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Background:In thyroiditis, the cellular immune response plays a crucial role in triggering the 
production of autoantibodies. Toxoplasma gondii elicits a strong innate and adaptive immune 
response within the host organism. This study aims to assess the seroepidemiological 
prevalence of toxoplasmosis and the levels of interferon-gamma (IFN-γ) in patients with 
autoimmune thyroiditis (AITD) in Iraq.
Materials & Methods:This case-control survey was conducted on 100 patients diagnosed 
with AITD and 70 healthy individuals (non-AITD) who attended general hospitals in Thi-Qar 
Province, Iraq, between July and November 2023. The prevalence of anti-Toxoplasma gondii 
antibodies was evaluated using enzyme-linked immunosorbent assay (ELISA) kits. Serum 
levels of IFN-γ were measured using ELISA kits, while the expression levels of IFN-γ were 
assessed using real-time polymerase chain reaction (PCR).
Findings: Among the participants, 33 patients (33.00%) in the AITD group and 9 patients 
(12.85%) in the non-AITD group tested positive for T. gondii IgG antibodies (p < 0.001). 
Additionally, 2.00% of AITD patients and 1.40% of non-AITD patients were positive for anti-
Toxoplasma IgM antibodies. PCR analysis revealed the presence of T. gondii parasites in 2.00% 
of AITD patients and 1.4% of non-AITD patients. In AITD patients with T. gondii antibodies, 
both serum levels and gene expression of IFN-γ were significantly elevated compared to 
AITD patients without T. gondii antibodies (p < 0.05).
Conclusion: Current findings suggest that individuals infected with T. gondii may experience 
direct effects on the thyroid gland due to elevated levels of IFN-γ. However, further analyses 
are necessary to validate these results.
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Introduction
 Toxoplasma gondii is a parasitic apicomplexan 
protozoan responsible for the global spread 
of toxoplasmosis [1]. This parasite can only 
undergo sexual reproduction in felids, 
specifically in cats, which are the definitive 
hosts [2]. In humans, T. gondii infections are 
often asymptomatic, especially in newborns 
and individuals with weakened immune 
systems, but they have the potential to result 
in severe cases of toxoplasmosis [2]. Following 
exposure, individuals may experience mild 
flu-like symptoms within the first few weeks, 
although in healthy adult humans, the 
infection typically remains asymptomatic [3]. 
The transmission of T. gondii occurs via the 
ingestion of undercooked meat that harbors 
tissue cysts or through the consumption 
of oocysts that are excreted in soil, water, 
vegetables, or other materials contaminated 
by the feces of an infected animal [4]. 
Transmission can also occur through organ 
transplant or blood transfusion [4]. Various 
organs and glands, including the thyroid 
gland, are vulnerable to T. gondii infection, 
impacting bone, heart, and brain functions, 
as well as metabolism regulation.
Autoimmune thyroid diseases (AITD), char-
acterized by thyroid gland inflammation, 
can be caused by factors such as radiation, 
drugs, trauma, viruses, or parasites [5]. Hy-
pothyroidism and hyperthyroidism are two 
distinct types of thyroid gland abnormali-
ties with specific symptoms [6]. Hyperthy-
roidism results from an overproduction of 
thyroid hormones, while hypothyroidism 
occurs when insufficient thyroid hormones 
are released [6]. In thyroiditis, the cellular 
immune reaction plays a key role in trigger-
ing the production of autoantibodies and 
reactive T cells affecting thyroglobulin (Tg) 
and some autoantigens such as thyroid per-
oxidase [5]. AITD is characterized by the in-
filtration of immune cells, accompanied by 
the enlargement of thyroid, fibrosis, and the 

progressive destruction of thyrocytes, which 
ultimately leads to the development of hypo-
thyroidism [6]. Upon the commencement of 
the immune response directed against thy-
roglobulin (Tg), specialized T lymphocytes 
that are specific to the thyroid gland transfer 
to the tissue [6]. These lymphocytes produce 
interferon (IFN)-γ, which in turn prompts 
thyrocytes to express major histocompati-
bility complex (MHC) class II molecules. This 
mechanism facilitates the subsequent prolif-
eration of self-reactive T cells and elicits an 
inflammatory reaction, culminating in the 
aggregation of activated immune cells with-
in the thyroid gland [6].
T. gondii targets various organs and glands 
within the body, including the thyroid 
gland responsible for the secretion of vital 
thyroid hormones namely triiodothyronine 
(T3), thyroxine (T4), and calcitonin [7]. 
Anti-T. gondii antibodies have been linked 
to AITD. Latent toxoplasmosis has been 
connected to an increase in autoantibodies 
targeting thyroid peroxidase. It has also 
been linked to a modest increase in thyroid 
hormone synthesis during gestation. 
Additionally, compromised thyroid function 
has been documented in cases of murine 
toxoplasmosis [8]. 
T. gondii replicates within any host cell that 
contains a nucleus, triggering the produc-
tion of various inflammatory markers. This 
results in the onset of acute inflammation 
and the initiation of a targeted immune re-
action against the T. gondii antigen [7]. Among 
the cytokines involved, IFN-γ stands out as a 
crucial mediator that belongs to the type 2 
interferon class, playing a fundamental func-
tion in both the innate and adaptive immune 
responses against the protozoan parasite [9]. 
IFN-γ is responsible for activating several 
antimicrobial mechanisms, such as stimulat-
ing macrophages to generate inducible nitric 
oxide synthase (iNOS), which is essential for 
restricting parasite replication. Through a 
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variety of mechanisms involving different 
substances, IFN-γ significantly contributes 
to the immune defense against T. gondii by 
impeding parasite growth and inducing a 
shift from rapid to slow multiplication.
The current body of literature regarding the 
infection of the thyroid gland by Toxoplasma 
gondii is relatively sparse. An investigation 
into autopsy cases of disseminated toxoplas-
mosis identified the thyroid gland as being 
affected [10]. Additionally, the detection of 
anti-T. gondii antibodies has been associat-
ed with AITD [11, 12]. Prior studies have sug-
gested that a history of T. gondii infection 
is correlated with an elevation in autoanti-
bodies directed against thyroid peroxidase 
[13]. Furthermore, latent toxoplasmosis has 
been linked to a modest increase in thyroid 
hormone production during gestation [14]. In 
addition, compromised thyroid function has 
been observed in murine models of toxo-
plasmosis [15]. 
Objectives: Accordingly, the objective of the 
present study was to assess the seroepide-
miological prevalence of toxoplasmosis and 
IFN-γ levels in AITD patients from Iraq.

Materials and methods 
Study design and participants: This 
case-control study was performed on 100 
patients with AITD (Gravis disease (GD) and 
Hashimoto’s disease (HD)) and 70 healthy 
individuals (Non-AITD) who were referred 
to general hospitals of Thi-Qar Province, Iraq, 
between July to November 2023. The diag-
nosis was established through clinical eval-
uations corroborated by laboratory analyses 
and diagnostic imaging techniques, such as 
ultrasound and scintigraphy, conducted by 
qualified specialist physicians. As for exclu-
sion criteria, participants who had taken 
systemic antibiotics within the past three 
months (e.g., cotrimoxazole, clindamycin, 
sulfadiazine, atovaquone, and azithromycin) 
and immunocompromised individuals, in-

cluding patients undergoing chemotherapy 
for cancer, individuals with transplants, and 
those with acquired immunodeficiency syn-
drome (AIDS) were excluded from the study.
Questionnaire: Before the collection of 
blood samples, participants were required 
to fill out a printed questionnaire that gath-
ered demographic information, including 
variables such as gender, age, and residen-
tial location.
Sampling: Blood samples were procured 
by drawing 5 mL of blood from each partici-
pant via sterile syringes. Following the coag-
ulation process, the blood was subjected to 
centrifugation at 5000 rpm for a duration of 
5 min. The resultant serum was subsequent-
ly divided into two aliquots and transferred 
for the purpose of immunological assays (T. 
gondii IgG, IgM, and IFN-γ) and was kept at 
-20°C.
Enzyme-linked immunosorbent as-
say (ELISA) for anti-Toxoplasma anti-
bodies: A variety of serological techniques 
have been employed to identify T. gon-
dii-specific antibodies in both human and 
animal populations. These methods include 
the indirect hemagglutination assay (IHA). 
Among these, ELISA is particularly prevalent 
for diagnosing exposure to this protozoan 
with a sensitivity and specificity of higher 
than 92%, as it is considered the most re-
liable, cost-effective, and practical option 
available [16]. The prevalence of anti-T. gon-
dii antibodies was assessed using ELISA kits 
(Nova Tec Immunodiagnostica GmbH, Ger-
many) to test all the collected sera according 
to the manufacturer’s instructions.
Molecular detection of T. gondii: The 
utilization of polymerase chain reaction 
(PCR) for molecular diagnostics in various 
clinical specimens has proven to be an 
exceptionally effective technique for the 
identification of T. gondii DNA, demonstrating 
a specificity rate of 100% [17]. DNA samples 
were acquired from non-coagulated blood 
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using the DNA extraction kit manufactured 
by Qiagen, Germany, following the provided 
guidelines. The PCR assay employed specific 
primers with the following sequences: Toxo-F 
(5’-CAGGGAGGAAGACGAAAGTTG-3’) and 
Toxo-R (5’-CAGACACAGTGCATCTGGATT-3’), 
as well as the master mix (Fermentas, 
Germany). The thermal cycling protocol 
included an initial denaturation step 
conducted at 95°C for a duration of 5 min, 
followed by cycles of 95°C for 30 s, 54°C for 
30 s, and 73°C for 30 s utilizing a thermal 
cycler from Bio-Rad, USA. The final extension 
phase was carried out at 73°C for 10 min. 
Subsequently, the amplified products were 
observed on a 1% agarose gel and examined 
using the PCR Gel Documentation System. 
Positive controls consisted of T. gondii DNA 
(RH strain), while negative controls were 
devoid of any DNA [17].
Determining the serum level of IFN-γ : 
The serum levels of IFN-γ were measured in 
the participants using a Human IFN-γ ELISA 
Kit (China).
Evaluating the IFN-γ gene expression : 
Total RNA was extracted from peripheral 
blood utilizing a protocol provided by Qia-
gen, Germany. The quality of the extracted 
RNA was assessed using a Nanodrop spec-
trophotometer from Biotek Epoch. Subse-
quently, the RNA samples were converted to 
complementary DNA (cDNA) employing the 
RevertAid First Strand cDNA Synthesis Kit 
(Fermentas, Sankt Leon-Rot, Germany) in 
accordance with the manufacturer’s guide-
lines. Quantitative real-time PCR was con-
ducted using the SYBR Green master mix 2X 
(Thermo Fisher Scientific, Heiligen, Germa-
ny) with primers specifically designed for 
the IFN-γ and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH, reference gene) 
gene as described by Bergallo et al. [18]. The 
PCR protocol included an initial denatur-
ation step at 96°C for 10 min, followed by 42 
amplification cycles, concluding with a final 

extension at 73°C for 5 min. Relative gene 
expression levels were determined using the 
2-∆∆Ct method, calculated using Bio-Rad 
iQ5 Optical System Software (USA).
Statistical analysis: The statistical analysis of 
the results was performed using SPSS 24.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Chi-square 
tests were used to examine the difference in the 
distribution of the participants in case and con-
trol groups, as well as the associations between 
the infection and the studied factors. Variables 
significantly related to Toxoplasma prevalence 
were analyzed as possible risk factors by means 
of univariate logistic regression, with a signifi-
cance level set at p < 0.05.

Findings 
Participants: The mean age of the partici-
pants in the AITD and non-AITD groups was 
36.6 and 39.4 years old, respectively. The 
predominant demographic in both the AITD 
group (75 participants, representing 75.0%) 
and the non-AITD group (48 participants, 
accounting for 68.55%) was female. In terms 
of residential distribution, 58 participants 
(58.00%) in the AITD group and 39 partic-
ipants (55.70%) in the non-AITD group re-
sided in urban areas, while the rest of the 
participants were located in rural regions.
Prevalence of anti-T. gondii antibodies: 
Out of 100 AITD patients, 29 individuals 
(29.00%) were diagnosed with Graves’ dis-
ease (GD), while 71 individuals (71.00%) 
were found to have Hashimoto’s disease 
(HD). Among the AITD patients, 33 individ-
uals (33.00%) tested positive for anti-Toxo-
plasma gondii IgG antibodies. In contrast, 
only nine individuals (12.85%) from the 
healthy control group exhibited the pres-
ence of anti-T. gondii IgG antibodies. The 
observed difference in the prevalence of 
anti-T. gondii IgG antibodies between AITD 
patients and non-AITD individuals was sta-
tistically significant (p < 0.001). Conversely, 
statistical analysis did not reveal a signifi-
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cant difference (p = 0.91) in the prevalence 
of anti-T. gondii IgM antibodies between the 
two groups, with two AITD patients (2.00%) 
and one non-AITD individual (1.42%) test-
ing positive (Table 1). 
In the analysis of age-related subcategories, 
no statistically significant correlation was 
identified between the prevalence of T. 
gondii antibodies and the age of individuals 
in both the AITD group (p = 0.19) and 

the non-AITD group (p = 0.26). However, 
a significant correlation was observed 
between gender and the presence of T. gondii 
antibodies in both the AITD (p < 0.001) and 
non-AITD (p < 0.001) groups. Furthermore, 
a significant association was noted between 
the participants’ residential location and 
the prevalence of T. gondii antibodies in the 
AITD group (p < 0.001), whereas no such 
association was found in the non-AITD 

Group No. of participants
IgG antibody IgM antibody

Positive
N (%)

Negative
N (%)

Positive
N (%)

Negative
N (%)

Healthy (control) 70 9 (12.85) 61 (87.15) 1 (1.42) 69 (98.58)
Gravis disease 29 9 (31.90) * 20 (68.10) 1 (3.44) 28 (96.55)
Hashimoto’s disease 71 24 (33.80) * 47 (66.20) 1 (1.40) 70 (98.60)

* A statistically significant difference was observed in comparison to the control group, with a p-value of less 
than 0.05.

Table 1) The prevalence of anti-Toxoplasma gondii antibodies among the studied groups. 

Table 2) Frequency of T. gondii antibodies in in patients suffering from autoimmune thyroid diseases (AITD) 
and healthy individuals (Non-AITD) based on the demographic characterizations.

 Variable
T. gondii antibodies

P value
Chi-Square Crude OR 95%CI P value

Positive 
No. (%)

Negative 
No. (%)

AITD

Age
>34 yrs

34- 55 yrs
55< yrs

11 (33.30)
19 (32.64)
3 (33.30)

22 (66.70)
39 (67.36)
6 (66.70)

0.21
-
-

1.64
1
1

0.84-2.96
1
1

0.192
-
-

Gender
Male

Female
4 (16.00)

29 (38.60)
21 (84.00)
41 (61.40)

-
0.01

1
2.21

1
1.20-3.62

-
0.00*

Residence
Rural
Urban

7 (16.66)
26 (44.80)

35 (83.64)
32 (55.20)

-
0.00

1
2.41

1
1.43-4.26

-
0.00*

Non-AITD

Age
>34 yrs

34- 55 yrs
55< yrs

2 (13.33)
6 (13.33)
1 (10.00)

13 (86.6)
39 (86.64)
9 (90.00)

0.32
-
-

1.72
1
1

0.64-2.92
1
1

0.26
-
-

Gender
Male

Female
1 (4.55)

8 (16.60)
21 (95.45)
40 (83.30)

-
0.04

1
1

1
1.43-3.96

-
0.00*

Residence
Rural
Urban

4 (12.18)
5 (12.80)

27 (87.82)
34 (87.20)

0.65
-

1.31
-

0.56-2.49
1

0.52
-

 * p<0.05 significant difference
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group (p = 0.52) (Table 2).
PCR analysis revealed the presence of T. gondii 
parasites in two individuals (2.00%) with 
AITD and in one individual (1.40%) without 
AITD (Fig. 1). Among patients diagnosed 
with GD, 9 individuals (31.00%) tested 
positive for anti-T. gondii IgG antibodies, and 
24 individuals (33.80%) with HD also tested 

positive for these antibodies. Statistical 
analysis indicated no significant difference 
in the prevalence of anti-T. gondii antibodies 
between patients with GD and HD (p = 0.84).
Evaluating the serum level of IFN-γ: M  ean 
serum levels of IFN-γ among GD patients 
with or without seropositivity to T. gondii 
antibodies were 614.17 and 507.12 pg/mL, 
respectively.  In addition, mean serum levels 
of IFN-γ among HD patients with or without 
seropositivity to T. gondii antibodies were 
581.15 and 435.82 pg/mL, respectively. 
Statistical analysis showed that significant 
differences were observed among AITD 
patients seropositive for T. gondii compared 
with AITD patients who were seronegative 
for T. gondii antibodies (p < 0.05) (Fig. 2).
Evaluating the IFN-γ gene expression : 
Th e gene expression level of IFN-γ among 
GD patients with or without seropositivity 
to T. gondii antibodies was 3.82 and 2.21-
fold, respectively (Fig. 3).  In addition, the 
gene expression level of IFN-γ among HD 
patients with or without seropositivity to 

Figure 1) Gel electrophoresis of PCR products 
obtained from all participants. Lane (a):  positive 
control (529 bp); lanes b, c, and d: positive samples 
(529 bp); lane (e): negative sample.

Figure 2) The mean of the serum level of IFN-γ among AITD (Gravis disease (GD) and Hashimoto’s disease 
(HD)) and non-AITD people with or without seropositivity to T. gondii antibodies (TG) by ELISA method. Data 
are indicated as Mean±SD. *  p< 0.05 A statistically significant difference was observed in comparison to the 
control group; + p< 0.05 A statistically significant difference was observed in comparison to the GD/Non-TG; # 
p< 0.05 A statistically significant difference was observed in comparison to the HD/Non-TG.
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T. gondii antibodies was 3.76 and 1.96-fold, 
respectively. Statistical analysis showed 
that the gene expression level of IFN-γ was 
significantly higher among AITD patients 
seropositive for T. gondii compared with 
AITD patients who were seronegative for T. 
gondii antibodies (p < 0.05).

Discussion
Thyroid disease is the second most common 
endocrine condition after diabetes mellitus 
and a significant global public health 
concern [19]. Thyroid hormones are essential 
for the body’s growth, development, and 
metabolism, as well as the regulation of 
other bodily activities. HD and GD are the 
most common examples of AITD [20]. Here, 
we aimed to assess whether individuals 
infected with T. gondii could experience 
direct impacts on the thyroid gland through 
increased levels of IFN-γ. The current study 
showed that among AITD patients, 33 
patients (33.00%) exhibited seropositivity 
for anti-T. gondii IgG antibodies, whereas 9 

(12.85%) of the samples collected from the 
healthy control group demonstrated the 
presence of anti-T. gondii IgG antibodies. 
This was due to exposure to risk factors such 
as eating contaminated food oocysts and 
undercooked meat.
Consistent with our findings, Tozzoli et al. 
reported a 65.50% prevalence of latent 
toxoplasmosis in patients with AITD in 
north-western Italy [21]. Conversely, Kankova 
et al. found that only 27.10% of 127 pregnant 
women with AITD in Prague tested positive 
for latent toxoplasmosis. The differences in 
our results compared to other studies on the 
prevalence of toxoplasmosis in AITD patients 
may be due to geographical differences in 
autoantibody production patterns [21].
IFN-γ is a particular type of the protein which 
is implicated in the functioning of the human 
immune system. It is produced by natural 
killer cells (NK) during innate immunity 
and T cells (CD8+ and CD4+ cells) during 
adaptive immunity. Various interleukins 
are released locally to activate these cells 

Figure 3) The gene expression level of IFN-γ among AITD (Gravis disease (GD) and Hashimoto’s disease (HD)) 
and non-AITD people with or without seropositivity to T. gondii antibodies (TG) by Real-time PCR. Data are 
indicated as Mean±SD. * p< 0.05 A statistically significant difference was observed in comparison to the control 
group; + p< 0.05 A statistically significant difference was observed in comparison to the GD/Non-TG; # p< 0.05 
A statistically significant difference was observed in comparison to the HD/Non-TG.
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in response to different infections and 
antigens, including intracellular parasites 
such as T. gondii. [9]. The results showed that 
the mean serum levels of IFN-γ among GD 
patients with or without seropositivity to T. 
gondii antibodies were 614.17 and 507.12 
pg/mL, respectively. In addition, the mean 
serum levels of IFN-γ among HD patients 
with or without seropositivity to T. gondii 
antibodies were 581.15 and 435.82 pg/ mL, 
respectively. Statistical analysis showed 
significant differences among AITD patients 
seropositive for T. gondii compared with 
AITD patients who were seronegative for 
T. gondii antibodies (p < 0.05). The results 
showed that the gene expression level of 
IFN-γ among GD patients with or without 
seropositivity to T. gondii antibodies was 
3.82 and 2.21-fold, respectively. In addition, 
the gene expression level of IFN-γ among HD 
patients with or without seropositivity to T. 
gondii antibodies was 3.76 and 1.96-fold, 
respectively.
The current study’s findings regarding the 
estimation of INF-γ levels by using an ELISA 
test were widely agreed upon. The results of 
the present study are consistent with those 
reported by Sadoon et al. (2022) in Thi-Qar 
Province, Southern Iraq. Their research 
indicated that the mean level of INF-γ 
in diabetic patients with toxoplasmosis 
was 37.40 pg/mL, which is significantly 
higher than the mean level observed 
in diabetic patients without T. gondii, 
recorded at 16 pg/mL. In comparison, 
healthy controls exhibited a mean INF-γ 
level of 33.80 pg/mL, while those without 
toxoplasmosis had a mean level of 18.20 
pg/mL [22]. A survey conducted by Abdullah 
et al. (2011) demonstrated that a cohort 
of 270 women who experienced abortion 
and were diagnosed with toxoplasmosis 
exhibited elevated levels of IFN-γ [23]. The 
findings were also in agreement with 
those of another study conducted in the 

Iraqi Province of Al-Najaf, which reported 
that women with toxoplasmosis who had 
experienced abortions had high levels of 
IFN-γ (52.66 ± 24.33 pg/mL) and other 
cytokines [24]. Abdul-Lateef et al. (2012) also 
showed that the IFN-γ level in patients with 
toxoplasmosis was higher than in the control 
group [25]. The current study’s findings were 
also compatible with an Egyptian study, 
which found that cancer patients who were 
seropositive for Toxoplasma had higher 
levels of IFN-γ than those who were not 
seropositive for Toxoplasma [26]. In addition, 
a study conducted in the United States 
revealed that women who had abortions and 
toxoplasmosis had elevated levels of IFN-γ [27]. 
The current investigation is consistent with 
a study conducted in the Thi-Qar Province of 
Iraq, which sought to identify parasitic, viral, 
or bacterial diseases in patients diagnosed 
with COVID-19. The findings indicated that 
individuals diagnosed with toxoplasmosis 
demonstrated increased levels of IFN-γ [28]. 
Conversely, research conducted in China 
in 2022 reported a reduction in IFN-γ 
levels among patients with toxoplasmosis 
[29]. The results of the current study were 
in agreement with those of the study 
conducted in Thi-Qar province, Iraq, which 
estimated the level of IFN-γ in individuals 
with and without T. gondii infection among 
120 women who had experienced abortions. 
Their results showed that the mean levels of 
IFN-γ among toxoplasmosis-positive women 
who had experienced abortions were 38.6% 
compared to 28.80% in the control groups 
[30]. The findings of the present study are 
consistent with those reported by Azab and 
Khalaf (2024), which indicated that the mean 
level of IFN-γ in breast cancer patients with 
toxoplasmosis was 47.66 pg/mL, compared 
to 0.00 pg/mL in those without the infection. 
In contrast, the mean IFN-γ level in the healthy 
control group was recorded at 0.57 pg/mL 
[31]. The  main limitations and confounders of 
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this study include the limited sample size. 
Moreover, the lack of tissue biopsy analysis 
for detecting parasite presence and the 
uncertainty surrounding the exact time to 
start breast cancer treatment to adjust for 
toxoplasmosis are other limitations that are 
planned to be investigated in subsequent 
research.

Conclusion
Th e current study showed the high preva-
lence T. gondii antibodies among AITD pa-
tients in Iraq. It was also found that the level 
of IFN-γ was notably higher among AITD pa-
tients who were seropositive for T. gondii an-
tibodies. However, it is essential that these 
studies are conducted with a larger sample 
size. These results indicated that individu-
als infected with T. gondii may experience 
direct impacts on the thyroid gland through 
elevated levels of IFN-γ. It may be advisable 
to implement screening programs for the 
detection of toxoplasmosis, particularly in 
relation to the reactivation of chronic infec-
tions, as a standard follow-up procedure for 
patients diagnosed with breast cancer. How-
ever, further studies are required to confirm 
these findings.
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