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Abstract

Background: Autoimmune thyroid diseases are the most frequent autoimmune disorders, with a global prevalence of about 10%.
Several mechanisms have been proposed to induce autoimmune thyroid responses by infectious agents. In this study, we aimed to
evaluate the association between parvovirus B19 infection and autoimmune thyroid disorders.

Methods: Adult patients with newly diagnosed Graves’ disease (GD) and Hashimoto’s thyroiditis (HT) and healthy euthyroid con-
trols were recruited. Various clinical and biochemical parameters, including thyroid function tests and serum parvovirus B19 anti-
body level (IgG), were assessed and compared between the groups.

Results: In this study, data from 404 cases with HT, 248 cases with GD, and 480 healthy individuals as a control group were analyzed.
The prevalence of parvovirus B19 infection in patients with HT and GD and controls was 61.1%, 58.9%, and 47.1%, respectively. In the
group of patients with HT, there was a significant positive correlation between the B19 IgG and TPOAb (r=0.764, P < 0.001) and TgAb
(r=0.533, P < 0.001). Also, in patients with GD, the B19 IgG had a significant positive correlation with TPOAD (r = 0.779, P < 0.001)

and TgAb (r=0.467, P < 0.001).
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Conclusions: Parvovirus B19 infection is commonly seen in patients with autoimmune thyroid disorders.

=

. Background

Autoimmune thyroid diseases are the most frequent
autoimmune disorders, with a global prevalence of about
10% (1). These disorders are caused by immune reactions
(either cellular or humoral) to the thyroid gland and in-
clude a variety of clinical syndromes with autoimmune hy-
pothyroidism (Hashimoto’s thyroiditis) at one end of the
spectrum and autoimmune hyperthyroidism (Graves’ dis-
ease) at the other end (2). Hashimoto’s thyroiditis (HT) is
the most frequent reason for hypothyroidism in iodine-
sufficient areas. Nearly 10% of humans suffer from this dis-
order, and there is a direct association between its preva-
lence and age. This disease is characterized by thyroid
dysfunction, with or without goiter, and is caused by the
destruction of the thyroid gland caused by the apoptosis
of thyroid epithelial cells and the existence of antibodies
against one or more thyroid antigens in the serum (3). Sim-
ilar to other autoimmune diseases, a genetic background,
along with an environmental factor, is required to initiate
HT (4). Graves’ disease (GD) is distinguished by stimulat-

ing antibodies against thyroid stimulating hormone (TSH)
receptors. This stimulation increases the synthesis of thy-
roid hormones and leads to the enlargement of the thyroid
gland (5, 6).

There have been few studies examining the association
between parvovirus B19 infection and autoimmune thy-
roid disorders (7-9). Generally, parvovirus B19 infection is a
health concern on a global scale. The rate of this infection
does notvary greatly among different countries, including
the United States, Europe, and Asian countries. Almost half
of the population with this infection is aged 15 years, and
about 60% of the adult population are seropositive for par-
vovirus B19 infection. This virus causes a diffuse and self-
limiting disorder in young and mature individuals, called
erythema infectiosum. It may also have manifestations
in pregnant women, like arthralgia, arthritis, leukopenia,
thrombocytopenia, anemia, vasculitis, miscarriage, and
hydrops fetus (10, 11). Parvovirus B19 infection has been re-
ported in several autoimmune diseases involving the con-
nective tissues, joints, and blood vessels. Autoimmune
neutropenia, thrombocytopenia, and hemolytic anemia
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have also been associated with parvovirus B19 infection
(12).

The genome (5596 bp) of this single-stranded non-
enveloped DNA virus is responsible for encoding non-
structural protein 1(NS1) and two viral capsid proteins, VP1
and VP2(10). VP1is similar to VP2 except that it hasa unique
region (VP1u) of 227 amino acids at its amino-terminal end
(13). VP1 and VP2 that shape the icosahedral viral capsid
are immune problems related to the immune system (14,
15). Moreover, the B19 protein can activate and upregulate
the expression of NF-xB (16). Also, it is reported that B19
NS1 protein is capable of stimulating proinflammatory cy-
tokine interleukin-6 (IL-6) gene production in the NF-kB
binding location of the IL- 6 promoter (17). Both NF-xB and
IL-6 are involved in the stimulation of different inflamma-
tory and immunological diseases (18). In addition, an ex-
pressed phospholipase A2 (PLA2) motif is detected at the
VP1u site of B19 (19), and the VP1iu-related PLA2 function
is required for the stimulation of autoimmune responses
(20).

Few studies have examined the association of par-
vovirus B19 infection with autoimmune thyroid disorders
(7-9). Therefore, in this cross-sectional study, we aimed
to evaluate the association between parvovirus B19 infec-
tion and autoimmune thyroid disorders in three groups of
newly diagnosed patients with GD, patients with HT, and
euthyroid controls.

2. Methods

The present research was performed among newly
diagnosed patients with HT and GD visiting endocrine
healthcare centers in Zahedan (Iran) from April 2019 to
September 2020. Those with a minimum age of 18 years
were continuously enrolled using the consecutive sam-
pling technique. Graves’ disease diagnosis was made ac-
cording to the following laboratory criteria: enhanced free
tetraiodothyronine (FT4) and free triiodothyronine (FI3)
along with repressed TSH (normal FT4: 0.8-1.8 ng/dL, nor-
mal FT3: 2.3-4.2 pg/mL, and normal TSH: 0.4-4.2 mIU|L) and
positive TSH-Rec-Ab (normal: up to 1.75 IU/L). Hashimoto’s
disease was defined according to the following criteria: de-
clined FT4 and FI3 along with increased TSH and positive
TPOAb (normal: up to 16 [lU/mL) or TgAb (normal: up to 100
IU/mL).

All the participants with a symptom of other health
problems, like infectious disorders or malignancies, were
excluded from the study. The other exclusion criteria in-
cluded a history of thyroid medication treatment, tobacco

consumption, pregnancy, or lactation. Euthyroid healthy
individuals without thyroid disease or any known acute or
chronic illness were chosen as the control group from the
general population after applying the inclusion and exclu-
sion criteria. The control group was matched according to
age and gender with the case groups. The geographical ori-
gin and socio-economic status of the control group were
similar to those of the case group.

Adigital scale was used to measure body weight. In ad-
dition, height was measured by a stadiometer in a stand-
ing position. Body mass index was calculated by the follow-
ing formula: weight in kilograms divided by the square of
height in meters.

Blood samples were collected from 8 am to 9 am and
were stored at-70°C until assay. Thyroid function tests and
serum levels of parvovirus B19 IgG were evaluated in pa-
tients with GD and HT as well as in the control group. FT4,
FT3, and TSH were measured using the immunochemilu-
minescent assay by an automated analyzer. The intra-assay
coefficient of variation for T4 was 4.6%, and its inter-assay
coefficient of variation was 3.7%. These values for T3 were
4.5% and 1.9% respectively. TSH assay has intra-assay coef-
ficient of variation of 4.0%, and the inter-assay coefficient
of variation of 3.3%. Thyroid peroxidase Ab, thyroglobulin
Ab, and TSH-Rec-Ab were measured by the immunochemi-
luminescent assay employing commercial kits. Inter-assay
and intra-assay coefficients of variation were 2% and 0.5%
for TPOADb and 1.6% and 0.6% for TgAb, respectively. These
values for TSH-Rec-Ab were 4.5% and 1.9%, respectively. IgG
anti parvovirus B19 was measured by the enzyme-linked
immunoassay method. Values > 5.5 IU/mL were regarded
positive. The intra-assay coefficient of variation for IgG was
4.3%, and its inter-assay coefficient of variation was 3.7%.

We conducted the study procedures following obtain-
ing the approval of the research committee (either or-
ganizational or national). In addition, we adhered to
the principles of the 1964 Helsinki declaration and its
amendments. The Ethics Committee of the Zahedan
University confirmed the study protocol (ethical code:
IR.ZAUMS.REC.1399.326). Informed consent was obtained
from all participants.

2.1. Data Analysis

The study variables are described with descriptive
statistics, like frequency, percentage, and mean with stan-
dard deviation (SD). The normality of the variables was as-
sessed with Shapiro-Wilk test and graphical approaches,
like Q - Q plots and histograms. The mean difference of a
numerical variable in the three study groups was analyzed
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with One-way ANOVA test. Also, a post-hoc comparison
was conducted based on Bonferroni correction for pair-
wise comparison. The mean difference of numerical vari-
ables in patients with positive and negative B19 IgG was an-
alyzed with independent t-test and Mann-Whitney U test
for normally and non-normally distributed variables, re-
spectively. We used Pearson Chi-square or Fisher’s exact
test for the evaluation of the relationship among categor-
ical parameters with a study group. The correlation be-
tween B19 IgG titers and numerical variables was assessed
with Pearson correlation coefficient, and important corre-
lations were presented in scatter plots with quadratic fit-
ting and 95% confidence interval. A P-value of less than
0.05 was considered statistically significant. All the anal-
yses were conducted with Stata version 14.

3. Results

Data from 404 patients with HT, 248 patients with GD,
and 480 healthy individuals as a control group were ana-
lyzed. In all the three groups, about 80% of patients were fe-
male, and the mean age was about 35 years. The frequency
rates of parvovirus B19 infection in cases with HT, GD, and
control group were 61.1%, 58.9%, and 47.1%, respectively (Ta-
ble 1). The frequency of parvovirus B19 infection in cases
with HT and GD was significantly higher than that of the
control group, while the prevalence was not significantly
different between the two groups of HT and GD (Figure 1).

In the HT group, the prevalence of parvovirus B19 infec-
tion was 68.4% in TPOAb-positive patients, while none of
the TPOAb-negative patients were positive for parvovirus
B19 infection. In patients with GD, the prevalence rates of
parvovirus B19 infection in TPOAb-positive and negative pa-
tients were 71.8% and 2.2%, respectively. Similar to TPOAb
results, in the HT group among TgAb-positive patients, the
prevalence of parvovirus B19 infection was 71.7%, while this
percentage was 20.5% for TgAb-negative patients. In pa-
tients with GD, the prevalence of parvovirus B19 infection
for TgAb positive and negative patients was 70.8% and 6.5%,
respectively.

The clinical and laboratory characteristics of patients
with and without parvovirus B19 infection are compared
by group in Table 2. In the group of patients with HT and
GD, B19 IgG had the highest correlation with TPOAb and
TgADb (Figure 2).

For cases with HT, the level of B19 IgG had a significant
negative correlation with BMI and TSH. Also, in this group
of patients, there was a significant positive correlation be-
tween B19 IgG and FT4, FT3, TPOAb, and TgAb. In patients
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with GD, B19 IgG had a significant positive correlation with
TPOAD and TgAb. No association was found between TRAb
and B19 IgG in this group. In the control group, B19 IgG was
notsignificantly correlated with any of the variables (Table
3).

4. Discussion

Considering the limited information in the literature
on the association of parvovirus B19 infection with autoim-
mune thyroid disorders (7-9, 12, 21, 22), we aimed to pro-
vide further information in this area in a study of cases
with GD and HT and healthy euthyroid controls (age and
gender-matched). In this study, 61% of patients in the HT
group, 59% of patients in the GD group, and 47% of subjects
in the control group had elevated IgG antibodies against
parvovirus B19. These prevalence rates are consistent with
those reported by studies on the general population re-
garding the prevalence of B19 infection based on serolog-
ical assays (23).

A study of 73 children and adolescents with HT and 73
euthyroid individuals in the age-matched control group
showed no significant difference in B19-specific antibodies
in the serum of the two groups. However, parvovirus B19
DNA was more abundantly detected in these patients than
in the control group. B19 DNA also showed a negative cor-
relation with the course of the disease (8). In another re-
search, the existence of parvovirus B19 DNA in the thyroid
tissue of cases with HT was confirmed using PCR (7). More-
over, in a study by Wang et al. in 32 adult patients with HT,
the presence of DNA virus and capsid protein in the thy-
roid tissue was evaluated by nested PCR, in-situ hybridiza-
tion, and immunohistochemistry (21). Besides, in another
study with a small sample size, the thyroid tissue of pa-
tients with GD and HT contained capsid B19 proteins, based
on immunohistochemistry (22). Also, in a case report, a
woman whose child had a skin rash (two weeks before), de-
veloped a parvovirus B19 infection, followed by GD, type I
diabetes, and rheumatoid arthritis. In this patient, serolog-
ical tests indicated IgM antibodies against parvovirus B19
and antibodies against TSH receptors (9).

The prevalence of autoimmune thyroid disorders in
the general population has been estimated at 1- 2%. Since
studies have shown that the prevalence of parvovirus B19
infection in the general population is much higher than
this rate based on serological tests, it is clear that a small
proportion of patients with parvovirus B19 infection de-
velop autoimmune thyroid disorders. The B19 virus has
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Table 1. Clinical and Biochemical Characteristics by Study Group * b.e

Variable Hashimoto Group (n=404) Graves Group (n=248) Control Group (n=480) P-Value ¢
Sex, female 327(80.9) 199 (80.2) 376 (78.3) 0.612

Age (y) 34.38 £10.18 34.05 £ 5.97 35.25 1+ 8.84 0.155

BMI (Kg/m?) 2419 +3.53% 23.76 £3.69" 23.02 +3.98° < 0.001
FT4 (ng/dL) 0.45+ 016" 3284 0.91° 126 £ 0.20° < 0.001
FT3 (pg/mL) 163+ 050" 6.67+154° 3.6240.45¢ < 0.001
TSH (mIU/L) 79.51 £ 20.40* 0.02 £ 0.01° 155 4 0.78® < 0.001
TPOAb (IU/mL) 477.47 £ 663.01" 343.81 £ 610.14° 13.514:19.03 ¢ < 0.001
Positive TPOAb (> 16 IU/mL) 361(89.4)" 202(815)® 56 (11.7) < 0.001
TgAb (IU/mL) 836.85 4-1319.05 " 536.41 4 1130.52° 5472 4-49.60 < 0.001
Positive TgAb (> 100 IU/mL) 321(79.5)* 202 (81.5)" 56(11.7)"° < 0.001
B19-Ab (IgG) (TU/mL) 31.27 4 34.29% 37.47 4+ 4259 22.09 43127 < 0.001
Positive parvovirus B19Ab (> 5.5 IU/mL) 247(61.1)" 146 (58.9)* 226 (47.1)° < 0.001

Abbreviations: BMI, body mass index; FT4, free thyroxin; FT3, free triiodothyronine; TSH, thyroid stimulating hormone.

*Values are expressed as No. (%) and mean = SD.
°In numerical variables, mean differences were assessed by the ANOVA test.

“Post-Hoc comparison based-on Bonferroni method. Different superscript letters (A, B, C) in the same row of variables reflect significant (P < 0.05) difference between
the means, while same superscript letters in one row reflect non-significant difference between the means of three group.

9p.values were determined by one-way ANOVA or Pearson X test.
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Figure 1. Distribution of B19 antibody and the prevalence of parvovirus B19 infection by Hashimoto, Graves’ disease and control groups.

a relatively simple pathogenesis in a normal person. Fol-
lowing the acute stage, the virus can be removed from the
blood using particular humoral immune responses (24).
Nevertheless, the virus genome can be deposited and re-
main in the tissue in a latent stage following the initial in-
fection (25).

B19 can only infect cells that have the receptors to bind
to the virus. Globoside, or a blood group P antigen, is a nec-
essary cellular receptor for the B19 virus (26). Based on the
literature, P antigen can be found on erythroid precursors
and a number of other cells (27). Ithas been confirmed that
human lymphocytes and thyroid follicular cells contain

globosides (blood group P antigens) and can be infected
by B19 viruses. They are also considered as target cells in
HT (28, 29).

The virus proteins are primarily expressed in thyroid
epithelial cells. Autoimmune destruction of the thyroid
gland caused by both cellular and humoral immunity is
very complex in HT. In the Hashimoto initiation process,
active helper T cells play a key role in inducing immune re-
sponses to local and foreign antigens (30). B19 virus is ca-
pable of stimulating T helper cells by signaling VP1and VP2
antigens (14, 15, 31). Also, VP1u proteins may be involved in
B19-associated inflammatory responses (32). VP1/VP2 anti-
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Table 2. Clinical and Biochemical Characteristics in individuals with Positive and Negative Parvovirus B19 Infection by Hashimoto, Graves and Control Groups *

Hashimoto Group Graves Group Control Group
Negative B19 Positive B19 PValue ® Negative B19 Positive B19 PValue P Negative B19 Positive B19 PValue P

Sex 0.187 0298 0.541

Female 131(40.1) 196 (59.9) 84(42.2) 115 (57.8) 199 (52.9) 177(47.1)

Male 26(33.9) 51(66.2) 18 (36.7) 31(63.3) 55(52.9) 49 (47.1)
Age (y) 33.84 +10.07 3471 £10.25 0.402 34.41+ 6.66 33.80 £ 5.44 0.429 35.09 % 8.90 3542+ 878 0.683
BMI (Kg/m?) 24.61 1357 23.92 +3.48 0.057 24.26 +3.41 23.41£ 385 0.076 2341+ 412 2259 +3.77 0.025
FT4 (ng/dL) 0.43 £ 015 0.45 + 017 021 328 & 0.90 320 £ 0.92 0.901 128 & 0.20 125+ 0.20 0.087
FT3 (pg/mL) 154 + 0.46 1.68 £ 0.51 0.005 6.82 149 6.55 1 158 0179 3.61 1+ 0.46 3.63 + 0.44 0.679
TSH (mIU/L) 83.08 + 18.81 77.23 £ 21.08 0.005 0.02 %+ 0.01 0.02 + 0.01 0.492 161+ 0.80 148 + 0.76 0.080
TPOAD (IU/mL) 5227 £ 72.99 747.74 £ 726.66 < 0.001 2635 12524 565.59 =+ 716.43 < 0.001 14.20 & 20.02 1273 £ 17.87 0399
Positive TPOAb (> 16 < 0.001 < 0.001 0.047
1U/mL)

Yes 114 (31.6) 247(68.4) 57(28.2) 145 (71.8) 36(64.3) 20(35.7)

No 43(100) 0(0.0) 45(97.8) 1(2.2) 218(51.4) 206 (48.6)
TgAb (IU/mL) 282.85 £ 295.23 1188.99 =+ 1573.10 < 0.001 180.50 =+ 192.47 785.05 =+ 1414.20 < 0.001 57.51 £ 50.01 5159 £ 49.05 0192
Positive TgAb (> 100 < 0.001 < 0.001 0.403
1U/mL)

Yes 91(28.3) 230 (71.7) 59(29.2) 143(70.8) 31(55.4) 25(44.6)

No 66(79.5) 17(20.5) 43(93.5) 3(6.5) 223(52.6) 201(47.4)

Abbreviations: BMI, body mass index; FT4, free thyroxin; FT3, free triiodothyronine; TSH, thyroid stimulating hormone.
AValues are expressed as No. (%) and mean = SD.

bp yalues were determined by independent t-test, Pearson Chi-square, or Fisher’s exact test.
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Figure 2. The scatter plot with quadratic fitting and 95% confidence interval (CI) of B19 antibody correlation with thyroid antibodies in Hashimoto and Graves’ disease groups.
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Table 3. The Pearson Correlation Coefficient Between Serum B19 Ab and Anthropometric and Biochemical Characteristics in the Hashimoto, Graves, and Control Groups

B19-Ab Titer in
Hashimoto Group Graves Group Control Group

Age

r 0.031 -0.039 0.024

P-value 0.537 0.541 0.607
BMI

r 0154 -0.118 -0.078

P-value 0.002 0.065 0.086
FI4

r 0150 -0.005 -0.051

P-value 0.002 0.938 0.268
FI3

r 0.166* 0.033 0.025

P-value 0.001 0.602 0.592
TSH

r -0.239° 0.030 -0.051

P-value 0.000 0.638 0.265
TPOAb

r 0.764° 0.779*% 0.012

P-value 0.000 0.000 0.800
TgAb

r 0.533° 0.467°% -0.010

P-value 0.000 0.000 0.822
TRAb

r 0.023 -

P-value 0.722

Abbreviations: BMI, body mass index; FT4, free thyroxin; FT3, free triiodothyronine; TSH, thyroid stimulating hormone; TPOADb, thyroid peroxidase antibody; TgAb, thy-

roglobulin antibody; TRAb, TSH receptor antibody.
Correlation was considered significant at 0.01 (2-tailed).

gen expression in the thyroid of patients with HT is signif-
icantly higher than that of normal individuals; this sug-
gests the potential role of virus proteins in the pathogen-
esis of autoimmune thyroid disorders (21). Moreover, pre-
vious studies have shown that mononuclear cells infiltrat-
ing the thyroid gland increase the NF-sB and IL-6 expres-
sion and contribute to inflammatory responses and tissue
damage in patients with HT (33). Parvovirus B19 can also in-
crease the expression of NF-xB and IL-6, which are present
in thyroid epithelial cells along with viral proteins (21).
Hence, their enhanced production can cause inflamma-
tory and autoimmune diseases (18). Also, it has been men-
tioned that anti-parvovirus antibodies like anti-VP11gG can
detect and react with human cytokeratin, a protein found

extensively in epithelial cells, resulting in an immune re-
sponse and cell damage (18, 21, 34).

Generally, the identification of infectious agents as eti-
ological factors for human diseases is a very complex pro-
cess. Also, reporting information about the etiological role
of viruses should be done with caution. The existence of an-
tibodies against the virus does not indicate the role of the
pathogen in causing the disease, particularly when the in-
fectious pathogen is widespread in the community. How-
ever, the lack of viral markers at the initial stage of the dis-
order does not exclude the role of viruses in the disease, be-
cause a triggering primary infection might have occurred
years ago. The triggering virus can be completely cleared
from the body with only its specific antibodies remaining.

Int ] Endocrinol Metab. 2021;19(4 ):e115592.
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Viral agents can remain in the tissue without any signs of
systemic inflammation. Evidence of the presence of a virus
in the tissue does not necessarily mean that this viral agent
is the cause of disease, as it may only be an innocent by-
stander. Viral diseases are a result of virus-host interac-
tions in which the genetic background plays an essential
role. Even when the host shows no clinical signs, the virus
can be involved in the pathogenesis of the disease (35).

The present study has several limitations. First, it is
an observational study that cannot represent a causal re-
lationship between B19 infection and autoimmune thy-
roid disorders. Second, in this study, to confirm B19 infec-
tion, we used the measurement of serum IgG antibodies in
the serum rather than methods such as PCR or in situ hy-
bridization for DNA and immunohistochemistry for cap-
sid proteins in thyroid tissue. Furthermore, the obvious
difference in the percentages of positive B19 subjects be-
tween the control group and TPO-Ab-negative patients in
both HT and GD groups is a questionable finding. Apart
from the fact that there was a limited total number of sub-
jects with negative TPO-Ab in the HT (43 subjects) and GD
(46 subjects) groups, which makes it difficult to compare
them with the 480 participants in the control group, we
have no other justification for this finding in this study. On
the other hand, having an euthyroid control group and a
relatively acceptable sample size are among the strengths
of the current research.

In conclusion, parvovirus B19 infection is commonly
seen in cases with autoimmune thyroid disorders. Al-
though studying the role of viruses in these disorders is
not a new topic, the available results of cross-sectional
studies can demonstrate an association between B19 infec-
tion and autoimmune thyroid disorders. Further prospec-
tive studies are required to confirm the causal role of the
B19 virus in the pathogenesis of autoimmune thyroid dis-
orders.
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