mediator of the innate immune system. It forms
an average of 40% (30-60%) of the cytosolic mol-
ecules in neutrophiles. The heterodimer complex
has calcium (Ca™) and zinc (Zn) binding sites. In
case of an inflammatory stimulus, intracellular

Independent variables Odds ratio (OR) (% 95 confidence interval) p-value
Calprotectin 1.003 0.994-1.011 0.544
ESR 1.018 0.967-1.073 0.474
CRP 0.991 0.951-1.032 0.654
WBC 1.071 0.321-3.572 0.911
ANC 0.801 0.190-3.380 0.763

ESR; erythrocyte sedimentation rate, CRP; C-reactive protein, WBC; white blood cells, ANC; absolute neutrophil count. *The
dependent variable is the presence of permanent hypothyroidism. 0: no permanent hypothyroidism, 1: permanent hypothyroidism

exists.
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Table IV. The correlation of serum calprotectin levels with other parameters.

Acute inflammatory phase of the disease Recovery phase of the disease

r P r P
ESR 0.017 0.921 -0.089 0.605
CRP 0.036 0.836 -0.084 0.627
WBC -0.024 0.888 -0.316 0.061
ANC -0.055 0.751 -0.260 0.126
ALC -0.070 0.684 -0.159 0.354
TSH -0.076 0.661 0.098 0.570

ESR; erythrocyte sedimentation rate, CRP; C-reactive protein, WBC; white blood cells, ANC; absolute neutrophil count, ALC;

absolute lymphocyte count, TSH; thyroid stimulating hormone.

Ca""level rises and Ca*™ binds the Ca binding site
and the molecule is activated. After activation,
cytosolic proteins are carried into the membrane
and act together with the cytoskeleton. They are
also released from activated neutrophils®",
Calprotectin has many defined tasks in the
inflammation cascade. Neutrophil and monocyte
migration, chemotaxis, stimulation of pro-in-
flammatory cytokines such as IL-1, IL-6, TNFa,
proapoptotic effects, and direct antifungal and
antibacterial effects are some of these functions.
Therefore, its levels also increase in case of infec-
tion and wound healing after surgery®®!4,
Calprotectin has been studied in many acute
and chronic inflammatory diseases and even ma-
lignancies, in addition to infectious processes.
It has been found to be correlated with disease
activity and these correlations were found to be
more significant from classical acute phase mark-
ers most of rheumatologic diseases such as rheu-
matoid arthritis, ankylosing spondylitis, Behcet’s
disease, and vasculitis™'*. In addition, it has been
found that faecal calprotectin correlated very well
with the intestinal activity of inflammatory bowel
disease and Behcet’s disease; thus, it can be used
to determine the response to treatment'>-'°.
Calprotectin has also been studied in the con-
text of many types of cancer, including lung
cancer, hepatocellular cancer, colorectal carci-
nomas, breast, and prostate cancers. Increased
serum levels of Calprotectin have been found
along with SI00A8/A9 gene amplifications in
cancerous tissues™'’. In three studies on thyroid
cancer, an increase inS100A8/A9 has been shown
to be associated with dedifferentiation and meta-
static tendency'”". In another study conducted in
Turkey?’, calprotectin serum levels were found to
be significantly higher in the preoperative phase
than in the postoperative phase and control group

among patients with thyroid papillary carcinoma.

Calprotectin has also been studied in many en-
docrinological and metabolic entities. There have
been numerous studies relating to obesity, insulin
resistance, diabetes mellitus, diabetic microvas-
cular complications, and polycystic ovary syn-
drome. In these investigations, calprotectin has
been shown to be associated with disease activity,
insulin resistance and complication rates* .

Calprotectin has also been analyzed in Graves
ophthalmopathy?’. Blood Calprotectin levels have
been found to be high and S1I00A8/A9 mRNA
expression found to be elevated in orbital fibro-
blasts. Also, the level of Calprotectin has been
found to be correlated with thyroid stimulating
immunoglobulin levels and graves ophthalmopa-
thy activity score. In the second study conducted
by Korkmaz et al*®, SI00A8/A9 levels were found
to be significantly higher than the baseline pop-
ulation among Graves and Hashimoto thyroiditis
patients and are correlated with other oxidative
markers.

In our literature search, we have not encoun-
tered calprotectin studies in patients with sub-
acute thyroiditis. In our study, in the acute in-
flammatory period of the disease, a significant
increase was observed in calprotectin level, to-
gether with ESR, CRP, WBC and ANC levels,
and its levels decreased significantly during the
recovery period. In many previous studies cal-
protectin has been shown to be more correlated
with disease activity in inflammatory diseases
than classical acute phase reactants. For exam-
ple, in rheumatoid arthritis, serum and synovial
calprotectin levels have been found to be more
correlated with disease activity and permanent
joint damage than CRP®. In addition, fecal Cal-
protectin level is more valuable than classical
acute phase markers in the activation of Beh-
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cet enteritis and inflammatory bowel diseases'®.
Based on these data, we attempted to determine
the relationship of this marker with disease ac-
tivity in our subacute thyroiditis patients. Our
marker was found to be correlated with disease
activity as well as classical acute phase reactants.
However, no correlation was found between cal-
protectin and other inflammatory parameters and
thyroid hormone levels during both the acute and
resolution periods.

In our previous study, there was a positive
correlation between permanent hypothyroidism
and acute phase ESR levels', while in our current
study, neither calprotectin nor ESR levels were
found to associated with permanent hypothyroid-
ism. Our sample size was small and the number
of patients who develop permanent hypothyroid-
ism is also very low. This may be why we could
not demonstrate the predictive effects of calpro-
tectin on permanent hypothyroidism.

Some studies have shown that this tissue de-
structive effect of calprotectin may be limited by
zinc chelation®". It remains to be studied whether
patients may benefit from zinc replacement in
addition to conventional treatment, and whether
the level of permanent hypothyroidism would
decrease.

The main limitations of our study are that it
was a single-centered study; the number of pa-
tients was low; the follow-up time was limited,
and there was no separate control group. How-
ever, our study showed that calprotectin can be
used as an additional activity marker in subacute
thyroiditis, especially in the active inflammatory
phase. Additionally, it may be a target molecule in
disease treatment. Larger randomized controlled
trials are needed to demonstrate its relationship
with persistent tissue damage and permanent hy-
pothyroidism, and to determine whether it should
be a treatment goal to reduce the inflammatory
load.

Conclusions

In our study, a significant increase was ob-
served in the acute inflammatory period of the
disease with increased calprotectin levels togeth-
er with ESR, CRP, WBC and ANC, while these
values decreased significantly during the recov-
ery period. We were unable to demonstrate the
effects of calprotectin and other inflammatory
markers on persistent hypothyroidism. No cor-
relations were found between calprotectin and

3750

other inflammatory parameters and thyroid hor-
mone levels during both the acute and resolution
periods. While our study has a limited number of
patients, we were able to demonstrate the value
of calprotectin levels in diagnosing subacute thy-
roiditis, especially in the acute period.
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