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Abstract: Toxoplasmosis (acute and latent) is the most prevalent parasitic
infection worldwide and can be associated with some problems in pregnant
women. Thyroid diseases are the most common endocrine disorders secondary to
diabetes among pregnant women. Previous studies proposed a relationship between
latent Toxoplasmosis (LT) and autoimmune thyroiditis diseases (AITDs). This
study intended to investigate the frequency and correlation between Toxoplasmosis
and AITD in pregnant women. In this cross-sectional study, the statistical
population included 1248 pregnant women at the gestational age of 9-16 weeks
and in Tehran. The Toxoplasma IgM and IgG tests were assessed with enzyme-
linked immunosorbent assay (ELISA). The diagnostic criteria for toxoplasmosis
were abnormal 1gG and IgM titers. In addition, FT4, TPO Ab, and TSH were
evaluated using enzyme-linked fluorescence immunoassay (ELFA). TPO Ab was
used to distinguish thyroid patients with autoimmune origin from those with other
thyroiditis diseases. The analysis showed no significant relationship between
keeping a house cat and acute toxoplasmosis. Acute and latent toxoplasmosis
represented 3.4% and 29.6%, respectively. The frequency of thyroid diseases was
18.8% (hypothyroidism 15.8% versus hyperthyroidism 3%). The frequency of
autoimmune thyroiditis diseases (AITDs) was 5.5%, and 27.9% of subjects with
latent Toxoplasmosis (LT) had a thyroiditis disease, but 13.8% of pregnant women
with LT had only AITD with a significant correlation (p<0.001). Results show that
Toxoplasma IgG™ can increase the risk of AITD by 10.39-fold and a higher TPO
Ab titer in people with LT. It seems Toxoplasma gondii may cause thyroiditis in
pregnant women likely Dbecause antigenic similarity of Toxoplasma and
thyroperoxidase leads to cross-reactivity in the immune system, potentially causing
AITD. It might be said that the high prevalence of LT among pregnant women may
have a potential role in the stimulation of the immune system to the development
of autoimmune diseases, such as AITD. So future studies could be conducted with
a focus on discovering molecular similarities between thyroperoxidase and

Toxoplasma antigens.
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Pe3tome: TokcomnazMo3 (OCTpbli M JIaTEHTHBIN) SBISIETCS HaubOoJiee
pacnpoCTpaHEHHOM Mapa3uTapHOl MHQEKUIHEe BO BCEM MHUPE U MOXKET ObITh
CBsI3aH C HEKOTOPHIMHU TpoOjeMaMu y OepeMeHHBIX. 3a00JIeBaHUS IUTOBUTHOM
JKele3bl  SBJISIOTCS  Haubojiee  YacThIMU  DHIOKPUHHBIMU  HApYUICHUSMH,
BTOPUYHBIMU IO OTHOILICHHIO K CaXapHOMY JAuadeTy, cpeid OEpEMEHHBIX KEHIIHH.
[Ipenpiaynime  McCOENOBaHMUS  NpEANojiaradd  CBSI3b  MEXKIY  JIATEHTHBIM
tokcorazmMo3oM (JIT) u ayroummynubiM Tupeounutom (AUT). Llenbio manHoTrO
UCCJEN0BaHMs ObUIO M3YYHMTh YacTOTY M B3aUMOCBA3b TOKcoruiazmos3a ¢ AUT y
OepeMeHHbIX. B HacrodmeM NEpeKpecTHOM HCCIAEAOBAHUHM CTaTUCTUYECKAs
nomyJ sy BKItouaia 1248 GepeMeHHBIX KEHIIUH B T€CTAIlMOHHOM Bo3pacte 9-16
Henenb B Terepane. Tectol Ha BeissBieHue IgM u 1gG ten mporu Toxoplasma
OLICHMBAJIM C MMOMOIIIBIO TBepaodasHoro uMMmyHodepmerTHoro ananuza (ELISA).
KpurepusMyu 1uarHoCTHKHA TOKCOTUIa3Mo3a ObUTM aHoMaibHbIe TUTPHI 1QG u IgM.
Kpome Ttoro, FT4, antutena x TIIO u TTI oueHuBamu ¢ TOMOIIbIO
uMMmyHopepmeHTHoro dayopecienTHoro ananmmuza (ELFA). Antutena x TIIO
WCIIOJB30BAIM IS TOTO, YTOOBI OTJIMYUTH MAIMEHTOB C ayTOMMMYHHBIM
3a00JIeBAaHUEM IIUTOBUIHOW JKENe3bl OT TMAIMEHTOB C JApyruMHu (opmamu
TUpeouuTa. AHaAIU3 HE OOHAPYXKHWJI JOCTOBEPHOM CBSI3U MEXKIY COACpKaHUEM
JIOMaITHEH KOIIKH U OCTPBIM TOKcoruiazmo3oM. Y 3,4% u 29,6% sxeHimH ObLI
OCTPBIN M JIATCHTHBIM TOKCOIIa3MO03, YaCTOTa 3a00JICBAaHUMA ITUTOBUIHON KEIC3bI
cocraBuna 18,8% (rumotupeos: 15,8% mnporuB runeprupeos3a: 3%). Yacrora
3a0oneBanuil ayrTouMMyHHBIM THpeouauToM (AUT) coctaBuna 5,5%, mpudem y
27,9% manueHToK C JaTeHTHbIM TokcoruiazMo3oM (JIT) oOHapyxkeH THpeouauT, a
y 13,8% Oepemennsnix ¢ JIT umenocs Toibko AUT ¢ noctoBepHOil kKoppensiuen
(p<0,001). PesympTaThl TOKa3bIBalOT, uTto Hamumuume Toxoplasma lgG+ moxer

yBenuuuTh puck AWUT B 10,39 paza u obOycnaBnuBaTh 0oJjiee BBICOKHH THTP



auturen Kk TPO y momeir ¢ TII. Ilo-eummmomy, Toxoplasma gondii moxer
BBI3bIBaTh TUPEOUIUT Y OEPEMEHHBIX JKEHIIIMH, TOCKOJIBbKY, BEPOATHO, AHTUTCHHOE
CXOJICTBO TOKCOIUIa3Mbl U THUPEONEPOKCHUJIa3bl MPUBOAUT K MEPEKPECTHOM
PEaKTUBHOCTH MMMYHHOM CHCTEMBI M MOXKeET BbI3biBaTh AWT. MoxHO cka3ats,
4YTO BBICOKasi pacnpocTpaHeHHOCTh TII cpenu OepeMEeHHBIX MOXKET UIpaTh
NOTEHIIMAIbHYIO POJIb B CTUMYJALMM HWMMYHHOM CHCTEMBbl K Pa3BUTHIO
ayTOUMMYHHBIX 3a0oneBanuii, Takux kak AWT. Takum oOpazom, Oyaymiue
UCCIIEIOBAaHUSI MOTYT OBITb IPOBEJIEHBl C AaKUEHTOM Ha OOHapy)KeHue
MOJIEKYJISIPHOTO ~ CXOJCTBa  MEXAY THPEONEPOKCHAA30i W  aHTHUTEHAMHU

TOKCOIIJIa3MBI.

KiaroudeBble cJ0Ba: JIaTCHTHBIN TOKCOILIIa3MO3, OCTpBIﬁ TOKCOIIJIa3MO3,

ayTOMMMYHHBIN TUPEOUIUT, TUIIOTUPEO3, TUIIEPTUPEO3.
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Introduction:

Toxoplasma gondii has a high prevalence, unlike other parasites, because of
diverse transmission routes and the multiplicity of hosts in its lifecycle. Infection
with this parasite is rarely associated with symptoms in healthy adults (1).
However, people with a weakened immune system may become seriously ill, and
pregnant women are at high risk of passing this parasite to their fetus through the
placenta. Fetal complications depend on whether the parasite spreads at the early or
late gestational age. The immune system causes Toxoplasma tachyzoites to convert
into bradyzoites with the formation of tissue cysts, and the disease enters the latent

phase or latent Toxoplasmosis (LT).

Changing the antigenic configuration is one of the escape mechanisms. The Ag-Ab
complex will be separated from the tachyzoite surface and neutralized without
damaging the parasite (2). Thus, Toxoplasma can be maintained in the body for
years. It might reactivate or reinfect in some patients (3), or be a probable cause of
autoimmune diseases (AIDs), such as lupus and multiple sclerosis (MS), in
genetically susceptible people. Previous studies showed the possible role of
Toxoplasma in the development of AITD (4, 5). The high prevalence of AITD has
different aetiology (6, 7), and today many researchers have focused on the

importance of AITD among the pregnant population.

Thyroid diseases are the most common endocrine disorders, secondary to diabetes,

among pregnant women; they are associated with spontaneous abortion, impaired
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fetal growth, preeclampsia, and preterm delivery (8). The importance of thyroid
hormones for natural fetal growth is well established (9). Maternal thyroid
dysfunction during the pregnancy, specifically in the first trimester, has a critical
role in the neural development of the fetus since the fetal thyroid hormones are not

produced until the 16-20 weeks (10).

Clinical diagnoses of normal euthyroid pregnant women and those with thyroid
dysfunction have a significant overlap. Autoimmune thyroid disease during
pregnancy is divided into four groups: asymptomatic autoimmune disease; primary
hypothyroidism; Graves' hyperthyroid; and postpartum thyroid disease (11).
Increased concentration of total serum T3 and T4 in natural pregnancy results from
an increase in thyroxine-binding globulin (TBG); FT4 and TSH are the best

predictors of thyroid function (2).

In this research, the frequency of acute and latent Toxoplasmosis and thyroid
diseases among pregnant women at the gestational age of 9-16 weeks was studied
to find any relationship between toxoplasmosis and thyroiditis and to examine the

potential role of latent toxoplasmosis in late spontaneous abortions.

Materials and Methods:

The Research Ethical Review Committee approved this study, Code No: 95-01-30-
26788. Based on the frequency of AITDs, the research population size was
considered 1,248 pregnant women at the gestational age of 9-16 weeks. They were

asked to complete the questionnaires that assess thyroid diseases, taking thyroid
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medication, having a house cat, and intentional or unintentional abortions.
Exclusion criteria for statistical analysis were: 1) a history of intentional abortion;
2) a history of taking thyroid medications; and 3) acute toxoplasmosis subjects.
Serum samples were collected by standard procedures and kept frozen at —20°C.

The hemolytic and lipemic samples were replaced with re-sampling of women.

Serologic tests were carried out for Toxoplasmosis diagnosis in the Research
Center of Iran University of Medical Sciences. Enzyme-linked immunosorbent
assay (ELISA) with Virocell Kit (Spain) were used for the diagnosis of
Toxoplasma IgG and Toxoplasma IgM (antibody capture). The diagnostic criteria
for toxoplasmosis were abnormal 1gG and IgM titers (Table 1). The enzyme-linked
fluorescent assay (ELFA) with Biomerieux diagnostic kit (France) and VIDAS
instrument was employed to analyze TSH (thyroid-stimulating hormone), TPO Ab
(thyroperoxidase Ab), and FT, (free T4) for the diagnosis of autoimmune and
subclinical thyroiditis. TPO Ab was used to distinguish thyroid patients with
autoimmune origin from those with other thyroiditis diseases. Patients whose TPO
Ab level was higher than 8 1U/ml, and who had abnormal TSH results at the same
time, were placed in the AITD" group. Data were analyzed with SPSS 21 software
and Mann-Whitney and Chi-square tests to determine the probable effect and

relationship of Toxoplasmosis on TPO Ab, FT4, TSH, and AITDs.

Results:
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In this study, 1,248 pregnant women, with a mean age of 29 years (18-44),
participated. Of them, 42 (3.37%) and 370 (29.64%) subjects had IgM and 1gG
seropositive Toxoplasmosis, respectively. Two hundred thirty-five women (18.8%)
had thyroid disorders, of which 197 (15.8%) and 38 (3%) cases featured
hypothyroidism and hyperthyroidism (Table 2); 39 subjects had a history of taking
thyroid medications. The Chi-square test showed a significant correlation between
Toxoplasma IgG and TSH (OR=2.84, p<0.001). The chi-square test and Mantel-
Hansel test on Toxoplasma IgG and AITD indicated a meaningful relationship
between these two variables (C1=95%, OR=9.281, p<0.001). These figures convey
that the risk of AITD is 9.3-fold higher among people with Toxoplasma IgG™ than
Toxoplasma IgG". According to the results, 113 subjects (9.7%) had TPO Ab>8.0
IU/ml; the median titer of TPO Ab (190 IU/ml) was higher in Toxoplasma 1gG*
and AITD" women. The Mann-Whitney test showed a significant relationship
between TPO Ab and Toxoplasma IgG*, and TPO Ab was significantly higher in

the Toxoplasma 1gG™ group.

In addition, no significant correlation was found between: age and AITD (p=0.35);
or age and Toxoplasmosis (p=0.42). There were 52 subjects with abnormal TPO
Ab titer placed into the AITD™ group, indicating that abnormal TPO Ab titer does
not necessarily lead to AITD", and 61 persons in the AITD" group were LT". There
was a significant correlation between Toxoplasma IgG*™ and AITD* when TPO Ab
was also positive (p=0.046). In this regard, Toxoplasma IgG" can increase the risk

of AITD by 10.39-fold. On the other hand, there was a significant correlation
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between these two variables concerning the relative risk of pregnancy

complications.

According to the results, TPO Ab was higher than expected in 144 (11.5%) out of
1248 subjects. Further, 113 (9.7%) out of 1,167 issues (with AT and no history of
thyroid medications) had abnormal TPO Ab. In other words, 54.1% of thyroid
patients (235 patients) had a high TPO Ab level. The Chi-square test showed a
significant correlation between Toxoplasma IgG and TPO Ab (p<0.05, Figure 1).
Among subjects with LT, 27.9% had thyroid disease. Chi-square and Mantel-
Haenszel tests showed a significant correlation between toxoplasmosis and

thyroiditis (p<0.001).

The analysis showed no significant relationship between keeping a house cat and
acute toxoplasmosis (p=0.21). However, the frequency of LT among those with a
history of maintaining a house cat was significant (p<0.001). The Chi-square test

showed no significant correlation between LT and unintentional abortion (p=0.39).

Discussion:

The prevalence values of clinical hypothyroidism, subclinical hypothyroidism,
overt hyperthyroidism, and subclinical hyperthyroidism in the Saki et al. article
were 2.4%, 11.3%, 1.2%, and 0.3%, (12), but in our study, they were 1.84%,
13.96%, 2.2%, and 0.8%, respectively. A relative increase in percentages in
subclinical  hypothyroidism, clinical  hyperthyroidism, and subclinical

hyperthyroidism could be seen, and these results could be an alarm for to thyroid
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function diseases, especially hyperthyroidism. AITDs gradually weaken the
function of the thyroid gland. However, with the compensatory rise of TSH levels,
thyroid hormones maintain at an average level, so subclinical hypothyroidism

patients display few signs and symptoms, which are harder to recognize.

FT4 level will drop, and TSH level will increase in subclinical hypothyroidism;
this may increase the risk of pregnancy complications, such as placental abruption,
preterm delivery, and low birth weight (13, 14). TSH levels higher than 10 uIU/ml
in this stage would be called clinical hypothyroidism or overt hypothyroidism.
Hyperthyroidism is relatively not prevalent (0.1-1%) during pregnancy (15-17). In
the current study, the prevalence of clinical hyperthyroidism was 0.8%. There is no
general guidance for treating thyroid disorders during pregnancy. Therefore,
performing thyroid tests and checkups by a gynecologist, specifically in the first
trimester, must be specially considered. In this study, 3.2% of subjects had a
history of taking thyroid medications. Among 79 subjects with a history of thyroid
disease, 37 cases had stopped, and 39 women continued the medicines. Of those
with hypothyroidism or hyperthyroidism (aware of their problem), 45% had
destroyed their medications. It would be better for women with a history of thyroid
problems, specifically those on the verge of pregnancy, not to stop the medication

arbitrarily.

According to Soldin et al., 12% of asymptotic healthy women and 1% of
asymptotic healthy men are TPO Ab*. The frequency of clinical hypothyroidism

(9.21%) and subclinical hypothyroidism (3.7%) is higher in TPO Ab" than TPO
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Ab patients. The annual risk of clinical TPO Ab, accompanied by hypothyroidism,
Is almost 5-20% (18). Due to the binding effect of thyroid disorders on both fetus
and mother, thyroid and TPO Ab screening should be included in trimester
examinations for maternal health. The prevalence of postpartum thyroiditis directly
correlates with TPO Ab titer, and is associated with an increased rate of clinical
hypothyroidism within three to six months after delivery. Postpartum thyroid will
appear in half of the women who become TPO Ab" in early pregnancy. Regarding
the incidence of postpartum thyroid dysfunction, which is associated with several
signs and postpartum depression symptoms, screening for postpartum diseases

through the measurement of TPO Ab seems necessary (19).

In Kankova's retrospective article, the frequency of LT was not significant among
AITD patients. It was mentioned a relationship between Toxoplasmosis and FT4,
with a higher FT4 titer (p=0.033) (20). However, based on our results, it seems that
LT may have a role in the incidence of AITD because our data was gathered within
a specific time by considering similar and standard conditions for all samples.
Eligible subjects were first selected and entered into the study after completing the
questionnaire. Another point was patients aware of their thyroid disease, taking
medications, and thus with normal FT4, as 26.5% of thyroid patients in our study
got thyroid medicines. Despite having abnormal TSH results, their FT4 was
average and excluded in this survey, which had not been done in Konkova's

research.
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In the same manner, the sera from 1591 women were tested for cytomegalovirus,
Epstein—Barr virus, herpes simplex virus type 1, herpes simplex virus type 2,
and Toxoplasma gondii. It was mentioned that prior infection with T. gondii was
associated significantly with the elevation of TPOa Ab, whereas seropositivity for
other infections was not (5). However, the relationship between LT and AITDs
was not done. In another study, a multiplex array platform was performed for the
detection of antibodies against Toxoplasma gondii, Treponema pallidum, rubella
virus, cytomegalovirus, and Epstein—Barr virus in a large group of AITD patients
and healthy controls. Antibody levels against T. gondii were significantly higher in
AITD patients than in controls, suggesting that molecular mimicry of
this protozoa may be involved in the initiation of AITD (21). Our results support
the hypothesis that antigenic similarity of Toxoplasma and thyroperoxidase likely

leads to cross-reactivity in the immune system and may cause AITD.

The initial screening test of Iranian pregnant women is the TORCH test, which
includes a Toxoplasmosis diagnosis test. However, there is also a gap for thyroid
screen tests in this program. Regarding the significant frequency of AITD in
people with LT, gynaecologists propose prescribing thyroid tests in pregnant
women. Although spontaneous abortion caused by congenital toxoplasmosis is
well identified, the potential role of LT in abortion is still uncertain. However,
some studies have reported a significant relationship between the frequency of 1gG
Toxoplasma antibody and abortion (22, 23), whereas some studies reported no

correlation (24). The high frequency of intentional abortion has faded the role of
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diseases in this process, and the only solution was to record the history of
deliberate and unintentional abortions separately. Involuntary and spontaneous
abortions are not associated with severe physical complications, whereas
intentional abortion is related to maternal risks. It increases the risk of placenta
previa (attachment of the placenta to the lower part of the womb). Therefore, those
with a history of intentional abortion were excluded from the study, and no
significant relationship between latent toxoplasmosis and unintentional abortion
was seen. The causes of miscarriage and other pregnancy complications might be
biological conditions or unmeasured common risk factors (25). Therefore, in the

retrospective design of this study, it seems to be one of the study limitations.

Conclusion:

This study, along with previous studies, has shown higher TPO Ab titers in people
with LT. It seems Toxoplasma gondii may cause thyroiditis in pregnant women
likely because antigenic similarity of Toxoplasma and thyroperoxidase leads to
cross-reactivity in the immune system perhaps leading to AITD. Thus, future
studies could be conducted with a focus on discovering molecular similarities

between thyroperoxidase and Toxoplasma antigens.
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FIGURES

Figure 1. Association of latent toxoplasmosis and serum TPO Ab levels in

pregnant women (9-16th gest. weeks).
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TABLES
Table 1: Normal range tests.

Ta6J'II/IHa 1. AUaIra3od HOpMaJIbHBIX 3HAYCHUM JJIA UCIIOJIB30BAHHBIX TCCT-CHCTCM



T. GONDII IN THYROIDITIS OF PREGNANT WOMEN
T. GONDII TP TUPEOUJUTE BEPEMEHHBIX KEHIIIUH 10.15789/2220-7619-ROT -1772

Test Normal range Method

Toxoplasma IgM 0-9 (IU/ML) = negative ELISA
9-11 (IU/ML) = suspicious NDA

>11 (IU/ML) = positive

TPO Ab <8.0 (IU/ML)

TIIO At

Russian Journal of Infection and Immunity ISSN 2220-7619 (Print)
ISSN 2313-7398 (Online)



T. GONDII IN THYROIDITIS OF PREGNANT WOMEN
T. GONDII TP TUPEOUJUTE BEPEMEHHBIX KEHIIIUH 10.15789/2220-7619-ROT -1772

Table 2:

Prevalence of thyroid diseases

PacnipocTpanenHocTs 3a001€BaHUM IMTOBUIHOM JKEIIE3bl

Russian Journal of Infection and Immunity ISSN 2220-7619 (Print)
ISSN 2313-7398 (Online)



Table 3: Frequency and percentage of different variables among the research

Keeping a house cat 25 (2.1%)

HaJIM4Hue I[OM&I.HHCIZ KOIIKH

History of miscarriage 371 (30.9%)
BrIikuabsinm
History of induced abortion 97 (8.1%)

WNunayunpoBanHbie abOpThI

History of thyroid disease 76 (6.3%)

3aboiieBaHUs IMUTOBUIHOM KEIe3bl

Use of medications for thyroid disease 39 (32%)
Jledenue 3a00eBaHUS IIIUTOBUIHON

KECIIC3bI

population, obtained from the questionnaire.

Ta6nuna 3. YacToTa pa3auyHbIX MOKa3aTenel y o0cieI0BaHHbIX JIUI] (Ha

OCHOBAHHH OIPOCHHKA)
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