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Keywords: Summary The severe acute respiratory syndrome (SARS) epidemic started in November 2002 and
SARS,; spread worldwide. The pathological changes in several human organs of patients with SARS have been
Thyr401d;. extensively described. However, to date, little has been reported about the effects of this infection on the
%glgg}ljm; thyroid gland. Femoral head necrosis and low serum triiodothyronine and thyroxine levels, commonly

found in patients with SARS, raise the possibility of thyroid dysfunction. We have undertaken this study
to evaluate for any potential injury to the thyroid gland caused by SARS on tissue samples obtained
from 5 SARS autopsies. The terminal deoxynucleotidyl transferase-mediated dUPT nick end—labeling
assay was performed to identify apoptotic cells. The follicular epithelium was found to be damaged with
large numbers of cells exfoliated into the follicle. The terminal deoxynucleotidyl transferase-mediated
dUPT nick end—labeling assay demonstrated many cells undergoing apoptosis. Follicular architecture
was altered and showed distortion, dilatation, and collapse. No distinct calcitonin-positive cells were
detectable in the SARS thyroids. In conclusion, both parafollicular and follicular cells were injured. This
may provide an explanation both for low serum triiodothyronine and thyroxine levels and the
osteonecrosis of the femoral head associated with patients with SARS. Apoptosis may play a role in the
pathogenesis of SARS associated coronavirus infection in the thyroid gland.

© 2007 Elsevier Inc. All rights reserved.

1. Introduction
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800 had died. In the summer of 2004, there was another,
small-scale outbreak of SARS in Asian countries, but this
time, it was quickly brought under control. However, the
threat of yet another outbreak of SARS and other new
infectious viral diseases continues to exist, and the need to
understand all aspects of such diseases is urgent. Following
the first outbreak, the tissue pathology of several organs was
described extensively [1-5] and has thus contributed to the
understanding of the probable pathogenesis of SARS.
However, to date, the effects of SARS on the thyroid gland
are unknown because no detailed histopathological investi-
gation of the thyroid gland in patients with SARS has been
reported. As SARS is a disease known to cause multiple
organ injury [2-4], the possibility of thyroid gland injury
must be taken into consideration. The thyroid gland is an
organ whose neuroendocrine functions affect the entire body
including the immune system [6-8]. The hormones thyroxine
(T4) and triiodothyronine (T3) produced in the follicular
cells of the thyroid gland are responsible for regulating
normal metabolic and neural activity. Calcitonin produced
by the parafollicular cells of the thyroid gland plays an
important role in modulating calcium homeostasis.

A substantial number of patients with SARS have shown
abnormalities in either of these 2 functions, which lends
support to the supposition that SARS has a harmful effect on
the thyroid gland. In some cases, decreased T3 and T4 serum
levels were detected suggesting follicular cell dysfunction
[9,10]. In other cases, osteonecrosis of the femoral head was
found in recovered patients with SARS, which may have
been caused by a decrease of inhibition of osteoclasts
resulting from calcitonin deficiency [11,12]. Therefore, in
addition to steroid therapy, calcitonin deficiency caused by
injury to the parafollicular cells may also have contributed to
the pathogenesis of this common complication of SARS.

In a previous publication [4,13], we reported the effects
of SARS on several organs and focused particularly on
SARS in relation to the respiratory tract and the immune
system. To further investigate the effects of SARS associ-
ated coronavirus (CoV) on the thyroid, we have undertaken
a detailed study of the thyroid gland with special attention to
the pattern of cellular and architectural alterations on
parafollicular and follicular cells. Because overexpression
of certain nonstructural proteins of the SARS-CoV has
shown the ability to induce apoptosis in several cell types in
vitro, we made a working assumption that apoptosis among
other factors might play a role in the pathogenesis of SARS
[14-17]. Therefore, we also used the terminal deoxynucleo-
tidyl transferase-mediated dUPT nick end-labeling
(TUNEL) assay in this study.

2. Materials and methods

The use of the human specimens and related ethical
issues were approved by the Research Administration
Committee of Peking University and the related hospitals.

2.1. Materials

Five thyroid samples were obtained from autopsies on
4 men and a woman with SARS. Clinical data are presented
in Table 1. The patients’ ages ranged from 24 to 50 years.
From 7 men and 3 women of comparable ages, 10 normal
thyroid samples were used as controls.

2.2. Methods

The thyroid samples from patients with SARS and
normal controls were processed in an identical manner.
They were fixed in 4% paraformaldehyde, dehydrated, and
then embedded in paraffin. Sections (5 pum thick) were cut
and stained with hematoxylin-eosin, and the TUNEL assay
and immunohistochemistry studies were performed.

2.3. TUNEL assay

This assay was performed using a TdT-FragEL DNA
fragmentation detection kit (CalBiochem, San Diego, CA)
to detect apoptosis. In brief, after deparaffinizing and
rehydration, thyroid sections were first covered with 1 X
TdT balance buffer and were incubated at room temperature
for 15 to 30 minutes. Balance buffer was removed by
blotting, followed by immediate addition of TdT-labeling
reaction mixture, covering of the tissue with parafilm, and
incubation at 37°C for a 1-hour period. Tris buffered saline
(TBS) was substituted for TdT enzyme for negative control
slides. Sections were rinsed with TBS buffer in between
incubations at room temperature, covered with stop solution
for 5 minutes, with 3% H,O, for 5 minutes, and with
blocking buffer for 10 minutes. Finally, horseradish
peroxidase conjugate was added and incubated at room
temperature for 30 minutes. After another rinse with TBS,
sections were developed with 3,3-diaminobenzidine (DAB)
solution for colorization at room temperature for 10 to
15 minutes. The sections were then dehydrated in 100%
ethanol, cleared with xylene, and coverslipped.

2.4. Immunohistochemistry

Sections were stained with antibodies to calcitonin (calci-
tonin Ab-2; NeoMarkers, Inc, Fremont, CA). In brief, sections
of thyroid were deparaffinized, rehydrated, treated with 3%
H,0, for 30 minutes at 37°C, and then subjected to antigen
retrieval using the microwave method with sodium citrate
buffer at pH 6. Sections were then blocked with 1:20 normal
goat serum, incubated at 37°C for 30 minutes, and covered
with anticalcitonin polyclonal primary antibodies (diluted
1:200) for overnight incubation at 4°C. Biotinalated goat
antirabbit secondary antibody (Zymed, South San Francisco,
CA) diluted 1:100 was applied for 30 minutes at 37°C, and
strepavidin-peroxidase complex (Zymed) diluted 1:100 was
next applied for another 30 minutes at 37°C. Finally, sections
were rinsed with phosphate buffered saline (PBS), incubated
with DAB solution for color reaction, and dehydrated with
increasing concentrations of alcohol, cleared with xylene, and
then coverslipped.



Table 1  Clinical data of the SARS cases
Case no. Age/Sex  Course Clinical Chest radiograph Lymphopenia  SARS pathogen History Steroid Diagnosis  Postmortem
(d) symptoms (real-time PCR) treatment interval (d)
5814 51/male 45 Fever and cough Infiltrates in the right Yes Yes Healthy + SARS 8
lower portion of
the lung
5816 50/male 33 Fever, cough Bilateral ground Yes Yes Coronary heart disease, — SARS 12
and shortness glass changes primary hypertension
of breath
5818 31/male 35 Fever and Ground glass Yes Yes Non-Hodgkin + SARS 23
nonproductive changes in lymphoma
cough the periphery of the
left lower lobe
and the right
middle lobe
5819 49/female 32 Fever and Interstitial infiltrates ~ Yes Yes No notable + SARS 20
shortness of breath medical history
5821 24/male 21 Fever and cough Bilateral patchy Yes Yes Psychosis + SARS 1

exudation in
the lower lobes

Abbreviation: PCR, polymerase chain reaction.

Syvs ut ptoafyy ays yo Abojoyied

L6



98

L. Wei et al.

To validate the specificity of the immunoreaction, PBS
was substituted for calcitonin antibody on additional tissue
sections as a negative control.

3. Results
3.1. Histomorphology

In contrast to normal thyroid, the thyroid glands from
patients with SARS consistently showed destruction of the
follicular epithelium and exfoliation of epithelial cells into
the follicle. The remaining numbers of epithelial cells on the
follicular scaffold were sparse or were absent. In some
areas, the follicular epithelial cells formed clusters without
colloid. Some follicles were dilated, others were collapsed
and distorted with an irregular outline, and still others
showed a microfollicle configuration. Parafollicular cells
could not be identified morphologically on routine hema-
toxylin-eosin sections. In one SARS case, the capillaries in
the connective tissues between follicles were markedly
congested, and the follicular epithelium showed severe

S50um.

e

Fig. 1  Thyroid of a patient with SARS showing disruption of the
lining epithelium with extensive exfoliation into the luminal cavity
of a dilated follicle (arrow 1), formation of epithelial cell clusters
with no lumen or colloid (arrow 2), and with markedly congested
capillaries in the connective tissues between follicles (arrow 3)
(hematoxylin-eosin stain; bar, 50 um).
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Fig. 2 Loss of follicles with increased fibrous tissue (arrow) in
interfollicular region in a patient with SARS (hematoxylin-eosin
stain; bar, 50 um).
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damage (Fig. 1). Neither neutrophilic nor lymphoid infil-
tration was present in the interfollicular connective tissue. In
the thyroid gland of the female patient with SARS, in
addition to the changes described above, fibrosis was
present in the interfollicular connective tissue (Fig. 2).

There was no definite correlation of the above features
with the duration of disease before death or with the
postmortem interval.

3.2. Apoptosis with TUNEL assay

There were few apoptotic cells present in the thyroid
tissue sections of the normal controls (Fig. 3A). However,
apoptosis was observed in both the follicular epithelium
and the interfollicular region of all patients with SARS
(Fig. 3B). The cell type undergoing apoptosis in the
interfollicular stroma could not be definitively ascertained
because of loss of normal cellular morphology.

3.3. Calcitonin expression

Calcitonin-positive cells were present in the normal
control thyroid tissue and were located predominantly
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Fig. 3 TUNEL stain of normal (A) and SARS (B) thyroid samples. (A) Few TUNEL-positive cells in a normal thyroid (bar, 50 um). (B)
Distinct apoptosis in the follicular epithelium and the interfollicular region in a patient with SARS (insert figure, apoptosis in follicular

epithelium; bar, 20 pum) (bar, 50 um).

among follicles and between follicular epithelial cells.
Positive immunocytochemical signals were strong and
distinct (Fig. 4A). These cells displayed the characteristic
morphologic features of parafollicular cells, including large
cell size, an oval to polygonal shape with pale cytoplasm,
and oval nuclei. In the thyroid glands of patients with
SARS, however, calcitonin-positive cells were entirely
absent (Fig. 4B). The specificity of the immunostaining
was validated by the control results.

4. Discussion

Our study has demonstrated that thyroid glands in
patients with SARS were significantly affected by the
disease with extensive injury to the follicular epithelial cells
and the parafollicular cells.

The damage to follicular cells was characterized by
destruction of the follicular epithelium and desquamation of
the epithelial cells into the follicular lumen. The presence of
apoptosis was confirmed by the TUNEL assay. A previous
study reported that serum levels of T3 and T4 in patients
with SARS were significantly lower than those in the

control group, and the more severe the disease, the lower the
level of T3 in these patients. Serum T3 and T4 levels were
decreased, respectively, in 94% and 46% of 48 patients with
SARS during the acute phase and in 90% and 38% during
the convalescent phase of the disease [9]. Serum thyroid
stimulating hormone (TSH) concentration in patients with
SARS was also significantly decreased compared with that
of the control group [9]. The extent of morphological injury
and the large quantity of cells undergoing apoptosis that we
observed in the thyroid follicular epithelium provide an
explanation for the diminished serum T3 and T4 levels in
patients with SARS. In contrast, the reduced TSH level
reported in patients with SARS cannot be readily explained
by the destruction of follicular epithelium, as under normal
circumstances, low serum levels of T3 and T4 would lead to
an increased TSH level provided that the hypothalamus-
pituitary function is intact. Therefore, the hypothalamus-
pituitary dysfunction may be the underlying cause of low
serum TSH. Leow et al [10] reported that 4 of 61 SARS
survivors (6.7%) were hypothyroid including 3 cases with
central hypothyroidism and 1 with primary hypothyroidism
with positive autoimmune antibodies. In addition to
hypothyroidism, they reported a more frequent occurrence
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Fig. 4 Calcitonin immunostaining. (A) Calcitonin-positive cells present predominantly in interfollicular region of a normal thyroid (bar,
50 pum). (B) Absence of calcitonin-positive cells in the thyroid of a patient with SARS (bar, 50 um).

of central hypocortisolism in a substantial number of
patients with SARS. Hypocortisolism and hypothyroidism
together may explain the frequent occurrence of the wide
range of nonspecific symptoms found in recovered patients
with SARS, which has been referred to as post-SARS
sickness syndrome [10,18]. Leow et al [10] postulated that
SARS caused central hypocortisolism and hypothyroidism
by inducing hypophysitis or by directly affecting the
hypothalamus. Such a potential effect on the hypothalamus
is consistent with the presence of edema and neuronal
degeneration together with the identification of viral
genome sequences in the hypothalamus and cortex of the
brain of patients with SARS, as described in a previous
report [4]. Some authors have suggested another explanation
for hypothalamic-pituitary-adrenal (HPA) axis dysfunction,
in which the temporary dysfunction of the HPA axis in
recovered patients with SARS was ascribed to an adaptive
physiological response to prolonged activation of the HPA
axis during the acute phase of the disease [18]. With respect
to hypothalamic-pituitary-thyroid axis deficiency, our
results seem to indicate that in addition to such hypotha-
lamic-pituitary dysfunction as is described above, primary
injury to the thyroid gland itself may have a key role in the
pathogenesis of hypothyroidism in patients with SARS.

In the present study, strong granular cytoplasmic staining
was identified in calcitonin-positive cells of the normal
thyroid glands of the control group, and these cells showed
morphologic features consistent with normal parafollicular
cells. In sharp contrast, there were no calcitonin-positive
cells detected in the thyroids of any of the patients with
SARS. This strongly suggests that in addition to injury to
the follicular cells, SARS infection also damages the
structure and function of cells in the interfollicular tissue
including parafollicular cells, to the extent that calcitonin
production may be adversely affected. This is also supported
by the results obtained from the TUNEL assay, which
demonstrated extensive apoptosis in both follicular cells and
cells in the interfollicular regions, including parafollicular
cells in patients with SARS but not in the control subjects.

The specificity of the TUNEL assay is sometimes
questioned because both apoptosis and necrosis cause
DNA degradation, which in case of necrosis may lead to a
false-positive assay result. However, cellular necrosis in
vivo is usually associated with an intense inflammatory
response. Furthermore, necrotic cells are morphologically
characterized by cytoplasmic swelling and total cell lysis
[19,20]. Because in this study microscopic examination
detected neither inflammatory infiltrates nor morphological
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cellular features of necrosis, the observed changes in these
SARS thyroid glands appear to be consistent with apoptosis.

Osteonecrosis of the femoral head is frequently observed
in recovered patients with SARS [11,12]. As most patients
receive high-dose glucocorticoids during the course of their
illness, this complication has been thought to be related to
glucocorticoid administration. However, it is possible that
there is an alternative explanation for osteonecrosis related to
loss of calcitonin-producing cells in SARS thyroid glands.
The mechanism by which glucocorticoids induce osteoporo-
sis through decrease of ossification by osteoblast inhibition
and by stimulating the action of osteoclasts, which in turn
accelerate bone resorption, is well known [21]. This may in
turn result in fracture and collapse of trabeculae of spongy
bone, leading to compression of capillaries and ischemia,
resulting in ischemic necrosis of the femoral head.

However, the observation of loss of calcitonin-producing
cells in SARS thyroid glands in this study may furnish an
alternative or additional explanation for bone necrosis in this
disease, that is, through decrease of inhibition of bone
resorption due to loss of calcitonin release. Calcitonin is
known to inhibit osteolysis and increase calcium deposition
in the bone [22-25], and decreased production of calcitonin
in the thyroid glands of patients with SARS may lead to
increased osteolysis and necrosis of the bone.

No significant difference in serum PTH level was
observed between the 48 patients with SARS and the
control group, neither during the acute nor the convalescent
phase of the illness [9]. There has been no report on the
serum levels of calcitonin hormone in patients with SARS.
However, it has been noted that the serum calcium level is
decreased in patients with SARS [26-28]. It appears that
with prolongation of steroid administration, the degree of
hypocalcemia increases [27]. Under normal circumstances,
reduction of calcitonin would lead to elevation of serum
calcium. However, serum calcium is regulated by a number
of other factors including parathyroid hormone and 1,25-
dihydroxycholecalciferol (vitamin D3) [22,29], as well as
absorption by the intestines and secretion by the kidneys
[22]. Most of the patients with SARS in this cohort (and
most patients with SARS in general) received large dosages
of glucocorticoids that would inhibit the production of 1,25-
dihydroxycholecalciferol and lead to hypocalcemia. Be-
cause SARS-CoV infects multiple organs and can cause
severe damage to the function of the kidneys and intestines
[5,30], it is likely that this may also contribute to the
reduced serum calcium level in SARS.

The injury to the thyroid in patients with SARS is most
likely caused by SARS-CoV itself rather than by glucocor-
ticoids, as glucocorticoid damage to the thyroid and/or the
parafollicular cells has, to our knowledge, never been
reported. Moreover, glucocorticoids were not given to 1 of
the 5 patients in this study, and that the patient’s thyroid
showed pathology identical to those of the other patients.

It is not clear how the SARS-CoV induces organ injury in
general or injury to the thyroid gland in particular. Several

mechanisms have been proposed to explain the severe organ
damage caused by SARS-CoV infection. The most impor-
tant of these mechanisms include host immune overreaction,
immune deficiency related to infection and destruction of
lymphocytes, inhibition of the innate immune response
(in particular the type 1 interferon response), and direct
cellular destruction [4,31-33]. In addition, there is evidence
that apoptosis plays a role in the pathogenesis of SARS
infection [15]. In vitro experiments have shown that
overexpression of certain nonstructural SARS-CoV proteins
can induce apoptosis [14-17] in several cell types. In a study
of liver pathology, apoptosis was detected in the tissue
specimens of 3 patients with SARS [34]. Our results also
suggest that apoptosis may partially contribute to injury of
the thyroid gland.

Previous studies have not detected any SARS viral
genomic sequences in the thyroid gland itself, but such
sequences were found in monocytes and lymphocytes in
blood perfusing the thyroid [4,35]. As such, further
investigation is necessary to ascertain if injury to the
thyroid is caused directly by the virus or indirectly via
other mechanisms associated with the disease process.

Our findings on the thyroid and the previous observation
of low serum T4 and T3 levels also have implications for the
care of patients with SARS in the acute phase and of
recovered patients with SARS. It appears that monitoring of
thyroid hormones is necessary, with proper replacement
therapy as indicated. In most cases, hypothyroidism was
reversible, and thyroid hormones normalized within 3 to
9 months [10]. Further investigation will be needed to
determine the relationship between osteonecrosis and calci-
tonin deficiency.

In conclusion, in this study, we found evidence of
thyroid gland damage in patients with SARS, which may
partially be the result of apoptosis. The injury to follicular
cells may provide an explanation for the low serum T3 and
T4 levels frequently found in patients with SARS. The
damage to the parafollicular cells that was identified may
result in calcitonin deficiency, which most likely contributes
to the pathogenesis of femoral head necrosis, a common
complication of SARS. However, the exact mechanism by
which SARS causes injury to the thyroid gland remains
unclear and warrants further investigation.
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