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Abstract

Viral infections are frequently cited as a major environmental factor involved in subacute thyroiditis
and autoimmune thyroid diseases This review examines the data related to the role of viruses in
the development of thyroiditis.

Our research has been focused on human data. We have reviewed virological data for each type
of thyroiditis at different levels of evidence; epidemiological data, serological data or research on
circulating viruses, direct evidence of thyroid tissue infection. Interpretation of epidemiological and
serological data must be cautious as they don't prove that this pathogen is responsible for the
disease. However, direct evidence of the presence of viruses or their components in the organ are
available for retroviruses (HFV) and mumps in subacute thyroiditis, for retroviruses (HTLV-1, HFV,
HIV and SV40) in Graves's disease and for HTLV-1, enterovirus, rubella, mumps virus, HSV, EBV
and parvovirus in Hashimoto's thyroiditis. However, it remains to determine whether they are
responsible for thyroid diseases or whether they are just innocent bystanders. Further studies are
needed to clarify the relationship between viruses and thyroid diseases, in order to develop new
strategies for prevention and/or treatment.

Background

Viral infections are frequently cited as a major environ-
mental factor implicated in subacute thyroiditis and
autoimmune thyroid diseases [1]. The term thyroiditis
encompasses a heterogeneous group of disorders charac-
terized by some form of thyroid inflammation. To catego-
rize the different forms of thyroiditis, most
thyroidologists use the following terms: i/Infectious thy-
roiditis (which includes all forms of infection, other than
viral); ii/Subacute thyroiditis (also called subacute granu-
lomatous thyroiditis and which causes acute illness with
severe thyroid pain); iii/Autoimmune thyroid disease
which includes Hashimoto's thyroiditis (and painless thy-
roiditis also known as silent thyroiditis or subacute lym-

phocytic thyroiditis which is considered as a variant form
of chronic Hashimoto's thyroiditis) and Grave's disease;
iiii/Riedel's thyroiditis which is a very rare disease charac-
terized by extensive fibrosis and mononuclear infiltration.

This review examines the data related to the possible role
of viruses in the development of thyroiditis. We have
added thyroid lymphoma to the section on Riedel's thy-
roiditis as both diseases are known complications of
autoimmune thyroiditis. Our research has been focused
on human data but we used some animal data in order to
emphasize some mechanisms and to support such a pos-
sibility in humans. We have reviewed virological data at
different levels of evidence; epidemiological data, serolog-
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ical data which have been associated with research into
circulating viruses and direct evidence of thyroid tissue
infection.

l/Subacute and autoimmune thyroiditis: a viral infection of
the thyroid gland?

First defined by De Quervain, subacute thyroiditis is a self-
limited inflammatory disorder of the thyroid gland. The
disease is most prevalent in females, usually characterized
by a sudden onset of neck pain and thyrotoxicosis. Clini-
cally the disease has several characteristics typical of viral
infections including a typical viral prodrome with myal-
gias, malaise and fatigue. Recurrent subacute thyroiditis
has been reported [2]. The follicles are often infiltrated,
resulting in disrupted basement membrane and rupture of
the follicles. The thyroid injury in subacute thyroiditis is
thought to be the result of cytolytic T-cell recognition of
viral and cell antigens present in an appropriate complex

[3].

I-A/Epidemiological evidence

The first descriptions showed a tendency for the disease to
follow upper respiratory tract infections or sore throats,
which explained why a viral infection has most often been
implicated as the cause. Clusters of the disease have been
reported during outbreaks of viral infection [4]. Onset of
the disease are observed between June and September and
this seasonal distribution is almost identical to that of
established infections due to some enteroviruses (Echovi-
rus, Coxsackievirus A and B), suggesting that enterovirus
infections might be responsible for a large proportion of
cases [5,6].

An association between subacute thyroiditis and HLA B35
is noted in all ethnic groups tested [7] and two-thirds of
patients manifest HLA-B35. Familial occurrence of suba-
cute thyroiditis [8] and recurrence during the course of
time [9] are associated with HLA B35. Thus, the onset of
subacute thyroiditis is genetically influenced and it
appears that subacute thyroiditis might occur through a
susceptibility to viral infection in genetically predisposed
individuals. HLA-B35 has been reported to be correlated
with chronic active hepatitis, with hepatitis B [10], with
rapid progression of AIDS [11] and with the T lymphocyte
responses against human parvovirus B19 [12]. Recently,
the medical records of 852 patients with subacute thy-
roiditis have been studied. The significant seasonal clus-
ters of subacute thyroiditis during summer to early
autumn was confirmed. According to the authors, "the
history of patients showed no obvious association with
virus infection". Unfortunately, no data on infections are
available in the paper [2].

I-B/Virological data
Virus-like particles were first demonstrated in the follicu-
lar epithelium of a patient suffering from subacute thy-
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roiditis. Judging from the size, it was thought to be
influenza or mumps virus [13], which was concordant
with an increased frequency of antibodies to the influenza
B virus in patients with thyrotoxicosis [14]. The same year,
in five out of 28 patients with subacute thyroiditis, a cyto-
pathic virus was isolated by coculturing patient samples
with susceptible cell lines[15]. The agent was later studied
by electron microscopy and classified as a paramyxovirus
[16]. Subsequently, the agent was reanalyzed by immun-
ofluorescence and electron microscopy and was reclassi-
fied as a foamy virus [17]. However, the implication of
foamy virus has not been confirmed: a more comprehen-
sive study using different techniques demonstrated no
association between foamy-virus infection and thyroiditis
in 19 patients [18]. Moreover the expression of HFV gag
proteins had not been found by indirect immunofluores-
cence [19]. As part of a larger study investigating the prev-
alence of foamy-virus infection in humans, 59 patients
with thyroid disorders, including 28 with Quervain's thy-
roiditis, were analyzed by different techniques including
PCR. Again, there was no prevalence of foamy virus infec-
tion [20]. The origin of the foamy-virus-like agent in the
original publications remains unclear, but because the
more comprehensive study was unable to detect foamy-
virus infection in de Quervain patients, it is highly
unlikely that it is a causative agent of this condition [21].

Some cases could be due to the mumps virus. Subacute
thyroiditis has occurred in epidemic form: patients with
subacute thyroiditis diagnosed during a mumps epidemic
were found to have circulating anti-mumps antibodies
even without clinical evidence of mumps [22]. High titers
of mumps antibodies have been found in some patients
with subacute thyroiditis, and occasionally parotitis or
orchitis, usual in mumps, were associated with thyroiditis
[23]. In favor of thyroid infection is the fact that in two
patients out of 11 with subacute thyroiditis diagnosed
during a mumps epidemic, the mumps virus was cultured
from thyroid tissue obtained at biopsy [22].

Enteroviruses have been suspected. Patients with subacute
thyroiditis, who had no clinical evidence of viral disease,
demonstrated increases by at least four times in viral anti-
bodies. These viral antibodies included antibodies to
mumps virus, but also coxsackie, adenovirus and influen-
zae. Coxsackie viral antibodies were the most commonly
found, and the changes in their titers most closely approx-
imated the course of the disease [24]. In a case report, thy-
roiditis was attributed to enterovirus: IgM and IgG were
found at a quadruple titer against coxsackievirus B4
whereas no other antibodies were found against other
coxsackies, echoviruses or mumps [25]. In 27 consecutive
patients with subacute thyroiditis, antibody tests, virus
isolation and antigen detection were negative. Enterovirus
RNA was not detected by RT-PCR neither in blood sam-
ples nor in the thyroid tissue in the fine-needle aspiration
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samples. Common respiratory viruses were also screened.
There was no evidence of viral infections, except one
patient who had acute CMV infection[26].

Case reports have implicated - CMV in an infant with
acute infection and - EBV in an adult female because of
positivity for Epstein-Barr virus-specific antibodies and in
a 3-year-old girl suffering from infectious mononucleosis
because of the presence of EBV DNA both in plasma and
leukocytes [27-29]. However, when thyroid specimens of
nine patients obtained by fine-needle aspiration biopsy
were examined, no EBV or CMV DNA was detected [30].
Serum virus-specific antibodies to measles, rubella,
mumps, type I herpes, chicken pox, human parvovirus
B19 and CMV were found in 10 patients during the course
of illness. In spite of the presence of IgG to each virus in
more than 70% of patients, changes in the IgG titers were
observed for those to measles, rubella, chicken pox or
CMV in 4 patients [30]. In an adult female, subacute thy-
roiditis was diagnosed one month after acute infection
suggesting that rubella virus could also be implicated
[31].

Viral antibody titers to common respiratory tract viruses
are often elevated. Since the titers fall promptly and are
not increased during recurrence [9] and since multiple
viral antibodies may appear in the same patient, the eleva-
tion could be an anamnestic response due to the inflam-
matory condition [32].

Although the search for a viral cause is usually unreward-
ing, it appears that the thyroid could respond with thy-
roiditis after invasion by a variety of different viruses and
that no single agent is likely to be causative in the syn-
drome of subacute thyroiditis.

lllinvolment of viral infection in autoimmune thyroid
diseases (AITD)

The autoimmune thyroid diseases (AITD) are frequent
[33,34]. and include Hashimoto's thyroiditis and Graves'
disease. Both disease are characterized by lymphocytic
infiltration and the presence of serum anti-thyroperoxy-
dase antibody (TPOAb) and/or anti-thyroglobulin anti-
body (TgAb) for Hashimoto's thyroiditis and TSH
receptor autoantibodies (TSHR-Ab) for Graves' disease.

The mechanisms by which infection may induce an
autoimmune response are many, and this makes infec-
tions an attractive hypothesis for disease initiation
[35,36]. Paradoxically, infections may enhance AITD but
may also be protective. Indeed, the hygiene hypothesis
implies that the immune system is educated by multiple
exposures to different infections allowing it to control
autoimmune responses better. Thus, improved living
standards associated with decreased exposure to infec-
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tions are associated with an increased risk of autoimmune
disease and the lower socio-economic groups have a
reduced prevalence of thyroid autoantibodies [37,38].

However, specific infections could be a triggering factor to
disease initiation by liberating antigens (via cell destruc-
tion or apoptosis), by forming altered antigens or causing
molecular mimicry, by cytokine and chemokine secretion,
by inducing aberrant HLA-DR expression and Toll-Like
Receptor (TLR) activation. TLRs are a family of cell surface
receptors which protect mammals from pathogenic
organisms, such as viruses, and are present on non-
immune cells including thyrocytes [39]. Moreover, TLR3
recognizes double-stranded (ds) RNA, assumed to be
released by viral killing of cells. The dsRNA binding to
TLR3, mimicked in vitro by incubation with polyinosine-
polycytidylic acid [Poly (I:C)], leads not only to the induc-
tion of inflammatory responses but also to the develop-
ment of antigen-specific adaptive immunity [40]. Then,
Hashimoto's thyroiditis has been grouped with insulitis
and type-1 diabetes, colitis, and atherosclerosis as an
autoimmune and inflammatory disease associated with
TLR3/4 overexpression, which is in favor of environmen-
tal pathogens [39].

In order to give a comprehensive review, virological data
on Hashimoto's thyroiditis and Graves' disease are
exposed together in the text but are summarized in inde-
pendent tables (see tables 1, 2, 3) for each disease and
classified in terms of their levels of evidence of infection
of the thyroid tissue: epidemiological, serological (or cir-
culating viral genome) and molecular.

lI-A/Epidemiological data

lI-A-1/Temporal and geographical considerations

Seasonal trends, possibly related to epidemic infections,
have been described in the diagnosis or relapse of Graves'
disease with higher rates in spring and summer [41,42].
Geographical differences have also been described in Eng-
land in the incidence of Grave's disease which could be an
indirect sign of environmental factors [43].

More surprinsigly, month of birth was studied in 664
patients with Hashimoto's hypothyroidism and in 359
patients with Graves' hyperthyroidism. Patients had a dis-
tinct pattern of distribution for month of birth compared
with the general population. These differences point
towards a a seasonal viral infection as the initial trigger in
the perinatal period, the clinical disease resulting from
further specific damage over time [44].

lI-A-2/Subacute thyroiditis: a trigger of thyroid autoimmunity?

Damage to the thyroid in subacute thyroiditis, which is
thought to be a virus-associated syndrome, might release
normally sequestered antigens, inducing an immune
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Table I: Evidence for infection in subacute thyroiditis.
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in favour of infection references not in favour of infection references
Levels of data: Epidemiological
distribution of disease during outbreaks of viral infection [4,22] no obvious association with virus infection [2,9,32]
seasonal distribution from June to September [2,5,6]
Serological and/or circulating viral genome
mumps virus [22-24] mumps virus [30]
coxsackievirus [24,25,134]  enterovirus [26]
adenovirus [24] HSV-I, [30]
EBV [27,28] parvovirus B19 [30]
measles, chicken pox, CMV [30]
influenzae [14,24]
rubella [30,31]
CMV [26,29]
Direct evidence of infection

human foamy virus [17] human foamy birus [18-20]
mumps [22] enterovirus [26]

CMV and EBV [30]

response. Unknown autoantibodies are found in patients
with subacute thyroiditis, and a higher prevalence of thy-
roid autoantibodies after a mean follow-up interval of 4
years but at low titers has been observed [45,46]. How-
ever, thyroid autoantibodies appear at low titer only,
often transiently and characterized autoimmune patholo-
gies of the thyroid do not usually occur [32]. These
autoimmune phenomena could represent a nonspecific
response to the inflammatory release of thyroid antigens
rather than a specific autoimmune disease. Rare cases of
Hashimoto's thyroiditis have been reported but several
cases of the occurrence of Graves' disease after subacute
thyroiditis have been published [47-49]. To examine

whether subacute thyroiditis triggers TSH receptor anti-
body, 1697 patients with subacute thyroiditis were tested.
Antibodies were found positive in 2% of patients but
hyperthyroidism was not always present and some of the
patients recovered from thyroid dysfunction without
treatment. Therefore, subacute thyroiditis could trigger
autoreactive B cells to produce TSH receptor antibodies
[50].

lI-A-3/What about vaccination?

Previous natural infection or vaccination against measles
and/or mumps seemed to have an inhibitory effect on the
development of thyroid autoantibodies. No evidence was

Table 2: Evidence for infection in Hashimoto's autoimmune thyroiditis

in favour of infection references not in favour of infection references
Levels of data: Epidemiological
antithyroid antibodies following subacute thyroiditis [32,46] euthyroidism: nonspecific autoimmune response ? [32,46]
unknown antithyroid antibodies following subacute [45]
thyroiditis
seasonality of month of birth [44]
HTLV-1 [52,53] SARS: central hypothyroidism [115]
HIV [65] HIV [67,68]
non-HIV retrovirus [69]
congenital rubella [88,89,91] congenital rubella [90]
HCV, HBV [107,108,110] HCV [HL112]
enterovirus infection during pregnancy [120] measles-mumps-rubella vaccination [51]
Serological and/or circulating viral genome
HTLV-1 [54-58,60,137] HIAP-I [78]
congenital and acquired rubella [88-90,92-94]
EBV [99,100]
Parvovirus [104]
Direct evidence of infection
HTLV-I [59] HFV [19]
rubella [87] CMV [97]
HSV [97] Enterovirus: RNA detected in various thyroid disease [119]
Parvoviru [103]
EBV [132]
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Table 3: Evidence for infection in Grave's disease
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in favour of infection references not in favour of infection references
Levels of data: Epidemiological

seasonality of month of birth [44]
higher diagnosis and relapse rate in spring and summer [41,42]
geographical distribution [43]
antibodies or disease onset following subacute thyroiditis [47-50] nonspecific response to the inflammatory rection ? [32]
HTLVI [62]
HIV [65] lack of anti-thyroid antibodies before the beginning of [75]

HAART

Serological and/or circulating viral genome
HTLVI [57,60-62]
HIAP-1 [78]
HFV [81,84] HFV [20,82,83]
parvovirus [106] Enterovirus [121]
HHV6, HHV7 [101]
Direct evidence of infection

HTLV-I [64]
HIV-1 [70] SV40 [72,73]

HIAP-1 [79]
HFV [19,80] HFV [83]
SV40 [85] HSV, CMV [97]

found, that measles-mumps-rubella vaccination may trig-
ger autoimmunity: neither the prevalence nor the levels of
antibodies changed 3 months after vaccination [51].

11-B/Specific virus data

11-B-1/Retrovirus

1I-B-1-a/lHuman T lymphotrophic virus-1 (HTLV-1)

HTLV-1 is a human retrovirus highly endemic in the Car-
ibbean islands, Central Africa and south-west Japan.

II-B-1-a |l Hashimoto's thyroiditis

Human T lymphotrophic virus-1 has been associated with
various autoimmune disorders, including Hashimoto's
thyroiditis in patients with HTLV1-associated myelopa-
thy/tropical spastic paraparesis [52,53]. Two patients who
developed Hashimoto's thyroiditis, proven with biopsy,
were HTLV-I carriers but had no myelopathy/tropical
spastic paraparesis [54]. A case-control study was then
conducted to determine the frequency of HTLV-I seropos-
itivity among patients with Hashimoto's thyroiditis and
the frequency of Hashimoto's thyroiditis in patients with
HTLV-I-associated myelopathy/tropical spastic parapare-
sis. The frequency is significantly higher in the two groups
than in the general population [55]. A high prevalence of
positivity for thyroid autoantibodies (TPOAb and/or
TgAb) and hypothyroidism have also been described in
the adult T-cell leukaemia patients and the HTLV-I carriers
[56]. In prospective studies in blood donors, the fre-
quency of anti-thyroid antibodies tended to be higher in
donors with anti-HTLV-I antibody. HTLV-1 and HTLV-II
proviral load are significantly higher in the peripheral
blood of patients with Hashimoto's thyroiditis than in
asymptomatic HTLV carriers [57,58]. Thyroid tissues from
two patients with Hashimoto's thyroiditis were examined

for the presence of HTLV-1. The virus envelope protein and
signals for the mRNA were detected in many of the thyro-
cytes from one of the patients, by immunohistochemistry
and in-situ hybridization respectively. PCR-Southern
blotting revealed the presence of HTLV-I DNA although
no virus particles were found by electron microscopy. The
present findings suggest that infection of thyroid tissue
with HTLV-I is possible [59]. An association between
HTLV-I infection and autoimmune thyroiditis may be
then strongly suspected.

lI-B-1-a2/Graves' disease (GD)

Serum HTLV-I antibody is found in 6% of patients with
GD, 7% of patients with chronic thyroiditis, and 2% of
patients with nodular goiter|60]. Beside the fact that anti-
HLTV-I antibody and proviral DNA is detected in periph-
eral lymphocytes of patients with GD [60,61], proviral
load in HTLV-I-infected patients with GD, as observed in
Hashimoto's thyroiditis, is significantly higher than in
asymptomatic HTLV-I carriers [57]. GD and HTLV-I infec-
tion seem to be interacting and resulting in onset of uvei-
tis [61,62]. Indeed, 5% of HTLV-I-positive patients with
GD developed uveitis, whereas none of the HTLV-I nega-
tive patients with GD nor HTLV-I-positive patients with
chronic thyroiditis or nodular goiter developed uveitis
[60]. The provirus load was significantly higher in the
uveitis patients with GD than in those without GD [63].
As in Hashimoto's thyroididtis, HTLV-I infectivity in thy-
roid was proven: HTLV-I DNA was detected by polymer-
ase chain reaction in the thyroid tissue of an HTLV-I-
infected male who was successively afflicted with GD fol-
lowed by uveitis. HTLV-I was isolated from thyroid tissue
by coculture with peripheral blood lymphocytes [64].
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11-B-1-b/Human Immunodeficiency Virus (HIV)

1I-B-1-b I /Hashimoto's thyroiditis

Autoimmune diseases in HIV/AIDS have been reported
with an array of autoantibodies including anti-thyroglob-
ulin and anti-thyroid peroxidase [65].

A high prevalence of subclinical hypothyroidism with
3.5% to 12.2% has been described in patients receiving
HAART [66]. A cross-sectional multicenter study was done
to determine the prevalence of and risk factors for
hypothyroidism in HIV-infected patients. Of the 350 HIV-
infected patients studied; 16% had hypothyroidism, 2.6%
had overt hypothyroidism, 6.6% had subclinical hypothy-
roidism, and 6.8% had a low level of free T4. The preva-
lence of subclinical hypothyroidism was higher among
HIV-infected men. A nested case-control study was con-
ducted which compared hypothyroid and euthyroid
patients. Only receipt of stavudine and low CD4 cell
count were associated with hypothyroidism [67]. Thyroid
dysfunction seemed, therefore, to be due to medication
and not to autoimmunity. To confirm these data, 22 HIV+
hypothyroid patients and 22 HIV+ euthyroid controls
receiving highly active anti-retroviral therapy were
included in an additional study. No goiter or anti-thyroid
antibodies were detected. Thus, in our experience, HIV is
not a cause of autoimmune thyroiditis [68]. Discordant
data have been published about these risk factors. Mecha-
nisms and screening of patients is discussed in a recent
review [66].

Some individuals possess antibodies that react to HIV-1
Western blot proteins in patterns different from HIV infec-
tion diagnostic. Autoimmune thyroiditis is more frequent
in patients exhibiting these indeterminate HIV-1 Western
blots in comparison with a control cohort of HIV-negative
blots. These data suggested that patients infected with
non-HIV retrovirus could develop thyroid autoimmunity
[69].

II-B-1-b2/Graves' disease (GD)

Autoimmune diseases in HIV/AIDS that have been
reported include GD [65]. Several hypotheses have been
elaborated. Using Southern blot analysis, specific integra-
tion of exogenous sequences homologous to HIV-1 gag
region was only found in genomic DNA of thyrocytes
from patients with GD and not in normal thyrocytes.
These findings suggested that retrovirus-like sequences
could be associated with thyroid autoimmunity [70].
High reverse transcriptase activity which resembled that
demonstrated in retroviruses has been observed in thyroid
tissue extracts obtained by surgery from patients with GD.
The reverse transcriptase existed in the thyroid tissue as a
complex, with endogenous template RNA, and the activity
was confirmed not to be due to other DNA polymerases.
In a permissive genetic and immunological environment,
retroviral DNA integrated into genomic DNA could then
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participate to the onset of GD [71]. However, in a study
using sets of primer pairs designed to cover the whole
span of the HIV-1 gag region, neither Southern blot
hybridization nor PCR gave positive signals in any of the
samples examined [72] as confirmed in another study
[73]. Homology between the HIV-I Nef protein and the
human TSHR has been suggested [74]. However, a retro-
spective analysis of serum samples of a patient with GD
revealed lack of anti-thyroid autoantibodies before the
beginning of antiretroviral treatment[75].

Despite many attempts, results to date remain inconclu-
sive concerning a direct role of HIV in the onset of GD but
a special mechanism has been observed - the immune
system recovery. De novo diagnoses of thyroid disease
were identified between 1996 and 2002 in seven HIV
treatment centers. Patients were diagnosed as clinical case
entities and not discovered through thyroid function test
screening. GD was diagnosed in 15 out of 17 patients
diagnosed with AITD. One patient developed hashithyro-
toxicosis and another, hypothyroidism. AITD patients
were more likely than controls to be severely compro-
mised at baseline and to experience greater CD4 incre-
ments following HAART. Regulatory T lymphocytes (Treg)
appear to be important in suppressing autoimmune reac-
tions. It is possible that a relative deficiency of such cells
explains the appearance of GD during immune system
recovery [75,76].

1I-B-1-c/Human Intracisternal A-type particles type | (HIAPI)
Intracisternal A-type particles (IAPs) are defective retrovi-
ruses that assemble and bud at the membranes of the
endoplasmic reticulum, where they remain as immature
particles consisting of uncleaved polyproteins antigeni-
cally related to HIV [77]. Serum antibodies against HIAP-
I are detectable in 85% of GD patients compared to only
1.9% of controls. They are absent in patients with Hashi-
moto's thyroiditis as well as other forms of non-autoim-
mune thyroid disease. A genetically determined
immunological susceptibility has been demonstrated: the
class IT HLA status allows interactions with HIAP-I expo-
sure and this interaction could be a predisposing factor in
the pathogenesis of GD [78]. Intracisternal A-type parti-
cles have been reported in H9 cells co-cultured with
homogenates of salivary glands obtained from patients
with Sjogren syndrome and with synovial fluid of patients
with rtheumatoid arthritis. However, no HIAP-1 particles
are detected by electron microscopy in the H9 cells co-cul-
tured with thyroid preparations of GD. These data call
into question the involvement of HIAP-1 in the etio-
pathogenesis of Graves' disease [79].

lI-B-1-d/Human Foamy Virus (HFV)
Human foamy virus (HFV) is a member of the retroviral
family of Spumaretroviridae. Three retroviral structural
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proteins of HFV - gag, pol and env - can be identified by
indirect immunofluorescence.

II-B-1-d | Hashimoto's thyroiditis

From the thyroids of five patients with Hashimoto's dis-
ease, four were negative for the structural protein and one
showed a single small focus of anti-gag antibody reactivity
[19].

II-B-1-d2/Graves' disease

Contrary to what has been found in Hashimoto's thy-
roiditis, the expression of HFV gag proteins has been dem-
onstrated by indirect immunofluorescence on the
epithelial cells of seven out of seven thyroid glands of
patients with GD whereas it was negative in 9 subacute
thyroiditis and 2 normal glands. The retrobulbar tissue of
1 Graves' disease patient with malignant exophthalmus
revealed also positive staining with anti-gag antibodies in
fibroblasts and fat cells [19,80]. In a search for spumaret-
rovirus infection markers, a group of 29 patients with GD
and 23 controls were studied. A positive signal with a spu-
maretrovirus-specific genomic probe was found in DNA
extracted from peripheral blood lymphocytes in 10
patients and spumaretrovirus related sequences were
detected by PCR in the DNA of 19 patients. All 23 control
subjects were negative. These results strongly suggest the
existence of an association between GD and the presence
of spumaretrovirus related infection markers[81]. Other
studies failed to detect the presence of antibodies by sev-
eral immunodetection techniques and foamy virus DNA
in peripheral blood lymphocytes [20,82] and the presence
of the spumaretrovirus gag region sequence was not statis-
tically significant in DNA extracted from the peripheral
blood leukocytes and thyroid tissue of 81 patients with
GD and of 66 controls [83]. Nevertheless, the nature of
the HFV-related sequences identified in the genomes of
healthy individuals and the GD patients appeared to be
different. Three regions of HFV-related sequences were
amplified in 29% of the HFV-positive patients, while no
samples in the control group amplified all three regions.
This suggests that these sequences may be used as a tool
for screening for HFV in GD patients [84].

These studies provide no evidence for a causative role for
HFV in GD. However, the data do represent the possibility
that HFV-like sequences may be implicated and this is a
possibility especially in some geographically distinct pop-
ulations [21].

11-B-1 e/Simian virus (§V40)

Simian virus 40 (SV40) is a polyomavirus that is found in
both monkeys and humans. Like other polyomaviruses,
SV40 is a DNA virus that has the potential to cause tumors
but most often persists as a latent infection. In a study
dedicated to thyroid tumors, SV40 sequences were also
investigated in GD thyroid specimens, normal thyroid tis-
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sues, and peripheral blood mononuclear cells of healthy
donors. Specific SV40 large T antigen sequences were
detected, by PCR and filter hybridization, in human thy-
roid tissues from GD patients, with a frequency of 20%
compared with a frequency of 10% of control normal thy-
roid tissues from patients affected by multinodular goiter
[85].

1I-B-2/Rubella virus (German measles)

Thyroid disorders in patients with congenital rubella were
first reported in 1975 [86]. Infection of thyroid tissue by
rubella was demonstrated in a case of congenital rubella
with Hashimoto's thyroiditis: immunofluorescent studies
of thyroid tissue demonstrated staining for rubella virus
antigen [87]. Thyroid autoantibodies, anti-TPO or anti-Tg
antibodies have been found more frequently in patients
with congenital rubella syndrome than in controls
[88,89]. These studies are old and a recent study has
shown that humoral autoimmunity was not so frequent.
In 37 subjects affected by or exposed to rubella during
fetal life, one patient had diabetes, four patients had clin-
ical hypothyroidism and five patients were positive for
TPOAD at the time of the examination [90]. However, in
an Australian study, the prevalence of thyroid disorders,
as well as diabetes and early menopause, was higher in
subjects with congenital rubella (studied 60 years after
their intrauterine infection) than the general population.
It is worthy of note that 41% of the subjects had undetec-
table levels of rubella antibodies [91]. Since most reports
have shown no evidence of active rubella infection at the
time of thyroid dysfunction, the mechanisms proposed
for thyroid dysfunction are destruction of thyroid cells by
local persistent rubella virus infection, precipitation of an
autoimmune reaction, or both [92-96].

1I-B-3/Herpesviridae

The Herpesviridae are a large family of DNA viruses that
share a common structure and a common characteristic
which is latent and re-occurring infections. Herpesviridae
can cause lytic infections.

II-B-3a/Herpes Simplex Virus (HSV) and Cytomegalovirus (CMV)
Thyroid tissue specimens were obtained postoperatively
from four patients with multinodular goiter and 18
patients with AITD (GD and Hashimoto thyroiditis). Her-
pesviridae DNA was detected using PCR-based assays.
Herpesviridae DNA has been more frequently detected in
AITD tissue specimens than in tissue specimens of multi-
nodular goiters. No statistically significant differences
were observed concerning the specific strains HSV1,
HSV2, HSV 6 or HSV7. No CMV DNA was isolated from
any tissue specimen [97].

1I-B-3b/Epstein Barr Virus (EBV)
EBV infection is known to be involved in tumoral diseases
such as lymphoma but also in autoimmune diseases, such
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as multiple sclerosis, rheumatoid arthritis and systemic
lupus erythematosus [98]. Antibodies against EBV viral
capsid antigen (IgG-VCA) and antibodies against early
antigen (IgG-EA-D/DR) have been more often found in
thyroiditis than in controls [99]. What is unusual is that
EBV may induce anti-T3 antibodies. Acute EBV infection
with severe primary hypothyroidism was described in a
16-year old female patient. She had high low FT4 and low
FT3 but discordant elevated total T3. Later, 34 patients
with EBV infection were tested for thyroid hormone lev-
els. Five patients with acute EBV and one with previous
infection had total T3 values above the mean which was
due to anti-T3 antibodies [100].

1I-B-3c/Human Herpes Virus (HHV)

HHV are ubiquitous, tissue tropism widespread. HHV6
and HHV7 circulating DNA was searched in sixty Graves
disease patients paired to 60 controls. Both viruses infec-
tion increased the risk for Graves disease especially HHV7
that was significantly more frequent among patients
(64.6%) than in controls (38.7%). Patients 72TP53 Pro/
Pro variants (inherited diminished TP53 apoptotic func-
tion) had 5 times more chance to develop GD and almost
three times more chance to be infected by HHV7 which is
consistent with interaction between genetics and viral
infection in Graves disease physiopathology[101].

1I-B-4/Parvovirus

The B19 virus belongs to the Parvoviridae family of small
DNA viruses. Parvovirus B19 is known for causing a child-
hood exanthem but it has also been associated with
autoimmune diseases: autoimmune neutropenia, throm-
bocytopenia, hemolytic anemia and rheumatoid arthritis
[102]. Recently, a few studies have suggested the associa-
tion of parvovirus infection with thyroiditis.

II-B-4a/Hashimoto's thyroiditis

Intrathyroidal persistence of human parvovirus B19 DNA
with PCR has been detected for the first time in a patient
with Hashimoto's thyroiditis. The cell types responsible
for the B19 DNA persistence are not determined and
immune cells infiltrating the thyroid may be the source of
B19 DNA. However, the possibility that thyroid epithelial
cells harbor B19 DNA cannot be excluded [103].

Serum samples from 73 children and adolescents with
Hashimoto's thyroiditis and from 73 age-matched con-
trols have been analyzed for the presence of specific anti-
bodies. No differences are observed. But Parvovirus B19
DNA, indicating recent B19-infection, is detectable more
frequently in patients and a negative correlation exists
with disease duration. There is strong evidence that acute
parvovirus B19 infections are involved in the pathogene-
sis of some cases of Hashimoto's thyroiditis[104].
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Parvovirus may also be present in the brain. Some authors
hypothesize that parvovirus B19 is a common human
pathogen which could explain the association between
mental disorders and thyroid diseases because of its abil-
ity to infect the brain and to induce autoimmunity. This
hypothesis is based on the fact that they found in patients
with bipolar disorder both a thyroid disorder and brain
B19 infection [105].

1I-B-4b/Graves' disease

A woman, whose son had an episode of exanthem two
weeks previously, was infected with parvovirus and suf-
fered successively GD, type-1 diabetes and rheumatic pol-
yarthritis. Serological tests showed IgM antibodies to
human parvovirus B19, but no IgM antibodies to cytome-
galovirus, Epstein Barr virus, rubella, measles, or Cox-
sackie viruses. Anti-TSH receptor antibody was positive.
Parvovirus viral protein 1 was detected in her bone mar-
row samples but no analysis was done on thyroid tissue
[106].

1I-B-5/Viral Hepatitis C and B (HCV and HBYV)

Discordant data are published about hepatitis. Thyroid
involvement may be regarded as the most frequent altera-
tion in HCV positive patients and is more frequent than in
HVB. The prevalence of abnormally high levels of anti-
thyroid antibodies varied markedly, ranging from 2% to
48% and subclinical hypothyroidism has been observed
in 2 to 9% of patients with chronic hepatitis C [107,108].
In a retrospective cohort study which included 146,394
patients infected with HCV (individuals with human
immunodeficiency virus were excluded) and 572,293
patients uninfected with HCV, thyroiditis risk was slightly
increased, but there was no analysis of treatment [109].
The prevalence of autoimmune thyroid disease in patients
with HCV differs from that in patients with the hepatitis B
virus (HBV) before, at the end of, and 6 months after stop-
ping treatment with IFN-alpha. Positive levels of TPOAb
and TgAb were found in 20% and 11% of patients with
HCV compared with 5% and 3% of patients with HBV,
respectively. At the end of IFN-alpha therapy, thyroid
gland dysfunction was more prevalent in patients with
HCV (12%) compared with those with HBV (3%), with
TSH levels significantly higher in the HCV group [110].
Other authors don't find an association between hepatitis
C virus and thyroid autoimmunity [111,112]. Thyroid
autoimmunity may be a cytokine-induced disease in sus-
ceptible patients. Indeed, the incidence is much greater in
females and positive anti-TPOADb patients prior to the ini-
tiation of therapy. According Marazuela, thyroid dysfunc-
tion secondary to interferon is reversible after
discontinuation of therapy [113], which is discordant
with Fernandez' data [110]. Variable geographic distribu-
tion has also shown that genetic or environmental influ-
ences could be implicated [114]. On the whole, the
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distinctive role of the virus itself or antiviral treatment
remains to be clarified. Abnormalities in thyroid function
should be included among the complications of HCV syn-
drome and patients should be periodically screened for
thyroid involvement in order to identify patients in need
of treatment as quoted in a recent review [107].

11-B-6/SARS coronavirus (SARS-CoV)

A substantial number of patients with SARS have shown
abnormalities in thyroid function. As SARS is a disease
known to cause multiple organ injury, it has been sup-
posed that SARS could have a harmful effect on the thy-
roid gland. However, low serum triiodothyronine and
thyroxine levels associated with decreased TSH concentra-
tion are in favor of central hypothyroidism induced by
hypophysitis or by hypothalamic dysfunction [115].

1I-B-7/Enterovirus

11-B-7-alHashimoto's thyroiditis

Enteroviruses play a role in immune-mediated pathologi-
cal processes, such as chronic myositis and chronic dilated
cardiomyopathy [116]. Epidemiologic and prospective
studies have provided a body of arguments that strongly
suggest the role of enteroviruses in type-1 diabetes in
which, interestingly, AITD is frequently observed
[117,118]. Recently, we have shown that EV-RNA can be
detected by real-time PCR in thyroid tissue from patients
with various thyroid diseases, but no relationship
between the presence of EV-RNA and thyroiditis, lym-
phocytic infiltration or the presence of circulating TPOAb
was found. Although the patients in our series are cer-
tainly different from patients with classic Hashimoto's
thyroiditis, which are rarely treated surgically, our results
suggest that the presence of EV-RNA in thyroid tissue is
not associated with autoimmune thyroiditis. It's worthy
to note that EV-RNA was detected in one patient with a
normal thyroid [119]. Maternal enterovirus infection dur-
ing pregnancy has been linked to thyroiditis in children.
Sera taken at delivery from mothers whose children sub-
sequently developed AITD was analyzed for antibodies
against enterovirus, and compared with a control group.
Of the mothers whose children developed AITD, 16%
were enterovirus IgM-positive, compared with 7% in the
control group which was not statistically different. How-
ever, the age at diagnosis of AITD was significantly lower
in the group of children with IgM-positive mothers com-
pared with children with IgM-negative mothers. Also
hypothyroidism was significantly more frequent in the
IgM-positive group, with no child in the IgM-negative
group [120].

1I-B-7-b/Graves' disease
Patients with recent onset of Graves' hyperthyroidism
(about two months before blood sample collection) have
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been investigated in regard to enterovirus infection. A
nested PCR reaction with primers of the enterovirus
genome was employed on blood samples but all were
negative for RNA of the enterovirus group [121].

lI-C/Viral involvement in the etiology of hypothyroidism: animal
models data

Reovirus infection of a neonatal mouse can induce thy-
roiditis and thyroid autoimmunity. Mice infected with
reovirus type 1 develop a thyroiditis characterized by focal
destruction of acinar tissue, infiltration of the thyroid by
inflammatory cells, and production of autoantibodies
directed against thyroglobulin and thyroid microsomes
[122]. The segment of the reovirus type 1 genome respon-
sible for the induction of autoantibodies to thyroglobulin
encodes a polypeptide that binds to surface receptors and
determines the tissue tropism of the virus [123].

An endogenous retrovirus (ev 22) was found to be
expressed in obese-strain (OS) chickens but not in healthy
normal strains. Ev 22 is inherited autosomally in a domi-
nant manner. The OS chickens develop a hereditary spon-
taneous autoimmune thyroiditis characterized
histologically by lymphocytic infiltration of the thyroid
gland. Thyroiditis is associated with obesity and hyperlip-
idemia. A similar thyroiditis has also been induced in nor-
mal chickens by retroviral infection [124].

Lymphocytic choriomeningitis virus (LCMV) can persist
in the thyroid gland of three strains of mice neonatally
infected with the virus. Furthermore, the virus that was
shown to persist mainly in the thyroid epithelial cells in
which thyroglobulin is synthesized induced a reduction in
the level of thyroglobulin messenger RNA and circulating
thyroid hormones, but there was no thyroid cell destruc-
tion. Then persistent, apparently benign virus infection
with LCMV, can be induced in the thyroid of mice and this
infection induces thyroid dysfunction. This alteration in
thyroid homeostasis is not caused to the thyroid by
autoantibodies. Moreover, despite infection of the thyroid
gland, neither necrosis nor inflammation occurs [125].

Animals models show that a typical autoimmune thy-
roiditis can be induced by a direct viral infection but also
by an inherited retrovirus infection. These models also
show that thyroid dysfunction can occur without inflam-
mation or antithyroid autoantibodies. Further studies are
then needed in humans to explore the role of viruses in
the pathogenesis of thyroid dysfunctions.

lllILymphomas and Riedel’s thyroiditis

Lymphomas and Riedel's thyroiditis are rare disorders but
both can occur in association with Hashimoto's thyroidi-
tis.
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IlI-A/Riedel's thyroiditis

Fibrous thyroiditis, also known as Riedel's thyroiditis, is
characterized by extensive fibrosis and mononuclear infil-
tration that extends into adjacent tissues. It may consist in
a primary fibrosing disorder or in the local involvement of
a multifocal fibrosclerosis. The etiology of Riedel's thy-
roiditis is not known. It can occur in association with
Hashimoto's thyroiditis [126]. As this disease is rare, the
literature is scarce.

Two cases of Riedel's thyroiditis onset have been reported
after a subacute thyroiditis, which is thought, as already
said, to be a viral induced disaese. Two women, first diag-
nosed with sub-acute thyroiditis, developed an enlarge-
ment of the thyroid gland and symptoms of compression
eight months and three years later, respectively. Post-oper-
ative histopathologic evaluation showed Riedel's thy-
roiditis  characteristics  associated with sub-acute
thyroiditis [127,128].

Only one case report of infection has been reported in
international literature. A 36-year old woman had of long-
term fever associated with a biologic inflammatory syn-
drome which was reported as due to EBV infection
because of a positive EBV serology. TSH concentration,
levels of TPOAb and thyrocalcitonin were normal. There
was a dramatic improvement after thyroidectomy with
normalization of inflammatory parameters. The role of
EBV infection in the process of this unusual form of
Riedel's thyroiditis was suspected [129].

I1I-B/Lymphomas

Thyroid lymphomas are nearly always of the non-Hodg-
kin's type. Hodgkin's lymphoma of the thyroid is exceed-
ingly rare. Preexisting chronic autoimmune thyroiditis is
the only known risk factor for primary thyroid lym-
phoma, and is present in about one-half of patients [130].

lI-B-1/Epstein Barr Virus (EBV)

Epstein-Barr virus (EBV) is found in many lymphomas.
The clinicopathological characteristics in the Hong Kong
Chinese population and the presence of EBV in thyroid
lymphomas were analyzed by reviewing data collected
over three decades. EBV gene expression by in-situ hybrid-
ization and immunohistochemistry were performed. Pri-
mary thyroid lymphomas were found in 23 patients and
secondary lymphomas were found in 9 patients. EBV mes-
senger RNAs were detected in one primary and one sec-
ondary thyroid lymphoma [131].

One study explored the association of EBV with thyroid
lymphoma (TL) and with chronic lymphocytic thyroiditis
(CLTH) which is known to play an important role in the
development of TL. Thirty cases with TL and 28 with
CLTH were studied for presence or absence of EBV
genome in the lesions, using the polymerase chain reac-
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tion (PCR) and the in-situ hybridization method. EBV
genomes were detected by PCR in one CLTH and two TL.
In-situ hybridization revealed positive signals in the
nucleus of lymphoma cells, which also expressed latent
membrane protein-1 [132].

EBV-related mRNA presence was investigated in 32 cases
of malignant lymphoma of the thyroid by in-situ hybrid-
ization and immunohistochemistry. EBV-encoded small
RNA were detected in three cases [133]. These findings
indicate that EBV implication in TL is possible but not
common.

11l-B-2/Enterovirus

A patient with autoimmune thyroiditis had a transitory
recurrence of her goiter during pregnancy with TPOAb
becoming strongly positive. Six months post partum she
had a subacute thyroiditis. Serology established the diag-
nosis of viral thyroiditis due to a Coxsackie-B virus. Two
months later the goiter showed further growth, in associ-
ation with cervical lymphadenopathy and an enlarged left
parotid gland. Histology revealed a primary thyroid lym-
phoma.

HlI-B-3/Human T Lymphotropic Virus (HTLVI)

Thyroid non-Hodgkin's lymphoma in an area in which
adult T-cell leukemia/lymphoma (ATL) is not endemic is
exclusively B-cell derived. A study was carried out to exam-
ine whether thyroid non-Hodgkin's lymphoma in an area
in which ATL is endemic is also exclusively of B-cell type.
Eight cases with thyroid non-Hodgkin's lymphoma
admitted to the hospital situated in an ATL-endemic area
were studied. Immunophenotypic study revealed all but
one case to be of B-cell nature The T-cell type lymphoma
case also had antibodies against HTLV-1 in the serum
[134].

111-B-4/Viral hepatitis C (HCV)

Lymphomas are frequent in HCV-infected patients but no
thyroid lymphoma has been reported in these
patients[107].

1lI-B-5/Human Immunodeficiency Virus (HIV)

Two cases of thyroid lymphoma have been described in
HIV-infected patients. The first is a 31-year old woman
with acquired immunodeficiency syndrome (AIDS) who
presented a severe thyrotoxicosis and a markedly
enlarged, diffuse, tender goiter. The patient died within
days of her presentation. At autopsy, near-complete
replacement of the thyroid gland with anaplastic large cell
lymphoma was found, without coexisting infectious or
autoimmune processes in the gland [135]. The second
case was a child with vertical transmission-acquired HIV,
presenting with lymphomatous infiltration of the thyroid
gland at diagnosis [136].
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Conclusion

Identifying etiological infections in human disease is dif-
ficult. Besides the fact that organ tissue is not always avail-
able for direct study, the interpretation of virological data
must be cautious. The presence of antibodies directed
towards a virus does not prove that this pathogen is
responsible for the disease, especially when the agent is
common in the general population. On the other hand,
the absence of viral markers at the onset of the disease
does not refute the viral hypothesis. Indeed the triggering
infection can take place many years previously. A trigger-
ing virus can be cleared from the body without any viro-
logical trace except the presence of specific antibodies. It
is relevant to look for viral agents in tissues in which they
can persist without systemic manifestation. Direct evi-
dence of the presence of viruses or their components in
the organ are available for retroviruses (HFV) and mumps
in subacute thyroiditis, for retroviruses (HTLV-1, HFV,
HIV and SV40) in Graves's disease and for HTLV-1, enter-
ovirus, rubella, mumps virus, HSV, EBV and parvovirus in
Hashimoto's thyroiditis. However, it remains to deter-
mine whether they are responsible for thyroid diseases or
whether they are just innocent bystanders.

A viral disease is the result of an interaction between a
virus and the host, in which the genetic background plays
arole. Therefore, it cannot be excluded that a virus plays a
role in a disease even though most infected individuals do
not show any sign of disease.

Further studies are needed to clarify the relationship
between viruses and thyroid diseases, in order to develop
new strategies for their prevention and/or the treatment.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
RD and DH conceived and wrote the review. Authors read
and approved the final manuscript.

Acknowledgements

The authors thank the teams of the Laboratory of Virology/UPRES EA3610
(Prof. D. Hober) and especially Anne Goffard and Delphine Caloone and of
the Service d'Endocrinologie-Diabétologie-Nutrition, CHU Amiens, espe-

cially Dr Saraval Marie, and their collaborators. This work was supported

by a regional PHRC (PHRC Regional 2005), CHU Amiens, CHRU Lille, Min-
istére de I'Education Nationale de la Recherche et de la Technologie, Uni-
versité de Lille Il, France.

References

l. Prummel M, Strieder T, Wiersinga WM: The environment and
autoimmune thyroid diseases. Eur | Endocrinol 2004,
150:605-618.

2. Nishihara E, Ohye H, Amino N, Takata K, Arishima T, Kudo T, Ito M,
Kubota S, Fukata S, Miyauchi A: Clinical characteristics of 852
patients with subacute thyroiditis before treatment. Intern
Med 2008, 47:725-729.

20.

21.

22.
23.

24.

25.

http://www.virologyj.com/content/6/1/5

Kojima M, Nakamura S, Oyama T, Sugihara S, Sakata N, Masawa N:
Cellular composition of subacute thyroiditis: an immunohis-
tochemical study of six cases. Pathol Res Pract 2002, 198:833-837.
Volpe R: Thyroiditis: current views of pathogenesis. Med Clin
North Am 1975, 59:1163-1175.

Martino E, Buratti L, Bartalena L, Mariotti S, Cupini C, Aghini-Lom-
bardi F, Pinchera A: High prevalence of subacute thyroiditis
during summer season in ltaly. | Endocrinol Invest 1987,
10:321-323.

de Bruin TW, Riekhoff FP, de Boer JJ: An outbreak of thyrotoxi-
cosis due to atypical subacute thyroiditis. | Clin Endocrinol Metab
1990, 70:396-402.

Nyulassy S, Hnilica P, Buc M, Guman M, Hirschova V, Stefanovic J:
Subacute (de Quervain's) thyroiditis: association with HLA-
Bw35 antigen and abnormalities of the complement system,
immunoglobulins and other serum proteins. | Clin Endocrinol
Metab 1977, 45:270-274.

Kramer AB, Roozendaal C, Dullaart RP: Familial occurrence of
subacute thyroiditis associated with human leukocyte anti-
gen-B35. Thyroid 2004, 14:544-547.

Yamamoto M, Saito S, Sakurada T, Tamura M, Kudo Y, Yoshida K,
Kaise K, Kaise N, Fukazawa H, Itagaki Y, et al.: Recurrence of sub-
acute thyroiditis over 10 years after the first attack in three
cases. Endocrinol Jpn 1988, 35:833-839.

Kacprzak-Bergman I, Nowakowska B: Influence of genetic factors
on the susceptibility to HBV infection, its clinical pictures,
and responsiveness to HBV vaccination. Arch Immunol Ther Exp
(Warsz) 2005, 53:139-142.

Roger M: Influence of host genes on HIV-I disease progres-
sion. Faseb | 1998, 12:625-632.

Klenerman P, Tolfvenstam T, Price DA, Nixon DF, Broliden K, Oxen-
ius A: T lymphocyte responses against human parvovirus
B19: small virus, big response. Pathol Biol (Paris) 2002,
50:317-325.

Sato M: Virus-like particles in the follicular epithelium of the
thyroid from a patient with subacute thyroiditis (de Quer-
vain's). Acta Pathol Jpn 1975, 25:499-501.

Joasoo A, Robertson P, Murray IP: Letter: Viral antibodies in thy-
rotoxicosis. Lancet 1975, 2:125.

Stancek D, Stancekova-Gressnerova M, Janotka M, Hnilica P, Oravec
D: Isolation and some serological and epidemiological data
on the viruses recovered from patients with subacute thy-
roiditis de Quervain. Med Microbiol Immunol 1975, 161:133-144.
Stancek D, Ciampor F, Mucha V, Hnilica P, Stancekova M: Morpho-
logical, cytological and biological observations on viruses iso-
lated from patients with subacute thyroiditis de Quervain.
Acta Virol 1976, 20:183-188.

Werner ], Gelderblom H: Isolation of foamy virus from patients
with de Quervain thyroiditis. Lancet 1979, 2:258-259.
Debons-Guillemin MC, Valla J, Gazeau J, Wybier-Franqui J, Giron ML,
Toubert ME, Canivet M, Peries J: No evidence of spumaretrovi-
rus infection markers in 19 cases of De Quervain's thyroidi-
tis. AIDS Res Hum Retroviruses 1992, 8:1547.

Wick G, Grubeck-Loebenstein B, Trieb K, Kalischnig G, Aguzzi A:
Human foamy virus antigens in thyroid tissue of Graves' dis-
ease patients. Int Arch Allergy Immunol 1992, 99:153-156.
Schweizer M, Turek R, Hahn H, Schliephake A, Netzer KO, Eder G,
Reinhardt M, Rethwilm A, Neumann-Haefelin D: Markers of foamy
virus infections in monkeys, apes, and accidentally infected
humans: appropriate testing fails to confirm suspected
foamy virus prevalence in humans. AIDS Res Hum Retroviruses
1995, 11:161-170.

Meiering CD, Comstock KE, Linial ML: Multiple integrations of
human foamy virus in persistently infected human erythro-
leukemia cells. | Virol 2000, 74:1718-1726.

Eylan E, Zmucky RCS: Mumps virus and subacute thyroiditis.
Evidence of a causal association. Lancet 1957, 272:1062-1067.
Parmar RC, Bavdekar SB, Sahu DR, Warke S, Kamat JR: Thyroiditis
as a presenting feature of mumps. Pediatr Infect D 2001,
20(6):637-638.

Volpe R, Row VV, Ezrin C: Circulating viral and thyroid antibod-
ies in subacute thyroiditis. | Clin Endocrinol Metab 1967,
27:1275-1284.

Brouqui P, Raoult D, Conte-Devolx B: Coxsackie thyroiditis. Ann
Intern Med 1991, 114:1063-1064.

Page 11 of 14

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15132715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15132715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18421188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18421188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12608662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12608662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12608662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1099362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3624803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3624803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2298855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2298855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=885992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=885992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=885992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15307945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15307945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15307945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3250859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3250859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3250859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15928582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15928582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15928582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9619442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9619442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12116850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12116850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1180050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1180050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1180050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=49711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=49711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=806773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=806773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=806773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=89378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=89378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1333778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1333778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1333778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1336420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1336420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1336420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7734189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7734189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7734189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10644342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10644342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10644342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13429875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13429875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11419514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11419514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4292248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4292248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1851403

Virology Journal 2009, 6:5

26.

27.

28.

29.

30.

31

32.
33.

34.

35.
36.
37.
38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

Luotola K, Hyoty H, Salmi J, Miettinen A, Helin H, Pasternack A: Eval-
uation of infectious etiology in subacute thyroiditis-lack of
association with coxsackievirus infection. Apmis 1998,
106:500-504.

Espino Montoro A, Medina Perez M, Gonzalez Martin MC, Asencio
Marchante R, Lopez Chozas |: Subacute thyroiditis associated
with positive antibodies to the Epstein-Barr virus. An Med
Interna 2000, 17:546-548.

Volta C, Carano N, Street ME, Bernasconi S: Atypical subacute
thyroiditis caused by Epstein-Barr virus infection in a three-
year-old girl. Thyroid 2005, 15:1189-1190.

Al Maawali A, Al Yaarubi S, Al Futaisi A: An infant with cytomeg-
alovirus-induced subacute thyroiditis. | Pediatr Endocrinol Metab
2008, 21:191-193.

Mori K, Yoshida K, Funato T, Ishii T, Nomura T, Fukuzawa H, Sayama
N, Hori H, Ito S, Sasaki T: Failure in detection of Epstein-Barr
virus and cytomegalovirus in specimen obtained by fine nee-
dle aspiration biopsy of thyroid in patients with subacute thy-
roiditis. Tohoku | Exp Med 1998, 186:13-17.

Nakamura S, Kosaka |, Sugimoto M, Watanabe H, Shima H, Takuno
H: Silent thyroiditis following rubella. Endocrinol Jpn 1990,
37:79-85.

Volpe R: The management of subacute (de Quervain's) thy-
roiditis. Thyroid 1993, 5:253-255.

Canaris GJ, Manowitz NR, Mayor G, Ridgway EC: The Colorado
thyroid disease prevalence study. Arch Intern Med 2000,
160:526-534.

Vanderpump MP, Tunbridge WM, French M, Appleton D, Bates D,
Clark F, Grimley Evans J, Hasan DM, Rodgers H, Tunbridge F: The
incidence of thyroid disorders in the community: a twenty
year follow-up of the Whickam Survey. Clinical Endocrinology
(Oxf) 1995, 43(1):55-68.

Tomer Y, Davies T: Infection, thyroid disease, and autoimmu-
nity. Endocrine Rev 1993, 14:107-120.

Davies TF: Infection and Autoimmune Thyroid Disease. | Clin
Endocrinol Metab 2008, 93:674-676.

Bach JF: [Infections and autoimmunity]. Rev Med Interne 2005,
26:32-34.

Kondrashova A, Viskari H, Haapala AM, Seiskari T, Kulmala P, llonen
J, Knip M, Hyoty H: Serological evidence of thyroid autoimmu-
nity among schoolchildren in two different socioeconomic
environments. | Clin Endocrinol Metab 2008, 93:729-734.

Harii N, Lewis CJ, Vasko V, McCall K, Benavides-Peralta U, Sun X,
Ringel MD, Saji M, Giuliani C, Napolitano G, et al: Thyrocytes
express a functional toll-like receptor 3: overexpression can
be induced by viral infection and reversed by phenylmethim-
azole and is associated with Hashimoto's autoimmune thy-
roiditis. Mol Endocrinol 2005, 19:1231-1250.

Takeda K, Kaisho T, Akira S: Toll-like receptors. Annu Rev Immunol
2003, 21:335-376.

Misaki T, lida Y, Kasagi K, Konishi J: Seasonal variation in relapse
rate of graves' disease after thionamide drug treatment.
Endocr | 2003, 50:669-672.

Cox SP, Phillips DI, Osmond C: Does infection initiate Graves
disease? A population based 10 year study. Autoimmunity 1989,
4:43-49.

Phillips DI, Barker DJ, Rees Smith B, Didcote S, Morgan D: The geo-
graphical distribution of thyrotoxicosis in England according
to the presence or absence of TSH-receptor antibodies. Clin
Endocrinol (Oxf) 1985, 23:283-287.

Krassas GE, Tziomalos K, Pontikides N, Lewy H, Laron Z: Seasonal-
ity of month of birth of patients with Graves' and Hashim-
oto's diseases differ from that in the general population. Eur
J Endocrinol 2007, 156:631-636.

Weetman AP, Smallridge RC, Nutman TB, Burman KD: Persistent
thyroid autoimmunity after subacute thyroiditis. | Clin Lab
Immunol 1987, 23:1-6.

Benker G, Olbricht T, Windeck R, Wagner R, Albers H, Lederbogen
S, Hoff HG, Reinwein D: The sonographical and functional
sequelae of de Quervain's subacute thyroiditis: long-term
follow-up. Acta Endocrinol (Copenh) 1988, 117:435-441.

Wartofsky L, Schaaf M: Graves' disease with thyrotoxicosis fol-
lowing subacute thyroiditis. Am | Med 1987, 81(4):761-764.
Perloff WH: Thyrotoxicosis following acute thyroiditis: a
report of five cases. | Clin Endocrinol Metab 1956, 16:542-546.

49.
50.

51,

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.
66.
67.

http://www.virologyj.com/content/6/1/5

Werner SC: Graves' disease following acute (subacute) thy-
roiditis. Arch Intern Med 1979, 139:1313-1315.

litaka M, Momotani N, Hisaoka T, Noh ]Y, Ishikawa N, Ishii ],
Katayama S, Ito K: TSH receptor antibody-associated thyroid
dysfunction following subacute thyroiditis. Clin Endocrinol (Oxf)
1998, 48:445-453.

Lindberg B, Ahlfors K, Carlsson A, Ericsson UB, Landin-Olsson M,
Lernmark A, Ludvigsson ], Sundkvist G, Ivarsson SA: Previous expo-
sure to measles, mumps, and rubella-but not vaccination
during adolescence—correlates to the prevalence of pancre-
atic and thyroid autoantibodies. Pediatrics 1999, 104:el2.
Tomoyose T, Komiya I, Takara M, Yabiku K, Kinjo Y, Shimajiri Y, Yogi
H, Kouki T, Masuda M, Takasu N: Cytotoxic T-lymphocyte anti-
gen-4 gene polymorphisms and human T-cell lymphotrophic
virus-1 infection: their associations with Hashimoto thyroidi-
tis in Japanese patients. Thyroid 2002, 12:673-677.

Nakachi K, Takasu N, Akamine H, Komiya I, Ishikawa K, Shinjyo T,
Masuda M: Association of HLTV-1 with autoimmune thyroidi-
tis in patients with adult T-cell leukemia (ATL) and in HTLV-
I carriers and a patient of ATL with autoimmune thyroiditis
and uveites. 6th Asia and Oceania Thyroid Association Congress; Osaka,
Japan 1997.

Kawai H, Saito M, Takagi M, Tsuchihashi T, Arii Y, Kondo A, lwasa M,
Hirose T, Hizawa K, Saito S: Hashimoto's thyroiditis in HTLV-I
carriers. Intern Med 1992, 31:1213-1216.

Kawai H, Inui T, Kashiwagi S, Tsuchihashi T, Masuda K, Kondo A, Niki
S, Iwasa M, Saito S: HTLV-I infection in patients with autoim-
mune thyroiditis (Hashimoto's thyroiditis). | Med Virol 1992,
38:138-141.

Akamine H, Takasu N, Komiya I, Ishikawa K, Shinjyo T, Nakachi K,
Masuda M: Association of HTLV-I with autoimmune thyroidi-
tis in patients with adult T-cell leukaemia (ATL) and in
HTLV-I carriers. Clin Endocrinol (Oxf) 1996, 45:461-466.

Matsuda T, Tomita M, Uchihara JN, Okudaira T, Ohshiro K, Tomoy-
ose T, lkema T, Masuda M, Saito M, Osame M, et al.: Human T cell
leukemia virus type l-infected patients with Hashimoto's
thyroiditis and Graves' disease. | Clin Endocrinol Metab 2005,
90:5704-5710.

Mine H, Kawai H, Yokoi K, Akaike M, Saito S: High frequencies of
human T-lymphotropic virus type | (HTLV-I) infection and
presence of HTLV-II proviral DNA in blood donors with anti-
thyroid antibodies. | Mol Med 1996, 74:471-477.

Kawai H, Mitsui T, Yokoi K, Akaike M, Hirose K, Hizawa K, Saito S:
Evidence of HTLV-I in thyroid tissue in an HTLV-I carrier
with Hashimoto's thyroiditis. | Mol Med 1996, 74:275-278.
Mizokami T, Okamura K, Kohno T, Sato K, lkenoue H, Kuroda T,
Inokuchi K, Fujishima M: Human T-lymphotropic virus type I-
associated uveitis in patients with Graves' disease treated
with methylmercaptoimidazole. | Clin Endocrinol Metab 1995,
80:1904-1907.

Kawai H, Yokoi K, Akaike M, Kunishige M, Abe M, Tanouchi Y, Mine
H, Mimura Y, Saito S: Graves' disease in HTLV-I carriers. | Mol
Med 1995, 73:85-88.

Sarui H, Sano A, Maruyama T, Nakashima K, Takeda N, Yasuda K:
Severe graves ophthalmopathy accompanied by HTLV-I-
associated uveitis (HAU) and anti-neutrophil cytoplasmic
antibody-related vasculitis: a case report and a review of the
literature of HAU with Graves disease. Am | Med Sci 2002,
324:109-114.

Ono A, lkeda E, Mochizuki M, Matsuoka M, Yamaguchi K, Sawada T,
Yamane S, Tokudome S, Watanabe T: Provirus load in patients
with human T-cell leukemia virus type | uveitis correlates
with precedent Graves' di and di activities. Jpn |
Cancer Res 1998, 89:608-614.

Kubonishi |, Kubota T, Sawada T, Tanaka Y, Machida H, Yoshida O,
Fukushima A, Ueno H, Ohtsuki Y, Miyoshi I: An HTLV-I carrier
with Graves' disease followed by uveitis: isolation of HTLV-I
from thyroid tissue. Int | Hematol 1997, 66:233-237.
Zandman-Goddard G, Shoenfeld Y: HIV and autoimmunity.
Autoimmun Rev 2002, 1:329-337.

Hoffmann CJ, Brown TT: Thyroid function abnormalities in
HIV-infected patients. Clin Infect Dis 2007, 45:488-494.

Beltran S, Lescure FX, Desailloud R, Douadi Y, Smail A, El Esper |,
Arlot S, Schmit JL, Group TaV: Increased prevalence of hypothy-
roidism among human immunodeficiency virus-infected
patients: a need for screening. Clin Infect Dis 2003, 37:579-583.

Page 12 of 14

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9637274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9637274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9637274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11109652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11109652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16279854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16279854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16279854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18422033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18422033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9915102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9915102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9915102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2384053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10695693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10695693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7641412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7641412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7641412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18326006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16475262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18073310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18073310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18073310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15661832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15661832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15661832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12524386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14709836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14709836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2491641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2491641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3000650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3000650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3000650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17535862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17535862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17535862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2441062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2441062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3291524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3291524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3291524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3674062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3674062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13306772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13306772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=583118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=583118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9640411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9640411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10390298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10390298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10390298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12225635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12225635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12225635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1286230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1286230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1460458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1460458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8959086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8959086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8959086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16076945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16076945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16076945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8872861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8872861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8872861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8773264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8773264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8773264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7775639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7775639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7775639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7627634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9703358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9703358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9703358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9277055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9277055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9277055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12848988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17638201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17638201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12905143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12905143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12905143

Virology Journal 2009, 6:5

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

8l.

82.

83.

84.

85.

86.
87.

Beltran S, Lescure F, El Esper |, Schmit JL, Desailloud R: Subclinical
hypothyroidism in HIV-infected patients is not an autoim-
mune disease. Horm Res 2006, 66:21-26.

Drabick JJ, Horning VL, Lennox JL, Coyne PE, Oster CN, Knight RD,
Dillard TA, Fuller SA, Damato JJ, Burke DS: A retrospective anal-
ysis of diseases associated with indeterminate HIV western
blot patterns. Mil Med 1991, 156:93-96.

Ciampolillo A, Marini V, Mirakian R, Buscema M, Schulz T, Pujol-Bor-
rell R, Bottazzo GF: Retrovirus-like sequences in Graves' dis-
ease: implications for human autoimmunity. Lancet 1989,
1:1096-1100.

Nagasaka A, Nakai A, Oda N, Kotake M, Iwase K, Yoshida S: Reverse
transcriptase is elevated in the thyroid tissue from Graves'
disease patients. Clin Endocrinol (Oxf) 2000, 53:155-159.
Tominaga T, Katamine S, Namba H, Yokoyama N, Nakamura S,
Morita S, Yamashita S, Izumi M, Miyamoto T, Nagataki S: Lack of evi-
dence for the presence of human immunodeficiency virus
type l-related sequences in patients with Graves' disease.
Thyroid 1991, 1:307-314.

Humphrey M, Mosca J, Baker JR, Drabick JJ, Carr FE, Burke DS, War-
tofsky L, Djuh YY, Burman KD: Absence of retroviral sequences
in Graves' disease. Lancet 1991, 337:17-18.

Burch HB, Nagy EV, Lukes YG, Cai WY, Wartofsky L, Burman KD:
Nucleotide and amino acid homology between the human
thyrotropin receptor and the HIV-1 Nef protein: identifica-
tion and functional analysis. Biochem Biophys Res Commun 1991,
181:498-505.

Knysz B, Bolanowski M, Klimczak M, Gladysz A, Zwolinska K:
Graves' disease as an immune reconstitution syndrome in an
HIV-1-positive patient commencing effective antiretroviral
therapy: case report and literature review. Viral Inmunol 2006,
19:102-107.

Chen F, Day SL, Metcalfe RA, Sethi G, Kapembwa MS, Brook MG,
Churchill D, de Ruiter A, Robinson S, Lacey CJ, Weetman AP: Char-
acteristics of autoimmune thyroid disease occurring as a late
complication of immune reconstitution in patients with
advanced human immunodeficiency virus (HIV) disease.
Medicine (Baltimore) 2005, 84:98-106.

Kuff EL, Lueders KK: The intracisternal A-particle gene family:
structure and functional aspects. Adv Cancer Res 1988,
51:183-276.

Jaspan J, Sullivan K, Garry R, Lopez M, Wolfe M, Clejan S, Yan C, Ten-
enbaum S, Sander D, Ahmed B, Bryer-ash M: The interaction of a
type A retroviral particle and class Il human leukocyte anti-
gen susceptibility genes in the pathogenesis of Graves dis-
ease. | Clin Endocrinol Metab 1996, 81:2271-2279.

Fierabracci A, Upton CP, Hajibagheri N, Bottazzo GF: Lack of
detection of retroviral particles (HIAP-1) in the H9 T cell
line co-cultured with thyrocytes of Graves' disease. | Autoim-
mun 2001, 16:457-462.

Wick G, Trieb K, Aguzzi A, Recheis H, Anderl H, Grubeck-Loeben-
stein B: Possible role of human foamy virus in Graves' disease.
Intervirology 1993, 35:101-107.

Lagaye S, Vexiau P, Morozov V, Guenebaut-Claudet V, Tobaly-Tapi-
ero |, Canivet M, Cathelineau G, Peries ], Emanoil-Ravier R: Human
spumaretrovirus-related sequences in the DNA of leuko-
cytes from patients with Graves disease. Proc Nat/ Acad Sci USA
1992, 89:10070-10074.

Schweizer M, Turek R, Reinhardt M, Neumann-Haefelin D: Absence
of foamy virus DNA in Graves' disease. AIDS Res Hum Retrovi-
ruses 1994, 10:601-605.

Yanagawa T, Ito K, Kaplan EL, Ishikawa N, DeGroot LJ: Absence of
association between human spumaretrovirus and Graves'
disease. Thyroid 1995, 5:379-382.

Lee H, Kim S, Kang M, Kim W, Cho B: Prevalence of human
foamy virus-related sequences in the Korean population. |
Biomed Sci 1998, 5:267-273.

Vivaldi A, Pacini F, Martini F, Laccheri L, Pezzetti F, Elisei R, Pinchera
A, Faviana P, Basolo F, Tognon M: Simian virus 40-like sequences
from early and late regions in human thyroid tumors of dif-
ferent histotypes. | Clin Endocrinol Metab 2003, 88:892-899.
Ziring PR, Fedun BA, Cooper LZ: Thyrotoxicosis in congenital
rubella. | Pediatr 1975, 87:1002.

Ziring PR, Gallo G, Finegold M, Buimovici-Klein E, Ogra P: Chronic
lymphocytic thyroiditis: identification of rubella virus anti-

88.

89.

90.

9l.

92.

93.
94.
95.
96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

http://www.virologyj.com/content/6/1/5

gen in the thyroid of a child with congenital rubella. | Pediatr
1977, 90:.

Clarke WL, Shaver KA, Bright GM, Rogol AD, Nance WE: Autoim-
munity in congenital rubella syndrome. | Pediatr 1984,
104:370-373.

Ginsberg-Fellner F, Witt ME, Yagihashi S, Dobersen MJ, Taub F, Fedun
B, McEvoy RC, Roman SH, Davies RG, Cooper LZ, et al.: Congenital
rubella syndrome as a model for type | (insulin-dependent)
diabetes mellitus: increased prevalence of islet cell surface
antibodies. Diabetologia 1984, 27(Suppl):87-89.

Viskari H, Paronen |, Keskinen P, Simell S, Zawilinska B, Zgorniak-
Nowosielska |, Korhonen S, llonen J, Simell O, Haapala AM, et al.:
Humoral beta-cell autoimmunity is rare in patients with the
congenital rubella syndrome. Clin  Exp Immunol 2003,
133:378-383.

Forrest JM, Turnbull FM, Sholler GF, Hawker RE, Martin FJ, Doran
TT, Burgess MA: Gregg's congenital rubella patients 60 years
later. Med | Aust 2002, 177:664-667.

Comas AP, Btances RE: Congenital rubella and acquired
hypothyroidism secondary to Hashimoto's thyroiditis. | Pedi-
atr 1976, 88:1065-1066.

Nieburg Pl, Gardner LI: Thyroiditis and congenital rubella syn-
drome. 1976, 89:156.

Hanid TK: Hypothyroidism in congenital rubella. Lancet 1976,
2:854.

AvRuskin TW, Brakin M, Juan C: Congenital rubella and myxe-
dema. Pediatrics 1982, 69:495.

Schopfer K, Matter L, Flueler U, Werder E: Diabetes mellitus,
endocrine autoantibodies, and prenatal rubella infection.
Lancet 1982, 2:1593.

Thomas D, Liakos V, Michou V, Kapranos N, Kaltsas G, Tsilivakos V,
Tsatsoulis A: Detection of herpes virus DNA in post-operative
thyroid tissue specimens of patients with autoimmune thy-
roid disease. Exp Clin Endocrinol Diabetes 2008, 116:35-39.
Swanson-Mungerson M, Longnecker R: Epstein-Barr virus latent
membrane protein 2A and autoimmunity. Trends Immunol
2007, 28:213-218.

Vrbikova J, Janatkova |, Zamrazil V, Tomiska F, Fucikova T: Epstein-
Barr virus serology in patients with autoimmune thyroiditis.
Exp Clin Endocrinol Diabetes 1996, 104:89-92.

Shimon |, Pariente C, Shlomo-David J, Grossman Z, Sack J: Transient
elevation of triiodothyronine caused by triiodothyronine
autoantibody associated with acute Epstein-Barr-virus infec-
tion. Thyroid 2003, 13:211-215.

Leite JL, Bufalo NE, Santos RB, Romaldini JH, Ward LS: Human her-
pesvirus type 6 (HHV6) and type 7 (HHV7) may increase the
susceptibility to Graves disease in individuals with inherited
diminished TP53 apoptotic function. 33rd annual meeting of the
european  thyroid  association;  Thessalonique 2008  [http:/
www.eta2008.gr;].

Lehmann HW, von Landenberg P, Modrow S: Parvovirus B19
infection and autoimmune disease. Autoimmun Rev 2003,
2:218-223.

Mori K, Munakata Y, Saito T, Tani ), Nakagawa Y, Hoshikawa S, Ozaki
H, Ito S, Yoshida K: Intrathyroidal persistence of human parvo-
virus B19 DNA in a patient with Hashimoto's thyroiditis. |
Infect 2007, 55:29-31.

Lehmann HW, Lutterbuse N, Plentz A, Akkurt |, Albers N, Hauffa BP,
Hiort O, Schoenau E, Modrow S: Association of parvovirus B19
infection and Hashimoto's thyroiditis in children. Viral Immu-
nol 2008, 21:379-383.

Hammond CJ, Hobbs JA: Parvovirus B19 infection of brain: Pos-
sible role of gender in determining mental illness and
autoimmune thyroid disorders.  Medical Hypothesis 2007,
69(1):113-116.

Munakata Y, Kodera T, Saito T, Sasaki T: Rheumatoid arthritis,
type | diabetes, and Graves' disease after acute parvovirus
B19 infection. Lancet 2005, 366:780.

Ferri C, Antonelli A, Mascia MT, Sebastiani M, Fallahi P, Ferrari D,
Pileri SA, Zignego AL: HCV-related autoimmune and neoplas-
tic disorders: the HCV syndrome. Digestive and Liver Disease
2007, 39:S13-S21 [http://].

Antonelli A, Ferri C, Fallahi P, Ferrari SM, Ghinoi A, Rotondi M, Fer-
rannini E: Thyroid disorders in chronic hepatitis C virus infec-
tion. Thyroid 2006, 16:563-572.

Page 13 of 14

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16685132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16685132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16685132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1900597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1900597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1900597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2566049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2566049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10931095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10931095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10931095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1841730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1841730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1670652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1670652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1958218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1958218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1958218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16553555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16553555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16553555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15758839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15758839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3146900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3146900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8964863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8964863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8964863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11437494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11437494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11437494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8407236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1332028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1332028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1332028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7917521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7917521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8563476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8563476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8563476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9691219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9691219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12574230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12574230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12574230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1185372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1185372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=576429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=576429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=576429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6368774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6368774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6383925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6383925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6383925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12930364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12930364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12930364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12463994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12463994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=946816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=946816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=932887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=932887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=61528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7070899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7070899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18240111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18240111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18240111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17398159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17398159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8750577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8750577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12699597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12699597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12699597
http://www.eta2008.gr;
http://www.eta2008.gr;
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12848949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12848949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18788945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18788945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17196758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17196758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17196758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16125597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16125597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16125597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17936215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17936215
http://
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16839258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16839258

Virology Journal 2009, 6:5

109.

110.

112

113.

114.

115.

116.

117.

118.

9.

120.

121.

122
123.

124.

125.

126.
127.

128.

129.

130.

Giordano TP, Henderson L, Landgren O, Chiao EY, Kramer JR, EI-
Serag H, Engels EA: Risk of non-Hodgkin lymphoma and lym-
phoproliferative precursor diseases in US veterans with hep-
atitis C virus. Jama 2007, 297:2010-2017.

Fernandez-Soto L, Gonzalez A, Escobar-Jimenez F, Vazquez R, Ocete
E, Olea N, Salmeron J: Increased risk of autoimmune thyroid
disease in hepatitis C vs hepatitis B before, during and after
discontinuing interferon therapy. Arch Intern Med 1998,
158:1445-1448.

Metcalfe RA, Ball G, Kudesia G, Weetman AP: Failure to find an
association between hepatitis C virus and thyroid autoim-
munity. Thyroid 1997, 7(3):421-424.

Nduwayo L, Bacq Y, Valat C, Goudeau A, Lecomte P: [Thyroid
function and autoimmunity in 215 patients seropositive for
the hepatitis C virus]. Ann Endocrinol (Paris) 1998, 59:9-13.
Marazuela M, Garcia-Buey L, Gonzalez-Fernandez B, Garcia-Monzon
C, Arranz A, Borque M), Moreno-Otero R: Thyroid autoimmune
disorders in patients with chronic hepatitis C before and dur-
ing interferon-alpha therapy. Clin Endocrinol (Oxf) 1996,
44:635-642.

Lenzi M, Johnson P}, McFarlane IG, Ballardini G, Smith HM, McFarlane
BM, Bridger C, Vergani D, Bianchi FB, Willams R: Antibodies to
hepatitis C virus in autoimmune liver disease: evidence for
geographical heterogeneity. Lancet 1991, 338:277-280.

Wang W, Ye YX, Yao H: Evaluation and observation of serum
thyroid hormone and parathyroid hormone in patients with
severe acute respiratory syndrome. | Chin Antituberculous Assoc
2003, 25:232-234.

Rose NR, Herskowitz A, Neumann DA: Autoimmunity in myo-
carditis: models and mechanisms. Clin Immunol Immunopathol
1993, 2(2):95-99.

Holl RW, Bohm B, Loos U, Grabert M, Heinze E, Homoki J: Thyroid
autoimmunity in children and adolescents with type | diabe-
tes mellitus. Horm Res 1999, 52:113-118.

Jaidane H, Hober D: Role of coxsackievirus B4 in the pathogen-
esis of type | diabetes. Diabetes Metab 2008.

Desailloud R, Goffard A, Page C, Kairis B, Fronval S, Chatelain D,
Strunski V, Dubreuil A, Hober D: Detection of enterovirus RNA
in postoperative thyroid tissue specimens. Clin Endocrinol (Oxf)
2008.

Svensson |, Lindberg B, Jonsson B, Ericsson UB, Olofsson P, Hyoty H,
Ivarsson SA: Intrauterine exposure to maternal enterovirus
infection as a risk factor for development of autoimmune
thyroiditis during childhood and adolescence. Thyroid 2004,
14:367-370.

Pichler R, Maschek W, Hatzl-Griesenhofer M, Huber H, Luger C,
Binder L, Mittermayer H: Enterovirus infection-a possible trig-
ger for Graves' disease? Wien Klin Wochenschr 2001, 113:204-207.
Srinivasappa ], Garzelli C, Onodera T, Ray U, Notkins A: Virus-
induced thyroiditis. Endocrinology 1988, 122:563-566.

Onodera T, Awaya A: Anti-thyroglobulin antibodies induced
with recombinant reovirus infection in BALB/c mice. Immu-
nology 1990, 71:581-585.

Ziemiecki A, Kromer G, Mueller RG, Hala K, Wick G: ev 22, a new
endogenous avian leukosis virus locus found in chickens with
spontaneous autoimmune thyroiditis.  Arch Virol 1988,
100:267-271.

Klavinskis L, Notkins A, Oldstone M: Persistent viral infection of
the thyroid gland: alteration of thyroid function in the
absence of tissue injury. Endocrinology 1988, 122:567-575.

Lee SL, Ananthakrishnan S: Riedel's thyroiditis. In UpToDate Edited
by: Rose BE. Waltham, MA: UpToDate; 2008.

Kabalak T, Ozgen AG, Gunel O, Yetkin E: Occurrence of Riedel's
thyroiditis in the course of sub-acute thyroiditis. | Endocrinol
Invest 2000, 23:399-401.

Cho MH, Kim CS, Park JS, Kang ES, Ahn CW, Cha BS, Lim SK, Kim
KR, Lee HC: Riedel's thyroiditis in a patient with recurrent
subacute thyroiditis: a case report and review of the litera-
ture. Endocr | 2007, 54:559-562.

Fontaine S, Gaches F, Lamant L, Uzan M, Bennet A, Caron P: An unu-
sual form of Riedel's thyroiditis: a case report and review of
the literature. Thyroid 2005, 15:85-88.

Holm LE, Blomgren H, Lowhagen T: Cancer risks in patients with
chronic lymphocytic thyroiditis. N Engl | Med 1985,
312:601-604.

131.

132.

133.

134.

135.

136.

137.

http://www.virologyj.com/content/6/1/5

Lam KY, Lo CY, Kwong DL, Lee }, Srivastava G: Malignant lym-
phoma of the thyroid. A 30-year clinicopathologic experi-
ence and an evaluation of the presence of Epstein-Barr virus.
Am | Clin Pathol 1999, 112:263-270.

Tomita Y, Ohsawa M, Kanno H, Matsuzuka F, Kuma K, Aozasa K:
Sporadic activation of Epstein-Barr virus in thyroid lym-
phoma. Leuk Lymphoma 1995, 19:129-134.

Takahashi K, Kashima K, Daa T, Yokoyama S, Nakayama |, Noguchi S:
Contribution of Epstein-Barr virus to development of malig-
nant lymphoma of the thyroid. Pathol Int 1995, 45:366-374.
Santoe MF, Van Houten AA, Muller AF, Berghout A: [A pregnant
woman with autoimmune thyroiditis and recurrent goiter].
Ned Tijdschr Geneeskd 2004, 148:1455-1459.

Samuels MH, Launder T: Hyperthyroidism due to lymphoma
involving the thyroid gland in a patient with acquired immu-
nodeficiency syndrome: case report and review of the litera-
ture. Thyroid 1998, 8:673-677.

Frache S, Peter MO, Laithier V, Bertrand AM, Thiriez G, Menget A,
Kantelip B, Yakouben K, Plouvier E, Rohrlich PS: [Involvement of
thyroid gland at non-Hodgkin lymphoma initial diagnosis: 2
pediatric cases]. Arch Pediatr 2006, 13:38-40.

Mizokami TOK, Kohno T, Sato K, lkenoue H, Kuroda T, Inokuchi K,
M F: Human T-lymphotropic virus type l-associated uveitis in
patients with Graves' disease treated with methylmercap-
toimidazole. | Clin Endocrinol Metab 1995, 80:1904-1907.

Submit your manuscript here:

http://www.biomedcentral.com/info/publishing_adv.asp

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central

O BioMedcentral

« yours — you keep the copyright

Page 14 of 14

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17488966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17488966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17488966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9665354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9665354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9665354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9226214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9226214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9226214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9752392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9752392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9752392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8759175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8759175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8759175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1677111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1677111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1677111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8395364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8395364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10725774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10725774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10725774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18951821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18951821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18616703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18616703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15186614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15186614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15186614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11293951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11293951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2828004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2828004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2177724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2177724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2840875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2840875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2840875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3338413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3338413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3338413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10908168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10908168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17603227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17603227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17603227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15687829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15687829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15687829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3838363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3838363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10439808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10439808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8574157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8574157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8574157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7647933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7647933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7647933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15326651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15326651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9737362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9737362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9737362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16271453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16271453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16271453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7775639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7775639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7775639
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	I/Subacute and autoimmune thyroiditis: a viral infection of the thyroid gland?
	I-A/Epidemiological evidence
	I-B/Virological data

	II/Involment of viral infection in autoimmune thyroid diseases (AITD)
	II-A/Epidemiological data
	II-A-1/Temporal and geographical considerations
	II-A-2/Subacute thyroiditis: a trigger of thyroid autoimmunity?
	II-A-3/What about vaccination?

	II-B/Specific virus data
	II-B-1/Retrovirus
	II-B-1-a/Human T lymphotrophic virus-1 (HTLV-1)
	II-B-1-a1/Hashimoto's thyroiditis
	II-B-1-a2/Graves' disease (GD)



	II-B-1-b/Human Immunodeficiency Virus (HIV)
	II-B-1-b1/Hashimoto's thyroiditis
	II-B-1-b2/Graves' disease (GD)

	II-B-1-c/Human Intracisternal A-type particles type 1 (HIAP1)
	II-B-1-d/Human Foamy Virus (HFV)
	II-B-1-d1/Hashimoto's thyroiditis
	II-B-1-d2/Graves' disease

	II-B-1e/Simian virus (SV40)

	II-B-2/Rubella virus (German measles)
	II-B-3/Herpesviridae
	II-B-3a/Herpes Simplex Virus (HSV) and Cytomegalovirus (CMV)
	II-B-3b/Epstein Barr Virus (EBV)
	II-B-3c/Human Herpes Virus (HHV)

	II-B-4/Parvovirus
	II-B-4a/Hashimoto's thyroiditis
	II-B-4b/Graves' disease

	II-B-5/Viral Hepatitis C and B (HCV and HBV)
	II-B-6/SARS coronavirus (SARS-CoV)
	II-B-7/Enterovirus
	II-B-7-a/Hashimoto's thyroiditis
	II-B-7-b/Graves' disease
	II-C/Viral involvement in the etiology of hypothyroidism: animal models data

	III/Lymphomas and Riedel's thyroiditis
	III-A/Riedel's thyroiditis
	III-B/Lymphomas

	III-B-1/Epstein Barr Virus (EBV)
	III-B-2/Enterovirus
	III-B-3/Human T Lymphotropic Virus (HTLV1)
	III-B-4/Viral hepatitis C (HCV)
	III-B-5/Human Immunodeficiency Virus (HIV)

	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References

