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CONCEPTUAL MARKINGS OF THE RESEARCH

Actuality and importance of the topic addressed. The disease COVID-19 is the
pandemic of the new millennium. It can cause systemic inflammation, potentially leading to
multiple organ dysfunction. Scientific data on the correlation between COVID-19 and the thyroid
gland (GT) has emerged and grown rapidly since March 2020. GT is known to respond to
infections. Upon infection SARS-CoV-2 reacts with immune inflammatory processes using ACE2
combined with transmembrane serine protease 2 (TMPRSS2) as a key molecular complex to infect
host cells. ACE2 and TMPRSS2 expression levels are increased in GT and more than in lung [10].
During the COVID-19 pandemic, several papers reported that endocrine diseases and metabolic
changes can be considered risk factors for acquiring the novel coronavirus. On the contrary, studies
investigating whether SARS-CoV-2 can directly affect the endocrine glands, causing disorders
that worsen the prognosis, are lacking. In post-mortem patient studies, both follicular and
parafollicular cells of the GT were extensively affected in patients who died of SARS. In addition,
ACE2 mRNA is present in thyroid follicular cells, highlighting the potential for thyroid cell entry
by SARS-CoV-2, but to date no evidence of intracellular SARS-CoV-2 has been documented [12].
At the beginning of the pandemic, several cases of subacute thyroiditis were reported.
Thyrotoxicosis was related to IL-6 levels, suggesting that patients with a higher inflammatory
response were more likely to develop thyrotoxicosis [21]. In addition to subacute thyroiditis, there
have been case reports of Graves' thyrotoxicosis in patients with COVID-19 who had no prior
documentation of autoimmune thyroid disease. Viral infections can trigger the presentation of
autoimmune thyroid disease; however, it has been postulated that the cytokine milieu induced by
SARS-CoV-2 makes it a particular trigger for autoimmune thyroid disease. The nonthyroidal
illness syndrome occurs during physiological stress and is characterized by an initial reduction in
total T3 and fT3, with an increase in reverse T3, but without a concomitant increase in TSH [21].

Data on the involvement of GT in coronavirus infection are less. A study conducted during
the SARS outbreak in 2003 reported that serum T3 and T4 levels were lower in SARS patients
compared to patients in both the acute and convalescent phases. Follicular cell destruction would
manifest as T3 and T4 hormone indices are low; parafollicular cell damage would theoretically
lead to low serum calcitonin levels. Calcitonin deficiency leads to disinhibition of osteoclasts
leading to osteoporosis and osteonecrosis.

To date, there are no data on direct damage to GT by the SARS-CoV-2 virus, however, the
results of available studies and clinical observations indicate the potential effect of coronavirus

infections, especially SARS-CoV and SARS-CoV- 2 on the hypothalamic-pituitary-thyroid axis

4



with the development of various pathologies or changes in the content of thyroid hormones (HT).
The course of the disease of COVID-19 is associated with euthyroid disease syndrome or low T3
syndrome. In addition, changes in HT concentration can also be caused by the intake of
glucocorticosteroids and anticoagulants. The manifestation of autoimmune thyroid diseases
against the background of COVID-19 is also possible. Since GT has an important role on the body,
participating in all its processes, some indices, including metabolism, in the formation of
immunity, it was and is necessary to study how the SARS CoV-2 virus acts on GT. The need for
the conducted study also required the study of the action of this virus on metabolism and eco-
morphological and functional changes.

The aim of the paper is to evaluate the functional and eco-morphological peculiarities of
the thyroid gland in patients infected with SARS CoV-2 in the post-COVID-19 period, as well as
the way to promote physiological rehabilitation.

Research objectives:

1) Evaluation of the hormonal status of the thyroid gland in the pre- and post-COVID-19 period.

2) Echo-morphological highlighting of the thyroid gland in the pre- and post-COVID-19 period.

3) Estimation of some metabolic indices that reflect the danger of metabolic dysregulation,
oxidative stress and the fibrosis marker (thymol test index) in patients with post-COVID thyroid
gland disease.

4) Study of the dynamics of hematological changes in the post-COVID-19 period in patients with
post-COVID thyroid gland disease.

5) Estimation of the psychophysiological status of patients with post-COVID-19 conditions of the
thyroid gland.

6) The development of a phytotherapeutic food supplement, which would favor the physiological
rehabilitation of the thyroid gland in the post-COVID-19 period.

Research hypothesis: It was based on the reaction of the thyroid gland to the damage
caused by the disease COVID-19. The results of the investigations carried out can help the
development of a faster diagnosis and a correct treatment in time for the disease of COVID-19, to
stop the inflammatory and fibrosis process of the thyroid gland and the dysregulation of its function
following this condition in order to avoid disability. COVID-19 is a systemic disease that
influences the endocrine and metabolic-functional system that determines the state of human
health.

Synthesis of research methodology and justification of chosen research methods. The
scientific study and research methodology, which sums up a large number of contemporary

methods used in this work, allowed the achievement of the proposed objectives and determined
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the acquisition of new data that were the basis of the argumentation of the solved scientific
problem. The scientific research methodology was based on the concepts regarding: 1) the basic
principles of the periodization of the individual structural-functional development of the organism
[6]; 2) the basic principles of physiology [1, 7]; 3) the basic principles of ultrasound and echo-
morphology [5].

Summary of thesis sections:

The work includes: annotation presented in the languages: Romanian, Russian and English,
list of tables, list of figures, list of abbreviations, introduction, four chapters, general conclusions
and practical recommendations, bibliographic sources including 273 titles, acts of implementation
of scientific results, declaration regarding the assumption of responsibility and the CV. The
doctoral thesis is presented on 217 pages, the content of the thesis being completed with 29 tables
and 52 figures.

THESIS CONTENT
1. THE PHYSIOLOGICAL AND ECO-MORPHOLOGICAL CHARACTERISTICS OF
THE THYROID GLAND (LITERATURE MAGAZINE)

The chapter includes a deep analysis of the latest data from the specialized literature at the
national and international bibliographic level. Scientific data on the normal anatomical and
physiological aspects of the thyroid gland are presented. The synthesis and effects of thyroid
hormones on carbohydrate, protein and lipid metabolism are described; classification of thyroid
diseases, as well as general ultrasound and echo-morphology of the thyroid gland. The eco-
morphological changes of the thyroid gland in the post-COVID-19 period are presented. The
chapter ends with conclusions.

2. MATERIAL AND RESEARCH METHODS

The investigations, the results of which are presented in this paper, were carried out during
the years 1992-2021. The current research represents a cross-sectional descriptive study, which
was carried out within the AMT Centru, AMT Botanica Clinics and within the Institute of
Physiology and Sanocratology (IFS). The research was carried out in accordance with the Study
Design adopted by the Scientific Research Ethics Committee of the Institute of Physiology and
Sanocreatology (Opinion of the Scientific Research Ethics Committee of IFS (Minutes no. 15 of
25.02.2021)). The data collected from the study surveys and from the Statistics Office of the CSP
of the ANSP of the MSRMPS were also used. The descriptive study was carried out, according to
the study sample, but also the selective study in accordance with the Epi-INFO Program 7.2.2.6
for cross-sectional study in accordance with the following parameters and the identification of a
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number of 5705 subjects with thyroid gland pathologies during the years 1990- 2002. In
connection with the study of post-COVID-19 consequences, 496 subjects were examined, who in
2018-2019 were without thyroid gland disorders, and during the years 2020-2021 the same
subjects with post-COVID-19 consequences. Out of 496 subjects, 3 subjects went abroad and 11
subjects refused (did not show up). From which the proportional stratification after COVID-19
was performed at one month, at 6 months and at 12 months for 482 subjects. Inclusion criteria in
the study: 1. Respondents, subjects who underwent an ultrasound examination during the years
2020-2021, who endured the disease of COVID-19, were examined at one month, at 6 months and
at 12 months in the post-COVID period -19; 2. Respondents aged >20 years and <60 years; 3.
Respondents who have given informed consent; 4. Respondents who were examined
ultrasonographically and confirmed with COVID-19; 5. Respondents' consent to the processing of
medical and personal data. Exclusion criteria: 1. Respondents who requested exclusion from the
study at any stage of the study; 2. Respondents aged <20 years and >60 years; 3. Respondents with
a damaged somato-functional background due to concurrent illnesses in the sub- and
decompensation phase.

The results presented in the given study were obtained from the examination of 15,000
subjects (in the years 1992-2021), of which 5705 with thyroid gland disorders and 482 (100%)
subjects (2018-2021, who represent the subjects of the ultrasound examination from the Medical
Institutions Registers. Average age groups 20-60 years. Men — 226 (46.89+2.8) and women — 256
(53.11£3.7). The characteristics of the subjects showed the predominance of age between 40-50
years and 50- 60 years old, of which men 158 (70%) and women 167 (65%). Classical and modern
study methods were used, including: hematological methods for analyzing blood indices;
biochemical methods for studying the state of protein, carbohydrate and lipidic; hormonal
investigation methods for the determination of thyroid hormones; immunological investigation
methods for determining the immune status of the research subjects; ultrasound methods for
assessing the eco-morphological state of the thyroid gland; the questionnaire — research method of
the psychophysiological peculiarities of the research subjects; statistical methods of results
analysis.

3. STRUCTURE AND PHYSIOLOGY OF THE THYROID GLAND IN THE PRE-
COVID-19 PERIOD

3.1. Structural, physiological changes, parameters and abnormalities of the thyroid
gland.

Normal thyroid tissue has homogenous echogenicity and echostructure. In longitudinal

section, the thyroid lobe is ovoid, sometimes triangular. The anterior surface of the GT in the
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region of the isthmus is often confused with the echoes coming from the skin surface, but the
acoustic shadow of the trachea can help us in demarcation. Carrying out the investigation on 1546
patients [5] and, based on the results of other additional methods to be investigated, it was
concluded that GT is not the same for everyone. It can differ in shape and size. The parameters of
the right lobe can be 1-2 mm larger than those of the left lobe. Women's sizes are smaller than
men's. In some subjects the thickness of the lobes may vary, less or more, by 1; 2; 3; 4 mm. In
children - no deviations. Echoscopic GT is of three shapes: conical, triangular and flat depending
on the constitution. This is of great importance, because errors can be avoided and even the
smallest condition (hyper- or hypoplasia) can be detected in time. It was found that until the age
of 16-20 years, the dimensions of the gland grow quickly, from 20-60 years - the dimensions are
stable, after 60 - they decrease. The volume determined by palpation was overestimated in 27%
and underestimated in 8% of cases. The structure can be: homogeneous micronodular,
inhomogeneous, with formations and without - depending on the patho-morphological processes,
the tissue can have medium, increased, low or mixed echogenicity.

3.2. Pathophysiology and semiology of the thyroid gland.

The physiopathology of thyrotoxicosis is explained by the excess of HT in the blood
circulation and etiopathogenetic peculiarities, and the myxedema in the deficiency of HT in the
blood circulation, the tissue resistance to the action of these hormones, the disturbance of the
conversion of T4 into T3.

General sonographic semiology of GT. For an organ with a solid structure, the contour,
dimensions, volume, shape, structure and relationship with neighboring organs are systematically
described. The outline can be well or poorly defined (confused), linear or bumpy. The shape of
GT, according to the results of echoscopic research, depending on the constitution of the body, it
was found that it can be of three types: conical, flat and triangular [5]. Respectively, they were
presented in the following proportions: 1) conical - 8-10%; 2) payment — 10-12%; 3) triangular —
75-80%. The dimensions were measured at the level of the conventional anatomical areas, initially
established by the separate evaluation of each lobe. The measurements are performed on the three
axes: sagittal, transverse and vertical. Any change in dimensions that have certain limits, denotes
a pathological process.

Different pathologies were detected depending on age and sex. It is confirmed that the
percentage of pathology in women is higher than that detected in men. At the same time, depending
on age, subjects between 30-50 years of age are most affected, with a decrease in pathologies at
60 years of age. Changes in the structure express changes in the anatomical state of the organ:

circumscribed or diffuse, liquid, solid or mixed. The liquid ecostructure on the monitor screen is
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presented through a pure transonic image with an isoelectric line at the level of the rear wall. These
echoes give evidence of a process of necrosis, especially if they are of different intensity. The
solid-type ecostructure in GT has a variable appearance, depending on the morphopathological
nature of the lesions. The solid lip ecostructure can be micro- or macronodular, homogeneous or
non-homogeneous, hypo-, hyper- or heterogeneous, with a well- or poorly defined, regular or
irregular outline. The mixed ecostructure is characterized by associations of transonic and
reflectogenic elements. Anatomically-patho-morphologically, they are the expression of fibrous
tissue alterations with areas of necrosis. Beaches of solid tissue are associated with liquid.
Depending on the stage of the process, hyper- or hypoechoic areas may predominate [5].

Ultrasound semiology of blood vessels is specific and depends both on the anatomical
structure and existing pathologies (thyroiditis (acute, subacute (autoimmune, fibrous, chronic,
specific — tuberculous, echinococcosis and others)). Local thyroid changes are determined by
physiopathological mechanisms of inflammation in acute and subacute forms. In chronic
thyroiditis, the local phenomena have an autoimmune mechanism with a characteristic
lymphoplasmacytic infiltrate and two local forms of manifestation: with gout, (hypertrophic) or
atrophic. We have determined the inflammatory processes that can be: A) acute - hypertrophy
thyroid accompanied by an extremely intense process; B) subacute - with local manifestations and
thyroid hypertrophy of lower intensity: a) in acute thyroiditis, the acute inflammatory process leads
to the massive destruction of thyroid follicles, with the quantitative release of HT, with the
appearance of thyrotoxicosis. In a short time there is a decrease in deposits and the appearance of
hypothyroidism; b) in subacute thyroiditis, the partial destruction of the thyroid follicles occurs
with the release of HT from the gland's deposit and, consequently, after exhaustion —
hypothyroidism; C) chronic, lymphocytic thyroiditis occurs as a result of hormone biosynthesis
disorders, iodine organization defect, abnormal release of iodoproteins. Over time, thyroid lesions
progress, the concentration of thyroid hormones decreases, subsequently with a decrease in GT
reserves (hypothyroidism).

An increased percentage of GT diseases was attested, of which grade | and Il hyperplasia
occupies 12.6%; Diffuse grade Il and IV goiter — 3.6%, including formations — 0.5%; Toxic
diffuse goiter — 2.1%; Hashimoto's goiter — 5.5%; Riedel goiter — 0.4%; formations in the focus —
12.3%, of which nodules — 4.8%, adenoma — 2.7%, cyst — 1.5% and tumor — 1.5%; postoperative
condition — 1.3% and recurrences — 0.5%. At the same time, it is observed that the number of
female subjects in all types of detected conditions is higher than in males. This deviation is
explained by more frequent addressing and investigations in women, the change in the hormonal

background following pregnancy, as well as the genetic transmission from mother to daughter.
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3.3. Ultrasound classification of nodules and other thyroid conditions in the pre-
COVID-19 period.

Following the investigations, 4 types of changes (hyperplastic) were observed in the
glandular tissue: 1. Diffuse enlargement of GT without nodular formation(s). This condition is
characterized by a diffuse increase in volume or due to a lobe of the thyroid gland with a changed
ecostructure (hypo-, hyper-, hetero-) without nodules; 2. Diffuse increase in volume of GT with
nodular formation(s). Diffuse or partial enlargement of the thyroid gland with a change in
ecostructure (hypo-, hyper-, hetero-) and the presence of one or more nodules in the tissue is
characteristic; 3. Nodular formation of GT. This lesion is characterized by the presence of a nodule,
in any division of the thyroid gland against an unchanged tissue background; 4. Nodular
formations of GT. It is characteristic of the presence of several nodules in any division of the
thyroid gland or throughout it, against the unchanged background of glandular tissue of different
shapes and sizes [5].

After the performed investigations (punctures), the following pathomorphological changes
of the nodules with sizes up to 10 mm and more were observed. Nodules with a diameter of up to
10 mm have a homogeneous internal structure, this means that they have the same morphology;
given the fact that the blood circuit is satisfactory, trophic, degenerative changes and cavities of
destruction - are missing; microcalcinates or different structure were not found in these nodules;
in nodules up to 10 mm no microfoci of malignant tumors were found, if so — then the whole
nodule (papillary cancer). Nodules with a diameter greater than 10 mm can have both
homogeneous and non-homogeneous ecostructure, which will also make the morphological
structure different; some pathomorphological changes may be present in them, for example:
thyroiditis + goiter + papillary cancer microfocus; all the blood disorders in the node lead to trophic
changes, which makes it obvious that the morphological structure is also changed [5]. In this case,
it is desirable to score from several places (from the center and the periphery).

Diseases of the thyroid gland. During the examination of the research subjects, a series of
conditions of GT were detected such as:

Diffuse (toxic) goiter (Bazedow's disease, Graves' disease, Parry's disease) is conditioned
by the exaggerated secretion of HT by diffusely enlarged GT, histologically with diffuse
hyperplasia.

Diffuse nodular (multinodular) goiter that usually develops at the age of 50-60 years, but
our research determined cases at the age of 22, 25, 30 years with frequent thyroid nodules in 47%,

predominantly in women.
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The cyst, a transonic formation with posterior attenuation of round or oval shape, with thin
walls and colloidal content, sometimes with hemorrhagic content, or sediment (which changes its
place and shape when the body position changes), with a very sensitive echosecretion for detecting
lesions, identification of cystic nodules of 2 mm and solid nodules of 3 mm.

Suppurative thyroiditis, after angina, furunculosis, sepsis, pneumonia, tonsillitis, with an
ultrasound in the acute moment is represented by diffuse hyperplasia of the thyroid gland.

Subacute thyroiditis (De Quertain's Thyroiditis), an inflammatory process of the thyroid
gland, of viral etiology, occurs more frequently in women, having a moderate hypertrophy of the
gland and an inconsiderable inflammatory reaction.

Fibrous thyroiditis (Riedel thyroiditis), which is characterized by GT hypertrophy, the
normal structure of which is replaced by fibrous tissue with damage to the stroma and its capsule.
Echoscopically, initially GT has diffusely enlarged dimensions or of a lobe. The structure, initially
relatively homogeneous, becomes inhomogeneous with a network of reflectogenic threads like a
"spider”, partially or throughout. The irregular (confused) contour gives the impression of
concretion with the neighboring tissues. It is hard on examination and is not mobile during the act
of swallowing. Parallel to the changes in the gland, changes in fibrosis are detected in other organs
as well.

Autoimmune thyroiditis (lymphogranulomatous) (Hashimoto's), common at the age of 40-
50 years, even younger, including children. From the number of patients suffering from this
disease, according to the investigations carried out, children make up 38%. The disease occurs
more often in women. Autoimmune thyroiditis affects approximately 10-12% of the population,
the female predominance being clear (the ratio of women/men is 9/1) autoimmune thyroiditis
evolves with hypothyroidism in 3%-20% of cases. Two forms are characteristic of the disease in
question: hypertrophic and hypotrophic. In the hypertrophic form of autoimmune thyroiditis, the
thyroid gland is enlarged, and in the hypotrophic form — the dimensions are normal or even
reduced. The decrease in gland function is characteristic for both forms of autoimmune thyroiditis,
although the hypertrophic form of autoimmune thyroiditis, in the first years of the disease, may
result in thyrotoxicosis phenomena. Echoscopically: the disease in 92% is presented by variable
sizes of the thyroid, more often - small volume. The outline is often irregular. The pronounced
inhomogeneous, diffusely modified structure is hardly perceptible. Echogenicity is globally
reduced with the presence of some pseudonodules (hypoechoic beaches) of an irregular chaotic
shape, sometimes with strands of fibrosis. Calcifications can often occur.

Hypothyroidism is manifested by the decrease of GT function. We distinguish between

primary, secondary and tertiary hypothyroidism. Secondary hypothyroidism usually presents with
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various anatomical and structural changes of the anterior pituitary lobe, and in tertiary
hypothyroidism it remains intact. Primary hypothyroidism is conditioned by the following causes:
a) developmental anomalies of the thyroid gland (dysgenesis, ectopy); b) endemic goitre and
cretinism; c) inflammatory diseases of the gland (Riedel, Quervain thyroiditis, Hashimito
autoimmune thyroiditis); d) thyroidectomy; e) radioactive iodine therapy; f) dysregulation of the
biosynthesis of thyroid hormones; g) thyrostatic drug therapy. Primary hypothyroidism is reported
in 95% of subjects and secondary and tertiary hypothyroidism in only 5%. The basis of the
development of hypothyroidism is the long-term and considerable deficit of the specific action of
thyroid hormones in the body with the reduction of oxidative and thermogenesis processes, the
accumulation of metabolism products, which leads to functional disorders of the CNS, endocrine,
cardiovascular, digestive systems, etc., as well as dystrophy and mucoprotein edema, specific to
different tissues and organs. Echoscopically, this disease, depending on the cause that led to it, has
variable images. If hypothyroidism was caused by a condition of the thyroid gland such as Riedel's
thyroiditis, Hashimoto's thyroiditis, the image of the gland will usually have reduced dimensions.
The outline can be irregular, sometimes confusing, the tissue structure is almost not visualized
(depending on the stage of the disease), pronounced inhomogeneous, more often predominantly
hypoechoic.

Adenoma that occurs 3-5 times more frequently in women of different ages, sometimes
also in children. Thyrotoxic adenomas are usually not too large, 2-3 cm in diameter, while solitary
euthyroid nodules are 4-5 cm in diameter. Echoscopically, this disease is presented by one or more
formations that appear on the unchanged background of the ovoid-shaped tissue, sometimes
compressing the neighboring tissues. Adenoma can be: follicular, papillary, atypical and
medullary. The contour is usually well highlighted, sometimes weak, regular, uninterrupted. The
internal structure can be homogeneous, hyperechoic or mosaic with micro- or macro-nodules, with
cystic degeneration. Poorly defined lesions can be distinguished from glandular tissue by the
presence of the so-called "halo", which is signaled by a uniform hypoechoic zone of 1-2 mm width,
characteristic of benign formations. Adenomas with a mixed structure are more common (where
tissue and cystic degenerations, hemorrhages, fibrosis, and sometimes calcifications are also
present). Sometimes several adenomas can be found in a gland at the same time, with different
histological structure. The smallest adenomas are located in the thickness of the tissue, but as they
grow, they move to the periphery of the lobes. Special attention should be drawn to the "halo™,
because it is also found in malignant formations, but, unlike the adenoma, the "halo™ is uneven and

interrupted.
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Diffuse pseudoadenomatous goiters are adenomas and are characterized by focal
hyperplasia or diffuse colloidal degeneration.

GT tumors are divided according to histological signs into benign and malignant. The most
common tumors are found in women. Malignant thyroid tumors are variable: 90% of them are
adenosarcomas, malignant lymphoma, fibrosarcoma, metastases of other cancers, etc. The most
common thyroid cancers are differentiated epithelial ones, which have a structure similar to thyroid
follicles. According to the anatomopathological aspect, the following types of tumors were
observed: papillary carcinoma, follicular carcinoma, anaplastic carcinoma, medullary carcinoma,
malignant lymphoma. Thyroid cancer is a model of endocrine cancer. Currently, cases of thyroid
cancer are also frequently encountered in young patients, which manifest respectively through
differentiated thyroid carcinoma. At an older age, undifferentiated thyroid carcinoma begins - one
of the most aggressive and malignant human adenocarcinomas, which, fortunately, is rarely
encountered. Follicular carcinoma has a higher incidence in iodine-deficient areas, while papillary
cancer is associated with a normal or increased iodine level.

Follicular cancer occurs in adults. It is characterized by slow growth. Approximately 40%
of cases metastasize in bones, brain, lungs, invade neck muscles, trachea. In the thyroid gland it
appears as a mobile nodule.

Medullary cancer is characterized by the presence of fibrosis and exaggerated ameloid
agglomeration, sometimes with calcification phenomena, other times with a familiar character. It
can be associated with parathyroid and adrenal hyperplasia. The disease can also be associated
with pheochromocytoma, neurofibromatosis, parathyroid adenoma (multiple endocrine
adenomatosis type Il1). They can be accompanied by the clinical picture of Itenko-Cushing
syndrome. Medullary cancer is a solitary tumor, which develops slowly in the form of a GT nodule
with metastases in internal organs.

Anaplastic cancer grows rapidly, infiltrating adjacent structures, leading to death within a
year. It attacks a lobe or the entire gland.

Papillary cancer also occurs in children, but more frequently in adults. It presents itself as
a nodular goiter that develops slowly, metastasizing very quickly in other organs. It concretizes
with the capsule and adjacent tissues. Metastases of malignant tumors in the thyroid are less
common. Such tumors include melanoma, breast, gastric, pancreatic, intestinal cancer, as well as
lymphomas. The primary focus is difficult to locate. The clinical picture of thyroid cancer is very
often represented by a single painless nodule, more often identified by chance in other organs. The
GT tumor can reach large sizes, fixing the trachea and causing dysphagia, dystonia or hoarseness

of the voice. Many times the picture of thyrotoxicosis can be present. Thyroid cancer is necessary
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to differentiate it from the solitary nodule and the multinodular goiter, adenomas, metastases.
Often it can be associated with Hashimoto's goiter or diffuse toxic goiter. The number of thyroid
cancer cases in the last ten years has increased significantly (from 7-8% to 10-15%).
Echoscopically, this disease appears on the monitor screen in the form of a nodule, cyst or several
foci. Echogenic masses with a capsule thickness greater than cysts - suggest the presence of a
neoplasm. The presence of a mass with thickened walls, with numerous inclusions (internal
echoes), especially if it is poorly defined, a carcinoma can be suspected. The smallest formation
detected by ultrasound was 5 mm. Sometimes the formation can have voluminous dimensions.
The location can be different and so can the progression. If at first the formation can be taken as a
nodule, adenoma or cyst, then other signs of distinction between a benign mass and a malignant
one appear. The results of the anatomopathological ultrasound investigation of the tumor
formations were confirmed by biopsy.

3.4. Pathological changes of internal organs in subjects with thyroid gland
conditions in the pre-COVID-19 period.

In the same subjects with thyroid conditions, diseases of the internal organs were also
detected:

a) The liver. Echoscopic changes are in the form of hepatosis and diffuse changes in the
focus. The liver is enlarged, the marginal angles of both lobes are rounded,; liver parenchyma with
increased reflectivity, posterior attenuation of echo signals, increased reflectivity along the route
of cross-sections of bile duct vessels, signs of liver tissue fibrosis. Less often — hemangiomas,
calcifications, cysts, tumor formations.

b) Cholecystitis following diseases of the thyroid gland, which, echoscopically, manifests
as a normal or deformed shape, with folds and a septum in the region of the body and neck, which
cause swelling and which further predispose to the formation of stones following the deterioration
of the evacuation of the liver. The walls are reflective, sometimes thickened, more frequently, due
to biliary stasis, in the cavity (lumen) sloped sediment and vesicular biliary lithiasis are detected
in 23%, less often - polyps, tumor formations, there can be multiple stones that block the function
of the cholecyst "cholecyst disconnected". Gallbladder microlithiasis is more common, gallbladder
polyps are less common.

¢) The pancreas. The conditions of this organ are represented echoscopically by diffuse
echoes in the structure, sometimes pronounced reflectogenic, which are difficult to differentiate
from other conditions of this organ, but clinically, most of the time, patients do not present
accusations. Currently, being described and treated as pancreatitis. These diseases of the pancreas

were found in 36% of the examined cases.
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d) The kidneys mostly undergo changes in subjects with GT conditions. More often, the
formation of oxalate, urate, phosphate stones of various sizes occurs. Salts and stones periodically
form and periodically, if they are small in size, they are easily removed with urine. Rarely, we
encounter coralliform stones that are difficult to treat and block the function of the kidneys.
Following the evacuation of microlithiasis or renal lithiasis, post-inflammatory sequelae are
formed. Kidney lesions are clinically presented by various disorders, changes in the secretory
function of urine, pyelocalyceal hypotonia and stasis, blood pressure disorders (predominantly
increased). Echoscopically, kidney diseases are manifested by a picture characteristic of chronic
pyelonephritis. Renal sinus of inhomogeneous structure with signs of post-inflammatory sequelae,
in some chronic cases with signs of sclerosing, pyolocaliceal dilatations of various degrees,
accompanied by microlithiasis and renal lithiasis. Cysts and tumor formations are less common.
Kidney diseases constitute 47% of cases.

4. ECO-MORPHOLOGICAL AND PHYSIOLOGICAL PARTICULARS OF THE
THYROID GLAND IN THE POST-COVID-19 PERIOD

4.1. Physiological and eco-morphological state in subjects infected with the COVID
19 disease.

For the anatomical highlighting, the volume of the GT, the determination of the
physiological function, the hormones T3, T4, TSH depending on age, sex, weight, 100 subjects
were examined - 50 women and 50 men grouped in the age groups of 20-30, 30-40, 40-50 and 50-
60 years. An increasing trend of GT sizes was observed in the age groups of 20-30, 30-40 and 40-
50 years, and a decreasing trend in the age group — 50-60 years. This feature is specific to both GT
and isthmus lobes. Several factors are known to be involved in the regulation of GT volume, and
the most studied are the effects of iodine on GT [11].

The study of GT volume depending on sex and age determined that GT in men had an
average volume of 21.5+1.12 mm3, and in women — 17.5+1.08 mm3. The level of HT in men was
found to be lower than in women, both T3 and T4, while the amount of TSH, conversely,
decreased. In men, the T3 hormone level was 2.1+0.98, and in women — 2.22+1.04 nmol/L; the
T4 level in men was 101£11.8, and in women 128+14.9 nmol/L. The TSH level in men was
2.75+1.3 and in women — 2.35£1.2 nmol/L. Studies on GT volume and HT depending on age
groups, but also selective sex, have significantly demonstrated that both volume and function are
different in various age groups. GT volume has an increasing curve with age and, after 60 years,
the volume decreases reaching up to 18.01+0.1 mm3. In men, the indices were increased by

1.2+0.3 mm3, compared to women.
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The average indices of HT T3 and T4 studied showed increases. The level of the T3
hormone in men increased by 0.12+0.02 nmol/l compared to women, and the T4 hormone caused
a decrease in the 20-30 year group compared to the 50-60 year group from 106.0+ 22.8 to
153.4+21.12 nmol/l. There are several studies investigating an association between thyroid volume
(VT) and body weight. Most recent reports attest that VT is significantly correlated with body
weight and body mass index (BMI) [18]. On the other hand, in some studies, only low body mass
was found to be associated with VT. However, regarding thyroid function, results are conflicting
in the literature with higher, lower or similar levels of HT in obese compared to normal weight
subjects [14]. GT increases in volume depending on the age group by 3.01 mma3. This conclusion
Is necessary for the anthropological correlation of GT depending on age, weight and pathology. A
sex-dependent positive correlation between GT volume and body weight was observed, which
explains that the higher body weight of men is involved in the sex difference in thyroid size.

4.2. The eco-morphological peculiarities of the thyroid gland in the post-COVID-19
period.

The ultrasound examination in the post-COVID-19 period was performed at one month, at
6 months and at 12 months, the subjects being grouped as follows: 12 (2.48%) — up to 20 years;
58 (12.03%) — 20-30 years old; 87 (18.04%) — 30-40 years old; 151 (31.32%) — 40-50 years and
174 (36.12%) — 50-60 years. Women constituted a total of 256 (53.11%), and men — 226 (46.89%).
One month after the post-COVID-19 period, GT, in the vast majority of cases, remains with
pronounced edema, with increased dimensions, characterized as diffuse hyperplasia of the I1-I111

degree, clear outline, relatively homogeneous structure, but with echogenicity reduced, which is

Fig. 4.1. The presence of edema, hyperplasia at one month of the post-COVID-19 period
and the presence of increased vascularization (original)
In Figure 4.1. edema, low echogenicity and increased vascularity are observed in this post-

COVID-19 period. Changes in the function and structure of thyroid tissue may occur during
COVID-19 as a consequence of direct or indirect effects of SARS-CoV-2 infection on GT. On the
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one hand, SARS-CoV-2 uses ACE2 as a receptor to infect host cells, and ACE2 is highly expressed
by follicular thyroid cells. Thyroid disorders related to COVID-19 include destructive thyroiditis
and the onset or recurrence of autoimmune disorders of GT, leading to a wide spectrum of thyroid
dysfunctions, from thyrotoxicosis to hypothyroidism, which may worsen the clinical course of
COVID-19 and affect prognosis [22] . In the period of 6 months post-COVID-19, GT sizes tend
to decrease, reaching the physiological norm of the age group. The outline becomes bumpy, and
the structure is inhomogeneous, the tissue structure is difficult to perceive, with predominantly

hyperechoic tissue areas and signs of fibrosis (Figure 4.2.).

P ——— - repa

Fig. 4.2. The presence of increased echogenicity (A) and the beginning of sclerosing (B) at 6
months of the post-COVID-19 period (original)
It has been proven that in the case of subacute thyroiditis associated with the COVID-19

infection, the thyroid ultrasound examination shows a diffuse increase in vascularity and a
heterogeneity of the parenchyma. At 12 months post-COVID-19 on the background of fibrosis,

GT shrinks, atrophy of the glandular tissue with connective tissue substitution and fibrosis process

A. _J:3
Fig. 4.3. Presence of sclerofibrosis (A) and thyroid gland shrinkage (B) at 12 months post-
COVID-19 (original)
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It should be noted that GT atrophy occurs not only in terms of volume (Figure 4.3.), but
also in terms of functionality, the clinic of hypothyroidism appears - weight gain, slowness in
movements, in thinking, memory and concentration disorders, asthenia, depression, feeling of a
lump in the throat and suffocation, constipation, etc. Metabolism is disrupted and type Il diabetes
occurs. The volume of GT in subjects researched in the post-COVID-19 period has a gender-
dependent dynamic: it is higher in men than in women. GT volume also differs depending on age,
being higher at 30-40 years and lower at 50-60 years. At one month being with a higher volume,
than at the sixth and 12th month of the post-COVID-19 period. The increase in volume is explained
by the manifestation following edema, being a consequence of post-COVID-19 complications, of
the autoimmune reaction depending on the severity of the infection and the adaptation period.

Following investigations from the total number of subjects, a case of thyroid tissue change
with hyperplasia was detected, after 12 months, signs of tumor formation appeared against the
background of changed tissue. Some reasons for the appearance of the possible tumor formations
detected as a result of the analysis of the investigations carried out, may appear as a result of the
resulting hyperplasias, the decrease in immunity and the post-traumatic stress suffered as a result
of the COVID-19 infection.

4.3. Hormonal peculiarities of the thyroid gland in the post-COVID-19 period.

Physiological indices in the subjects studied during the years 2019-2021 depending on age,
of the level of thyroid hormones (Table 4.2., 4.3., 4.4.) had conclusive values.

At the age of 20-30 years, the concentration of the T3 hormone in women is 2.20+0.05 and
in men — 2.14+0.10 nmol/L; of the T4 hormone in women is 106.50+22.80, and in men —
108.30+20.10 nmol/L; of TSH in women is 2.30+0.06 and in men — 2.40+0.30 nmol/L.

Table 4.2. Thyroid hormone T3 content in blood, post-COVID-19 period

Age The established 1 month 6 months 12 months
Gender norm (nmol/L) (nmol/L) (nmol/L) (nmol/L)
(years) (n=482) (n=482) (n=482) (n=482)
20-30 F 2,204+0,05 2,40+0,06* 2,30+0,17 1,10+0,17*
M 2,14+0,01 2,38+0,11* 2,24+0,19 1,20+0,11*
30-40 F 2,30+0,19 2,39+0,17 2,37+0,04 1,20+0,14*
M 2,35+0,19 2,40+0,08 2,31+0,06 1,1240,17*
40-50 F 2,30+0,08 2,3940,11 2,30+0,07 1,20+0,13*
M 2,30+0,12 2,38+0,09 2,30+0,08 1,20+0,11*
50-60 F 1,84+0,08 1,98+0,01 1,34+0,09* 1,11+0,14*
M 1,96+0,12 2,00+0,09 1,98+0,07 1,14+0,13*

Note: * - significant comparative differences (p<0.05)
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At the age of 30-40, the T3 hormone level in women is 2.30+0.19, and in men 2.35+0.19

nmol/L; the concentration of the T4 hormone in women is 147.80+24.60, and in men —

148.40+22.80 nmol/L; of TSH in women is 2.40+0.10, and in men — 2.50+0.03 nmol/L.

Table 4.3. T4 hormone content of GT in blood, post-COVID-19 period

Age The established 1 month 6 months 12 months

Gender norm (nmol/L) (nmol/L) (nmol/L) (nmol/L)

(years) (n=482) (n=482) (n=482) (n=482)
90-30 F 106,50+22,80 108,40+21,60 77,30+11,90 50,30+1,30*
M 108,30+20,10 109,00+22,40 78,40+29,30 50,50+1,10*
30-40 F 147,80+24,60 149,00+19,60 74,60+11,90* 52,10+1,10*
M 148,40+22,80 150,00+17,30 79,00+18,70* 51,20+1,20*
40-50 F 151,30+18,40 152,00+18,90 72,60+22,10* 50,40+1,80*
M 153,40+21,60 154,60+15,30 74,80+19,30* 52,10+1,20*
50-60 F 152,20+17,90 153,40+18,90 73,70+19,30* 52,10+1,30*
M 153,40+19,40 154,60+12,10 74,90+11,90* 52,10+1,10*

Note: * - significant comparative differences (p<0.05)

At the age of 40-50 years, the HT T3 concentration in women is 2.3040.80, and in men —
2.30+0.12 nmol/L; the HT T4 level in women is 151.30+£18.40, and in men — 153.40+21.60
nmol/L; the concentration of TSH in women is 2.50+0.80, and in men — 2.30+0.30 nmol/L.

Table 4.4. Thyroid hormone TSH content in the blood, post-COVID-19 period

Age The established 1 month 6 months 12 months
Gender norm (nmol/L) (nmol/L) (nmol/L) (nmol/L)
(years) (n=482) (n=482) (n=482) (n=482)

90-30 F 2,30+0,06 3,30+0,07* 8,40+0,90* 11,50+0,70*
M 2,40+0,30 3,40+0,06* 8,50+0,50* 11,60+0,70*
30-40 F 2,40+0,10 3,40+0,09* 3,50+0,07* 10,80+0,90*
M 2,50+0,03 3,50+0,08* 8,60+0,90* 11,20+0,80*
40-50 F 2,50+0,80 3,50+0,60 8,60+1,20* 12,10+1,10*
M 2,50+0,30 3,50+0,50 8,60+0,90* 11,30+1,20*
50-60 F 2,50+1,40 3,50+1,60 8,60+1,90* 11,20+1,30*
M 2,40+1,50 3,40+1,90 8,50+0,80* 11,70+1,10*

Note: * - significant comparative differences (p<0.05)
At the age of 50-60 years, the T3 value in women is 1.84+0.80, and in men -1.96+1.20

nmol/L; T4 concentration in women is 152.20+£17.90, and in men — 153.40+19.40 nmol/L; the
TSH level in women is 2.50+1.40, and in men — 2.40+1.50 nmol/L.

The data of a study shows that in the post-COVID-19 period, a decrease in TSH indices was
observed, and later its values returned to the initial value, suggesting that the changes are reversible
with the recovery from COVID-19. The decrease in the level of TSH in patients with COVID-19
can be explained by the direct damage to the follicles or by pituitary dysfunction [19]. Patients
with COVID-19 who have been diagnosed with pathological euthyroid syndrome, characterized
by a low serum level of T3 and T4, without an increased secretion of TSH, may be caused by the
direct action of SARS-CoV-2 on thyroid cells. SARS-CoV-2 infection can lead to downregulation
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of 5'-deiodinases activity, with low T3 levels. COVID-19 causes a negative nitrogen balance and
protein consumption that can lead to decreased serum levels of HT transport proteins, inhibiting
T4 transport to T3-producing tissues. In a limited number of cases of subjects infected with
COVID-19, decreased serum levels of T3, T4 and TSH have been detected. Evaluations of GT
function showed thyrotoxicosis, with suppressed serum TSH, elevated levels of T4L, T3L and
thyroglobulin, as well as the absence of thyroid autoantibodies [23].

4.4. Dynamics of biochemical indices in subjects with echo-morphological changes of
the thyroid gland in the post-COVID-19 period.

The activity of alanine aminotransferase (ALT), which catalyzes the reversible reaction of
the transfer of amino groups from alanine to oxoglutarate with the production of glutamate and
pyruvate, as well as the activity of aspartate aminotransferase (AST), which catalyzes the
reversible transfer of the amino group from L-aspartic acid to 2- oxoglutaric had a tendency to
decrease both at 6 months and at 12 months of the post-COVID-19 period, compared to the first
month of the research period, which is consistent with data from the literature where in the case of
the disease of COVID-19 s -attested increases in AST and ALT [24].

The indices of y-glutamyltranspeptidase, urea, total bilirubin, indirect bilirubin, albumin,
creatinine, cholesterol and triglycerides did not undergo changes, remaining practically at the level
of the indices of the first month of the post-COVID-19 period. Glucose level decreased at 6 and
12 months post-COVID-19 compared to first month indices. In the specialized literature, in non-
diabetic people with the disease of COVID-19, high levels of glucose have been attested, which
may be partially caused by the reduced consumption of glucose by the cells [17]. Coagulation time
also remained unchanged. Total protein content also decreased significantly at 6 months and 12
months post-COVID-19 compared to the first month. The prothrombin index decreased truthfully
at 12 months of the post-COVID-19 period, compared to the first month (72.00+0.23 (p<0.05))
[4]. Analyzing the changes in biochemical indices, a direct correlation between thyroid conditions
and biochemical changes is attested, which would provide the opportunity to make a correct
diagnosis and improve the treatment of post-COVID-19 complications.

4.5. Dynamics of hematological indices in subjects with echo-morphological changes
of the thyroid gland in the post-COVID-19 period.

The most relevant decreases were found in the case of platelet values, but with statistically
significant differences (p<0.05): at 6 months — 175.0+0.03 x109/1; at 12 months — 174.3+£0.09
x109/I. In the case of the total number of leukocytes, the average values found were very close: at
one month — 6.30+0.05 x109/1; at 6 months — 6.20+0.02 x109/1; at 12 months — 6.20+0.01 x109/1
of the post-COVID-19 period.
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Very significant differences were recorded in the case of hemoglobin concentrations,
reaching the highest level (102.0+0.59 g/1) at 12 months. The total number of erythrocytes showed
statistically significant changes and was characterized by mean values of 3.10+0.04 x1012/1 at 6
months and 3.00+£0.02 x1012/1 at 12 months of the post-COVID-19 period. Data from the
specialized literature that were obtained in patients with COVID-19 showed a significant decrease
in lymphocytes, monocytes, eosinophils, hemoglobin and platelets. The lower hemoglobin level
in severe cases of COVID-19 could be caused by underlying medical conditions, malnutrition, or
coagulation abnormalities. Coagulation abnormality is also associated with a low platelet count.
The erythrocyte sedimentation rate also showed statistically significant values (p<0.05) at 6
months —25.00+0.21 mm/hour and 12 months —22.00+0.19 mm/hour, compared to the first month
of the post-COVID-19 period (26.00+0.39 mm/hour). The mean values of eosinophils and
lymphocytes were devoid of statistical significance, but which tended to decrease at 12 months.
According to literature data, their increased level could play an important role in the recovery of
patients with mild forms of COVID-19 [16].

4.6. Dynamics of immunological indices in subjects with echo-morphological
changes of the thyroid gland in the post-COVID-19 period.

In the subjects examined in the post-COVID-19 period, all classes of immunoglobulins
increased compared to the first month after COVID-19. Thus, compared to the first month, IgM
increased truthfully by 33.3% at 6 months and by 52.4% at 12 months; IgG increased statistically
significantly by 9.9% at 6 months and 5.8% at 12 months and IgA increased by 12.8% at 6 months
and 27.9% at 12 months. Lower levels of IgG have been shown to be associated with a lower
amount of lymphocytes in patients with COVID-19 disease [3, 25]. Knowing that the thyroid
function also includes the function of increasing immunity, the results obtained from the research
carried out, offer the possibility of specifying the diagnosis and improving the treatment of
complications in subjects with thyroid gland conditions in the post-COVID-19 period.

4.7. Dynamics of indicators of lipid peroxidation and the antioxidant system in
subjects with eco-morphological changes of the thyroid gland in the post-COVID-19
period.

The study carried out estimated the value of the concentration serum content of the
oxidative stress indices which allowed to establish a stability of the lipid hydroperoxide indices in
all post-COVID-19 periods. The final product of POL, malonic dialdehyde also showed no
changes, as well as enzymes of antioxidant protection (ceruloplasmin, catalase, glutathione
peroxidase, superoxide dismutase and total antioxidant activity). Changes in these indicators

testify to the fact that the factors of the antioxidant defense system actively participate in the
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mechanisms of innate immunity, and their insufficiency can lead to extremely negative
consequences during SARS CoV-2 infection. There is also evidence of a significant decrease in
viral titers under the action of antioxidant enzymes. Superoxide dismutase, the main antioxidant
enzyme that inactivates the superoxide radical, and catalase, which inactivates hydrogen
hydroperoxide, have similar properties [20].

4.8. Psychophysiological peculiarities in the post-COVID-19 period in subjects with
echo-morphological changes of the thyroid gland.

The majority of subjects presented with sleep disturbances, predominantly difficulty falling
asleep at 1 month post-COVID-19 (31.1%), 6 months (24.9%) and 12 months (18.1%) in the post-
COVID period -19. Frequent awakenings were observed in 27.8% of subjects at 1 month, 24.9%
of subjects at 6 months, and 14.9% at 12 months. Fatigue upon waking was reported by 26.95%
of the subjects at one month, 17.8% at 6 months and 8.9% of them at 12 months. Inadequate
changes were observed in the nightmare domain —in 3.9% of subjects at 1 month, 5.8% at 6 months
and 1.8% at 12 months.

Psychodiagnostic assessment of subjects in the post-COVID-19 period (Hamilton test).
Euthymic state was determined in 389 subjects, which during the periods 1-12 months post-
COVID-19 had a decreasing trend. Mild depression had a differentiated trend at 1 month in 22.8%
of subjects, at 6 months with an increase (25.3%) and at 12 months it decreases in 14.9% of
subjects. Moderate depression was attested at 1 month post-COVID-19 in 7.9%, at 6 months at
22.6%, at 12 months at 4.9% of subjects in the post-COVID-19 period. Significant depression was
reported at 1 month in 2.9%, at 6 months in 6.6% subjects, and at 12 months in 4.7% subjects in
the post-COVID-19 period. Assessing the degree of anxiety in subjects with eco-morphological
changes of the thyroid gland in the post-COVID-19 period through the Spilberger test. The
research demonstrated (Figure 3.4.) that the level of anxiety in the examined subjects had different
trends, both at low, moderate and high levels. Low level of anxiety was appreciated at 1 month in
55.8%, at 6 months at 59.1%, at 12 months at 47.5% of the subjects examined in the post-COVID-
19 period. Moderate level of anxiety was evident at 1 month in 34.8% of subjects, at 6 months in
30.2%, and at 12 months in 24.5% of subjects in the post-COVID-19 period. High level of anxiety
was demonstrated in 7.9% of subjects examined at 1 month post-COVID-19, 7.3% of subjects
examined at 6 months, and 6.0% of subjects examined at 12 months post - COVID-19. The
exploration of the "Accentuated Personality™ proves that the subjects of the study group fall within
the "normal limits", the average of the accentuations for each individual subject being below the

critical percentage level of 75%, p<0.05. It is observed that there are personality traits that can
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exceed the level of average accentuation, but in the case of each subject, they are "compensated”
in various forms and harmoniously integrated into the overall structure of the personality.

4.9. Pathological changes of internal organs captured by ultrasound in subjects with
thyroid gland conditions post-COVID-19.

Abdominal organ disorders have also been detected in people with thyroid gland conditions
post-COVID-19. Echoscopically, changes are evident in the internal organs: liver, pancreas,
kidneys and genital organs (Figure 4.4.).

A. am : ook B.
Fig. 4.4. Liver echo-morphological changes (after 1 month) (A) and (after 6 months) (B) in
post-COVID-19 subjects (original)

As a result of the ultrasonographic investigation, 6 months post-Covid-19, the ultrasound
picture diminishes, the hypoechoic areas shrink, and some disappear (Figure 4.5.). At 12 months
of the post-COVID-19 period, the hypoechoic areas are weakly highlighted (Figure 4.5.).

Fig. 4.5. Echomorphological changes of the liver post-COVID-19 (after 12 months) (original)

The echoscopic pancreas is sometimes enlarged in size, with an inhomogeneous structure,
characteristic for acuteness. Echoscopic changes of the spleen are rarely found, but it can be

enlarged in size and homogeneous in structure. As a result of the ultrasonographic investigations
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of the kidneys, they are slightly increased in size. The pyelocalyceal area is affected in most cases
"with furrows". An accentuated, thickened drawing with calyx dilations, sometimes also

dilatations of the pelvis (hydronephrosis) is attested (Figure 4.6.).

Fig. 4.6. Echo-morphological changes of kidneys post-COVID-19 (original)

Urine analyzes are characterized by a large number of leukocytes, rarely erythrocytes. In
the post-COVID-19 period, prostate damage was also detected in men, being a mild hyperplasia,
and in women, irregularities in the menstrual cycle were noted. Lung conditions were also detected
by ultrasound examination of the pleural spaces, fluid collections in the pleural spaces.

4.10. Thyroid gland disorders and osteoporosis.

4.10.1. Correlation of thyroid gland conditions with osteoporosis in subjects in the
pre-COVID-19 period.

According to the study carried out, from 25 to 45 years the normal bone structure was
established in 12 subjects, who also had normal echo-morphological aspect of GT. Of 18 subjects,
who had mild hyperplasia of the thyroid gland, 8 subjects were found to have grade | osteoporosis,
and the rest showed no signs of osteoporosis. The result of the investigations confirmed the fact
that osteoporotic disease is closely correlated with the function and diseases of the thyroid gland
even after suffering from the COVID-19 infection. As a result of the condition of the GT and the
immune system, the production of calcitonin decreases, resulting in diseases of the bone skeleton,
such as osteoporosis. These conditions were also detected in subjects examined with post-COVID-
19 thyroid conditions.

4.10.2. Correlation of thyroid gland conditions with osteoporosis in post-COVID-19
subjects.

Subject investigations have determined a correlation between thyroid gland conditions and
osteoporosis. Research has shown that 86% of subjects with GT diseases have osteoporosis. We
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found that among patients with GT diseases, especially women suffer from varying degrees of
osteoporosis. And vice versa, patients with osteoporosis have thyroid diseases.

4.11. Biological effects of phytotherapeutic dietary supplement X" on thyroid
gland function.

The post-COVID-19 sequelae require treatment to improve the condition of GT. For this
purpose, a food supplement was developed that requires the rehabilitation of GT and the body in
the post-COVID-19 period. The composition of the developed phytopreparation is based on
phytotherapeutic ingredients, which can be delivered to people without a prescription, significantly
shortens the recovery period and does not cause adverse reactions. Given the fact that subjects
infected with SARS CoV-2 suffer from a series of associated pathologies, these factors become
paramount in the establishment of the euthyroid state. The preparation reduces and stops the
inflammation process, the fibrosis process. GT adapts and rehabilitates faster. As a result, the other
processes in the body are also regulated. Following the use of this supplement, its biological effect
was highlighted, by initiating some observational studies, which included 36 subjects in the post-
COVID-19 period - at one month, at 6 months and at 12 months. The supplement was administered
to the research groups 2 capsules per bone with a sufficient amount of liquid (150-200 ml of water)
3 times a day 15 minutes before meals. The analyzes were taken consecutively over one month, 6
months and 12 months of the post-COVID-19 period.

Administration for 15 days of phytotherapeutic supplement "X" demonstrated a biological
effect of stimulating and readapting GT function. The beneficial result of the preparation is due to
the successful selection of the quantitative and qualitative components that manifest a synergism
and produce a net effect superior to their action taken separately. The concentrations of T3, T4 and
TSH hormones returned to the limits of established physiological norms in all age groups. T3 level:
established norm — 2.20+0.81, in the post-COVID-19 period — 1.10+0.17 and after administration
of the “X” supplement was 2.30+£0.42 nmol/L ( p<0.05); T4 concentration: established norm —
108.30+20.10, in the post-COVID-19 period — 50.51£1.10, and after administration of the “X”
supplement — 110.20+11.40 nmol/L (p <0.05); TSH value: established norm — 2.40+0.30, in the
post-COVID-19 period — 11.60+0.70 and after administration of the “X”” supplement — 2.40+0.10
nmol/L (p< 0.05).

Following the administration of the remedy, a considerable attenuation of the thyroid tissue
was attested (Figure 4.7.). Eco-morphologically, a decrease in the dimensions of the GT is attested,
as well as the improvement of the structure of the thyroid tissue by the disappearance of the edema

and by the reduction of the fibrosis process.
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a) until the administration of the preparation b) after one month of administration of the
preparation

c) after 6 months of administration of the d) after 12 months of administration of the
preparation preparation

Fig. 4.7. Eco-morphology of the thyroid gland after administration of phytotherapeutic
dietary supplement " X" (original)

GENERAL CONCLUSIONS

1. The action of COVID-19 on the hormonal and eco-morphological status of the thyroid
gland was manifested not only as an infectious agent, but after its awareness as a factor of great
danger to society and as a psychogenic factor.

2. The evaluation of the function of the thyroid gland in the post-COVID-19 period by
dynamically determining the serum levels of T3, T4, AT-TG and TSH showed the presence of
hyperthyroidism status at the 1-month interval, which was attenuated at the 6-month interval and
went into a hypothyroid status after 12 months. The latter was manifested by the gender-
independent significant decrease of T3 and T4 on average by 50-70% and the elevation of TSH up
to 4.8 times [Chap. 4, subchapter 4.1., pp. 98-99].
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3. The size of the thyroid gland in the post-COVID-19 period had an intelligible dynamic
with its functional status. Thus, the volume of the gland in women increased at month 1 from
17.50+0.20 to 18.90+0.10 mm3, followed by a significant attested decline at month 12 -16.80+0.30
mm3 . In men, a significant change was also established after 12 months: from 21.50+0.18 mm3
it increased to 22.80+0.23 mm3 and then decreased to 21.30+0.22 mm3. Age variations were not
found in both groups [Chap. 4, subchapter 4.2., p. 105].

4. Post-COVID damage to the thyroid gland excelled by significantly reducing total
proteins and the prothrombotic index by up to 12% at 12 months, reflecting compromised liver
function. The index of the thymol sample, the fibrosis marker, increased by 20% after 12 months
and correlates authentically with the echocardiographic changes of gland sclerosing imminent in
this period [Chap. 4, subchapter 4.4., pp. 109-110]. Remarkably, oxidative stress was not activated
during the entire surveillance period given the statistically insignificant discrepancy of the main
markers (lipid hydroperoxides, malonic dialdehyde, ceruloplasmin, catalase, glutathione
peroxidase, superoxide dismutase and total antioxidant activity) [Chap. 4, subchapter 4.7., pp. 114-
115].

5. The hematological changes characteristic of the post-COVID-19 period are imposed by
the significant reduction of hemoglobin, erythrocytes and platelets after 1 month, and although
these indices have a tendency to increase dynamically, they do not return to normal values even
after 12 months. The VSH is in decline during the surveillance period (26-25-20 mm/hour), but
remains significantly increased compared to the norm, a fact that indicates a sustainable
inflammatory response [Chap. 4, subchapter 4.5., pp. 110-111]. The plasma levels of IgM, 1gG
and IgA reduced after 1 month increased in dynamics and at the distance of 12 months they reached
the reference values [Chap. 4, subchapter 4.6., pp. 112-113].

6. The psychodynamic evaluation of the researched subjects in the post-COVID-19 period
revealed euthymic state, anxiety, mild depression, moderate and significant depression in all three
study periods (one month, 6 and 12 months). In the post-COVID-19 period, most subjects (70.5%)
showed various psychophysiological peculiarities: dyssomnias at all research stages — at one
month, 6 and 12 months, characterized by difficulty falling asleep (31.1%; 24.9%; 18.1%),
frequent awakening (27.8%; 24.9; 14.9%), fatigue upon awakening (26.9%; 17.8%; 8.9%), dreams
ugly (3.9%; 5.8%; 1.8%) [Chap. 4, subchapter 4.8., pp. 116-118].

7. Administration per os for 15 days of the phytotherapeutic dietary supplement "X
developed and patented by the author demonstrated a conclusive biological effect of improving
the recovery of the morpho-functional status of the thyroid gland during the 12-month post-
COVID period. Thus, the circulating levels of the hormones T3, T4, TSH and AT-TG returned to
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the limits of physiological norms established in all age groups, and the size and volume of the
thyroid gland marked a more moderate decline over the period of 6-12 months [Chap. 4, subchapter
4.11., p. 133-135].

PRACTICAL RECOMMENDATIONS

1. The impact of Sars-Cov-2 on the thyroid gland is conclusive, causing at a distance of 12
months the fibrosis of the gland and the establishment of a hypothyroid status, so the dynamic
evaluation of circulating hormone levels and ultrasound indices is important in early prediction
and optimization of therapy post-covid.

2. Phytotherapeutic dietary supplement "X" rich in iodine is recommended to be used in
the rehabilitation of thyroid gland function in the post-COVID-19 period, as its oral administration
for 15 days determines the normalization of circulating hormone levels (T3, T4, TSH) and
reducing the degree of fibrosis of the gland at the distance of 12 months.

3. The psychophysiological, immunological, biochemical, hematological peculiarities, of
carbohydrate, lipid and protein metabolism, of thyroid hormones and the eco-morphological
pattern of the thyroid gland in the post-COVID-19 period, are recommended to be used as
conceptual and holistic benchmarks in the university training process in physiology,
endocrinology, physiopathology and ultrasonography at the State University of Medicine and

Pharmacy "N. Testemitanu" and the State University of Moldova.
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ADNOTARE

Cebotari Anghela, ,,Particularititile fiziologice si eco-morfologice ale glandei tiroide in
perioada post-COVID-19”. Teza de doctor in stiinte biologice, Chisiniu, 2023.

Structura tezei: introducere, patru capitole, concluzii generale si recomandari practice,
bibliografie din 273 de titluri, 15 anexe, 142 de pagini de text de baza, 52 figuri, 29 tabele. Rezultatele
obtinute sunt publicate in 13 de lucrari stiintifice.

Cuvinte-cheie: glanda tiroida, fiziologie, infectia SARS CoV-2, maladia COVID-19,
particularitati fiziologice, particularitati eco-morfologice, perioada pre- si post-COVID-19, hormoni
tiroidieni, metabolism.

Scopul lucrarii: Evaluarea particularitatilor functionale si eco-morfologice ale glandei tiroide
la pacientii infectati cu SARS CoV-2 in perioada post-COVID-19, precum si a modalitatii de favorizare
a reabilitarii fiziologice.

Obiectivele cercetarii: 1) Evaluarea statusului hormonal al glandei tiroide in perioada pre- si
post-COVID-19. 2) Evidentierea eco-morfologica a glandei tiroide in perioada pre- si post COVID-
19. 3) Estimarea unor indici metabolici ce reflectd pericolul dereglarii metabolismului, stresului
oxidativ si markerului de fibroza (indicele probei cu timol) la pacientii cu afectiunea post-COVID a
glandei tiroide. 4) Studiul dinamicii modificarii hematologice in perioada post-COVID-19 la pacientii
cu afectiunea post-COVID a glandei tiroide. 5) Estimarea statusului psihofiziologic al pacientilor cu
afectiuni post-COVID-19 ale glandei tiroide. 6) Elaborarea unui supliment alimentar fitoterapeutic, ce
ar favoriza reabilitarea fiziologica a glandei tiroide in perioada post-COVID-19.

Noutatea si originalitatea stiintifica: A fost evaluat statusul hormonal si eco-morfologic pre-
COVID al glandei tiroide pe un esantion de 5705 de persoane ce a permis de a demonstra nu numai
dinamica hormonala si eco-morfologica a glandei tiroide in conditiile contemporane de fiecare zi, dar
si de a stabili de prima data dereglarea functiei fiziologice si schimbarile eco-morfologice ale glandei
tiroide, cauzatd de infectia SARS CoV-2. Si mai mult, studiul complex fiziologic, eco-morfologic,
biochimic, hematologic si psihofiziologic a demonstrat ca infectia SARS CoV-2 influenteaza si asupra
altor organe si sisteme. In premierd a fost elaborat si cercetat efectul suplimentului alimentar
fitoterapeutic ,,X”” bogat 1n iod patentat de autor asupra restabilirii functionale si morfologice a glandei
tiroide pe perioada post-COVID de 12 luni.

Rezultatul obtinut, care contribuie la solutionarea unei probleme stiintifice importante.
Influenta COVID-19 asupra organismului, recuperarea starii fiziologice si eco-morfologice in perioada
post COVID-19, consta in demonstrarea modificarilor fiziologice si eco-morfologice la subiectii cu
consecinte COVID-19 care s-au reflectat si asupra glandei tiroide in perioada post-COVID-19, precum
si elaborarea unui supliment alimentar in scopul readaptarii fiziologice si eco-morfologice a glandei
tiroide si a metabolismului. Schimbarile eco-morfologice, fibroza tesutului glandular si hipofunctia
glandei tiroide in perioada post-COVID-19, pot fi stopate si imbunatitite de catre actiunea
fitopreparatului elaborat.

Semnificatia teoretici consta in obtinerea noilor date despre influenta infectiei SARS CoV-2
asupra statusului hormonal si eco-morfologic a glandei tiroide si a altor organe in perioada post-
COVID-19 1la 0 luna, 6 si 12 luni, ce prezinta un suport suficient in dezvaluirea mecanismelor dereglarii
functiei si structurii glandei tirode.

Valoarea aplicativa a lucrarii constd in realizarea unui studiu, ce a permis de a aduce dovezi
semnificative practice a participarii glandei tiroide in procesul patologic cauzat de COVID-19 si
elaborarea unui supliment alimentar, ce recupereaza starea fiziologica si eco-morfologica in perioada
post-COVID-19.

Implementarea rezultatelor stiintifice: Rezultatele cercetarilor se implementeaza in procesul
de cercetare, in programele de readaptare, reabilitare fiziologica si metabolica post-COVID-19, in
procesul de diagnosticare ultrasonograficd, in entitdtile stiintifice — Institutul de Fiziologie si
Sanocreatologie, Universitatea de Stat din Moldova, Universitatea de Stat de Medicina si Farmacie
»N. Testemitanu”, in Institutul Oncologic, in Universitatea ,,Joan Cuza” din lasi, in Centrul Medical
de diagnostic si tratament ambulatoriu al Ministerului Justitiei din Bucuresti, in cabinetele consultative
endocrinologice publice si private.
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AHHOTAIUA

YeboTaps AHresna, «@usnonornyeckue u 3IKoMopgoaornieckue 0CoOOeHHOCTH IIUTOBH/IHOM
:kesie3nl B epuo nmocjie COVID-19». JlokTopckasi iuccepTamusi mo
OuonoruyeckuMm Haykam, Kumunes, 2023.

CTpykTypa amMccepTalMM: BBEICHHE, YEThIpE IJIaBbl, OOIIME BBIBOJBI U TPAKTHYECKHE
pexoMeHnanuu, oubnauorpadus usz 273 HanMeHOBaHUMH, 15 npunoxkeHuit, 142 cTpaHul] OCHOBHOTO TEKCTa,
52 pucynka, 29 Tabnwm. [lomyyeHHbIe pe3ynbTaThl OMyOIUKOBAHBI B 13 Hay9HBIX CTATHAX.

KaroueBble ciioBa: muToBUHAS Kene3a, ¢usnonorus, uHpekuus SARS CoV-2, 3aboneBanue
COVID-19, ¢usnonoruyeckre 0COOCHHOCTH, DKOJOr0-MOpP(OIOTHUECKHEe OCOOCHHOCTH, MEpUo] A0 H
moct-COVID-19, ropMOHBI IMUTOBHIHOM KeJIe3bI, META0OJIU3M.

Heapb padotsi: OneHka GyHKIIHOHAIBHBIX M 3KO-MOP(OJIOTHIECKAX OCOOCHHOCTEH M TOBUIHOM
JKele3bl B TOCTKOPOHABUPYCHOM MEPHO/IE, a TAKXKE ITyTH ONTUMH3ALNH (PU3NOTIOTHIECKON peaduInTaliH.

3agauu uccaenoBanusa: 1) OmeHka U3NOIOTHIECKOTO CTaTyca IMIMTOBUIHON JKeJIe3bl B I0- U
moct-COVID-19 niepuoze. 2) DxoMopdoI0rHuecKoe HecaeI0BaHue IUTOBUIHOM JKeJIe3bl B IIEPUO 10 U
noct-COVID-19. 3) HccnenoBanue U3MEHEHUH Mokaszareieid MeTabosm3Ma, OKUCIUTEIBHOTO CTpecca u
Mapkepa Guopo3a (MHIESKC THMOJIOBOTI'O TECTa) Y MAI[MSHTOB C TOCTKOBUIHBIM 3a00JICBAHHEM LITUTOBUIHON
)kenesbl. 4) OlieHKa reMaToIoTHIecKuX ocooeHHocTel, mpucymux moct-COVID-19 nepuony y manmeHTOB
¢ noct-COVID-3ab0eBanreM MMTOBUAHON >Kene3bl. 5) OleHKa NCHXO(H3HOIOTHYECKOT0 cTaTyca
MAIMEHTOB C TOCTKOPOHABUPYCHBIMH COCTOSHMSIMHU IIUTOBUAHON kene3bl. 6) OOOCHOBaHWE BIUSHUS
¢uTOTEpaNeBTHYECKON MHINEBOW T00aBKM «X» Ha (U3HOIOTUYECKYI0 pPEaOMIUTAINIO HIMTOBUIHON
JKeJe3bl B IOCTKOPOHABUPYCHBII IIEpUOI.

Hayunass HoBu3Ha M opurumHajbHOCTh: Ha BbiOOpke u3 5705 yenoBek mMpoBeAeHA OICHKA
(U3NOIOTUIECKOTO M 3KO-MOPQOIOTHYECKOro cTaryca MMTOBHAHON xenespl no-COVID ¢ menbro
BBIJICTICHHSI TPYIIBI 3I0POBBIX JIKI, ¥ KOTOpbIX B mocT-COVID-neproa HaOmomanack omacHOCTh IS
HIUTOBUIHOM JKeNe3bl, a TaKKe Apyras 4acTbh — YyCTAHOBUTH MOPQOIOTHYECKHE 3aKOHOMEPHOCTH
u3MeHeHus xkene3 10 COVID, utoObl BEISIBUTH dKOMOpdoorudeckue ocodennoctu nocie COVID. B
MOCTKOBUIHBIN Mepuox ObUIO IMPOBENEHO KOMIUIEKCHOE (DHU3MOJIOTHYECKoe, 3KOMOP(OIOTrHYECKOe,
OMOXMMHYECKOE, NMMYHOJIOTHYECKOE, [e€MAaTOIOTHIECKOe, META00INIEeCKOe U TMCUXO(PU3NOIOTHIECKOE
UCCIIEIOBAHUE C IICTbI0 OMpeJeNieHnss OCOOCHHOCTe HW3MEHEHHWH ToMeocTasza, HEM30€KHBIX TpU
Bo3zeiicTBun Sars-COV-2 Ha MIMTOBHIHYIO XKelne3y. 3poposbie moau 10 COVID. Bnepsrie nccienoBano
BIMSHHME 3allaTeHTOBaHHOW aBTOpoM (QuroTepaneBTHueckoii bBAJl «X», Oorartoii #omom, Ha
(GYHKIMOHAIbHOE W MOP(OJIOTHUECKOE BOCCTAHOBJICHUE HIMTOBUIHOM KeJe3bl B TeUeHHE 12-MeCSYHOTO
MOCTKOBHJTHOTO TTEPHOJIA.

[Mony4yeHHblil pe3yJbTaT, CHOCOOCTBYIONIMII peLIEHUI0 BajKHOW HAy4YHOH 3ajayu,
3aKIII04aeTcs B ONpE/ACIeHUN (U3NOJIOTHYECKHX U HKOMOP(HOIOTHYECKMX HW3MEHEHWH y JHIl C
W3MEHEHUSIMH IIUTOBUIHON >kene3bl B mipeA- u 1noct-COVID-19 mepuose u pa3BUTHH HEKOTOPHIX
MEXaHU3MBbI U METO/IbI (PU3HOJIOTHIECKON TEPECTPOUKH METa0O0IM3Ma IUTOBUIHOMN KeJle3bl B 3110XY MOCT-
COVID-19. Dxomopdonorunyeckne n3mMeHeHus, Gropo3 Keae3uCTON TKAHN U TUIIO(PYHKIUS U TOBUIHOHN
JKele3bl B TOCTKOPOHABHPYCHOM TIEPHO/IE MOTYT OBITh 3aMEIIEHBI IeHCTBHEM (QuTonpenapara «X».

Teopernyeckasi 3HAYUMOCTb COCTOUT B ONPEEJICHNH (PYHKINOHAIBHOCTH LIIUTOBHIHOH KEJIe3bl
B JUHAMHKE B IIOCTKOPOHABHPYCHOM NEPHOAEC U ONpenesieHMH (PU3MOJOTHYECKMX UM JKO-
MOP(OJIOrHIECKUX W3MEHEHUI B MOCTKOPOHABUPYCHOM IIEPHOJIC Yepe3 OJIMH Mecdll, 6 MecsieB u 12
MECSIIIEB.

IIpukiaagHasi HeHHOCTb PaldoOTHI 3aKJIIOYAETCS B MONYYEHHUH JAHHBIX O (PU3HUOJIOTMYECKHUX U
9KOMOP(OJIOTMYECKUX W3MEHEHUSIX IIUTOBUIHON KeJie3bl B MOCTKOPOHABUPYCHOM IEPHOAE M U3YUECHUH
MEXaHU3MOB (DYHKIIMOHATBHOW W METa0OJMYECKOH aKTHUBHOCTH. Pe3yibTaThl HCHONB3YIOTCS TPH
0o0yueHHH epcoHana, a TakXKe B Ipolecce peaganTtanuy 1 peadbunuranuu nocie COVID-19.

BHeapeHue Hay4YHBIX pe3yabTaToB: Pe3ynbTaThl Hccae10BaHUI BHEAPEHBI B HAYYHBIN IPOLIECC,
B TIPOTpaMMbl peajianTaiun, GU3N0IOTHIecKo n MeTabonnueckor peabunuranuu mociie COVID-19, B
NpoIlecC yNbTPa3BYKOBOW JMAarHOCTHKU, B HAay4HbIe yupexiaeHus - WHCTUTYT GU3HOIOTHH U
caHokparojiornn [ ocynmapcTBeHHOro  yHuBepcurera. MosoBel, [ ocynapcTBEHHBIH — MEIHKO-
¢dapmanesTuueckuii yHuBepcuteT «H. Tectremuiiany», B OHKOJIOIHUECKOM MHCTUTYTE, B Y HUBEPCHUTETE
«oan Ky3a» B flccax, B TOCYyAapCTBEHHBIX W YaCTHBIX YHIOKPHUHOJIOTHIECKUX KaOMHETaX.
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ANNOTATION

Cebotari Anghela, ""Physiological and eco-morphological peculiarities of the thyroid gland in
the post-COVID-19 period™. Doctoral thesis in biological sciences, Chisinau, 2023.
Structure of the thesis: introduction, four chapters, general conclusions and practical

recommendations, bibliography of 273 titles, 15 appendices, 142 pages of basic text, 52 figures, 29
tables. The obtained results are published in 13 scientific papers.

Key words: thyroid gland, physiology, SARS CoV-2 infection, COVID-19 disease,
physiological features, eco-morphological features, pre- and post-COVID-19 period, thyroid
hormones, metabolism.

The purpose of the work: Evaluation of the functional and eco-morphological peculiarities
of the thyroid gland in the post-COVID-19 period, as well as the way to optimize physiological
rehabilitation.

Research objectives: 1) Evaluation of the physiological status of the thyroid gland in the pre-
and post-COVID-19 period. 2) Eco-morphological research of the thyroid gland in the pre- and post-
COVID-19 period. 3) Study of changes in metabolic indices, oxidative stress and fibrosis marker
(thymol test index) in patients with post-COVID thyroid gland disease. 4) Appreciation of the
hematological peculiarities inherent in the post-COVID-19 period in patients with post-COVID thyroid
gland disease. 5) Estimation of the psychophysiological status of patients with post-COVID-19
conditions of the thyroid gland. 6) Validation of the effect of phytotherapeutic food supplement X"
on the physiological rehabilitation of the thyroid gland in the post-COVID-19 period.

Scientific novelty and originality: The pre-COVID physiological and eco-morphological
status of the thyroid gland was evaluated on a sample of 5705 people in order to identify a group of
healthy subjects, who in the post-COVID period demonstrated thyroid endangerment, and on another
part to establish the pre-COVID morphological patterns of gland alteration to detect the post-COVID
eco-morphological peculiarities. In the post-COVID period, a complex physiological, eco-
morphological, biochemical, immunological, hematological, metabolic and psychophysiological study
was carried out to determine the particularities of homeostasis changes imminent to the impact of Sars-
Cov-2 on the thyroid gland in healthy pre-COVID people. For the first time, the effect of the
phytotherapeutic dietary supplement "X" rich in iodine patented by the author on the functional and
morphological restoration of the thyroid gland during the 12-month post-COVID period was
investigated.

The result obtained, which contributes to the solution of an important scientific problem,
consists in the determination of physiological and eco-morphological changes in subjects with changes
in the thyroid gland in the pre- and post-COVID-19 period and the development of some mechanisms
and methods of physiological readjustment of the metabolism of the thyroid gland in the post-COVID-
19 era. Eco-morphological changes, fibrosis of the glandular tissue and hypofunction of the thyroid
gland in the post-COVID-19 period, can be substituted by the action of phytopreparation "X".

The theoretical significance consists in determining the functionality of the thyroid gland in
dynamics in the post-COVID-19 period and determining the physiological and eco-morphological
changes in the post-COVID-19 period at one month, 6 months and 12 months.

The applicative value of the work consists in obtaining evidence regarding the physiological
and eco-morphological changes of the thyroid gland in the post-COVID-19 period and studying the
mechanisms of functional and metabolic activity. The results are used in the training of staff, but also
in the process of re-adaptation and rehabilitation post-COVID-19.

Implementation of the scientific results: The research results are implemented in the research
process, in the readaptation, physiological and metabolic rehabilitation programs post-COVID-19, in
the ultrasonographic diagnosis process, in the scientific entities - Institute of Physiology and
Sanocratology, State University of Moldova, State University of Medicine and Pharmacy "N.
Testemitanu", in the Oncological Institute, in the "loan Cuza" University in lasi, in public and private
endocrinological consulting rooms.
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