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Abstract

Sars-CoV-2 vaccines have proven effective against COVID-19 infection, but their probable
adverse effects, especially on renal and thyroid health, remain a cause for concern in some
populations. The overall safety and efficacy of currently available Sars-CoV-2 vaccines have
been reported, while few studies have documented post-vaccination complications in the
kidney and thyroid. There is currently paucity of such complications in our environment. This
study assessed the effects of SARS-CoV-2 vaccination on renal and thyroid functions of
apparently healthy individuals in Ibadan, Oyo State. It was a cross sectional study carried out
following the Oyo State Ethical Board’ approval. The study population comprised eighty-two
SARS-CoV-2 vaccinated and eighty-six unvaccinated apparently healthy male, and female
individuals, ages 18 to 65 years. A structured questionnaire was used to s the
sociodemographic history of the participants. Ten milliliters of blood samples w @alned
for the determination of the serum levels of thyroid stimulating ho free tri-
iodothyronine and thyroxine, urea, creatinine, C-reactive protein (CRP), emoglobln,
and SARS-CoV-2 antibodies using standard procedures. The data obtai 0%re statistically
analyzed, and the results showed that mean levels of the CRP, glycated hemoglobin, kidney,
and thyroid function markers in the vaccinated and unvac '&SSd\ groups were not
significantly (p > 0.05) different, and were within the referen ges. The prevalence of
thyroid and renal dysfunction showed that 3.6 % (3) of the Va@ ed individuals had slightly
elevated CRP (1.3 %), FF4 (1.3 %), and TSH (1.3 %) values were not statistically
significant when compared with the unvaccinated gr u estimated levels of thyroid and
renal markers six months post Sars-CoV-2 Vaccm% is study were within the reference

values, and thus, apparently substantiate the safet the currently available Sars-CoV-2

vaccines in Oyo State, Nigeria. However,, ightly elevated levels of some of these
markers in 3.6 % of the population studl tdbe ignored. It is therefore safe to suggest
that a medical follow up beyond six m Vaccmatlon should be encouraged.

Keywords: SARS-CoV-2; COVIDé) yroid; kidney; vaccination; C-reactive protein
Word count: 300 %

Qﬁg



Table of Contents

Content

Title Page

Certification

Dedication

Acknowledgement

Abstract

Table of Content

List of Tables

List of Figures

List of Acronyms 't

Q
N

Chapter One: Introduction )\ «
1.1  Background t h@
1.2 Statement ﬁb{em
1.3 Justificationiof the Study
1.4  Aim angd Objectives of the Study
1.5 Q\‘ rch Questions

1.6 ypothesis

1.7 Significance of the Study

1.8  Scope of the Study

1.9  Limitation of the Study

1.10  Operational Definition of Terms

Endnotes

vi

Page

xi

Xii

p—



Chapter Two: Literature Review

2.1
2.2
23

23.1

24

2.5

2.6

2.7

2.7.1

2.8

2.8.1

2.8.2

2.9

2.9.1

2.10

2.10.1

2.10.2

2.11

2.11.1

Conceptual Review 18
Viral Morphology 19
Mode of Transmission 24
Indirect Transmission 25
Pathogenesis of SARS-CoV2 26

Viral Replication 2}9{@
Renin-Angiotensin- Aldosterone System Inhibitors and COVID-19 Q}g
SARS-CoV-2 and Renin-Angiotensin-Aldosterone System ‘@QO%
SARS-CoV-2 Infection on ACE2 Expression . @'\ 35

Application of RAAS Inhibitors and Associated Risk% OvID 19 35
& .

The Clinical- Immunological Spectrum of COVID-19 37

The COVID-19 Spectrum of Illness

Disease Complications Qj\\* 40
Cardiovascular Complications ‘%ciated with COVID-19 Infection 40

Long-term Complicati(yé%%bVID- 19 41

Diabetes Complicatish%and Sequelae 41
Dermatolog"ca! @n lications and Sequelae 41

Vacci a@a 42
S@& ;OV-2 Vaccination 43

2.1 1@echanism of Action 44

2.11.3

2.12

2.12.1

2.12.2

2.12.3

Different Types of SARS-CoV-2 Vaccination 45
Renal System 47
Mechanism of Action 48
Micturition Process 53
Renal Function Markers 56

Vii



2.13  Hormones of Renal Functions 61
2.14  Effect of SARS-CoV-2 Vaccination on Renal Function 63
2.15 Mechanism of Renal Entry and Kidney Injury in COVID-19 Infection 65
2.16  Thyroid Gland 67
2.16.1 Gross Anatomy of Thyroid Gland 71
2.16.2 Microscopic Anatomy of Thyroid Gland Q‘j:j\
2.17  Physiology of the Thyroid Gland ‘é\ 75
2.18  Pathophysiology of Thyroid Gland . @“ 81
e
2.19  Hormone of Thyroid Gland 84
2.20  Mechanism of Action of Thyroid Hormones b4 89
2.21 Mechanism of Effect of SARS—CoV—Q@gion on Thyroid Function 90
2.22  Effect of Vaccination on Thyro Fgezion 91
e N
2.23  Effect of SAR-CoV2 Vaccination on Thyroid Gland 92
2.24  Future Vaccination KM%agement 93
'3

Endnotes Q'Q 96

Chapter Three: Q\‘\{dology

e
3.1 Stuﬁ%ggn 119
3.2 @al Considerations 119

33

34

3.5

3.6

3.7

Study Area 119
Study Population 120
Sample Size Determination 124
Sampling Strategy 124
Selection Criteria 125

viii



3.8

3.9

3.10

3.11

3.12:

3.13:

3.14

Chapter Four: Results and Discussion of Findings

4.1

4.2

4.3

4.4

Data Collection Procedure
Clinical Indices

Sample Collection
Laboratory Analyses
Statement of Confidentiality
Ethical Considerations

Data Analysis

Cases and Controls &%\
. QQ)
Demographic Data of All the Participants \

Presentation of Laboratory Data for All P gnts

Discussion of Findings Q;\\i

Endnotes

Chapter Five: Conclusion \)

5.1

52

53

'3
Summary of Fin&\@

Conclusi

Re%@daﬁons

54 Q@ibution to Knowledge
5.5 uggestion for Further Study

Bibliography
Appendices
Bio-data

The University Compliance Certification

125

126

127

127

136

137

143

152

158

162

163

164

164

165

166

192

216

221



List of Tables

Table Title Page
4.1: The Biodata and Socio Demographic Characteristics of Cases 138
4.2:  The Mean + SD of Anthropometric Measurements and Blood

4.3:

4.4

4.5:

4.6:

4.7:

4.8:

4.9:

Pressure of Cases 1 %
>
O

The Biodata and Socio Demographic Characteristics of the Cont‘r% 141
. \‘%'\
The Mean + SD of Anthropometric Measurements %g;}ood

Pressure of Control Q@ 142
o~

Mean + SD of the Renal Function Markers and Predictive Marker of
Renal Dysfunction in Cases arz%,ontrols.

Q)% 144
Mean + SD of Thyra%:qnction and Inflammatory Markers in
Cases and Cont 147
Compari f mean + SD of inflammatory Markers, Renal and
Thyror ction Test and Predictive Markers of Renal Dysfunction 149
evalence of Renal Dysfunction in Cases 150

Prevalence of Inflammation and Thyroid Dysfunction in Cases 151



List of Figures

Figure Title Page
2.1:  SARS-CoV-2's Structure 21
2.2:  SARS-CoV-2 Genomic Organization 23

2.3:  Molecular and Cellular Pathogenesis of SARS-CoV-2

N
2.4:  Mechanism of Viral Replication ° @'&1
2.5.  COVID-19 Clinical and Immunological Spectra ) \%‘.\% 39
2.6 The Kidney Function Markers é® 54

2.7:  Mechanisms of Renal Entry and Kidney Injury in\CyOVID—19 Infection 66

2.8:  The Thyroid Gland 70
2.9:  The Thyroid Gland ( ‘\\'ﬁ 72

3.1:  Study flow Chart for Cases Q)% 121

3.2 Study Flow Chart fo§

4.1: Blood Press@)QQ 145
N

123

4:2: Me thropometrics and Blood Pressure Measurements
of Cases and Control 146

4:3: ;;ean of Thyroid Function and Inflammatory Markers in
Cases and Controls 148

Xi



List of Acronyms
Abbreviations Meaning . (b‘
ACE2 Angiotensin- Converting Enzyme 2 %

ACEI Angiotensin Converting Enzyme Inhibitors S

AKI Acute Kidney Injury .®,
AMI Myocardial Int:agc\"

»

APC- Antigen P&s;a)ng Cells

ARBs Aﬂjw%hsin IT Receptor Typel Blockers

ARDS @c.ﬁte Respiratory Syndromes

ATIRs \‘QJ Angiotensin II type 1 Receptors

BUN Q Blood Urea Nitrogen
C3 Q Complement 3

CKD Chronic Kidney Disease
CMs Convoluted Membranes
CoVs Coronaviruses

CRP C- Reactive Proteins

Xii



CRS Cytokine Release Syndrome

CT C- Terminal

DCT Distal convoluted tubule

DIC Disseminated Intravascular Coagulation

DIT Diiodotyrosine . (b‘

DM Diabetes Mellitus . \?O

DMSs Double Membrane Spherules %
. \ "

DMVs Double Membrane Vesicles %\
&

DNA Deoxyribonucleic Aci .®
E Envelope . \%
ER Endoplaﬁ%:' }culum
ERGIC E@mic Reticulum to Golgi Intermediate Compartment
FDA 0dd and Drug Administration
R

FT3 )\‘C-) Free Triiodothyronine

FT4 s Free Thyroxine

GD-Q Grave’s Disease

GFR Glomerular Filtration Rate
HBAI1C Glycated Haemoglobin or Glycosylated haemoglobin
HCOs Bicarbonate

IgA Immunoglobulin A

xiii



IgG Immunoglobulin G

IL Interleukins

Kg Kilogram

LGAs Local Government Areas
LNP Lipid Nanoparticles

M Membrane

MCD Minimal Change Disease S

. \%'\
MERS Middle East Respiratory Syndror@

MHC- Major Histocompati%@)lex
MIT Monoiodotyrosi%

mRNA Messengég Ribetwucleic Acid

NaCl S@?ﬁloride

NIH @aional Institute of Health

O
NSPS Non-structural Proteins
>

NTD Q N Terminal Domain

ORFQ Open Reading Frames

PCI Percutaneous Coronary Intervention
PCT Proximal Convoluted tubule

PEP Phosphor Enol Pyruvate

PKA Protein Kinase A

Xiv



PLC Phosphoinositide Phospholipase

PPE Personal Protective Equipment

PVN Periventricular Nuleus

RAAS Renin- Angiotensin- Aldosterone system

RBD Receptor Binding Domain . (b‘

2N
RBD Receptor Binding Domain Q)

RIG Retinoic Acid- Inducible Gene % E
'\

N

rT3 Reverse Triiodothyronine ,@
RTC Transcription Comple ®
RT-PCR Reverse Transgr@ Polymerase Chain Reaction

S- protein Spike Prd&ir:Q)

SARS-CoV-2 S&ergAcute Respiratory Syndrome Coronavirus 2
SAT- Q ub-Acute Thyroiditis
ssRNA )\‘C-) Single Stranded Ribonucleic acid

STEMI g ) ST Elevation Myocardial Infarction
TG Q Thyroglobulin

TLR Toll like Receptors

T-lymphocytes Thymus Lymphocytes

™ Transmembrane

TMPRSS 2 Transmembrane Serine Protease type 2

XV



TPO-

TRH

TSH

TSH-R

UTRs

VEGF

WHO

WT

Thyroid Peroxidase Antibodies
Thyrotropin Releasing Hormone
Thyroid Stimulating Hormone
Thyroid Releasing Hormone receptor

Untranslated Sections . ‘b‘

&

: @’»

&
S

S

>

Vascular Endothelial Growth Factor

World Health Organizatiom

Wild Type

sV

N
QQ%Q

XVi



Chapter One

Introduction
1.1 Background to the Study
At the end of December 2019, a few cases of pneumonia of unknown etiology were detected
in Wuhan, Hubei Province of China !. A few days later, the Chinese authorities identified a
novel coronavirus as the etiological agent of the disease 2. As soon as the compl.ete c%e‘nome
sequence of the “Wuhan viruses was published online, the structures of various éﬁu\proteins
were determined. Based on the phylogenetic and taxonomic analysis . q@ative agent,
the International Committee on Taxonomy of Viruses designat.ed new virus as ‘severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)’3. S@L\ently, the World Health
Organization (WHO) proposed ‘COVID-19’ as an abbr’e@on of coronavirus disease 2019.
Since the outbreak of the COVID-19 in Decé@%m% it has continued to spread

worldwide and was declared as a “public iﬁ;@mergency of international concern and a

global pandemic in March 2020” by the&' (WHO, 2020).

>

The overall mortality rate of COQVID#19 as at April, 2020 infected people ranges from 0.07—
9.3% 3. SARS-CoV-2 ten fhultiorgan involvement due to the widespread expression of
angiotensin-conve nggz e-2 receptors, the virus entrypoint . Therefore, COVID-19
causes vario @al scenarios ranging from a flu-like syndrome to more severe conditions
such as Gut respiratory distress syndrome and death. Non-pharmaceutical measures
incl@ physical distancing, proper use of masks, teleworking, isolations and quarantines
have been imposed to delay the spread of COVID-19°. However, these behavioral measures
have unwanted effects, such as a negative psychological impact, major depressions and
mental health consequences. Developing a safe and efficient vaccine has been the only
promising goal for the successful fight against COVID-19. There were 322 vaccine

candidates in development, according to information provided by the WHO. Around 40%



were in clinical development (128 vaccine candidates), while 194 were in preclinical
development. The nine leading vaccines — manufactured by Pfizer-BioNTech, Moderna,
Gamaleya, Novavax, Oxford-AstraZeneca, Sinopharm, Bharat Biotech, Johnson & Johnson
and Sinovac — have been developed based on the use as antigen of the viral S glycoprotein of

the wild-type (WT) strain®.

COVID-19 is mainly spread through the respiratory tract and contact, so the role 'of(‘fwcosal
immunity in preventing viral infections was paid more attention. The viru @ains four
structural proteins. They are Spike S protein, Envelope E protein, Mer@ matrix protein,
and Nucleocapsid N protein. The S protein has two subsections,\ﬁn'd S2. The S protein
binds to specific receptors, causing the virus to infect cells. '%ig}ralizing antibody against
the S protein can block this process and prevent the V'.§om invading. S protein can also

effectively stimulate T-cell immune response, sq it%is/the most important target antigen for
vaccine design. N and M proteins have e@jﬁ}c‘n hown to induce the body to produce an
efficient cellular immune response ° %RS—COVQ is unusual for a respiratory virus that

binds to a receptor, angiotens@erting enzyme 2 (ACE2). ACE2 can be expressed in

virtually all organs, but e@fy in the lungs, gut, and brain.

Therefore, unlike n‘QtJespiratory viruses, SARS-CoV-2 has a wider biological distribution
and may ¢ Qsiderable damage outside the respiratory system °. It adversely affects the
genit ' system, digestive system, circulatory system, and central nervous system. The
universality of the distribution of ACE2 receptors leads to multiple changes in symptoms,
such as dyspnea, headache, diarrhea, venous thromboembolism, and high blood pressure. The
S protein binds to ACE2 on cells to mediate infection. The S1 subunit contains the receptor-
binding domain (RBD) and is responsible for initial attachment to the host cells through the

ACE2 receptor, while the S2 subunit promotes viral fusion with cells to initiate infection. The



S protein is a frequent vaccine target as it is expected that antibodies binding to the correct

epitope on the S protein may be neutralizing and block intercellular viral spread 7.

The vaccines currently under use can be roughly divided into DNA, mRNA, non-replicating
viral vector and inactivated vaccines 8. DNA vaccines can enter cells like viral infections and
use the host protein translation system to generate target antigens. As an endogenous
immunogen, it can induce humoral and cellular immune responses at the same ﬁn{ﬁbﬁiven
the advantages of nucleic acid vaccines, DNA vaccines do not require live vi Sso safety
is improved. DNA vaccines insert genes encoding foreign antigens intﬁ@i s containing
eukaryotic expression elements and then directly introduce the)\&;&grﬁds into humans or
animals, allowing them to express antigen proteins in host ce%@ induce immune responses
to prevent diseases ®. Compared with DNA vaccine %Qeed to enter the nucleus, mRNA
N

vaccines only need to enter the cytoplasm to ac%7 rget antigens’ expression, so they are

theoretically safer. Moderna's vaccine, re.ljzé—'l 3, specifically encodes the S antigen's
prefusion form, including a transme anchor and an entire S1-S2 cleavage site. Non-
replicating viral vector Vacci(&igﬂe of the most explored viral vector options is the
Adenovirus (Ad), curre being used by both CanSino and Oxford/ AstraZeneca.
Adenovirus (Ad) dre ommon cold viruses with a double-stranded DNA genome.
CanSino is usi type 5 (AdS) and named the vaccine Ad5-nCoV (Hahn and Wiley,

2022). A6

derived\from the Wuhan-Hu-1 sequence of SARS-CoV-2 and is cloned into the E1- and E3-

can encode for the full-length S protein of SARS-CoV-2. This gene is

deleted Ad5 vector together with the tissue plasminogen activator signal peptide. Inactivated
vaccines are the most classic form of vaccines °. They are easy to prepare and can efficiently
cause humoral immune responses. They are often the first choice for new infectious diseases.
Inactivated vaccines are mainly obtained through three inactivation methods, such as

formaldehyde, B-propiolactone, and ultraviolet. SARS and MERS inactivated vaccines can



cause mice, hamsters, ferrets, and monkeys to produce high-titer neutralizing antibodies. Live
attenuated vaccine reduces virus virulence through point mutation or deletion of crucial virus
protein but does not affect its immunogenicity and replication ability. This vaccine program
has very good immunogenicity and can induce systemic immunity and mucosal immune

response, and the immunity is lasting '°.

At present, in the United States, the Food and Drug Administration (FDA) has ){E‘ed an

Emergency use Authorization for the Pfizer-BioNTech (12 years of age der), the

Moderna (18 years of age and older) and Johnson & Johnson (18 yé \age and older)

vaccines. The Pfizer-BioNTech and Moderna vaccines require tw@e’s\, while the Johnson

& Johnson vaccine requires only one dose. For the Pﬁzer—%cﬁch vaccine, the two doses

are given about 21 days apart. For the Moderna va c}%ﬁe two doses are given about 28
N

days apart. Second vaccine doses can be delayed,i

to take 2 doses of the same vaccine °. ‘ I )\\‘

essary. Current recommendations are

Rare adverse events have also been f@ibed following the immunisation with COVID-19
vaccines. COVID-19 vaccines Nown to cause new-onset or relapsing glomerular diseases
due to potent immune @aaﬁon ' Onset of kidney disease symptoms in recently
vaccinated patients Mclude foamy urine, hematuria, and edema. IgA nephropathy is the most
common g nephritis identified in kidney biopsy, and it is an immune complex disease
cause Qnesangial IgA1 deposition with or without concurrent IgG and C3 deposits.
Although the factors causing the occurrence of IgA nephropathy have not been clearly
identified, IgA nephropathy is proposed as a multi-hit disease !!. If patients who have a
genetic predisposition (genetic variation encoding galactosylation) are exposed to subsequent
triggering events, such as infection, dietary and environmental stress lead to the production of
anti-glycan IgA/IgG, and IgA nephropathy will occur. Klomyjit et. al., (2022). reported in their
study that COVID-19 vaccination was associated with glomerulonephritis, and 5 out of 13

4



patients were diagnosed with IgA nephropathy (4 new-onset and 1 relapse). Among them, the
partial nephrectomy sample of one patient before vaccination indicated IgA deposition.
Therefore, IgA nephropathy after COVID-19 vaccination may be the result of a flare.
Moreover, the most common symptom of IgA nephropathy after a COVID-19 vaccination
was gross hematuria, and most patients showed a self-limited clinical course without
D

Minimal change disease (MCD) is a glomerular disease typically characterjzeé?’ephrotic-

immunosuppression 2.

range proteinuria, diffuse foot process effacement in electron micros@n no specific
abnormalities in light microscopy and immunofluorescence '3. It %o'been confirmed that
podocyte injury is caused by various circulating cytokines, snég—?}lterleukin (IL)-4, 5,9, 10,
and 13, which are released by activated T lymphoc .ﬁecently, a Netherlands registry
study showed podocyte-associated punctate polyﬁﬁ IgG deposits in MCD after COVID-

19 vaccination, so B cell activation may afo;&)}f

Typical clinical and pathologic MCD @wes were confirmed in this case, which may be due

iBute to the onset of MCD to some degree'.

to the potent immune respouse 'of the COVID-19 vaccine. Biopsy-proven primary
podocytopathies were significafitly increased after COVID-19 vaccination compared with
those before the C@9 andemic, and incidences of MCD have since mainly increased
was reporte 4.@66 findings suggest a potential link between COVID-19 vaccinations and

MCD 5,

CO\&9 vaccines have also been implicated in the precipitation of thyroid dysfunction. A
cross-reactive immune response against the thyroid cells can result from immune responses to
SARS-CoV-2-related proteins '*. It has been indicated that antibody against SARS-CoV-2 S
protein potently reacts with thyroid peroxidase antibodies (TPO). These antibodies may have
a role in initiating the autoimmunity via molecular mimicry in susceptible individuals. SARS-
CoV-2 S protein, nucleoprotein, and membrane protein, all cross-react with TPO. According

5



to BLAST matching, a number of TPO-related gene sequences exhibit similarity with gene
sequences in multiple SARS-CoV-2 proteins. As a result, antibodies generated against
SARS-CoV-2 may contribute to the development of autoimmune thyroiditis '°. As there is a
high similarity between genomic sequences of SARS-CoV and SARS-CoV-2, patients with
SARS may also exhibit destruction of thyroid follicular cells. Cross-reactivity of SARS-CoV-
2 with thyroid proteins might result in the emergence of autoimmune thyrqid}%‘ after
COVID-19 vaccination. It should be noted that the existence of molecular simil@{;\oes not
necessarily lead to autoimmunity. In addition to molecular mimicry, . %rs, such as
tissue injury, prolonged inflammatory reaction, and genetically p.red' osg:d background, may
be necessary to cause autoimmune disease. For instance, a Ly{@%ease vaccine consists an
antigenic determinant of Borrelia burgdorferi outer ’s;@;e protein A, which has high
similarity to human lymphocyte function-assoc‘f@%tigen-l, a member of leukocyte
adhesion molecules. Despite this similaritii;@concern about the safety of this vaccine,

there was no indication of the elevat@E'i of arthritis in people who received the Lyme

vaccination 4, \;(:b‘
If thyroid autoimmunity is tigg€red by molecular mimicry between COVID-19 vaccines and
ly"TPO, it remains to explain why a rise in Hashimoto's thyroiditis

thyroid antigens, paftic

has not been;e@d following vaccination !”. This is likely due to lack of investigation and
atrng

under-estj , because sub acute thyroiditis (SAT) and Grave’s disease (GD are
characterized by a rapid onset of clinical symptoms that facilitate their diagnosis. However,
Hashimoto's thyroiditis has a chronic and slow course, and usually, hypothyroidism (and thus
symptoms) occurs years after the appearance of thyroid-related autoantibodies. To establish

whether there is an increase also in Hashimoto's thyroiditis occurrence following SARS-

CoV-2 vaccination, prospective studies measuring thyroid-related autoantibodies before and



after vaccination as well as comparison with an unvaccinated control group should be

conducted 8.

Bystander activation is an antigen non-specific process that results in the activation of
autoreactive T cells. In bystander activation, host tissue damage due to immunopathologic
responses or infection leads to the releasing of sequestered autoantigens, activating antigen-
presenting cells (APCs) and autoreactive Th cells. After that, activated macropp{f@s and
autoreactive T cells produce cytokines, which result in the recruitment of Th cells
promoting local inflammation. Abnormal cytokine and chemokine pf%})n can lead to
aberrant expression of major histocompatibility complex (M@X'@lass II molecules,
contributing to the pathogenesis of viral diseases, proba%%‘?\ough the presentation of
autoantigens. Imbalances in various T-cell subs%@ been related to some thyroid

.@

Furthermore, COVID-19 vaccine-derived\S protein can directly bind to ACE2-expressing

disorders '°.

thyroid cells, leading to thyroid d tion'®. This possible alternative mechanism may
explain the occurrence of thyrwsfunction following vaccination with all types of SARS-
CoV-2 vaccines. In addi@g?the protective target antigen, vaccines may contain other
components, such an_ﬁ)wants that potentiate the immune response to the antigen, stabilizers,
and preseryati Q and sometimes traces of antibiotics to avoid bacterial or/and fungal

8, The vaccine adjuvants (such as

contapai @)ns during the manufacturing process'
aluminum and thimerosal) were linked to autoantibody Ilevels, such as increased
anticardiolipin antibodies after influenza vaccination in lupus patients, as well as anti-thyroid
and anti-ovarian antibodies after HPV vaccination. The findings presented here indicate that
most cases of thyroid abnormalities, including SAT and GD, were observed after vaccination
with mRNA-based vaccines. While the novel mRNA-based vaccines of COVID-19 do not

contain adjuvants, the mRNA could act as an adjuvant due to its intrinsic immunostimulatory

7



properties. Indeed, the possible recognition of mRNA by endosomal Toll-like receptors (such
as TLR7 and TLRS) and cytoplasmic sensors such as retinoic acid-inducible gene I (RIG-I)
potentiate the inflammatory reactions that amplify the autoimmune responses in genetically
susceptible people 8.

1.2 Statement of Problem

Various vaccines against COVID-19 have been developed and proven to be effective, but
their side effects, especially on kidney and thyroid function, are not yet kn%& detail.
Studies have shown the clinical courses and histopathologic findings .%set kidney
diseases after COVID-19 vaccination as confirmed via kidney. big,@l.\The biopsy-proven
diagnosis indicated newly developed kidney diseases. IgA@opathy presenting with
painless gross hematuria, minimal change disease p'reéwmg with nephrotic syndrome,
thrombotic microangiopathy, and cases of acute @%terstitial nephritis presenting with
acute kidney injury has been reported. S d@ﬁys also shown thyroid disorders such as
Subacute thyroiditis, Graves’ disease,& d eye disease, overt hypothyroidism, atypical
subacute thyroiditis, and painl%@iitis with thyrotoxic periodic paralysis after COVID-
19 vaccination. Due to limitﬁq.%lta available, the specific pathophysiologic link between the

incidence of kidne @roid dysfunction and COVID-19 vaccination are difficult to

confirm.
>

1.3 Jl@i 1eation of the Study

The@nse from the worldwide research community to win the COVID-19 pandemic fight
has been vigorous, and a multitude of studies regarding the varying aspects of the disease (i.e.
prevention, diagnosis, and therapy) have been carried out. Nonetheless, data on the
relationship between COVID-19 vaccination and renal and thyroid functions have been

emerging,



Up to December 21, 2020, a total of 236 vaccines are being studied, of which 39 have been in
clinical trials 2°. However, the vaccines currently in use received emergency use authorization
by health agencies but, it is not known whether these vaccines will interact detrimentally with

the kidney and the thyroid gland on the long run.

The thyroid gland and the virus infection are known to be engaged in complex interplay via
hormones and immunomodulatory signaling molecules. The virus with its:(@ciated
inflammatory-immune responses could be regarded as a major variable whi @ight affect
lifelong renal and thyroid functions, consequently, may suggest the ngﬁ'gmonitoring of
renal and thyroid function tests after COVID-19 vaccination. @'}

1.4 Aim and Objectives of the Study . QQ;&

Aim @

The aim of this study is to determine the effects ﬁs S-CoV-2 vaccination on the renal and

thyroid functions of vaccinated individualo
The specific objectives of the study@o:

i.  estimate the pla a.}evels of the thyroid function tests -free tri-iodothyronine
(FT3), f@@%ine (FT4), thyroid stimulating hormone (TSH), inflammatory
markég-reactive protein (CRP), renal function parameters- sodium, potassium,
chloride, urea, creatinine and cystatin C in the unexposed, unvaccinated and

Q unexposed and vaccinated apparently healthy population

ii.  determine if there is thyroid dysfunction in apparently healthy individuals who are
vaccinated.

iii.  determine if there is renal dysfunction in apparently healthy individuals who are

vaccinated.



1.5

ii.

1il.

1v.

1.6

1v.

determine if there is raised inflammatory markers in apparently healthy
individuals who are vaccinated.
compare the plasma levels of thyroid function hormones, renal function
parameters and inflammatory markers in unvaccinated group and those who had
been vaccinated.
NS
25
Research Questions ‘ qg)

What are the levels of the thyroid hormones, renal functionr parameters and
. "
inflammatory markers in the unexposed and not Va%ig apparently healthy

individuals and unexposed but vaccinated indivi@uﬁ%

Is thyroid gland dysfunction a frequeu@ in individuals who had been

vaccinated? . \%

Is renal dysfunction a frequent atQ‘,}h individuals who had been vaccinated?

Are raised inflammatory a frequent feature in individuals who had been

vaccinated? \)

'3
Are there differegr@b the levels of the thyroid function tests, renal function tests

and inﬂarer\nd markers in unexposed, unvaccinated group and the unexposed but

Vau@roup?
%thesis

Null Hypothesis (Ho): SARS-CoV-2 vaccination does not affect renal and thyroid function in

individuals who had been vaccinated

Alternate Hypothesis (Ha): SARS-CoV-2 vaccination affects renal and thyroid function in

individuals who had been vaccinated

10



1.7 Significance of the Study

This study will make some important contributions to providing data on the possible effect of
SARS-CoV-2 vaccination on the renal and thyroid functions of apparently healthy
individuals in Ibadan, within 6-8 months post SARS-CoV-2 vaccination. Information from
this study will help to know if the COVID-19 vaccinations have any adverse effect on some

organs needed for proper functioning of the body. Thus may suggest the need to check the

health status of an individual before and after vaccination. q’S\
In addition, there is paucity of data on the effect of COVID-19 Vacc‘ﬂ%} sge renal and
thyroid functions in our environment. The outcome will assist in giving Possible reassurance

to the populace that the vaccines are safe and do not haveé@ve consequences on their
health, bearing in mind that many people had serio&@ion for the COVID-19 vaccines

due to wide belief that the available vaccines I;il emergency use authorization, hence

may pose a lot of genetic dangers. Thereﬁ(re;, %‘0

check or not the renal and thyroid fun t%s of individual before and after vaccination.

1.8 Scope of the Study })

There had been @es of side effects of COVID-19 vaccination since the

tcome will assist clinicians on whether to

commencement O\Q}}e vaccination program ranging from tiredness, headaches, chills, redness
or swollen‘% site of the injection, but there had been very scarce data on the effect of
CO@gvaccines on the renal and thyroid function in this environment. Hence, this study
aims to determine the effects of SARS-CoV-2 vaccination on the renal and thyroid functions

of vaccinated individuals.

The scope of this study is restricted to recruiting a total of two hundred and eighty-four
apparently healthy participants (males and females) between the ages of 18- 60 years who

had never tested positive to SARS-CoV-2 infection from some Local Government areas in
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Oyo state. One hundred and thirty-nine were individuals who had been vaccinated at most
eight months prior to sample analyses and tested negative to SARS-CoV-2 infection using
Real-Time- polymerase chain reaction (RT-PCR) Government testing sites in Ibadan. These
individuals were compared with a matched cohort of one hundred and forty-five apparently
healthy individuals, negative and unvaccinated to SARS-CoV-2 infection after informed
consent was given. Individuals with previous history of thyroid dysfunctior&, ?@betes,

hypertension and renal dysfunction were excluded from the study. The study v‘é&hducted

for a period of six months. ,%\

1.9 Limitation of the Study
A major limitation faced during this study was that man%&ﬁ%e participants were very
sceptical and it took much drive before giving consen&@ﬂe part of the study. It was a lot of

effort going almost every day to the COVID-1 %g centres to recruit those who tested
negative. ( I)\\‘

Another challenge is the fear some st'ﬂ@ﬁe for blood collection, thus making it a very tiring
exercise. Some individuals wh}‘hp)l agreed initially to be part, dropped out at the point of
blood collection. Anotheu% ”ant aspect of the limitation is peoples’ hesitancy to COVID-

19 vaccination, th1@de the data and sample collection from the vaccinated group very

tedious and%@me consuming.
@tlonal Definition of Terms

SARS-CoV-2: The virus that causes a respiratory disease called coronavirus disease 19
(COVID-19). SARS-CoV-2 is a member of a large family of viruses called coronaviruses.
These viruses can infect people and some animals. SARS-CoV-2 was first known to infect
people in 2019. The virus is thought to spread from person to person through droplets

released when an infected person coughs, sneezes, or talks. It may also be spread by touching

12



a surface with the virus on it and then touching one’s mouth, nose, or eyes, it is also called

severe acute respiratory syndrome coronavirus 2.

COVID-19: Coronavirus disease 2019 (COVID-19) is a contagious disease caused by the
virus severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The first known case
was identified in Wuhan, China, in December 2019. The disease quickly spread worldwide,

resulting in the COVID-19 pandemic. . ’{b

ACE-2 Protein: Angiotensin converting enzyme 2 (ACE-2), also kno§n a\Q%EH (ACE

homolog), is an integral membrane protein and a zinc metalloprotease of the ACE family.
ACE-2 also serves as the receptor for the SARS-CoV and SARS w viruses. Binding of
the S1 domain of the SARS Coronavirus Spike protein.to Q@ initiate viral entry into the
host cell. Recently, this interaction between SARS- @nd ACE-2 has become an area of

intense therapeutic interest to develop treatme%ainst COVID-19.

N

Minimal Change Disease: Is a kidneydis in which large amounts of protein is lost in the

urine. It is one of the most common%ghbs of the Nephrotic Syndrome.

Thyroid Peroxidase (TPO). Thyroid peroxidase is an enzyme normally found in the thyroid
gland. TPO plays @@%ﬁant role in the production of thyroid hormones. Thyroid
peroxidase is a @.{ent epitope of autoantibodies in autoimmune thyroid disease, with such
antibodies ?)%called anti-thyroid peroxidase antibodies (anti-TPO antibodies). This is most

com@r associated with Hashimoto's thyroiditis.

Sub-Acute Thyroiditis (SAT): This is also known as De Quervain thyroiditis,
granulomatous thyroiditis, or giant cell thyroiditis) is inflammation of the thyroid
characterized by a triphasic course of transient thyrotoxicosis, followed by hypothyroidism,

followed by return to euthyroidism
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Graves ‘Disease: Graves' disease is an immune system disorder that results in the
overproduction of thyroid hormones (hyperthyroidism). Thyroid hormones affect many body
systems, so signs and symptoms of Graves' disease can be wide ranging. Although Graves'
disease may affect anyone, it's more common among women and in people younger than age

40",

Renal Function Tests: Renal function tests (RFT) are a group of tests that may be %rmed

together to evaluate kidney (renal) function. The tests measure levels of vari stances

including several minerals, electrolytes, proteins, and glucose (sug‘@ e blood to

determine the current health of the kidneys. 6'\

Glomerulonephritis: encompasses a subset of renal d &%3% characterized by immune-
mediated damage to the basement membrane, me @5 or capillary endothelium, leading

to hematuria, proteinuria, and azotemia. %

Chemiluminiscence: Chemilumines C) (CL) 1is defined as the production of
electromagnetic radiation (ultraviolq;btible or infrared) observed when a chemical reaction

yields an electronically excr[%m rmediate or product, which either luminesces (direct CL)

or donates its energi: o&
CL)

molecule responsible for the emission (indirect or sensitized
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Chapter Two
Literature Review
2.1 Conceptual Review
SARS-CoV-2 is the coronavirus responsible for the current COVID-19 pandemic.
Coronaviruses (CoVs) are a diverse group of viruses that can cause a variety of respiratory
illnesses in people, ranging from the common cold to more serious and uncommon conditions
like the severe acute respiratory syndrome (SARS) and the Middle East respirat@&drome
(MERS), both of which have high mortality rates and were first identifi ; and 2012,

respectively !

. The potential of a global pandemic from coro iru‘ses has long been
recognized. The severe acute respiratory syndrome coronaviru&@&ARS-CoVQ) is the sixth
coronavirus to be found in humans in the past 20 yeﬁ;&{. he great majority of human
viruses, as well as all prior human coronavimses@&oonoﬁc origins. There are various
indications of these earlier zoonotic occ @n the emergence of SARS-CoV-2. The
SARS-CoV that infected people in Fos%l', uangdong province, China, in November 2002,
and again in Guangzhou, Guan%@vince, in 2003, clearly resembles it 4. A SARS-CoV
intermediary host is anticipgdﬂbetween the bat and the human host, even though the bat
(Rhinolophus affinis, @nnan) may be regarded as a natural reservoir for this category of
coronaviruses. Pa gﬁ; may act as an intermediate host for the SARS-CoV2-like virus due

to genomig%‘ilarities 5. SARS-CoV2 shares 79.8% genetic identity with the original

SA@@ViI‘US and 59.1% with the MERS-CoV virus > .

The four genera of SARS-CoV-2 are alpha, beta, gamma, and delta- CoVs. All SARS-CoV-2
that are now recognized as being able to harm humans are either alpha- or beta. Many of
these SARS-CoV-2 can also infect a variety of animal species. In 2002, SARS-CoV-2
infected civet cats and humans, while in 2012, MERS-CoV was discovered in dromedary

camels and humans !. Both SARS-CoV-2 emergence incidents involved live animal markets
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and involved species, particularly civets and raccoon dogs ’, which were also offered for sale
alive in Wuhan markets in 2019 %, and which are known to be susceptible to SARS-CoV-2
infection °. High levels of immunoglobulin G (IgG) to SARS-CoV-2 were found in animal
merchants working, who had not yet been diagnosed with SARS-CoV-2 (13% overall

and >50% for traders who specialized in civets) '°.

SARS-CoV-2 from a detailed study has been found to be 96% identical at the whol{@pome
level to the bat SARS like coronavirus strain Bat Covs, RaTG13, making it @ that bats
served as reservoir hosts. With many theories not supportive of direct‘@er from bats to
humans, further investigation was conducted. Pangolins were {\a reported as potential
intermediate hosts after samples were analyzed from Ma%éﬁpangolins, an endangered
species illegally trafficked into southern China for us @fashioned Chinese medicine and
as a food source. These were obtained from Gua gﬁg and Guangxi, China during an anti-
smuggling operation. Samples from the @&m showed new coronavirus genomes with
85.5— 92.4% resemblance to SARS- 2. More remarkable was the 97.4% amino acid
similarity in the receptor bind%%main (RBD) of coronavirus genomes from pangolins
compared to SARS-CoV- omparison, the Bat CoV RaTG only had 89.2% amino acid
similarity in the v@ ARS-CoV-2. Up until now, bats and pangolins are the only two

mammals kn w@‘be infected by SARS-CoV-2-related coronaviruses °.

2.2 @l Morphology

On &ero cells, SARS-CoV-2 was inoculated after being isolated from nasopharyngeal
and oropharyngeal samples. Transmission electron microscopy was used to identify SARS-
CoV-2 after injected cells were pretreated with 2% paraformaldehyde and 2.5%
glutaraldehyde. 3 days after infection, the structure of SARS-CoV-2 was determined by
looking at infected cells. With virus particle sizes ranging from 70 to 90 nm, SARS-CoV-2
was found to have a coronavirus-specific shape by electron microscopy under a range of
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intracellular organelles, but most notably in vesicles ''. High sequence similarity has led to
speculation that SARS-CoV-2 shares the same structure as SARS-CoV 2. In host membrane-
derived lipid bilayer that encases the helical nucleocapsid containing viral RNA, the
coronavirus's surface viral protein spike, membrane, and envelope are embedded 3. A newer
class of medicines for the treatment of COVID-19 may be developed now that the structures

of spike and protease of SARS-CoV-2 have been determined!?.

SARS-CoV-2 belongs to the beta-coronavirus group, which also includes V\@&oV and
SARS-CoV. The latter shares ~75-80% of its viral genome With‘% oV-2. Beta-
coronaviruses have three important envelope proteins: Spike (S{\t}gt'éin, Membrane (M)
protein, and Envelope (E) protein. S protein mediates viral %&’?ﬂent to the cell membrane
receptor, membrane fusion, and ultimately viral ent ;@e host cell. M protein, the most
abundant membrane protein, together with E ﬁ are responsible for the coronavirus

membrane structure. Another component(of f;}‘o a-coronavirus is the N protein, which is

the protein component of the helical @capsid that includes the genome RNA.

The coronavirus genome is bet 26 and 32 kb in size and contains 6 to 11 open reading
frames (ORFs) that encod@&? amino acid polyproteins. The first ORF, which encodes 16
nonstructural protei QSPS), makes up roughly 67% of the genome. The remaining ORFs
code for a and structural proteins. The hemagglutinin-esterase gene is not present in
the 89@0\/-2 genome. It does, however, have two flanking untranslated sections (UTRs)
at the 358 and 5’ ends of the 265 nucleotides. There were no discernible differences in ORFs

and NSPS between SARS-CoV-2 and SARS-CoV, according to sequence variation 4.

20



Membrane

glycoprotein (M : \

-

Nucleocapsid protein (N)

Envelope

RNA

Q')U'
Fig 2.1: SARS-CoV-2's structu pike glycoprotein (S), a surface viral protein of SARS-

CoV-2, interacts with the surface receptor ACE2 through surface viral proteins. The
helical nucleocapsim g the viral RNA is enclosed in a lipid bilayer produced from
the host membran,K

2. Q

Som@nce, 20038

e viral membrane glycoprotein (M) and envelope (E) of SARS-CoV-

21



The nsps contains two viral cysteine proteases that are thought to be involved in the
transcription and replication of SARS-CoV-2, including RNA-dependent RNA polymerase
(nsp12), helicase (nsp13), papain-like protease (nsp3), chymotrypsin-like, 3C-like, or major

protease (nsp5), and others '3

. Spike surface glycoprotein (S), membrane, nucleocapsid
protein (N), envelope (E), and auxiliary proteins encoded by ORFs are the other four primary
structural proteins in addition to nsps. At the N-terminal end of the M protein,. which has
three transmembrane domains (TM) and a lengthy C-terminal CT domain, is Qz}}erminal
glycosylated ectodomain. For virus morphological development, asse .ﬁﬁudding, the
M and E proteins are necessary, but the S glycoprotein is a fus.ion\%kprotein made up of
the S1 and S2 subunits. The S1 subunit consists of a signal %&e, an N-terminal domain

(NTD), and a receptor-binding domain (RBD), and it sh’q@Y % of its sequence with human

SARS-CoV and bat SARS-like CoVs '6. @
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Fig 2.2: SARS-CoV-2 genomic organisation. The coroﬁ@s genome is between 26 and 32
kb in size and contains 6 to 11 open reading fra %s) that code for a polyprotein with
9680 amino acids. While the remaining ORFs e for accessory and structural proteins, the
first ORF makes up roughly 67% of the g noﬁg nd encodes 16 nonstructural proteins (nsps).
The nsps contains two viral cysteine p eases including RNA-dependent RNA polymerase
(nsp12), helicase (nsp13), papain- 1@%(0tease (nsp3), chymotrypsin-like, 3C-like, or major
protease (nsp5), and others that robably involved in the transcription and replication of
SARS-CoV-2. The gen @@) encodes for auxiliary proteins like ORFs and the four
primary structural ke surface glycoprotein (S), membrane, nucleocapsid protein

(N), and envelop

Source: C!Jﬂ@)logy, 2020°
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23 Mode of Transmission

SARS-CoV-2, like other coronaviruses, spreads primarily through respiratory droplets that
are infected, with viral infection occurring through direct or indirect contact with nasal,
conjunctival, or oral mucosa when respiratory particles are inhaled or deposited on these
mucous membranes!’. The human respiratory tract epithelium, comprising the oropharynx
and upper airway, contains most target host receptors. The gastrointestinal system and

conjunctiva are both prone to infection and could act as transmission channels 17&

According to earlier research on SARS-CoV-1, respiratory droplets ar%}laln means by
which beta-coronaviruses are spread'®. Droplet transmission oec\(ﬁ\ﬁ)ugh direct contact

when a person is exposed to infective respiratory droplet%é?l they are within 1 m of

someone with respiratory symptoms including co g@and sneezing. Being within this
distance puts the individual at risk of having their Qus membranes, including their mouth,
nose and eyes, exposed to the droplets. T@%&i n can also occur through indirect contact
by way of fomites on surfaces in th @nediate environment around the infected person.
Airborne transmission may be&s%@le when aerosol-generating procedures are performed
including endotracheal intubatioh, cardiopulmonary resuscitation, administration of nebulized
treatments, and othdrs. sthission of the virus can occur in the pre-symptomatic incubation
period. A st é&'nursing home showed that more than half of the residents with positive
test results, forrSARS-CoV2 infection were pre-symptomatic and most likely contributed to

trans&on. Asymptomatic transmission (i.e., in patients who never develop symptoms) can

also occur as suggested in some studies'®.

Another mode of transmission that should be considered is airborne because it can spread
viruses deeper into the bronchial and alveolar tissues when inhaled ?°. In bronchoalveolar
lavage fluid, sputum, and nasal swabs, viral RNA was detected more frequently in a study of
COVID-19 patients from three hospitals in China 2!. In addition, despite only having modest
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upper respiratory tract involvement, one of the three people in a research analyzing
environmental contamination in symptomatic patients had 87% of his tested room sites,
including air exits, return positive for viral RNA. Viral transmission through contagious

droplets may be sustained by environmental contamination through airflow 2.

2.3.1 Indirect Transmission

Along with the aerosolization of microbe particles, infection due to cont% with
contaminated objects or exposure to flies is another possibility. The results of %&stigation
that assessed the virus's survivability on several inoculation samples' sﬁ@suggested that
indirect transmission via fomite and aerosolization was likely 2% @ﬂ‘y study that tracked
COVID-19 patients to determine their environmental expos%g%side a mall. According to
the data, respiratory droplet transmission alone w, @ikely to be the cause of viral
dissemination. Some subjects' transmission was é by direct contact with other subjects,
by asymptomatic people, or by exposure t@%&‘n' ated environments 24, Another study also
emphasized the virus' ability to sprea ruise ships, where there have been more than 800

confirmed cases; viral RNA M&&nd in symptomatic and asymptomatic people's cabins

despite quarantining efforti‘é&:'smg doubt about the virus' ability to spread through fomites 2°.

N

In addition, a studyalso described the environmental viral shedding that was seen in 13
quarantine in the USA; of the 163 surface and aerosol samples taken, 126 (77.3%)
teste ive for SARS-CoV-2 by reverse transcriptase-polymerase chain reaction (RT-
PCR). The presence of viral RNA was also detected in 80.4% of all room surface samples,
supporting extensive indirect contamination and possibly airborne transmission 2¢. Other

mode of transmission include:

- Faecal-oral route of transmission.

- Sexual route of transmission.
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- QOcular route of transmission.

2.4  Pathogenesis of SARS-CoV2

The host target cell receptor, ACE 2, is where SARS-CoV-2 attaches 2’. Non-specific
symptoms like fever, myalgia, headaches, and respiratory symptoms are brought on by the
virus's active reproduction and release in the lung cells. The virus temporarily damages the
cells in the olfactory epithelium in an experimental hamster model, resulting m\ ctory
dysfunction, which could account for the brief loss of taste and smell th %’}equenﬂy
observed in covid-19 2. The locations of infections and patient symptd@éy?e explained
by the distribution of angiotensin converting enzyme 2 (ACE 2) @oﬁ in various tissues.
The ACE 2 receptor, for instance, is located on the epitheli@% various organs, including
the gut, as well as endothelial cells in the kidney a@@ood vessels, which may help to
explain gastrointestinal symptoms and cardiovas§( ssues . Patients with SARS-CoV-2

infection have pathological results that a:@)@‘l e those of patients with SARS-CoV and

MERS-CoV. %,
O

In addition to liver cell necrosisz\and myocardial infarction, lymphocytic endotheliitis and
Glomerulonephritis has b@;lgntiﬁed in postmortem pathology examinations of the lung,
heart, kidney, and livgr jn patients who died from covid-19 ?’. These results suggest that, like

SARS-Co\@nﬂuenzae, the virus directly affects several organs °,

The@g’al proteins that this virus encodes include membrane proteins, nucleocapsid
proteins, envelope proteins, and spike glycoproteins. It also encodes non-structural proteins,
the majority of which make up the viral replication and transcription complex. The structural
proteins produce an enveloped virion (or virus particle) that carries viral genomic RNA into
the cell together with a lipid bilayer obtained from the host *!. The spike glycoprotein, which

forms trimers on the surface of virions, is the primary determinant of coronavirus tropism 3°.
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2.5 Viral Replication

Coronaviruses (CoVs) are a large group of enveloped positive-sense single-stranded RNA
viruses. SARS-CoV-2 incubation time has been estimated to be between 5 and 7 days. When
released into the cytoplasm of a host cell, most +RNA viruses contain a single-strand
positive-sense RNA genome that can be directly translated into viral proteins. Upon synthesis,
viral proteins perform a variety of functions, including viral RNA (VRNA) repligation, host
cell process modification to facilitate virus amplification, and repression of anti\%&’}gnaling
in the host cell. Following the translation of the incoming vRNA (i.e., t ; at infected
the host cell), the newly synthesized VRNA-dependent RNA p.o@age (RdRp) produces
negative-sense RNA (RNA), which is then used as a template.@fe synthesis of additional
+RNAs. These new +RNAs can be encapsulated to form infectious virus particles or can
enter a new round of translation and replication 32.\%’%6 vRNA molecules can participate
in multiple processes (translation, replicati @sr packaging), tightly controlled switching
between these dynamic processes is % critical for virus replication. A translation-to-
replication switch is required %@hcoming VvRNA to initiate virus replication in newly

infected cells. Although so fab(\:tors that may contribute to the transition from translation to
S

replication have beec'i)@‘%e

The beginni of coronavirus infection entail the specific binding of the coronavirus
spike (S) %to the host's cellular entry receptors, which have been identified for several
coronaviruses and include angiotensin-converting enzyme 2 (ACE2; HCoV-NL63, SARS-
CoV and SARS-CoV-2), human aminopeptidase N (APN; HCoV-229E) and dipeptidyl
peptidase 4 (DPP4; MERS-CoV). Entry receptor expression and tissue distribution, in turn,
influence viral tropism and pathogenicity. Coronaviruses express and replicate their genomic

RNA to produce full-length copies that are incorporated into newly produced viral particles

during the intracellular life cycle. Coronaviruses have enormous RNA genomes that are
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flanked by 5" and 3’ untranslated regions that contain cis-acting secondary RNA structures
required for RNA synthesis. The genomic RNA has two large open reading frames (ORFs;
ORF1la and ORF1b) at the 5’ end that occupy two-thirds of the capped and polyadenylated

genome.

ORFla and ORF1b encode 15-16 non-structural proteins (nsp), 15 of which comprise the
viral replication and transcription complex (RTC), which includes RNA—prooes%g and
RNA-modifying enzymes, as well as an RNA proofreading function required Qh integrity
of the >30kb coronavirus genome. ORFs that encode structural proteinﬁ@nscribed from
the 3’ one-third of the genome, and interspersed ORFs that encoda&s'ﬁory proteins form a

nested set of subgenomic mRNAs (sg mRNAs) 3!, Q’}%
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The virion of a coronavirus is made up of structural proteins such as spike (S), envelope (E),
membrane (M), nucleocapsid (N), and, in the case of some beta coronaviruses,
haemagglutinin-esterase. N encapsidates the positive-sense, single-stranded RNA genome
(+ssRNA), while M and E ensure its incorporation into the viral particle during the assembly
process. S trimers protrude from the viral envelope and serve as receptor specificity for
cellular entry receptors. Coronavirus particles bind to cellular attachment factors Qnd specific
S interactions with cellular receptors (such as angiotensin-converting enzyn%QACED,
which, in conjunction with host factors (such as the cell surface serine .e\%‘MPRSSZ),
foster viral uptake and fusion at the cellular or endosomal merzlbr . Rollowing entry, the
incoming genomic RNA is released and uncoated, resulting i&@gy\immediate translation of
two large open reading frames, ORFla and ORF1b 32, ° ,\QQ)

The polyproteins ppla and pplab that result ar Q.?nslationally and post-translationally
processed into the individual non—structur@?@i (nsps) that make up the viral replication
and transcription complex. Concord@th the expression of nsps, the biogenesis of viral
replication organelles made &g)characteristic perinuclear double-membrane vesicles
(DMVs), small open doub efnbrane spherules (DMSs) and convoluted membranes (CMs)
create a safeguarde@— vironment for viral genomic RNA replication and transcription

of subgeno§ As (sg mRNAs) comprising the characteristic nested set of coronavirus

mRNAs.'@n

throughy the ER-to-Golgi intermediate compartment (ERGIC), where they interact with N-

ted structural proteins enter endoplasmic reticulum (ER) membranes and pass

encapsidated, newly produced genomic RNA, resulting in budding into secretory vesicular
compartment lumens. Finally, virions are exocytosed from the infected cell. In red, key steps
inhibited by compounds that are currently being validated and represent appealing antiviral

targets. An stands for 3’ polyA sequence; cap stands for 5’ cap structure; dsRNA stands for
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double-stranded RNA; L stands for leader sequence; and RARP stands for RNA-dependent

RNA polymerase 3!

2.6 Renin-Angiotensin- Aldosterone System Inhibitors and COVID-19

According to the WHO, COVID-19 has affected over 3 million people with thousands of
deaths. There has been series of concerns and controversies about how renin-angiotensin-
aldosterone system (RAAS) inhibitors affect COVID-19 patients: if there is ir}@\ﬁ&se or
decrease in the mortality rate due to its use. This has led to several discussio %}.& whether
the use of RAAS inhibitors as treatment options should be reevaluate % However,
some studies have shown that the rate of increased number of veri COVID-19 cases was

A}
not associated with the use of these drugs . %’&%

Renin-angiotensin-aldosterone system functions in \hg the blood volume and keeping
electrolytes in check. It also provides systerrlic)&ular resistance **. Angiotensin-converting
enzyme (ACE) inhibitors and angioten@ receptor type 1 blockers (ARBs) are two
medications that suppress the rerinangiotensin-aldosterone system (RAAS) and are
frequently used to treat hypean, heart failure, and coronary heart disease. ACEs and
ARBs serve as regulator %RAS and have been discovered to increase the production of
ACE2, a SARS-CoVi:2 receptor. This characteristic has brought a lot of attention to the drugs
as SARS- ay directly interact with the RAAS and jeopardize the regular operation of
the %@w binding to the angiotensin-converting enzyme 2 (ACE2) as a receptor to
facilitate cell fusion and entrance. This phenomenon can be disturbing as studies have shown
that patients with SARS-CoV-2 infection most often have hypertension as a concomitant
condition °. A study in China showed a high prevalence of hypertension among infected

individuals '°.

33



2.7 SARS-CoV-2 and Renin-Angiostensin-Aldosterone System

The critical role played by the renin-angiotensin-aldosterone system in the body cannot be
overemphasized. Blood pressure, heart rate, cardiac function, and renal function are all
significantly regulated by the renin-angiotensin-aldosterone system ¢, The system is also
linked to severe organ injury, particularly acute lung injury, as well as cell proliferation,
inflammation, fibrosis, and other side effects. The key chemicals and enzymes ‘Ehat control
the function of the RAAS are Ang I, Ang II, Ang 1-7, Ang 1-9, ACE, an% 2. An
effective vasoconstriction and pro-inflammatory activity of Ang II, whi ¥ uced from
Ang I by the metabolism of ACE, is reliant on Ang II type 1 fecmﬁrg (ATIRs), while an

opposing impact is produced by targeting AT2Rs . ,&(\0\

Angiotensinogen (AGT) is broken down into the il@e decapeptide of Ang I by the
aspartyl protease renin. The ACE changes Ang “M-/into Ang II's active vasoconstrictor
octapeptide of Ang II 37. When there is a @)&%} ction of Ang II, inflammation and organ
damage can occur . This is due to inéb; d membrane permeability and enhanced epithelial
cell death 3°. Additionally,«{e)zf)ro—inﬂammatory pathway and increased vascular

permeability brought on b cessive AT1R activation in the lungs cause lung damage and

acute respiratory di@m rome (ARDS).

ACE2, which @own as a membrane-bound enzyme plays an important role in regulating
the 1 @ction and injury on the organ. It creates a balance in the effect of Ang II by
synt&ng Ang 1-7 from the metabolism of Ang II. It also converts Ang 1 to Ang 1-9 and
subsequently into Ang 1-7 *’. The latter has anti-inflammatory, antioxidative, and antifibrotic
functions which confer a level of protection 3®. By upregulating Ang-(1-7) and depleting Ang
I, the use of ACE inhibitors and ARBs may be advantageous in reducing organ damage

brought on by COVID-19.
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Finally, RAAS dysregulation brought on by higher Ang II and decreased ACE2 can
aggravate high blood pressure and trigger an unfavorable inflammatory response. By directly
inhibiting Ang II and boosting ACE2, ACE inhibitors and ARBs may have a role in reducing

the negative effects.

2.71 SARS-CoV-2 infection on ACE2 Expression

SARS-CoV-2 enters cells by ACE2. The virus enters the cells easily by attach}\ o the
membrane bound ACE2 protein, which serves as its functional recepto Q&lowever,
according to Jung et al. 2020, an aftermath of SARS-CoV2 infection‘%k%:tion in the
ACE2 molecules expressed. SARS-CoV-2 has been shownst ‘lkg/@ the four primary
structural proteins spike (S), envelope (E), nucleocapsid %ﬁ?}i membrane (M). Large
membrane-linked glycoproteins called S proteins are e%ﬁa for viral infection because they
connect to the ACE2 receptor on host cells and gembranes. The host's vulnerability to
SARS-CoV2 infection is determined by tfé)ﬁ;}'t of the S1 subunit, one of the two subunits
of the S protein, with the ACE2 recept hrough binding to ACE2 in a multi-step variation
of conformational state, the @OVQ is attached to the cell surface, and thus, the
commencement of memb@&ion”.

2.8 Applicatioan}QAAS Inhibitors and Associated Risks with COVID 19

Coronary @ase, hypertension, and diabetes mellitus have been associated as the most
prev t@morbidities among patients with severe COVID-19 illness. These comorbidities
are ﬁd to either an excess of Ang II/ATI1 or a lack of ACE2 and all have shown
improvement with RAAS blocking in circumstances that are chronic. However, in other
studies, the persistent usage of renin-angiotensin-aldosterone system (RAAS) inhibitors in
people with hypertension has been predicted to worsen disease outcomes. Angiotensin-
converting enzyme 2 (ACE2)-receptor is, in fact, specifically recognized by a specified
receptor-binding domain of COVID-19 spike #!. Due to the upregulation of ACE2-receptors
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in the cardiopulmonary circulation caused by ACE inhibitors (ACEls) and angiotensin II
receptor blockers (ARBs), patients taking these medications may be more vulnerable to
increased severity. In contrast, ACEIs and ARBs may exert protective effects by preventing
the progression of pulmonary damage and RAAS hyperactivation because of ACE2-receptor

downregulation after COVID-19 infection 33,

Results from several studies disagree with the opinion that the use of ACE mh16§9rs or
ARBs causes an increase in the risk of infection with COVID 19 and morb %’&One such
study was conducted by Mehra and colleagues. They carried out a czf%}% study with
patients positive for SARS-CoV 2, but the result showed that)@e'\was no correlation

between the use of ACE and ARBs and the chances of bemgée%ed or having a severe case

of the disease *!. $

2.8.1 The COVID-19 Spectrum of Illness %
Symptoms of post-COVID-19 conditio@de fatigue, shortness of breath, cognitive
dysfunction, and symptoms interferi daily functioning. These symptoms can remit or

relapse over time but pers1stwt least 2 months and occur 3 months after the initial

COVID-19 illness *2 ,®

This seminal cat ing of symptoms has been supplanted by the urgency to develop a core
outcome sé%g) to ensure uniform capture of critically important symptoms for post-
CO\@Qlinical research studies. A study using a rigorous Delphi consensus methodology
and pre-specified criteria for outcome inclusion, have developed a COS for symptoms of the
post-COVID-19 condition that include: fatigue; pain; post-exertion symptoms; work or
occupational and study changes; survival; “functioning, symptoms, and conditions” for each
of cardiovascular, respiratory, nervous system, cognitive, mental health, and physical

outcomes; and recovery *. A strength of their study was the recruitment of a diverse and
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multidisciplinary investigator group and inclusion of those with lived experience of post-
COVID-19 condition and their carriers. The strong foundational work, including the
multisource development of an exhaustive a-priori list of candidate post-COVID-19

symptoms, and methodology ensure robust validity of this system.

The determination of both shared and unique symptom distributions across illness severity
has important implications for mapping to clinical outcomes, development of a stzi\ dized
follow-up scheme, and ongoing inter-professional and multidiscipli.na%g”%gitudinal
intervention. Some examples are seen in the Wuhan cohort that was fo \for 1 year after
recovering from COVID-19 43, Almost half of patients across the i ‘Spectrum reported at
least one symptom at the 1-year follow-up, although sympto@cﬁr\alence varied by COVID-

19 severity. By contrast, reports of pain and discomféit.@;%ty, or depression were similarly
n

represented regardless of illness severity. The %\ critically ill group was distinct and

reported more dyspnea and had poorer lur@;}l and worse functional outcomes at 1 year
than did patients with less severe illn%i@uis finding highlights the dominant contribution of
acute respiratory distress syndrome (ARDS) and critical illness sequelae, and the difficulty in
discerning what is sole tthibutable to COVID-19 rather than post-intensive care

syndrome***, The (.OSQH equire validation across the spectrum of COVID-19 severity of

illness. 6\'

2.8.2 @Clinical-lmmunological Spectrum of COVID-19

To understand COVID-19 immunopathogenesis, it is important to elucidate what lies at the
root of immune response failure occurring in infected individuals resulting at times in
deviation of the protective response into a dysfunctional program, leading to cytokine release
syndrome (CRS) with severe inflammation and, eventually, a multi-systemic failure. A better
understanding of these events would contribute to the design of differential therapeutic
approaches, depending on the stage of the disease, and to the delineation of prognostic, and
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predictive biomarkers. Unfortunately, there are no studies on the immune response in infected
asymptomatic individuals, which would allow a better characterization of the protective
immune response as it occurs under the natural conditions of the infection process. Another
aspect to be explored is the effect of previous exposure to other less virulent coronaviruses
that may have cross-reactivity with more virulent ones. Additionally, most of the studies have
been done using blood samples, which do not necessarily correlate with the events gb"ng on

in the affected tissues. Fortunately, several studies on bronchoalveolar laan'j;e\ls were

published recently, as will be discussed below . ,%\

From an immunological point of view, the wide clinical spectrum @QVID 19 allows us to
postulate different hypotheses, some of them which have alr@‘%een proven, the remaining
requiring more information and longer follow-up obs on of recovered patients. Figure
1A shows diverse outcomes during COVID-19 lows for an analysis of the immune
response at each clinical stage. Howev % be noted that the immune response is
conditioned by epidemiological Varlzyé;%,such as intensity and duration of exposure to the
virus and possible variatio viral virulence and, on the host side, genetic

susceptibility/resistance, a eﬁslth conditions at the time of exposure. The latter includes,

among other Varla@e nd the existence of comorbidities that may directly affect the

immune syst 6

QQ
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Figure 2.5. COYID=19 Clinical and immunological spectra. (A) Clinical stages of

COVID-1 Qotective immunity and inflammatory spectra.

SouLancet Respiratory Medicine, 202033
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Despite its high infectivity, not everyone exposed to SARS-CoV-2 becomes infected 6. The
reasons for such resistance are still unknown. It is possible that a small, occasional inoculum
does not reach the lower respiratory tract, where susceptible target cells are found.
Nevertheless, yet unidentified genetic conditions may also explain this resistance. On this

regard, no association of SARS with ACE2 polymorphisms was found #’.

29 Disease Complications . (b‘
2.9.1 Cardiovascular Complications Associated with COVID-19 Infec.tioqg)&
Acute Myocardial Infarction (AMI) ‘%\

Due to extensive inflammation and hypercoagulability, the risk of @k}lﬁyocardial infarction
(AMI) is likely present in patients with COVID-19 *8, The t@nt of AMI is controversial
in COVID-19 patients. In patients diagnosed with a%{ elevation myocardial infarction
(STEMI) and COVID-19, the American College Cardiology (ACC) states that while
fibrinolysis may be considered in those ‘@% isk STEMI", defined by inferior STEMI
with no right ventricular involveme?tbi lateral AMI without hemodynamic compromise,
percutaneous coronary interve%%CI) is more commonly performed at most institutions
and remains the treatme €hoice *°. If PCI is pursued, staff should don appropriate
personal protective{ eq nt (PPE), and a full decontamination of the catheterization
laboratory s ué%e performed following the procedure. For suspected COVID-19 in the
setting 0"@ EMI, diagnostic testing prior to catheterization is recommended; the ACC
note@, in properly selected patients with confirmed COVID-19, conservative therapy may
be sufficient. Patients who are hemodynamically unstable in the setting of NSTEMI should

be managed similarly to those with STEMI #.
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2.10 Long-term Complications of COVID-19

2.10.1 Diabetes Complications and Sequelae

Preexisting diabetes mellitus has been associated with worse COVID-19 outcomes. At the
same time, COVID-19 has been associated with new-onset hyperglycemia and acute
decompensation of diabetes, including diabetic ketoacidosis in both patients with type 1 and
type 2 diabetes . Besides iatrogenic hyperglycemia from steroid use, proposed rpechanisms
for hyperglycemia following infection include insulin resistance because of the %%matory
state, and insulin secretory deficits from impaired B cells—either due i ral damage
or indirect effects °'. It is unclear how many patients who are ne.w&&lg{losed with diabetes
after COVID-19 already had unrecognized diabetes before i@bn, and simply had their
diabetes unmasked or exacerbated. It is also unclear v&@r new-onset diabetes following
hospitalization for COVID-19 is permanent. Thd&he global CoviDiab Registry was

created to further study the relationship ’e@ COVID-19 and diabetes, and to better

characterize the duration of post-COVI%' iabetes 2.

2.9.2 Dermatological Complid@and Sequelae

Of the reported cutaneous ffestations of COVID-19 infection, a literature review found
that 36.1% of 72 @t d patients across 18 studies reported maculopapular exanthem
(morbillifo é%he most common cutaneous manifestation of COVID-19, followed by
papulove@ rash (34.7%), urticaria (9.7%), and painful red acral purple papules (15.3%),
with 19,4% of these manifestations being in the hands and feet 3°. Another international study
of 2,560 patients found that pernio-like lesions were the most common cutaneous
manifestation (51.5%), with the latency time between upper-respiratory infections and
cutaneous findings being 1.5 days in children versus 7.9 days in adults >!. In the Chinese post-
acute COVID-19 study of hospitalized patients, only 47 of 1,655 patients (3%) reported skin
£ 43,

rashes 6 months after infection onset *°; instead, hair loss was a far more commonly reported
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symptom for patients’ months after COVID-19 infection reported in 24 of 120 patients
(20.0%) as a post discharge symptom 110 days after hospital discharge >*. Still, other rarer
presentations have been reported in case reports, suggesting that manifestations in different
patients may be different despite being infected with the same virus 3. Although it has been
suggested that vesicular rashes may be indicative of an initial diagnosis of COVID-19 and
vascular rashes may be indicative of disease prognosis, the precise use of these symptoms in

this fashion has not yet been validated and should be a subject of future prospectfq‘)&’}ldies 36,

2.11  Vaccination ‘%\ :

Vaccination is the administration of a vaccine to help the immun m develop immunity
from a disease’. Vaccines contain a microorganism or Vir@;\oa weakened, live or killed
e

B

state, or proteins or toxins from the organism. In st @pg the body's adaptive immunity,
they help prevent sickness from an infectious dis Q’hen a sufficiently large percentage of
a population has been vaccinated, herd m@.i@ sults. Herd immunity protects those who
may be immunocompromised and c get a vaccine because even a weakened version
would harm them’®. The effectivehess of vaccination has been widely studied and
verified. Vaccination 1 he most effective method of preventing infectious
diseases; widespre@u ity due to vaccination is largely responsible for the worldwide
eradication of s ox and the elimination of diseases such as polio and tetanus from much
of the w ‘ﬁowever, some diseases, such as measles outbreaks in America, have seen
risin&es due to relatively low vaccination rates in the 2010s — attributed, in part,
to vaccine hesitancy. According to the World Health Organization, vaccination prevents 3.5—

5 million deaths per year>°.

Vaccines reduce risks of getting a disease by working with your body’s natural defences to
build protection®. When one get a vaccine, the immune system responds. There are vaccines
to prevent more than 20 life-threatening diseases, helping people of all ages live longer,
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healthier lives. Immunization currently prevents 3.5-5 million deaths every year from
diseases like diphtheria, tetanus, pertussis, influenza and measles. Vaccines are also critical to
the prevention and control of infectious disease outbreaks. They underpin global health

security and will be a vital tool in the battle against antimicrobial resistance®!.

Yet despite tremendous progress, vaccination coverage has plateaued in recent years and
dropped since 2020. The COVID-19 pandemic and associated disruptions over the Past two
year have strained health systems, with 25 million children missing out onsdceination in
2021, 6 million more than in 2019 and the highest number since 2009.By=the end of 2021,
nearly all countries had introduced COVID-19 vaccination, and Ypy~early 2022 one billion

doses of COVID-19 vaccine had been delivered through COV-AX%?.

2.11.1 SARS-CoV-2 Vaccination

COVID-19 vaccines have been instrumental in curbing the intensity of this pandemic and
decreasing the morbidity and mortality of this disease®>. COVID-19-associated
hospitalizations and emergency/urgent care evaluations significantly improved with these
vaccines. A study from Israel stated that two doses of BNT162b2 were highly effective in
preventing symptomatic and asymptomatic SARS-CoV-2 infections, as well as COVID-19-
related hospitalizations, severe disease, and death®. A study from the United States
evaluated the efficacy of BNT162b2 and mRNA-1273 vaccines in preventing severe illness
for individuals at the highest risk of severe COVID-19 illness (those with advanced age and
underlying comorbidities) by comparing their outcomes to unvaccinated individuals. The
study stated that vaccine effectiveness 7 or more days after the second dose of the vaccine
was 69% in preventing infection and 86% against severe disease/death. They concluded that
in an elderly population with a high-comorbidity burden, the vaccine effectiveness was lower

than previously projected; however, the efficacy against death was high®.
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2.11.2 Mechanism of Action

The mRNA class of wvaccines' rapid evolution and advancements are from the
mRNA capabilities to imitate the antigen structure and expression comparable to
those occurring during the SARS-CoV-2 infection. The mRNA class of the vaccine does not
pose a risk of infection or insertional mutagenesis. The mRNA eludes the anti-vector
immunity permitting repeated vaccinations. The mRNA's ability to produce an undesired
immune response within the body can be reduced, and modifications can be arranged to

improve the mRNA vaccines' determination®®.

BNT162b2

BNT162b2 is a nucleoside-modified messenger RNA (mRNA) expressed in lipid
nanoparticles (LNP), encoding the spike (S) protein for the SARS-CoV-2 virus - the main site
for neutralizing antibodies. The lipid particles allow the transfer of the RNA into host cells,
resulting in the SARS-CoV-2 S antigens' expression. The immunogenicity and antibody

response to SARS-CoV-2 S antigens further confers protection against COVID-19¢".

mRNA-1273

The mRNA-1273 vaccine is comprised of a lipid nanoparticle (LNP) encapsulating
nucleoside-modified messenger RNA (mRNA), encoding the perfusion stabilized spike (S)
protein of the SARS-CoV-2 virus and an S1-S2 cleavage site, which includes a
transmembrane component. The S-2P antigen present on its surface allows entrance into the
host cell. This further transfers the RNA into host cells, resulting in the expression of the
SARS-CoV-2 S antigens. The immunogenicity and antibody response to SARS-CoV-2 S

antigens also confers protection against COVID-1998,

Ad26.COV2.S
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The Ad26.COV2.S exerts its effects by expressing the SARS-CoV-2 S protein to human cells
creating an immune response to the SARS-CoV-2 antigen, conferring immunity without
dispersal of the virus. Different from the mRNA vaccines (BNT162b2 and mRNA-1273), the
Ad26.COV2.S is a recombinant viral vector vaccine. The Ad26.COV2.S recombinant viral
vector vaccine bears DNA which forms the S protein of the SARS-CoV-2 virus, once
injected into host cells, provide considerable amounts of the S protein antigen. The immune
response to the S protein confers immunity by T-cells and B-cell stimulating antibodies to the

S protein, similar to SARS-CoV-2 infection®.

NVX-CoV2373

This vaccine contains recombinant spike (rS) protein nanoparticles and Matrix-M adjuvant
proteins. The rS protein is produced using recombinant DNA technology. Intramuscular
injection of the full-length rS protein elicits an immune response to the rS protein, which

protects against COVID-19 illness’.

2.11.3 Different types of SARS-CoV32*Vaccinations
There are four categories of vadleines in clinical trials: whole virus, protein subunit, viral
vector and nucleic acid (RNA ‘and DNA). Some of them try to smuggle the antigen into the

body, others use thetody’s own cells to make the viral antigen.

Whole Viru§

Mang, conventional vaccines use whole viruses to trigger an immune response. There are two
main approaches. Live attenuated vaccines use a weakened form of the virus that can still
replicate without causing illness”'. Inactivated vaccines use viruses whose genetic material
has been destroyed so they cannot replicate, but can still trigger an immune response. Both
types use well-established technology and pathways for regulatory approval, but live

attenuated ones may risk causing disease in people with weak immune systems and often
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require careful cold storage, making their use more challenging in low-resource countries.
Inactivated virus vaccines can be given to people with compromised immune systems but

might also need cold storage’.

Protein Subunit

Subunit vaccines use pieces of the pathogen often fragments of protein to trigger an immune
response. Doing so minimises the risk of side effects, but it also means the immung{@ponse
may be weaker. This is why they often require adjuvants, to help boost thejrrg%t’&response.
An example of an existing subunit vaccine is the hepatitis B vaccin unit vaccines
include only the parts of a virus that best stimulate your -im@e“ system. This type
of COVID-19 vaccine contains harmless S proteins. Once th@gcn?une system recognizes the
S proteins, it creates antibodies and defensive white l@ls. If later become infected with
the COVID-19 virus, the antibodies will fight the \é

Viral Vector <)©

Viral vector vaccines also work by giv@cells genetic instructions to produce antigens. But
they differ from nucleic acid V@%n that they use a harmless virus, different from the one
the vaccine is targeting, to @eliver these instructions into the cell. One type of virus that has
often been used as @&r is adenovirus, which causes the common cold. As with nucleic
acid vaccine \Own cellular machinery is hijacked to produce the antigen from those
instructiO@i order to trigger an immune response. Viral vector vaccines can mimic natural
viral infection and should therefore trigger a strong immune response. However, since there
is a chance that many people may have already been exposed to the viruses being used as
vectors, some may be immune to it, making the vaccine less effective’.

Nucleic Acid

Nucleic acid vaccines use genetic material from a disease-causing virus to trigger protective

immunity against it. Nucleic acid vaccines use genetic material from a disease-causing virus
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or bacterium (a pathogen) to stimulate an immune response against it. Depending on the
vaccine, the genetic material could be DNA or RNA; in both cases it provides the instructions
for making a specific protein from the pathogen, which the immune system will recognise as
foreign (an antigen). Once inserted into host cells, this genetic material is read by the cell’s
own protein-making machinery and used to manufacture antigens, which then trigger an
immune response”’. . cb‘

2.12  Renal System q’S\

The renal system consists of the kidney, ureters, and the urethra. The .%tion of the
system filters approximately 200 liters of fluid a day from renal .blo fkgw which allows for
toxins, metabolic waste products, and excess ion to be ex@while keeping essential
substances in the blood’®. The kidney regulates plasma b@arity by modulating the amount
of water, solutes, and electrolytes in the blood. Y%JQGS long term acid-base balance and
also produces erythropoietin which stim a@e production of red blood cell. It also

produces renin for blood pressure regu%)'n nd carries out the conversion of vitamin D to its

active form. \)Q:b‘

In many respects the h “excretory, or urinary, system resembles those of other
mammalian specie@t as its own unique structural and functional characteristics.
Theterm excret d urinary emphasize the elimination function of the system. The kidneys,
however,@t secrete and actively retain within the body certain substances that are as

criticaMo survival as those that are eliminated’’.

The system contains two kidneys, which control the electrolyte composition of the blood and
eliminate dissolved waste products and excess amounts of other substances from the blood;
the latter substances are excreted in the urine, which passes from the kidneys to the bladder
by way of two thin muscular tubes called the ureters. The bladder is a sac that holds the urine
until it is eliminated through the urethra’.
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Three different sets of kidneys develop consecutively from the urogenital ridges, and the last
set persists to become the adult kidney. The first renal tubular system is called the pronephros.
Pronephros develops during the fourth week of embryonic development but quickly
degenerates as mesonephros appears’. Mesonephric kidney degenerates as the metanephros
develops through its remnant are incorporated into the male reproductive system. The
metanephros begins its development around the fifth week of embryonic development as
ureteric buds. As the ureteric buds develop, it induces the formation nephrons.\I'lie distal
ends of the ureteric buds develop into the renal pelvis, calyces, and collecting.ducts as the
proximal aspect of the ureteric buds develop into ureters. A structuge\called cloaca develops
to form the rectum, anal canal, and urogenital sinus. The urogenital>sinus then forms into the
urinary bladder and the urethra. By the third month of fétalsdevelopment, metanephric kidney
is able to excrete urine into the amniotic fluid®’.

2.12.1 Mechanism of Action

Glomerular Filtration

Glomerular filtration is the initial process in urine production. It is a passive process in which
hydrostatic pressure pushes fluid and solute through a membrane with no energy
requirement®!. The filtration membrane has three layers: fenestrated endothelium of the
glomerular capillaries which allow blood components accept the cells to pass through;
basement membrane, which is a negatively charged physical barrier that prevents proteins
from permeating; and foot processes of podocytes of the glomerular capsule that creates more
selective filtration. The outward and inward force from the capillaries determines how much
water and solute crosses the filtration membrane®?. Hydrostatic pressure from the glomerular
capillaries is the major filtration force with a pressure of 55SmmHg. The other potential
filtration force is the capsular space colloid osmotic pressure, but it is zero because proteins

are not usually present within the capsular space. Then the capsular space hydrostatic
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pressure and the colloid osmotic pressure in glomerular capillaries negate the filtration force
from the hydrostatic pressure in the glomerular capillaries, creating a net filtration pressure

which plays a big role in the glomerular filtration rate (GFR)*>.

GFR is the volume of fluid filtered in a minute, and it depends on the net filtration pressure,
the total available surface area for filtration, and filtration membrane permeability. The
normal GFR is between 120 to 125ml/min 8. It is regulated intrinsically and extlsin'{iglly to
maintain the GFR. The intrinsic control function by adjusting its own resist?nc éood flow
via a myogenic mechanism and a tubuloglomerular feedback mechf% € myogenic
mechanism maintains the GFR by constricting the afferent a@'\when the vascular
smooth muscle stretches due to high blood pressure. It dil%ﬁvascular smooth muscle
when pressure is low within the afferent arteriole all e more blood to flow through®’.
Then the tubuloglomerular feedback mechanism ﬁn to maintain the GFR by sensing the
amount of NaCl within the tubule. Macul@i)%‘c lls sense NaCl around the ascending limb
of the nephron loop.When blood press%,is high, the GFR will also be high; this decreases
the time needed for sodium re@on, and therefore sodium concentration is high in the
tubule. The macula densa s%'senses it and releases the vasoconstrictor chemicals which
constricts the affer@%‘%e and reduces blood flow. Then when the pressure is low, Na

gets reabsorbed causing its concentration in the tubule to be low, and macula densa do

not releassa constricting molecules®.

The&sic control maintains the GFR and also maintains the systemic blood pressure via
the sympathetic nervous system and the renin-angiotensin-aldosterone mechanism. When the
volume of fluid in the extracellular decreases excessively, norepinephrine and epinephrine get
released and causes vasoconstriction leading to a decrease in blood flow to the kidney and the
level of GFR¥’. Also, the renin-angiotensin-aldosterone axis gets activated by three means
when the blood pressure drops. The first is the activation of the beta-1 adrenergic receptor,
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which causes the release of renin from the granular cells of the kidney. The second
mechanism is the macula densa cells which senses low NaCl concentration during decreased
blood flow to the kidney and trigger the granular cells to release renin. The third mechanism
is the stretch receptor around the granular cells senses decreased tension during decreased
blood flow to the kidney and also trigger the release of renin, therefore, regulating the
glomerular filtration®.

Tubular Reabsorption

The four different tubular segments each have unique absorptive properties. The first is the
proximal convoluted tubule (PCT). The PCT cells have the most absorptive capability®. In
the normal circumstance, the PCT reabsorbs all the glucose and amino acids as well as 65%
of Na and water. The PCT reabsorb sodium ions by primary active transport via a basolateral
Na-K pump. It reabsorbs glucose, amino acids, and vitamins through secondary active
transport with Na and an electrochemical gradient drives passive paracellular diffusion. The
PCT reabsorbs water by osmosis that is driven by solute reabsorption. It also reabsorbs lipid-
soluble solutes via passive diffusion driven by the concentration gradient created by
reabsorption of water. Reabsorption of urea occurs in the PCT as well by passive paracellular

diffusion driven by a chemical gradient®.

From the PCT, the non-reabsorbed filtrates move on to the nephron loop. The nephron loop
functionally divides into a descending and an ascending limb. The descending limb functions
to reabsorb water via osmosis®'. This process is possible due to the abundance of aquaporins.
Solutes do not get reabsorbed in this region. However, in the ascending limb, Na moves
passively down its concentration gradient in the thin segment of the ascending limb, and also
sodium, potassium, and chlorides get reabsorbed together through a symporter in the thick
segment of the ascending limb®2. The presence of Na-K ATPase in the basolateral membrane

keeps this symporter functional by creating an ionic gradient. There is also the reabsorption
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of the calcium and magnesium ions in the ascending limb via passive paracellular diffusion

driven by the electrochemical gradient. No water reabsorption in the ascending limb®3.

The next tubular segment for reabsorption is the distal convoluted tubule (DCT). There is a
primary active sodium transport at the basolateral membrane and secondary active transport
at the apical membrane through Na-Cl symporter and channels. This process is aldosterone
regulated at the distal portion. There is also calcium reabsorption via passive uptake
controlled by the parathyroid hormone. Aldosterone targets the cells of the distal portion of
the DCT causing synthesis and retention of apical Na and K channel as well as the synthesis

of Na-K ATPase®.

Right after the DCT, there is a collecting tubule where the final stage of reabsorption occurs.
The reabsorptions that occur here include primary active sodium transport at basolateral
membrane; secondary active transport at apical membrane via Na-Cl symporter and channels
with aldosterone regulation; passive calcium uptake via PTH-modulated channels in the
apical membrane; and primary and secondary active transport in the basolateral membrane®>.
Tubular Secretion

Tubular secretion function is to dispose of substances such as drugs and metabolites that bind
to plasma protein. Tubular secretion also functions to eliminate undesirable substances that
were reabsorbed passively such as urea and uric acids®®. Elimination of excess potassium via
aldosterone hormone regulation at collecting duct and distal DCT are part of tubular secretion
function. There is an elimination of hydrogen ion when the blood pH drops below the normal
range. Then when the blood pH increases above the normal range, reabsorption of chloride
ions occurs as bicarbonic acid gets excreted. The secretion of creatinine, ammonia, and many

other organic acids and basics occur”’.
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Storage of Urine

Once the production of urine is complete, it travels through a structure called ureter for urine
storage in the bladder®®. There are two ureters in a human body; one on each side; left and
right. They are slender tubes with three-layered walls: the mucosa that contains a transitional
epithelial tissue; muscularis that is composed of the internal longitudinal layer and the
external circular layer; and adventitia that is a fibrous connective tissue that covers the
ureter's external surface. As urine make its way to the ureters, the stretching of the ureter's
smooth muscle results in peristaltic contractile waves that help move the urine into the
bladder®”. The oblique insertion of the ureter at the posterior bladder wall prevents backflow
of urine. Once the urine is in the bladder, the bladder's unique anatomy allows for efficient

storage of urine®.

The bladder is essentially a muscular sac with three layers. Its three layers are similar to the
ureter except that the muscular layer has muscle fibers organized in inner and outer
longitudinal layers and a middle circular layer'®, The muscular layer is also known as the
detrusor muscle. The distensibility of the bladder allows it to hold a maximum capacity of up
to 1000ml, though normal functional capacity is 300 to 400mL. The bladder has three
openings at the smooth triangular region of the bladder; this is called the trigone. Two of the
openings are where the distal portions of the ureters insert, and the other opening is the

orifice for the urethra!!.

The urethra is a thin-walled muscular tube that functions to drain urine out of the bladder. Its
mucosa lining consists of mostly pseudostratified columnar epithelium through the proximal
portion has transitional epithelial tissue'®?. The thickening of the detrusor muscle at the
bladder-urethra junction forms the internal urethral sphincter which has an autonomic
nervous system control. The urethra has an additional function for males as it transports
semen. In males, the urethra is approximately 22.3 cm long with three regions which include
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the prostatic urethra, membranous urethra, and the spongy urethra. Females, on the other
hand, has a urethra that is approximately 3.8 to 5.1 cm long with an external urethral orifice
that lies anterior to the vaginal opening and posterior to the clitoris!®3.

2.12.2 Micturition Process

Micturition process entails contraction of the detrusor muscle and relaxation of the internal
and external urethral sphincter'®. The process is slightly different based on age. Children
younger than three years old have the micturition process coordinated by the spinal reflex. It
starts with urine accumulation in the bladder that stretches the detrusor muscle causing
activation of stretch receptors. The stretch sensation is carried by the visceral afferent to the
sacral region of the spinal cord where it synapses with the interneuron that excites the

105 The visceral afferent

parasympathetic neurons and inhibits the sympathetic neurons
impulse concurrently decreases the firing of the somatic efferent that normally keeps the
external urethral sphincter closed allowing reflexive urine output. However, after the age of 3,
there is an override of reflexive urination where there is conscious control of the external
urethral sphincter'®. High bladder volume activates the pontine micturition center which
activates the parasympathetic nervous system and inhibits the sympathetic nervous system as
well as triggers awareness of a full bladder; consequently leading to relaxation of the internal
sphincter and a choice to relax the external urethral sphincter once ready to void. Low
bladder volume activates the pontine storage center which activates the sympathetic nervous

system and inhibits the parasympathetic nervous system cumulatively allowing the

accumulation of urine in the bladder'?’.
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The kidney performs many excretory and regulatory functions necessary to sustain life.
Under normal conditions, the kidney not only functions to maintain the constancy of the
extracellular environment by excretion of the waste products of metabolism and the
adjustment of urinary water and electrolyte excretion, but also is intricately involved in the
regulation of blood pressure, red blood cell production, and bone mineral metabolism!®,
With this in mind, it is not surprising that a variety of diverse biological markers are
employed in clinical practice to monitor the physiologic status of the kidney.AMany of the
markers in use presently have been employed for decades, although there has\b&en a surge in
biomarker discovery in recent years that promises to augment assessthent of kidney function

and injury.

The markers of renal function test assess the normal fugstioning of kidneys. These markers
may be radioactive and non-radioactive. They mdicate the glomerular filtration rate,
concentrating and diluting capacity of kidneys, (tubular function). If there is an increase or

decrease in the valves of these markers it fadicates dysfunction of kidney!®.

Biochemical markers play an important role in accurate diagnosis and also for assessing risk
and adopting therapy that improves clinical outcome. Over decades of research and
utilization of biomarkers has evolved substantially'!?. National Institute of Health (NIH) 2001
defined a biomarker as "a characteristic that is objectively measured and evaluated as an
indicator of normal biological, pathologic processes, or pharmacologic responses to a
therapeutic intervention. As markers of renal function creatinine, urea, uric acid and
electrolytes are for routine analysis whereas several studies have confirmed and consolidated
the usefulness of markers such as cystatin C, B-Trace Protein'!!.

2.12.3 Renal Function Markers
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a. Creatinine

Creatinine is a breakdown product of creatine phosphate in muscle, and is usually produced
at a fairly constant rate by the body depending on muscle mass. Creatinine is a commonly
used as measure of kidney function.The normal creatinine clearence test valve is 110-
150ml/min in male and in female it is 100-130ml/min'!2, The National Kidney Disease
Education Program recommends calculating glomerular filtration rate from serum creatinine
concentration. The creatinine clearance test is used to monitor the progression of renal
disease. The diagnosis of renal failure is usually suspected when serum creatinine is greater
than the upper limit of the “normal” interval. In chronic renal failure and uremia, an eventual
reduction occurs in the excretion of creatinine by both the glomeruli and the tubules'!?.
Creatinine values may alter as its generation may not be simply a product of muscle mass but
influenced by muscle function, muscle composition, activity, diet and health status. The
increased tubular secretion of creatinine in some patients with kidney dysfunction could give
false negative value. The elevated values are also seen in muscular dystrophy paralysis,
anemia, leukemia and hyperthyroidism. The decreased values are noticed with
glomerulonephritis, congestive heart failure, acute tubular necrosis, shock, polycystic kidney
disease, and dehydration''4.

b. Urea

Urea is major nitrogenous end product of protein and amino acid catabolism, produced by
liver and distributed throughout intracellular and extracellular fluid. In kidneys urea is filtered
out of blood by glomerulli and is partially being reabsorbed with water'!'>. The most
frequently determined clinical indices for estimating renal function depends upon
concentration of urea in the serum. It is useful in differential diagnosis of acute renal failure
and pre renal condition where blood urea nitrogen—creatinine ratio is increased!''®. Urea

clearance is a poor indicator of glomerular filtration rate as its overproduction rate depends
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on several non renal factors, including diet and urea cycle enzymes. Increased blood urea
nitrogen (BUN) is seen associated with kidney disease or failure, blockage of the urinary tract
by a kidney stone, congestive heart failure, dehydration, fever, shock and bleeding in the
digestive tract. The high BUN levels can sometimes occur during late pregnancy or result
from eating large amounts of protein-rich foods. If the BUN level is higher than 100 mg/dL it
points to severe kidney damage whereas decreased BUN is observed in fluid excess. Low
levels are also seen in trauma, surgery, opioids, malnutrition, and anabolic steroid use!!”.

c. Cystatin C

The protease inhibitor Cystatin C is a non-glycosylated low molecular weight protein.
Cystatin C has been proposed to be a marker as it is produced by all nucleated cells at a
constant rate and is freely filtrated by the glomeruli and completely catabolized in the

proximal tubules''®

. The concentration of serum Cystatin C is mainly determined by
glomerular filtration, which makes Cystatin C an endogenous marker of glomerular filtration
rate. In a Meta analysis study by Dharnidharka et al found Cystatin C was superior to serum
creatinine as a marker of glomerular filtration rate. Other studies have shown similar results
when compared with other markers such as a 1-microglobulin and B 2-microglobulin''.
Cystatin C was found to be an effective marker for glomerular filtration rate in patients with
cirrhosis following liver transplantation. Cystatin C has been found more useful for detecting
early renal impairment in both type 1 and type 2 diabetic patients. Moreover, cystatin C was
also found to be associated with mild kidney dysfunction with increased risk for
cardiovascular events, peripheral arterial disease and heart failure!%°.

d. B -Trace Protein (BTP)

This protein is filtered at glomerulus and then reabsorbed in proximal tubule or excreted in

urine and hence have potential to meet the criteria for use as a marker of glomerular filtration

rate. B-Trace Protein is a low-molecular weight glycoprotein belonging to the lipocalin
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protein family with 168 amino acids and a molecular weight of 23000-29000, depending on
the degree of glycosylation. It has been reported to be a better indicator of reduced
glomerular filtration rate than serum creatinine. Serum 3 -Trace Protein has been found to be
elevated in patients with renal diseases. However, when compared, Cystatin C is still a better
indicator than Serum B-Trace Protein'?!.

e. Inulin

Fructose polymer inulin (MW 5kDa) satisfies the criteria as an ideal marker of glomerular
filtration rate. Rapid measurement of glomerular filtration rate by an inulin single-bolus
technique would be practically useful!?2.

f. Iohexol

A new technique of measuring iohexol clearance using timed dried capillary blood spots was
shown. Blood spot iohexol clearance showed potential in estimating glomerular filtration rate
accurately in large-scale epidemiological studies especially among individuals without
established chronic kidney disease. Plasma clearance after single injection of iohexol gives a
good estimate of glomerular filtration rate and is advantageous for the patients and clinicians.
Iohexol clearance is also used to estimate residual renal function in hemodialysis patients!?3.
g. Radioactive Markers

In recent decade radioisotopes markers have been used to measure glomerular filtration rate.
Some of them to mention are 125iodine (I)-iothalamate, SICrEDTA ethylenediamine tetra
acetic acid, 9mTc-DTPA (diethylene triamine penta acetic acid) and 99mTc mercapto acetyl
triglycine. Renal 125iodine (I)-iothalamate clearance, is a simple and accurate test after a

124" The same

single subcutaneous injection, to measure glomerular filtration rate in adults
author found renal clearance of 125 iodine (I)-iothalamate was reproducible, simple, and

practical in healthy children and those with mild and advanced renal disease. In one of the

study the mean renal extraction of Cystatin C was equal to the mean renal extraction of 125
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iodine (I)-iothalamate in hypertensive patients, suggesting tubular secretion of Cystatin C!%,
It was possible to get an accurate determination of 5ICr-EDTA clearance from a single-
plasma sample in adults by applying the mean sojourn time-based approach previously shown
to be very precise for determination of 99mTc-DTPA single-sample clearance. 51Cr EDTA-
glomerular filtration rate is suggested for systemic lupus erythematosus patient with
suspected renal involvement even when the serum creatinine concentration and creatinine
clearance are normal. The limitation of this marker is that glomerular filtration rate measured
by 51Cr EDTA can be overestimated in patients with severe oedema!?S.

h. Proteinuria

Clinically the appearance of significant amount of protein in urine is one of the earliest sign
of almost all renal diseases. Estimation of proteinuria helps in differentiating between
tubulointerstitial and glomerular diseases and also to follow the progress of renal disease and

to assess the response to therapy'?’

. Normally excretion in most healthy adults is between 20-
150 mg of protein in urine over 24 hrs. Proteinuria more than 3.5 gm/day is taken to be
diagnostic of nephrotic syndrome. Panels of protein measurement including albumin, o 2-
macroglobulin, IgG and a 2-microglobulin have been employed in differential diagnosis of
prerenal and postrenal disease. It has been recommended the use of the protein/creatinine
ratio as an Index of Quantitative Proteinuria in 24-hour urine collection. The prevalence of
kidney diseases in people with diabetes was found to have proteinuria. The use of the
clearance of haptoglobin, in particular provided valuable diagnostic information in cases in

which the routine methods gave borderline values for the index of proteinuria!®

. During
pregnancy proteinuria assay in 24-hour urine sample is performed. One of the investigations
for proteinuria is semi-quantitative dipstick urinalysis as this method is relatively low cost

and easily performed. In pregnancy automated dipstick urinalysis is a more accurate

screening test for the detection of proteinuria than visual testing. The finding of dipstick

59



proteinuria should be confirmed by either a 24-hour urine collection or a protein-creatinine
ratio!?’.

i. Markers of tubular function

Tubular function tests involve evaluation of functions of the proximal tubule (i.e. tubular
handling of sodium, glucose, phosphate, calcium, bicarbonate and amino acids) and distal
tubule (urinary acidification and concentration). A study earlier done assessed the renal
proximal tubular function in neonates by measuring urinary [ 2-microglobulin
concentrations!3®. While another study also showed that in sick neonates the urinary f 2-
microglobulin and N-acetyl--D-glucosaminidase were the early markers of renal tubular
dysfunction. They concluded that the elevated levels of urinary B 2-microglobulin and N-
acetyl-pB-D-glucosaminidase in neonates born with meconium-stained amniotic fluid indicated
the existence of tubular dysfunction, probably due to prenatal distress'3!.

i Concentration and Dilution methods

Serum osmolality was measured directly using osmometry, or estimated based on the direct
measurement of the concentrations of the osmotically active substances (i.e. sodium, glucose,
blood urea nitrogen, and ethanol) '32. The difference between the measured osmolality and the
calculated molarity is referred to as the osmole gap. Laloé¢ et al observed severe
hyponatraemia in some of the patients by measuring urine osmolality and urine sodium.
According to Jeff MS there are some genes which are involved in urine concentration which
may encode solute-transport proteins and the vasopressin receptors. These molecular
mechanisms show the reduction in urine-concentrating ability with aging that predicts various
changes in kidney function. While another work showed that aquaporin-1 has a physiologic
role in renal function and is also essential for maximal urinary concentrating ability. In a

complete deficiency of Aquaporin-1 there is defective urine concentrating ability!33.
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k. Electrolyte
Electrolyte panel is frequently used to screen for an electrolyte or acid-base imbalance and to
monitor the effect of treatment on a known imbalance that is affecting bodily organ function.
The test for electrolytes includes the measurement of sodium, potassium, chloride, and
bicarbonate for both diagnosis and management of renal, endocrine, acid-base, water balance,
and many other conditions'34. Potassium used as a most convincing electrolyte marker of
renal failure. The combination of decreased filtration and decreased secretion of potassium in
distal tubule during renal failure cause increased plasma potassium. Hyperkalemia is the most
significant and life-threatening complication of renal failure.
2.13 Hormone of Renal Functions
The kidneys produce three important hormones:,“etythropoietin, calcitriol (1,25-
dihydroxycholecalciferol) and renin. They also syfithesize prostaglandins, which affect many
processes in the kidneys. In addition .foSsynthesis, the kidneys also contribute to
the degradation of certain hormones Such™as insulin (forms insulinase — cleaves insulin)
or parathyroid hormone!%.

a. Erythropoietin:
Erythropoietin is a peptide hormone which regulates erythropoiesis.
Structure and Function
Erythropoieti 18 a glycoprotein containing 165 amino acids. Its receptors are present on the
membranes of red blood cell precursors. Binding of the hormone reduces apoptosis of these
cells, multiple cells survive and can therefore complete their development into mature

erythrocytes.

Synthesis and Inactivation
In adults, approximately 90 % of erythropoietin is synthesized in the kidneys (interstitial

cells), the remaining amount in the liver (perivenous hepatocytes) . The liver plays a key role
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in the production of erythropoietin during the fetal period. But in adulthood, the liver is no

longer able to compensate for a potential decrease in production in the kidneys.

Clinical Correlations:

For most people in end-stage renal failure, anemia with erythropoietin deﬁciencﬁ@ccurs.
Doctors can administer recombinant erythropoietin to these patients. Erythr %n is also
abused as doping substance — especially in endurance athletics (cycling"@main stimulus
for the production of erythropoietin is a decrease in the partial h&u'ﬁe of oxygen in the
blood flowing through the two organs. Hormone %i%etlon is also supported

Q

by androgens (testosterone), and catecholamines (3 —, Tg@@rs) 136

b. Calcitriol (1,25—dihydr0xycholecalcif®
It is a hormone which binds to and acti\&t' e vitamin D receptor in the nucleus of the cell,
which then increases the expressmr@‘lany genes. Calcitriol increases blood calcium (Ca®*)

mainly by increasing the u % calcium from the intestines. Final activation of vitamin
1

D to the active hoij itriol takes place in the kidneys — 1-hydroxylation of 25-

hydroxycholecalo;{d to 1, 25-dihydroxycholecalcifero. Calcitriol stimulates the small
intestine f(ﬂ%teln synthesis allowing absorption of Ca2+and phosphates. This ensures
the ity of Ca?" and phosphate for bone growth. Calcitriol simultaneously activates

osteoblasts to synthesize collagen'’.

It can be given as a medication for the treatment of low blood calcium and
hyperparathyroidism due to kidney disease, low blood calcium due to hypoparathyroidisn,
osteoporosis, osteomlacia and familial hypophosphatemia, and can be taken by mouth or

by injection into a vein. Excessive amounts or intake can result in weakness, headache,
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nausea, constipation, urinary tract infections, and abdominal pain.Serious side effects may
include high blood calcium and anaphylaxis. Regular blood tests are recommended after the

medication is started and when the dose is changed'3®.
c¢. Renin:

Renin is part of the renin — angiotensin — aldosterone system (RAAS). In the case of
insufficient blood flow to the kidneys (e.g., decrease in blood volume) cells @‘renal
juxtaglomerular apparatus begin the synthesis of protein renin. Renin is a@%me, which
catalyzes the conversion of plasmatic angiotensinogen to angiotensin I.‘%otensin I is then
converted by angiotensin converting enzyme to angiotensin II, cwgéh timulates aldosterone

synthesis and causes vasoconstriction'®’, Q;&
e

Renin is a large-ish 37 kDa enzyme which is synt%@ juxtaglomerular cells of the renal
cortex. It is produced by cutting chunks@%of protein, a slightly larger precursor
protein (46kDa). Renin remains in stom&'@cles of the juxtaglomerular cells, waiting to be
released by a range of stimuli. Its %@e and serum concentration level is the rate-limiting

'3
, around 1.3mg/L'40.

relatively high conce:tr@

2.14 Effect of

step in the pathway of RzM% activation, whereas its substrate is present in the blood at

2CoV-2 Vaccination on Renal Function

Since the d%%on of the first report of severe acute respiratory syndrome coronavirus 2
(SA@Q) in December 2019, the upper respiratory tract has been well established to be
the main infection site; however, much evidence has demonstrated that other organs,
including the heart, liver, and kidneys in addition to the respiratory tract, can be severely
affected. Acute kidney injury (AKI) caused by the new coronavirus is associated with the

severe clinical status of patients and, consequently, a worse prognosis. Although the
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mechanism of injury is not completely understood, it is currently known to go beyond acute

tubular necrosis secondary to hemodynamic instability in critically ill patients!4!.

Patients with chronic kidney disease (CKD) are at high risk for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infections. Newly developed SARS-CoV-2 vaccines
have been proven to be effective against infection during the Covid-19 pandemic. The
vaccines are safe for patients with CKD, with only sporadic cases of nephrotic synd@gne or
acute kidney injury (AKI) having been reported following Covid-19 &nationl“z
Vaccination against Covid-19 reduces mortality and risks of hospitalizaﬁ% m Covid-19 in
the general population. KTRs on immunosuppression have be@ke'ﬂlonstrated to have
attenuated serologic response to conventional two-dose %@%19 vaccination schedule.
Serologic response to vaccination in patients treate V@D is variable, with most studies
suggesting that vaccination induces anti-Spik: éﬂodies. Many countries recognized
patients undergoing HD and KTRs as “cl %&tremely vulnerable” and prioritized early
vaccination of patients requiring KRT(]&

The binding of the viral S proﬁthe angiotensin-converting enzyme 2 (ACE2) receptor
on the surface of host c@?gers SARS-CoV-2 infection. These receptors are in large
quantities in type IINpn¢umocytes in the lungs, heart, and kidneys. The virus incorporation
into the ce % when proteins present on the surface of the virus, called “spikes,” bind to

ACE @e endocytosed by activating transmembrane serine protease type 2 (TMPRSS 2),

which starts the intracellular viral replication!#

The infection course, morbidity, and mortality have changed favorably since the advent of
vaccines against the new coronavirus in the last year, drastically reducing the number of
deaths. However, with the spread of vaccination, adverse effects of vaccines, including

kidney injury, have generated concerns globally. Since the beginning of large-scale
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immunization, the publication of case series of renal diseases with the emergence of new
glomerulopathies or reactivation of previous glomerulopathies has increased!*.

2.15 Mechanisms of Renal Entry and Kidney Injury in COVID-19 Infection
SARS-CoV-2 mainly binds ACE2 proteins, which are expressed in kidneys on the brush
border of the apical membrane of proximal tubules and to a lesser extent in podocytes'4S.
Thus, it could be hypothesized that the virus enters the arteriole and the glomerulaf c%%ililaries
and initially infects the glomerular endothelial cells. Consequently, podocytes@k’\lhfected,
and the virus enters the tubular fluid and binds to its receptors in proxi . ~b;1 , leading to
acute tubular necrosis protein leakage in Bowman’s capsule, col}a& glomerulopathy, and
mitochondrial impairment!#’. Initially, the virus gains acceg&gé\(he kidneys through the
bloodstream, whereby many COVID-19 patients wé(&ported to have SARS-CoV-2
RNAemia. Although viremia in COVID-19 subjects,remdins a matter of debate, the virus was

found in extracellular vesicles, allowing @@c spread across the body and damage of

various organs, particularly the kidne% concern is the ability of the SARS-CoV-2 to
integrate its RNA within the no@JNA of the host cells after reverse transcription!*s,
This could possibly translate '%nto the expression of viral proteins in kidney cells, a
transformation that u@d to autoimmune disease. Thus, the first step of SARS-CoV-2
infection in humafg is the contact of the virus with cell-surface ACE2. ACE2 interacts with
external S:&%SOV-Z by binding to the receptor-binding domain (RBD) of the viral spike
prot@@s process is followed by proteolytic cleavage of the spike protein, which allows

fusion to cells, and transmembrane protease serine 2 (TMPRSS2) has been identified as a

protease responsible for the reaction!®.
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Figure 2.7: Mechanisms of renal entry and kidney injury in COVID-19 infection

Source: Reviews in medical virology, 202114,
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COVID-19 infection in humans proceeds by the interaction of the receptor-binding
domain(RBD) of the viral spike protein with the cell-surface angiotensin-converting enzyme
II (ACE2). This is followed by the proteolytic cleavage of the spike protein through
proteaseslike the transmembrane protease serine 2 (TMPRSS2)!%°, The virus interacts with
CD147, expressed on the proximal convoluted tubules (PCT) of the nephron and on
infiltratinginflammatory cells, resulting in acute tubular necrosis, protein leakage in
Bowman’s capsule, collapsing glomerulopathy, and mitochondrial @mnent
Simultaneously, the activated lymphocytes from the inflammatory in \?@mphocytes,

plasma cells and eosinophils) in the renal interstitium destroy P%al.\cells and induce a
1

cytokine storm of perforin, granulysin, and proinflammatory C}@és L

The cytokine storm activates macrophages leadi ,@rythro -phagocytosis and anemia,
induces capillary leak syndrome and thrombos%alo linked to disseminated intravascular
ce

coagulation (DIC), and contributes to en damage also caused by direct renal

infection'>2. Oversecretion of key cy@, interleukin-6 (IL-6), that binds the IL-6 receptor
and activates the vascular en&%e}wa growth factor (VEGF), decreases the expression of
E-cadherin, increases va '\permeability, shock, and MOD while increasing kidney

vascular perrneablh@ncrocuculatory dysfunction!®3,

2.16 Thy%\%and

gland is a small gland with significant effects. The mature thyroid gland is
located 'in the neck and is responsible for delivering hormones to the body!**. Hormones
released from the thyroid include thyroxine and calcitonin, which have an impact on the
body's basal metabolic rate, heart, brain, muscle, digestive tract, and calcium homeostasis.
The thyroid is the body's first endocrine gland to develop, with development beginning

around the third week of gestation.
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The thyroid arises from the pharyngeal pouches, which are composed of endoderm. Thyroid
development begins as a diverticular outgrowth from the primitive pharynx. The diverticulum
then descends inferiorly to reach its final destination in the neck. Traditionally, the thyroid is
located inferior to the thyroid cartilage, approximately at the level of the C5-T1 vertebrae.

During its descent, the thyroid connects to the tongue by the thyroglossal duct'>>.

The thyroid originates between the first and second pharyngeal pouches near the base of the
tongue. In the third week of gestation, around day 20-24, endodermal cells of the primitive
pharynx proliferate, creating the thyroid diverticulum. Beginning in the fifth week of
gestation, the thyroid diverticulum migrates caudally along the midline, crossing anteriorly to
the hyoid bone and laryngeal cartilage'*°. During migration, the thyroid remains attached to
the tongue via the thyroglossal duct. In early descent, the thyroid is hollow but then solidifies
during migration forming the follicular elements of the thyroid. Division of the thyroid into

right and left lobes occurs in the fifth week of gestation.

Also, during the fifth week, the ultimobranchial bodies arise from the fourth/fifth pharyngeal
pouches. The ultimobranchial bodies ultimately differentiate into the parafollicular C-cells,
which play an essential role in calcium homeostasis. Traditionally, the parafollicular C-cells
were thought to arise from neural crest cells, but recent works have disputed this by
suggesting they arise from endoderm. The ultimobranchial bodies fuse with the superior
dorsolateral aspect of the developing thyroid, forming Zuckerkandl's tubercle'’’. The
parafollicular C-cells then disseminate into the thyroid, but generally remain limited to the
superolateral aspects of the thyroid, while the lower-third of the thyroid remains mostly
devoid of C-cells. Fully developed C-cells secrete calcitonin, which decreases serum calcium

by inhibiting osteoclast function.
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By the seventh week of gestation, the thyroid has reached its final destination in the neck.
Normally, the thyroglossal duct degenerates by the tenth week of gestation with only the
foramen cecum to indicate its former existence. In some instances, incomplete obliteration of
the duct can lead to abnormalities, including thyroglossal duct cysts, lingual thyroid, or a
pyramidal lobe. Cellular differentiation and maturation then continue until the thyroid is

functionally mature by the twelfth gestational week!*3.
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2.16.1 Gross Anatomy of Thyroid Gland

The thyroid gland is divided into two lobes that are connected by the isthmus, which crosses
the midline of the upper trachea at the second and third tracheal rings. In its anatomic
position, the thyroid gland lies posterior to the sternothyroid and sternohyoid muscles,
wrapping around the cricoid cartilage and tracheal rings. It is located inferior to the laryngeal
thyroid cartilage, typically corresponding to the vertebral levels C5-T1. The thyroid attaches
to the trachea via a consolidation of connective tissue, referred to as the lateral suspensory
ligament or Berry’s ligament. This ligament connects each of the thyroid lobes to the trachea.
The thyroid gland, along with the esophagus, pharynx, and trachea, is found within the

visceral compartment of the neck which is bound by pretracheal'>°.

The “normal” thyroid gland has lateral lobes that are symmetrical with a well-marked
centrally located isthmus. The thyroid gland typically contains a pyramidal extension on the
posterior-most aspect of each lobe, referred to as the tubercle of Zuckerkandl. Despite these
general characteristics, the thyroid gland is known to have many morphologic variations. The
position of the thyroid gland and its close relationship with various structures brings about

several surgical considerations with clinical relevance!'®’.
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The thyroid gland is a butterfly-shaped organ composed of two lobes, left and right,
connected by a narrow tissue band, called an "isthmus". It weighs 25 grams in adults, with
each lobe being about 5 cm long, 3 cm wide, and 2 c¢m thick and the isthmus about 1.25 cm in
height and width. The gland is usually larger in women than in men, and increases in size

during pregnancy.

The thyroid is near the front of the neck, lying against and around the front of
the larynx and trachea'¢!. The thyroid cartilage and cricoid cartilage lie just above the gland,
below the Adam's apple. The isthmus extends from the second to third rings of the trachea,
with the uppermost part of the lobes extending to the thyroid cartilage and the lowermost
around the fourth to sixth tracheal rings. The infrahyoid muscles lie in front of the gland and
the sternocleidomastoid muscle to the side. Behind the outer wings of the thyroid lie the
two carotid arteries. The trachea, larynx, lower pharynx and esophagus all lie behind the
thyroid. In this region, the recurrent laryngeal nerve and the inferior thyroid artery pass next
to or in the ligament. Typically, four parathyroid glands, two on each side, lie on each side

between the two layers of the thyroid capsule, at the back of the thyroid lobes!'¢2.

The thyroid gland is covered by a thin fibrous capsule, which has an inner and an outer layer.
The inner layer extrudes into the gland and forms the septa that divide the thyroid tissue into
microscopic lobules. The outer layer is continuous with the pretracheal fascia, attaching the
gland to the cricoid and thyroid cartilages via a thickening of the fascia to form the

posterior suspensory ligament of thyroid gland, also known as Berry's ligament!63.

2.16.1.1 Blood, lymph and nerve supply of the thyroid gland

The thyroid gland has an extremely rich blood supply and is estimated to be six times as
vascular as the kidney and relatively three to four times more vascular than the brain. It
receives blood from the superior and inferior thyroid arteries!®*. These paired vessels supply
the superior and inferior aspect of the gland. The superior thyroid artery is the first branch of
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the external carotid artery as it arises near the level of the superior horn of the thyroid
cartilage. The superior thyroid artery then moves anterior, inferior, and towards the midline
behind the sternothyroid muscle to the superior pole of the lobe of the thyroid gland. From
this point, the superior thyroid artery branches off'®>. One branching point runs down the
dorsal aspect of the thyroid gland. The other superficial branch runs along the sternothyroid
muscle and thyrohyoid muscles, supplying branches to these muscles as well as the
sternohyoid. The superficial branch continues downward to further give off the cricothyroid
branch and to supply the isthmus, inner sides of the lateral lobes, and when present the

pyramidal lobe!®,

The thyrocervical trunk arises from the anterosuperior surface of the subclavian artery and
gives rise to three branches, one being the inferior thyroid artery. The inferior thyroid artery
branches from the thyrocervical trunk at the inner border of the anterior scalene muscle and
advances medially to the thyroid gland. The artery reaches the posterior surface of the lateral
lobe of the thyroid gland at the level of the junction of the upper two thirds and lower third of
the outer border. The largest branch of the inferior thyroid artery is the ascending cervical

branch, and it is important not to mistake this branch for the inferior thyroid artery itself'®’.

In 10% of the population, there is an additional artery known as the thyroid ima artery. This
artery has a variable origin including the brachiocephalic trunk, aortic arch, the right common
carotid, the subclavian, the pericardiacophrenic artery, the thyrocervical trunk, transverse

scapular, or internal thoracic artery'®

. The thyroid ima most commonly originates from the
brachiocephalic trunk and supplies the isthmus and anterior thyroid gland. The thyroid gland
is drained via the superior, middle, and inferior thyroid veins. The middle and superior
thyroid veins follow a tortuous route and eventually drain into the internal jugular vein on
either side of the neck. The drainage of the inferior thyroid vein may enter either the

subclavian or brachiocephalic veins, located just posterior to the manubrium. Lymphatic
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drainage of the thyroid gland involves the lower deep cervical, prelaryngeal, pretracheal, and
paratracheal nodes. The paratracheal and lower deep cervical nodes, specifically, receive
lymphatic drainage from the isthmus and the inferior lateral lobes. The superior portions of
169

the thyroid gland drain into the superior pretracheal and cervical nodes

2.16.2 Microscopic Anatomy of Thyroid Gland

Microscopic spherical sacs called thyroid follicles make up most of the thyroidsglanhd. The

N

wall of each follicle consists primarily of cells called follicular cells, most of extend to

the lumen (internal space) of the follicle!’’. A basement membrane sﬁ@ds each follicle.

When the follicular cells are inactive, their shape is low cuboidal @gaﬁnous, but under the

influence of TSH they become active in secretion and range@%?cuboidal to low columnar

in shape. The follicular cells produce two ho o@yroxine, which is also called
N

tetraiodothyronine or T4 because it contains four&r of iodine and triiodothyronine or T3,

which contains three atoms of iodine. Q\)g\ 4 together are also known as thyroid
hormones!”!. A few cells called par icular cells or C cells lie between follicles, they
produce the hormone calciton%h helps regulate calcium homeostasis. The center, or
lumen, of each thyroid fo ‘s filled with proteins called thyroglobulin synthesized and
secreted by cells of @r d follicles. Large amounts of the thyroid hormones are stored in
the thyroid fi lié%éas part of the thyroglobulin molecules. Between the follicles, a delicate
network of loese connective tissue contains numerous capillaries. Scattered parafollicular
cells@found between the follicles and among the cells that make up the walls of the
follicle!'”.

2.17 Physiology of the Thyroid Gland

The thyroid secretes two major hormones, thyroxine and triiodothyronine, commonly called

T4 and T3, respectively. Both of these hormones profoundly increase the metabolic rate of

the body!”. Complete lack of thyroid secretion usually causes the basal metabolic rate to fall
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40 to 50 percent below normal, and extreme excesses of thyroid secretion can increase the
basal metabolic rate to 60 to 100 percent above normal. Thyroid secretion is controlled
primarily by thyroid-stimulating hormone (TSH) secreted by the anterior pituitary gland'’™.
The thyroid gland also secretes calcitonin, an important hormone for calcium metabolism.
About 93 percent of the metabolically active hormones secreted by the thyroid gland are
thyroxine, and 7 percent triiodothyronine. However, almost all the thyroxine is. eventually
converted to tritodothyronine in the tissues, so both are functionally important. %}nctions
of these two hormones are qualitatively the same, but they differ in rapi 1. intensity of

action. Triiodothyronine is about four times as potent as thyroxin%n\it is present in the

blood in much smaller quantities and persists for a much shorte@ than thyroxine!”>.

The thyroid gland is composed of closed follicles %@ micrometers in diameter) filled

with a secretory substance called colloid and lingd cuboidal epithelial cells that secrete

into the interior of the follicles'’®. The m{c;rj}ﬁs ituent of colloid is the large glycoprotein

thyroglobulin, which contains the thytoid hormones. Once the secretion has entered the

follicles, it must be absorbed bﬁé*ugh the follicular epithelium into the blood before it

can function in the body. thyroid gland has a blood flow about five times the weight of
S

the gland each mindte, @ is a blood supply as great as that of any other area of the body,

with the po 'b@sﬁception of the adrenal cortex. To form normal quantities of thyroine,
about 501@%1’118 of ingested iodine in the form of iodides are required each year, or about
1 m@k. To prevent iodine deficiency, common table salt is iodized with about 1 part
sodium iodide to every 100,000 parts sodium chloride. Iodides ingested orally are absorbed

from the gastrointestinal tract into the blood in about the same manner as chlorides'””.

Normally, most of the iodides are rapidly excreted by the kidneys, but only after about fifth
are selectively removed from the circulating blood by the cells of the thyroid gland and used
for synthesis of the thyroid hormones. The process of concentrating the iodide in the cell is
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called iodide trapping'’®. In a normal gland, the iodide pump concentrates the iodide to about
30 times its concentration in the blood. When the thyroid gland becomes maximally active,
this concentration ratio can rise to as high as 250 times The rate of iodide trapping by the
thyroid is influenced by several factors, the most important being the concentration of TSH
from the anterior pituitary gland being stimulated by Thyroid Releasing Hormone (TRH)
NS
Thyroid hormones have long half-life T4 has a long half-life of 7 days, Hdo'\ofl" 3 is
D

varying between 10 and 24 hours. ‘%

: 4%'»
>
. $
Thyroxine- 80 to 90 ug/day . Q

>
Tri-iodothyronine = 4 to 5 ug/day Q
Reverse T3 =1 to 2 ug/day. Q}\ﬂ
\)Q)q)
%'s
Total T4 =8 ug/dL. QQQ
N

The horm @he thyroid gland are stored in the form of vesicles within thyroglobulin

from the Hypothalamus!”.

Rate of Secretion:

Plasma Level:

Total T3 =0.12 ug/dL

after t@is and are stored for a long period. Each thyroglobulin molecule contains 5 or 6
mol& of thyroxine. There is also an average of | tri-iodothyronine molecule for every 10
molecules of thyroxine. In combination with thyroglobulin, the thyroid hormones can be
stored for several months'”. Thyroid gland is unique in this, as it is the only endocrine gland
that can store its hormones for a long period of about 4 months. So, when the synthesis of
thyroid hormone stops, the signs and symptoms of deficiency do not appear for about 4
months. Thyroid hormones are transported in the blood by three types of proteins:
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1. Thyroxine-binding globulin (TBG)

2. Thyroxine-binding prealbumin (TBPA)

3. Albumin.

Thyroid hormones have two major effects on the body:

1. To increase basal metabolic rate . (b‘

II. To stimulate growth in children. Q;&

Other actions of thyroid hormones include: ‘% E
. \ N

» Thyroxine increases the metabolic activities in most of @dy tissues, except brain,
retina, spleen, testes and lungs. It increases Basal Mégofic Rate (BMR) by increasing
the oxygen consumption of the tissues. The@'?that increases the BMR is called

calorigenic action. In hyperthyroidismii@}creases by about 60% to 100% above the
fa

normal level and in hypothyroidism i by 20% to 40% below the normal level'”.

» Thyroid hormone increases@nthesis of proteins, stimulate almost all the processes

involved in the metab@c’f carbohydrates and also fat metabolism into in the cells.

» Even though Ige)% an increase in the blood level of free fatty acids, thyroxine
speciﬁ@reases the cholesterol, phospholipids and triglyceride levels in plasma. So,
ecretion of thyroxine, the cholesterol level in plasma increases, resulting in
atherosclerosis. Thyroxine also increases deposition of fats in the liver, leading to fatty
liver. Thyroxine decreases plasma cholesterol level by increasing its excretion from liver
cells into bile. Cholesterol enters the intestine through bile and then it is excreted through

the feces.
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Thyroid hormone increases the heat production in the body, by accelerating various
cellular metabolic processes. During hypersecretion of thyroxine, the body temperature
increases greatly, resulting in excess sweating. Normal thyroxine level is necessary to
maintain normal sleep pattern. Hypersecretion of thyroxine causes excessive stimulation
of the muscles and central nervous system. So, the person feels tired, exhausted and feels
like sleeping. But, the person cannot sleep because of the stimulatory effect o.f t%%r‘oxine

on neurons. On the other hand, hyposecretion of thyroxine causes somnolen(%i\

Thyroxine is essential for the normal activity of skeletal musclg%ﬁght increase in
thyroxine level makes the muscles to work with more V'rg@u'ﬂ hypersecretion of
thyroxine causes weakness of the muscles due to cataboliép proteins. This condition is
called thyrotoxicmyopathy. The muscles relax @ slowly after the contraction.
Hyperthyroidism also causes fine muscular tr§1e / Tremor occurs at the frequency of 10

to 15 times per second. It is due to th@

controls the muscle. The lack of t% ine makes the muscles more sluggish.

-induced excess neuronal activity, which

Normal thyroxine level is Nial for normal sexual function. In men, hypothyroidism
'3

leads to complete lo@i ido (sexual drive) and hyperthyroidism leads to impotence. In

women, hyp idism causes menorrhagia and polymenorrhea. In some women, it

causes@r menstruation and occasionally amenorrhea. Hyperthyroidism in women

%@)ligomenorrhea and sometimes amenorrhea!80.

Generally, thyroxine increases the appetite and food intake. It also increases the
secretions and movements of GI tract. So, hypersecretion of thyroxine causes diarrhea

and the lack of thyroxine causes constipation.

Thyroxine increases the rate and force of respiration indirectly. The increased metabolic

rate (caused by thyroxine) increases the demand for oxygen and formation of excess
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carbon dioxide, These two factors stimulate the respiratory centers to increase the rate and

force of respiration.
» Thyroxine increases the demand for secretion by other endocrine glands.

Diseases of the thyroid gland include:

1. Hyperthyroidism is usually caused by Toxic Goiter or Thyrotoxicosis or Grave's disease,

autoimmunity and thyroid adenoma. The symptoms of hyperthyroidism are: Q’}\

a) A high state of excitability, ‘@QO
. @'\

Q'}%

S

b) Intolerance to heat,

c) Increased sweating,

d) Mild to extreme weight loss (sometimes as muc@ 00 pounds),
e) Varying degrees of diarrhea, ( \)

f) Muscle weakness, Q)‘bﬂ

c,giisorders,

g) Nervousness or other psychi

h) Extreme fatigue ‘ Q t

h) but inabj.% eep,
1) T the hands.

j) Exophthalmos. Most people with hyperthyroidism develop some degree of protrusion of

the eyeballs,

2. Hypothyroidisn, like hyperthyroidism, is often initiated by autoimmunity against the droid
gland (Hashimoto disease), but immunity that destroys the gland rather than stimulates it. The

thyroid glands of most of these patients first have autoimmune thyroiditis," which means
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thyroid inflammation'”®

. This causes progressive deterioration and finally fibrosis of the
gland, with resultant diminished or absent secretion of thyroid hormone. Several other types
of hypothyroidism also occur, often associated with development of enlarged thyroid glands,
called thyroid goiter which could be Endemic Colloid Goiter Caused by Dietary lodide
Deficiency or Idiopathic Nontoxic Colloid Goiter. Enlarged thyroid glands similar to those of

endemic colloid goiter can also occur in people who do not have iodine deficiency.

Physiologic characteristics of hypothyroidism include: q’S\

a) Fatigue and extreme somnolence with sleeping up to 12 to 14 @ley, extreme
muscular sluggishness, slowed heart rate, decreased cardiac outpub\&ﬁd%raased blood volume,
sometimes increased body weight, constipation, mental slug%%ss, failure of many trophic
functions in the body evidenced by depressed %@hair and scaliness of the skin,

development of a froglike husky voice, and, in % cases, development of an edematous

appearance throughout the body called m;@dj%ﬁl .

b) Cretinism Q)(b'
c) Atherosclerosis in hypothy:. (M

'3
2.18 Pathophysi(&g)@%ﬂoid Gland
The specific rol hyroid-stimulating hormone in its pathogenesis has not been unraveled.
It has bee@i iously defined and characterized by the increased volume of the thyroid gland
With@formation of multiple nodules. Although a number of definitions exist, the most
accepted is the thyroid gland weighing over 20-25 g or a volume of over 19 ml in females

and 25 ml in males'®.

a. Pyramidal Lobe of the Thyroid (PL)

Pyramidal lobes occur when the distal portion of the thyroglossal duct differentiates into

thyroid tissue. Estimates of pyramidal lobe incidence vary. For example, a 2015 study of 166
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thyroidectomy patients found a pyramidal lobe in 65.7% of patients, with equal gender
distribution, while a 2010 study of 90 male cadavers found a pyramidal lobe in 37.8% of
patients. Pyramidal lobes most commonly arise from the isthmus but can originate from
either lobe (more often the left). They achieve variable lengths but are categorized as short
(less than 15 mm), medium (15 to 30 mm) or long (greater than 30 mm), and are commonly
longer in females than males. It is considered a normal anatomic variant and is generally

asymptomatic'84.
b. Double Pyramidal Lobe (DPL)

An extremely rare variant with only a handful of cases reported. These present with two
pyramidal lobes arising from the thyroid, often located at the junction of the isthmus and the

right and left lobes, respectively. All case reports involve female patients aged 45 to 58 years

old!®,
c. Sub-Isthmic Accessory Gland

Another rare variant of thyroid development. Unlike pyramidal lobes which present
superiorly to the thyroid gland, relating to the thyroid descent along the thyroglossal duct,

these present inferiorly to the thyroid!®.
d. Absent Isthmus:

A normal thyroid isthmus is commonly located at the second and third tracheal rings, but can
vary from the cricoid cartilage down to the fourth tracheal ring. In rare cases, the isthmus is

absent. While the right and left lobes are separated, they are often functional'®’.
e. Ectopic Thyroid Tissue

Thyroid tissue located outside the normal anatomic position in the anterior neck. It most

commonly occurs secondary to failure of embryologic descent. The most common location
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for ectopic thyroid tissue is the base of the tongue (at the foramen cecum, secondary to failure
or migration), but is also commonly found along the thyroglossal duct, resulting in a high
cervical thyroid (due to incomplete migration)!®%. Excessive migration leads to superior
mediastinal or pericardiac thyroid tissue. Less commonly, ectopic thyroid tissue can be found
in the adrenal/pituitary glands along with the GI system, within the female reproductive
system and even within the iris of the eye. One or more foci of ectopic tissue may be present.
Ectopic thyroid tissue can be distinguished from thyroglossal duct cysts via thyroid
scintigraphy, as ectopic tissue is functional, and cysts contain insufficient thyroid tissue for

an examiner to identify'®,
f. Lingual Thyroid:

Rarely, the thyroid fails to descend properly down the thyroglossal duct to the final anatomic
position, which leads to retention of thyroid tissue at the foramen cecum, at the base of the
tongue, and is more common in female patients. Lingual thyroid can span a wide range of
clinical presentations, from an incidental finding to partial airway obstruction. If symptomatic,
lingual thyroid tissue can be surgically removed - with a risk of hypothyroidism if insufficient

thyroid tissue remains!®,
g. Thyroglossal Duct Cyst

Relatively rare, present in approximately 7% of the population worldwide. Arises when a
portion of the thyroglossal duct fails to involute. Secretions from the epithelial lining result in
inflammation and cyst formation'?!. Thyroglossal cysts are found in the midline and closely
associated with the hyoid bone, with 20 to 25% found suprahyoid and 25-65% infrahyoid.
Cysts are frequently asymptomatic but can become infected and present as an abscess.
Classically, thyroglossal duct cysts will elevate with swallowing or protrusion of the

tongue. Thyroglossal cysts are often confused with branchial cleft cysts, which arise from
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incomplete involution of pharyngeal clefts. The second cleft is the one most commonly
implicated, but third and fourth pouches may also occur. Branchial cleft cysts typically
present lateral to the midline, often anterior to the sternocleidomastoid. They do not elevate

with swallowing or tongue protrusion!®2.
h. Lingual Cyst

This is a thyroglossal duct cyst occurring at the base of the tongue. These can present with

difficulty in swallowing or breathing!®>.

2.19 Hormone of Thyroid Gland
The thyroid hormone is well known for controlling metabolism, growth, and many other
bodily functions. The thyroid gland, anterior pituitary gland, and hypothalamus comprise a

194 The main hormones

self-regulatory circuit called the hypothalamic-pituitary-thyroid axis
produced by the thyroid gland are thyroxine or tetraiodothyronine (T4) and triiodothyronine
(T3). Thyrotropin-releasing hormone (TRH) from the hypothalamus, thyroid-stimulating
hormone (TSH) from the anterior pituitary gland, and T4 work in synchronous harmony to
maintain proper feedback mechanism and homeostasis. Hypothyroidism, caused by an
underactive thyroid gland, typically manifests as bradycardia, cold intolerance, constipation,
fatigue, and weight gain. In contrast, hyperthyroidism caused by increased thyroid gland

function manifests as weight loss, heat intolerance, diarrhea, fine tremor, and muscle

weakness!?’.

Iodine is an essential trace element absorbed in the small intestine. It is an integral part of T3
and T4. Sources of iodine include iodized table salt, seafood, seaweed, and vegetables.
Decreased iodine intake can cause iodine deficiency and decreased thyroid hormone
synthesis. lodine deficiency can cause cretinism, goiter, myxedema coma, and

hypothyroidism!'®.
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a. Cellular Level

Regulation of thyroid hormone starts at the hypothalamus. The hypothalamus releases
thyrotropin-releasing hormone (TRH) into the hypothalamic-hypophyseal portal system to
the anterior pituitary gland. TRH stimulates thyrotropin cells in the anterior pituitary to the
release of thyroid-stimulating hormone (TSH). TRH is a peptide hormone created by the cell
bodies in the periventricular nucleus (PVN) of the hypothalamus. These cell bodies project
their neurosecretory neurons down to the hypophyseal portal circulation, where TRH can

concentrate before reaching the anterior pituitary!®’.

TRH is a tropic hormone, meaning that it indirectly affects cells by stimulating other
endocrine glands first. It binds to the TRH receptors on the anterior pituitary gland, causing a

signal cascade mediated by a G-protein coupled receptor!®®

. Activation of Gq protein leads to
the activation of phosphoinositide-specific phospholipase C (PLC). PLC hydrolyzes
phosphatidylinositol 4,5-P (PIP) into inositol 1,4,5-triphosphate (IP) and 1,2-diacylglycerol
(DAG). These second messengers mobilize intracellular calcium stores and activate protein
kinase C, leading to downstream gene activation and transcription of TSH. TRH also has a
non-tropic effect on the pituitary gland through the hypothalamic-pituitary-prolactin axis. As
a non-tropic hormone, TRH directly stimulates lactotropic cells in the anterior pituitary to
produce prolactin. Other substances like serotonin, gonadotropin-releasing hormone, and

estrogen can also stimulate prolactin release. Prolactin can cause breast tissue growth and

lactation!®°.

TSH is released into the blood and binds to the thyroid-releasing hormone receptor (TSH-R)

on the basolateral aspect of the thyroid follicular cell. The TSH-R is a Gs-protein coupled
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receptor, and its activation leads to the activation of adenylyl cyclase and intracellular levels
of cAMP. The increased cAMP activates protein kinase A (PKA). PKA phosphorylates

different proteins to modify their functions. The five steps of thyroid synthesis are below:

1. Synthesis of Thyroglobulin: Thyrocytes in the thyroid follicles produce a protein called
thyroglobulin (TG). TG does not contain any iodine, and it is a precursor protein stored in
the lumen of follicles. It is produced in the rough endoplasmic reticulum. Golgi apparatus

pack it into the vesicles, and then it enters the follicular lumen through exocytosis.

2. lodide uptake: Protein kinase A phosphorylation causes increased activity of basolateral
Na+-I- symporters, driven by Na+-K+-ATPase, to bring iodide from the circulation into
the thyrocytes. lodide then diffuses from the basolateral side to the apex of the cell, where

it is transported into the colloid through the pendrin transporter!®,

3. Iodination of thyroglobulin: Protein kinase A also phosphorylates and activates the
enzyme thyroid peroxidase (TPO). TPO has three functions: oxidation, organification,

and coupling reaction.

1. Oxidation: TPO uses hydrogen peroxide to oxidize iodide (I-) to iodine (I12). NADPH-

oxidase, an apical enzyme, generates hydrogen peroxide for TPO.

2. Organification: TPO links tyrosine residues of thyroglobulin protein with 12. It generates
monoiodotyrosine (MIT) and diiodotyrosine (DIT). MIT has a single tyrosine residue

with iodine, and DIT has two tyrosine residues with iodine.

3. Coupling Reaction: TPO combines iodinated tyrosine residues to make tritodothyronine
(T3) and tetraiodothyronine (T4). MIT and DIT join to form T3, and two DIT molecules

form T4.

4. Storage: thyroid hormones are bound to thyroglobulin for stored in the follicular lumen.
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5. Release: thyroid hormones are released into the fenestrated capillary network by

thyrocytes in the following steps:

1. Thyrocytes uptake iodinated thyroglobulin via endocytosis

2. Lysosome fuse with the endosome containing iodinated thyroglobulin

3. Proteolytic enzymes in the endolysosome cleave thyroglobulin into MIT, DIT, T3, and T4.

4. T3 (20%) and T4 (80%) are released into the fenestrated capillaries via MCTS transporter.

5. Deiodinase enzymes remove iodine molecules from DIT and MIT. lodine can be salvaged

and redistributed to an intracellular iodide pool

b. Organ Systems Involved
Thyroid hormone affects virtually every organ system in the body, including the heart, CNS,
autonomic nervous system, bone, GI, and metabolism. In general, when the thyroid hormone
binds to its intranuclear receptor, it activates the genes for increasing metabolic rate and
thermogenesis. Increasing metabolic rate involves increased oxygen and energy

consumption®®,

Heart: thyroid hormones have a permissive effect on catecholamines. It increases the
expression of beta-receptors to increase heart rate, stroke volume, cardiac output, and

contractility.

Lungs: thyroid hormones stimulate the respiratory centers and lead to increased oxygenation

because of increased perfusion.

Skeletal muscles: thyroid hormones cause increased development of type II muscle fibers.

These are fast-twitch muscle fibers capable of fast and powerful contractions.
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Metabolism: thyroid hormone increases the basal metabolic rate. It increases the gene
expression of Na+/K+ ATPase in different tissues leading to increased oxygen consumption,
respiration rate, and body temperature. Depending on the metabolic status, it can induce
lipolysis or lipid synthesis. Thyroid hormones stimulate the metabolism of carbohydrates and
anabolism of proteins. Thyroid hormones can also induce catabolism of proteins in high
doses. Thyroid hormones do not change the blood glucose level, but they can cause increased

glucose reabsorption, gluconeogenesis, glycogen synthesis, and glucose oxidation?’!.

Growth during childhood: In children, thyroid hormones act synergistically with growth
hormone to stimulate bone growth. It induces chondrocytes, osteoblasts, and osteoclasts.
Thyroid hormone also helps with brain maturation by axonal growth and the formation of the

myelin sheath.

Function

Increases the basal metabolic rate

e Depending on the metabolic status, it can induce lipolysis or lipid synthesis.

o Stimulate the metabolism of carbohydrates

e Anabolism of proteins. Thyroid hormones can also induce catabolism of proteins in high

doses.

e Permissive effect on catecholamines

e In children, thyroid hormones act synergistically with growth hormone to stimulate bone

growth.

e The impact of thyroid hormone in CNS is important. During the prenatal period, it is

needed for the maturation of the brain. In adults, it can affect mood. Hyperthyroidism can
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lead to hyperexcitability and irritability. Hypothyroidism can cause impaired memory,

slowed speech, and sleepiness.

e Thyroid hormone affects fertility, ovulation, and menstruation.

2.20 Mechanism of Action of Thyroid Hormone

Thyroid hormones are lipophilic and circulate bound to the transport proteins. Only a fraction
(approximately 0.2%) of the thyroid hormone (free T4) is unbound and active. Transporter
proteins include thyroxine-binding globulin (TBG), transthyretin, and albumin?’2. TBG
transports the majority (two-thirds) of the T4, and transthyretin transports thyroxine and
retinol. When it reaches its target site, T3 and T4 can dissociate from their binding protein to
enter cells either by diffusion or carrier-mediated transport. Receptors for T3 bind are already
bound to the DNA in the nucleus before the ligand binding. T3 or T4 then bind to nuclear
alpha or beta receptors in the respective tissue and cause activation of transcription factors
leading to the activation of certain genes and cell-specific responses. Thyroid hormones are

degraded in the liver via sulfation and glucuronidation and excreted in the bile?®.

Thyroid receptors are transcription factors that can bind to both T3 and T4. However, they
have a much higher affinity for T3. As a result, T4 is relatively inactive. Deiodinases convert
T4 to active T3 or inactive reverse T3 (rT3). There are three types of deiodinases: type I, 1I,
and III. Type I (DIO1) and II (DIO2) are located in the liver, kidneys, muscles, and thyroid
glands. Type III (DIO3) deiodinases are located in the CNS and placenta. DIO1 and DIO2

convert T4 to the active form T3, and DIO3 converts T4 into inactive form rT32%,
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2.21 Mechanism of the Effect of SARS-CoV-2 Infection on Thyroid Function

SARS-CoV-2 enters the lungs and into the lung parenchyma through the respiratory system.
Eventually, spike proteins of the virus attach to angiotensin-converting enzyme 2 (ACE2),
which is expressed at the surface of pneumocytes?®. ACE2 binds to the spike proteins of
SARS-CoV-2 and acts as a receptor, mediating the entry of the virus to the host cells. This
virus mechanism is also used to gain entry to other cell types of the human body. Many
endocrine system organs have ACE2-expressing cells, such as the pancreas, testis, ovary,
adrenal gland, pituitary gland and thyroid gland. The testis has the highest level of ACE2

expression, followed by the thyroid, whereas the hypothalamus has the lowest level?%,

The pituitary—thyroid axis should be regarded as a vulnerable target of SARS-CoV-2, and
pituitary damage, whether direct or indirect, has been recognized as a determining factor of
secondary hypothyroidism (functional or organic). As 3,5,3'-triiodothyronine (T3) and
thyroxine (T4) are positively correlated with serum ACE levels, the ACE level could be used
as a marker to investigate the action of peripheral thyroid hormones. A study by Rotondi et al.
also proposed the thyroid as a potential target for SARS-CoV-2, as thyroid follicular cells
encode the messenger RNA for ACE2 receptors?’.

After entering the body, SARS-CoV-2 may cause numerous clinical symptoms, SARS and
multisystem organ failure by causing both direct and indirect injury to the body. The direct
effect is due to the cytotoxic effect of the virus on the target cell, and the indirect effect is
caused by the aberrant immune inflammatory responses, which include cytokine, complement
systems and coagulation®®®. Innate and adaptive immune responses are regulated by thyroid
hormones via genomic and nongenomic pathways. Cytokine production and release are
triggered by T4 and T3; this results in a “cytokine storm”, which usually accompanies

systemic viral infections.
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Furthermore, thyroid hormones can enhance the antiviral activity of interferon-y, thus
explaining why some immune system pathways, such as cytokine and T helper 1 cell
hyperactivation, occur in response to virus infections in thyroid disorders. It is also worth
noting that T4 is capable of activating human platelets, which lead to pathological clotting,

which is a complication of virus infection?”

2.22 Effect of Vaccination on Thyroid Function Q) hd

Viruses with associated inflammatory immune responses could be consi .>8Q1 important
variable affecting lifelong thyroid function and consequently cc.mtr' te,to the definition of
thyroid biography at the individual level*!’. The impact of V@} on thyroid function can
undoubtedly lead to multisystem damage, as thyroid h’q@ne affects the development and
function of virtually all human cells, includin@% maturation of olfactory receptor
neurons. The vaccines approved to date iz{qg y effective against severe disease. It is

reassuring that although vaccine effe¢tiveiess against infection appears to decline with

increasing time since Vaccinatic@nues to perform well against severe disease?!!.

It is estimated that betwe % and 30% of hospitalized COVID-19 patients have thyroid
dysfunction, howev@t f these changes appear to be limited and that thyroid function in
most patient w% turn to normal once the infection clears?!?. Nevertheless, there are two
types of thyroid dysfunction that appear to be clearly associated with COVID-19 infection:
Hypothyroidism due to non-thyroidal illness syndrome NTIS, which is changes in the levels
of thyroid hormone in the blood observed in severely ill patients with the absence of pituitary
and thyroid dysfunction. Among the possible SARS-CoV-2 vaccine complications, thyroid
disease was not initially described, but early on, case reports of subacute thyroiditis, Graves’

disease, and thyroid eye disease possible related to the COVID-19 vaccination began to
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appear in the literature, and the question whether the thyroid disorder might be a SARS-CoV-
2 vaccine complication has been raised?!.

2.23 Effect of SAR-CoV2 Vaccination on Thyroid Gland

For the COVID-19 pandemic, the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) mRNA vaccines have been authorized and have provided durable benefits in
reducing the risk of the severe outcomes of hospitalization and death?!4. To date, three doses
of SARS-CoV-2 mRNA vaccination (the initial two doses and the third ‘booster’ dose) have
been introduced in the many countries. As the fourth doses of the SARS-CoV-2 mRNA
vaccines were only authorized for those older than 50 years in the US, the vaccination
program is speculated to be continued specifically in the population who are at greatest risk
and who might gain most benefit from vaccination. This includes immunocompromised
individuals and people older than 50 years, given the prevalence of comorbidities that

increase the risk of severe disease and death in such individuals?!°.

Despite the robust beneficial data on the SARS-CoV-2 mRNA vaccine, adverse effects of the
vaccines related to endocrine disorders have also recently been highlighted. Among the
endocrine organs possibly targeted as adverse effects of the vaccine, the thyroid gland is the
most common one?!'®. Notably, an increasing number of cases of new-onset or relapse of
Graves’ disease (GD) has been recently reported to occur following the SARS-CoV-2 mRNA
vaccines. Such case reports and series have raised speculation of the development of thyroid
autoimmunity due to the mRNA vaccine. However, there is limited epidemiological evidence
or basic findings to clarify if the SARS-CoV-2 mRNA vaccine induces thyroid

autoimmunity?!’

. Furthermore, if the mRNA vaccine disrupts thyroid autoimmunity, further
clinically important questions arise: if the disruption has the potential to induce functionally

overt situations, how long does the vaccine affect thyroid autoimmunity, and what factors

predict its disruption?
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There are similar concerns for COVID-19 vaccination in triggering thyroid autoimmunity and
causing thyroid dysfunction. The earliest case report in May 2021 described 2 patients
without known thyroid disorder who developed Graves’ disease a few days after receiving
the Pfizer-BioNTech messenger RNA (mRNA) COVID-19 vaccine?!8. Following these cases,
there was a report of a patient who developed thyroiditis around 2 weeks after Pfizer-
BioNTech mRNA COVID-19 vaccination. Since then, there have been more than 80 cases of
thyroid dysfunction following COVID-19 vaccination. One postulated mechanism is
“autoimmune/inflammatory syndrome induced by adjuvants” (ASIA). For example, the
aluminum hydroxide as the adjuvant of CoronaVac may be the culprit inducing subacute
thyroiditis as postvaccination ASIA. Molecular mimicry is another postulated mechanism:
SARS-CoV-2 spike protein, nucleoprotein, and membrane protein all cross-react with thyroid
peroxidase (TPO), suggesting that anti-SARS-CoV-2 antibodies may promote autoimmune
thyroiditis?!®. Furthermore, differences exist in the target antigens and types and intensities of
immune responses with different SARS-CoV-2 vaccines. BNT162b2 is the first mRNA
vaccine widely used in humans. By stimulating dendritic cell maturation and eliciting robust
T- and B-cell responses, RNA-based vaccines may activate bystander autoreactive
lymphocytes. Hence, there is a theoretical concern that the mRNA vaccine may reactivate
autoimmune diseases. The potential of different SARS-CoV-2 vaccines in altering thyroid
function and autoimmunity remains to be elucidated®?,

2.24\_Future Vaccination and Management

At the beginning of the COVID -19 pandemic, the majority of world authorities anticipated
that herd immunity would be induced after approximately 67% of the population had been
immunized*!. However, the recent spread of the new SARS-CoV-2 variant among
immunized individuals has necessitated a reconsidering of some previous assumptions. The

expectation of severe disease prevention, and a reduction in hospitalization and mortality in
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all vaccine recipients was altered by this realistic understanding of the effectiveness of
vaccination???, Global access to COVID-19 vaccinations remains a priority, although some
wealthy nations have access to an effective vaccination, this does not necessarily mean that
everyone, particularly the poorest and most disadvantaged, will have this same access. Hence,
to put an end to this epidemic, it will be critical that people in all countries, not just rich
countries, receive the required protection by an effective vaccine. Recently, the world

population had received at least one dose of a COVID-19 vaccination®??,

According to research conducted around the world, factors preventing vaccination include
concerns about safety and side-effects of the vaccine, effectiveness, lack of trust,
misinformation, and anti-vaccine campaigns. The most significant concern expressed by
Europeans who were unsure about getting vaccinated was potential side effects??*. These
studies indicated that different factors contribute to vaccine hesitancy in different countries,
and that there is a need to define a more in-depth understanding of why some individuals are
hesitant to participate in the vaccination program??. This points to the necessity for a tailored
approach to vaccine communication, and in particular, a differentiated reaction to vaccination
hesitancy in different communities, in order to fulfill global herd immunity targets. To put an
end to the global SARS-CoV-2 pandemic, a vaccine is required. Any vaccine that is
dependable, effective, long-lasting, and widely available is a suitable choice. However, viral

particles might mutate, rendering vaccines ineffective?®?,

Therefore, it is critical to develop a safe and dependable vaccine in advance for future
outbreaks of SARS-CoV-2 variants*?’. Regarding the nature of the virus and high rate of
RNA change with natural replication that caused varying transmissibility in pathogenicity of
unlimited variants, as well as ongoing concern about antigenic changes affecting vaccine
protection, it is critical to recognize that it is not possible to completely eradicate this virus

from the world, there should be a developed long-term plans for dealing with it after the
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control of future disease surges and mortality by available vaccines. In addition to decreasing
antiviral antibodies, there should be a repeated vaccine at unpredicted intervals due to the

antigen diversity of newly emerging subspecies??$2%.
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Chapter Three

Methodology

3.1 Study Design &b‘
This study was a cross- sectional study comprising of one hundred and E%ys@@individuals

(from sample size calculation) who had been vaccinated at most eight;months prior to sample

. "
analyses and tested negative to SARS-CoV-2 infection fror%’%’ esult of Real-Time-

polymerase chain reaction (RT-PCR) method presentq&%& vaccination record. These
individuals were compared with a matched coho@ hundred and forty five apparently
healthy individuals, unvaccinated and not posi@to SARS-CoV-2 infection from the result
of Real-Time- polymerase chain rea i(m -PCR) method presented. Individuals with

previous history of thyroid dysfun@t, diabetes, hypertension and renal dysfunction were

'3
analysis of SARS—CiV@ dies to ascertain those that were truly positive and negative.

The study was CO%

Q

3.2 Ethical'Considerations

excluded from the study. T%M mentioned participants were further screened down by
i

for a period of six months.

Ethiproval was obtained from the Oyo State Ethical Review Committee. Informed

consent was obtained before recruiting anyone for the study.

3.3 Study Area
This study was conducted in some Local Governments areas (LGAs) in Oyo state (Ibadan
North, Ibadan South East and Oluyole). Individuals who had been vaccinated were recruited

randomly as evident in their vaccination cards from Government Hospitals within Ibadan,
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Oyo State after informed consent had been obtained while unvaccinated group were recruited
upon seeing the RT-PCR result as negative from Government testing sites within the state,

after informed consent had been given.

3.4 Study Population
3.4.1 Vaccinated Participants (Cases) . @

A total of one hundred and thirty nine apparently healthy participants (rr}alégé females)

W

vaccination cards and tested negative to SARS-CoV-2 infection f&‘l’%tﬁb result of RT-PCR

age range 18-60 years who had been vaccinated as documented 1 ARS-CoV-2

method presented were recruited across some Local Gover@& arears in Oyo State.. The

duri Q

cases were then screened down to eighty two %\malysis by excluding those with
e b

negative Sars-CoV-2 IgG results (to ascertain tho are truly vaccinated), elevated blood

pressure > 130/85mmHg, raised HBAI@, erum Urea > 45mg/dl and creatinine >

1.5mg/dl. (See Figure 3.1: study ﬂow(% for cases)
Q
&
"
e
&
Q°
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139 participants recruited for the study

57 participants excluded due to negative SARS-CoV-2 IgG, raised blood

pressure, HBAIC, Serum Urea and Creatinine results

QQQ3

S
>
S 4

82 participants (cases) used for further analysis

Fig. 3.1 Study flow chart for Cases

Source: Author’s Field Work, 2023
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a®
3.4.2 Unvaccinated Participants (Controls) . '\Qg)&
A total of one hundred and forty five apparently healthy participants (males and females) age
range 18-60 years from different Local Government arears iré%;}d‘a ,.\ not vaccinated and
tested negative to SARS-CoV-2 infection using RT-BC&%ult as documented from the
Government testing sites were recruited after in@%nsent had been obtained. These
controls were then screened down to eighty@during analysis by excluding those with
positive Sars-CoV-2 IgG results (to ceQi,d\those that are truly negative or unexposed),
elevated blood pressure > 130/85@, raised HBAlc >5.8%, serum Urea > 45mg/dl and
creatinine > 1.5mg/dl. (See FigMZ study flow chart for controls)
"
e
N
<8
QO
Y
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&

145 Participants Recruited for the Study

&
S

59 participants excluded due to negative SARS-COV-2 IgG, raised blood

pressure, HBAIC, serum Urea and Creatinine results

.
CP@”
N
B

86 participants (controls) used for further analysis

Fig. 3.2 Study flow chart for Controls

Source: Author’s Field Work, 2023
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3.5 Sample Size Determination .

o
%

The formula for sample size calculation for descriptive cross- sectional g@ls: N =2Z%pq

Where: &Q)

Za = standard normal deviate corresponding to 2 si evel of significance at 5% = 1.96

° \\
P = prevalence of SARS-CoV-2 §)
\)Q’%

d= level of precision at 5% ﬁ(ﬁ

q = 1- prevalence

The prevalence of S@%o -2 in Nigeria is 5.6% in Nigeria (Zhu et al., 2020).

P=5.6% 7%9
N =@3Qer of participants needed

q=1-0.056 =0.94

N=(1.96) > X0.056X 0.94

(0.05) 2 = 80.88

Therefore, the minimum sample size required is 81 for each of the group.
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3.6 Sampling Strategy: Convenience sampling strategy was employed during this research.
Structured questionnaire was used to obtain the socio demographic history of all the

participants.
3.7 Selection Criteria

2.7.1 Inclusion Criteria for Cases:

e Apparently healthy individuals age range 18-60 years who had received t %plete

dose of Sars-CoV-2 vaccines (presence of SARS-CoV-2 antibo §)\qg records of

such were gotten from the vaccination card and documented

@

the questionnaire

administered.

2.7.2 Inclusion Criteria for Controls

e Apparently healthy individuals age range @ars who had never tested positive
nor vaccinated (absence of SARS; @antlbodles) were recruited for this study

from the RT- PCR testing sites

2.7.3 Exclusion Criteria for @es

e Individuals outside 6%1&5 age range, on medication and with history of hypertension,

diabetes me@itu@) ) and cardiovascular diseases (CVD), thyroid dysfunction

° Reﬁiél @ﬁre consent

2.7.4@ sion Criteria for the Controls
¢ Individuals on medications that could affect the thyroid hormones

e Individuals with history of hypertension, diabetes mellitus (DM) and cardiovascular

diseases (CVD)

e Refusal to give consent

3.8 Data Collection Procedure
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3.8.1 Demographic Indices
A semi structured pre-test questionnaire was administered to obtain qualitative data about the

age, gender, background, socio- economic status and the dietary life style of the participants

3.8.2 Anthropometric Characteristics:

Physical indices (weight, height, body mass index) were obtained from the participa@
3.8.2.1 Weight: . Q')&

This was taken with a bathroom scale placed on a flat surface. The [ﬂ%}qn?s wore light
clothing and without shoes and stood on the zero scale. The)&&d ing was recorded in
duplicates to the nearest 0.5kilogram (kg) and the average reaésgc\a/as taken

$

3.8.2.2 Height: Q

The height of each participant was measured in metees’ with subjects standing bare footed as
upright as possible on a hard level ground{g.a)&ﬂa ertical wall and without raising the heels
from the ground with the feet kept toge while the back and heel were aligned with a ruled
bar against the vertical surface@easurements was made by moving a slide head piece to

the vertex of the subject’ & and the reading at that point was recorded to the nearest

0.1meter. ‘ Q
3.8.2.3 Bo @vlndex (BMI):

This was 610 ated from the body weight and height of the subjects using the formula stated

below:

BMI = weight (kg)

height? (m?)

3.9 Clinical Indices

Blood pressure (systolic and diastolic), measurement was taken from participants.
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3.9.1 Blood Pressure

Principle

This involves auscultation of the brachial artery by the use of mercury sphygmomanometer.
The rot cuff is tied around the forearm and is inflated to obstruct the brachial artery and a
stethoscope is placed at the cubital fossa and the pressure released. As the blood flows
through the arm the first and the second sound produced is the Systolic Blood Pre§sure (SBP)

and Diastolic Blood Pressure (DBP) respectively. q’S\
%
. "
O

10mls of venous blood sample was aseptically obtainecL@venepuncture from the

3.10 Sample Collection

participants. The blood was dispensed into plain serum ‘t@ and ethylenediamine tetraacetic
acid (EDTA) bottles. The bloods in the plain bottles\were kept for 1-2 hours to clot and serum
obtained was stored at -20°C until analysis."Qn,the other hand, the EDTA blood whole was
for used for glycated haemoglobin ass%' A1C) after which the plasma from the EDTA
was used for Covid-19 antibody assay* All clotted blood and EDTA samples (after HBA1C
analysis were centrifuged a 0g0mm for 10 minutes using Centaur centrifuge, after which

serum and plasma Cz@acted accordingly and stored in small aliquots at — 20°C until

analysis. 6\‘

Serum ol%in was used for thyroid function assay (tri-iodo-thyronine or free T3 (FT3),
thyroxine or free T4 (FT4) and thyroid stimulating hormone (TSH), inflammatory marker or
C- reactive protein (CRP) estimation, Kidney function tests (electrolytes (sodium, potassium,

chloride and bicarbonate), urea, creatinine and cystatin C).

3.11 Laboratory Analyses
The biochemical indices that were analyzed were:
e Diabetic studies- HBA1C,
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e COVID-19 antibodies.
e Thyroid function tests -Thyroid Stimulating Hormone (TSH), Tri-iodo- thyronine
(fT3), Thyroxine (fT4)
e Inflammatory marker- C-reactive protein (CRP)
e Renal Function tests- Sodium, Potassium, Chloride, Bicarbonate, urea, creatinine and
cystatin C
3.11.1 Determination of Biochemical Parameters Q’S\
3.11.1.2 COVID-19 Antibodies Estimation ‘@
Method: The plasma COVID-19 antibodies estimation was carri@ﬁon Architect 11000
(Abbot) auto- analyser using chemiluminescent microparticle &%moassay (CMIA) used for

the qualitative detection of IgG antibodies to SARS- CoV@ human serum and plasma.

Principle: This assay is an automated, two-step iﬁoassay for the qualitative detection of

IgG antibodies to SARS-CoV-2 in hu@rﬁ\\e}um and plasma using chemiluminescent

microparticle immunoassay (CMIA) @logyl.

e Sample, SARS—COV—ZME coated paramagnetic microparticles, and assay diluent
are combined @ Eated. The IgG antibodies to SARS-CoV-2 present in the
sample b% e SARS-CoV-2 antigen coated microparticles.

Tk% re is washed. Anti-human IgG acridinium-labeled conjugate is added to

@e a reaction mixture and incubated.

e Following a wash cycle, Pre-Trigger and Trigger Solutions are added. The resulting
chemiluminescent reaction is measured as a relative light unit (RLU).

e The presence or absence of IgG antibodies to SARS-CoV-2 in the sample is

determined by comparing the chemiluminescent RLU in the reaction to the calibrator

RLU, which is calculated by the system as an Index (S/C).
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3.11.1.3 Determination of thyroid function markers

Thyroid Stimulating Hormone (TSH) Assay

Method: The serum TSH assay was carried out on Architect 11000 (Abbot) ’\clnalyser

using the Chemiluminescent Microparticle Immunoassay for the quaru@%%termination

of Thyroid Stimulating Hormone in human serum or plasma 6.3

Principle: The Architect TSH assay is a two-step immun(l)&@%o determine the presence of

TSH in human serum and plasma using Chemi ent Microparticle Immunoassay

(CMIA) technology with flexible assay protocoLﬁferred to as Chemiflex®.

The sample, anti- § TSH antibody @paramagnetic microparticles and TSH assay

diluent are combined. TSH pre the sample binds to the anti- TSH antibody coat

microparticles. \)

After washing, anti@f’acridinium— labelled conjugate is added to create a reaction
mixture.

Followi Qother wash cycle, Pre-trigger and Trigger solutions are added to the

9 mixture.
e The resulting chemiluminescent reaction is measured as relative light units (RLUs).

There is a direct relationship between the amount of TSH in the sample and the RLUs

detected by the Architect I System optics

Free T3 Assay
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Method: The serum fT3 assay was carried out on Architect 1000 (Abbot) auto- analyser
using the Chemiluminescent Microparticle Immunoassay for the quantitative determination

of free triiodothyronine in human serum or plasma

Principle: The Architect fT3 assay is a two-step immunoassay to determine the presence of
free triiodothyronine (unbound T3) in human serum and plasma using Chemiluminescent
Microparticle Immunoassay (CMIA) technology with flexible assay protocols re@ to as
Chemiflex®. . Qg)

e Sample and anti- T3 coated paramagnetic microparticles are combined:Free T3 present in

. "
the sample binds to the anti-T3 coated microparticles. @

o After washing, T3 acridinium- labelled conjugate is add&@&

e Pre- trigger and Trigger solutions are then adda@ eaction mixture.

¢ The resulting chemiluminescent reacti .i@ured as relative light units (RLUs). There
is an inverse relationship between t%mount of fT3 in the sample and the RLUs detected
by the Architect I System 0%%%
Free T4 Assay "
Method: The serux@%ay was carried out on Architect [1000 (Abbot) auto- analyser
using the Ch U@inescent Microparticle Immunoassay for the quantitative determination

of free thyroxipe in human serum or plasma

QO
Prin&: The Architect T4 assay is a two-step immunoassay to determine the presence of
free thyroxine (Unbound T4) in human serum and plasma using Chemiluminescent
Microparticle Immunoassay (CMIA) technology with flexible assay protocols referred to as

Chemiflex®.
e Sample and anti- T4 coated paramagnetic microparticles are combined. Free T4 present

in the sample binds to the anti-T4 coated microparticles.
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e After washing, T4 acridinium- labelled conjugate is added to create a reaction mixture.

¢ Following another wash cycle, Pre- trigger and Trigger solutions are then added to the
reaction mixture.

e The resulting chemiluminescent reaction is measured as relative light units (RLUs).
There is an inverse relationship between the amount of fT4 in the sample and the RLUs
detected by the Architect I System optics . cbd

3.11.1.4 Determination of Inflammatory marker — CRP . Q’){\
Method: The estimation of CRP was carried out on Architect c4000 m@‘h%uantitative
Immunoturbidimetric method . \4%'\

Principle: CRP is an acute phase protein whose concentra&&\m\rises non-specifically in
response to inflammation. Multigent CRP wvario is K&eqx) immunoassay developed to
accurately and reproducibly measure blood CRP lv%n serum and plasmaZ.

When an antigen-antibody reaction occur@ CRP in a sample and anti-CRP antibody,
which has been adsorbed to latex patticles, agglutination results. This agglutination is
detected as an absorbance chan%@tnm, with the rate of change being proportional to the

quantity of CRP in the sam N

R

3.11.1.5 Renal l;“{‘Qt_ijm Tests

Determinat Qf Serum Sodium, Potassium and Chloride

Mety: The ARCHITECT c4000System’s Integrated Chip Technology (ICT) was

used for the quantitation of sodium, potassium, and chloride in human serum by adopting the

principle oflon-selective electrode diluted (Indirect) on Architect c4000

Principle: Ion-selective electrodes for sodium, potassium, and chloride utilize membranes
selective to each of these ions. An electrical potential (voltage) was developed across the

membranes between the reference and measuring electrodes in accordance with the Nernst
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equation. The voltage was compared to previously determined calibrator voltages and

converted into ion concentration?.

Determination of Serum Bicarbonate

Method: Phosphor Enol Pyruvate (PEP) Carboxylase

Principle: Carbon dioxide, as bicarbonate (HCO3"), and phosphor (enol) pyruvat @P) are
converted to oxalacetate and phosphate in the reaction catalyzed by phos q\ ) pyruvate
carboxylase (PEPC). Malate dehydrogenase (MDH) catalyzes the reduction of oxalacetate to
malate with the concomitant oxidation of reduced nicotinamide &%dlnucleotlde (NADH)

analog. The resulting decrease in absorbance at 404 nm 1@monal to the carbondioxide

(CO») content in the sample®. @

Determination of Serum Urea Nitrogen \ﬂ

Method: The urea assay quantlﬁcatl%yas carried out on Archiect c4000 auto analyser

using the urease method \g)

Principle: The Urea Nitr. ~%a's}say is a modification of a totally enzymatic procedure. The
test was performed@gmetic assay in which the initial rate of the reaction is linear for a
limited perio o@me. Urea in the sample was hydrolyzed by urease to ammonia and carbon
dioxidg. @e second reaction, catalyzed by glutamate dehydrogenase (GLDH), converts
amm@ and o-ketoglutarate to glutamate and water with the concurrent oxidation of
reduced nicotinamide adenine dinucleotide (NADH) to nicotinamide adenine dinucleotide
(NAD). Two moles of NADH were oxidized for each mole of urea present. The initial rate of

decrease in absorbance at 340 nm is proportional to the urea concentration in the sample®.

Determination of Serum Creatinine
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Method: The creatinine assay quantification was carried out on Archiect c4000 auto analyser
using the Kinetic Alkaline Picrate method
Principle: At an alkaline pH, creatinine in the sample reacts with picrate to form a creatinine-

picrate complex. The rate of increase in absorbance at 500 nm due to the formation of this

complex is directly proportional to the concentration of creatinine in the sample.

Determination of serum Cystatin-C . cba
Method: Estimation of Cystatin C was carried out on Roche/ Cobas c311 auto @ker using
the immunoturbidimetric assay method. \

Principle: Particle enhanced immunoturbidimetric assay Human C&K\C agglutinates with
latex particles coated with anti-cystatin C antibodies. The a@te is determined turbid-

metrically at 552 nm”. ‘ ,\QQ
3.11.1.6 Determination of Hemoglobin A1C Q

Method: The quantification of HBAl(@ried out on Architect c4000 using the
Enzymatic method. (b‘%,

Principle: The Hemoglobin Alc\asgay consists of two separate concentration measurements:
glycated hemoglobin (Hb %a'ﬁd total hemoglobin (THb). The two concentrations are used
to determine the pQ'e}Q Alc (NGSP units) or the hemoglobin fraction in mmol/mol

(IFCC units)”.

The 4 al concentration values of HbAlc and THb generated by the Hemoglobin Alc
assay are used only for calculating the percent hemoglobin Alc or HbAlc fraction, and must

not be used individually for diagnostic purposes.

The anticoagulated whole blood specimen is lysed automatically on the system for the Whole
Blood application or may be lysed manually using the Hemoglobin Alc Diluent (AlcDIL)

for the Hemolysate application.
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Glycated Hemoglobin (HbAlc)
The Hemoglobin Alc assay utilizes an enzymatic method that specifically measures N-

terminal fructosyl dipeptides of the f-chain of HbAlc.

* In the pretreatment process, the erythrocytes are lysed and the hemoglobin is transformed to

methemoglobin by reaction with sodium nitrite.

» With the addition of Reagent 1 (R1) to the sample, the glycosylated N—termin@ptide

(fructosyl-VH) of the p-chain of hemoglobin is cleaved by the actioi‘ @é@tease. The

hemoglobin is transformed to stable methemoglobin azide by the action of sodium azide and

. "
the concentration of the hemoglobin is determined by measuring (@%éﬂb nce.

» Addition of Reagent 2 (R2) starts a reaction and m% peptide oxidase (FPOX) is

allowed to react with fructosyl-VH. The HbAlc@é&ration is measured by determining

The hemoglobin is oxidized t@%@é methemoglobin azide by the action of sodium nitrite

the resultant hydrogen peroxide.

Total Hemoglobin (THb)

and sodium azide and theﬁnqentration of the hemoglobin is determined by measuring

absorbance (sampleCJR@Q
<&

He % Alc Calculations

The final result is expressed as %HbAlc (NGSP) or mmol/mol HbAlc (IFCC) and is

automatically calculated by the system from the HbA1c¢/THb ratio as follows:
mmol/mol HbAlc IFCC:
HbA1c (mmol/mol) = (HbA1lc/THb) x 1000

%HbAlc DCCT/NGSP:
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HbAlc (%) =1FCC x 0.09148 +2.152
3.12 Statement of Confidentiality

All information and data collected in this study were given code numbers and the names of
participants were not recorded. The report of this research cannot be linked to any of the
participants in anyway and their names or any identifier will not be used in any publication.

3.13 Ethical Considerations '\QO
The ethical approval for this research study was obtained from the«Oyo “State Institutional

Review Committee (Ethics Committee) being the State where ’@%e rch work was carried

out. . %
$

Confidentiality: All information and data collec® this study was given code numbers
and the names of participants were not re ’ ﬁhe report of this research cannot be linked

to any of the participants in anyway an%e name(s) or any identifiers will not be used in any

publication. \g)

Translation of protocol t'?cipants in local language: The informed consent form and
the questionnaires @ research study were translated to our local language (i.e. Yoruba
language) fi @/ communication and proper understanding. The administration of the

questi r@es was interactive and interviewer-administered.

Beneficence: The participants will become aware of the level of their thyroid and kidney
function tests at the end of this study. No incentive were given to the participants, the study is

for academic purpose
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Non-Maleficence: Participation in this research posed no pain or danger or risk on the
participants. It is only a little pain of needle prick for blood collections, few minutes (about

25minutes) for the filling of the questionnaires. All participants were treated with respect.
Voluntariness: Participation in the research was entirely voluntary.

3.13 Data Analysis

Data generated was analyzed using IBM SPSS (version 20.0). Results were p’@ d as
mean + standard deviation for all parameters. Independent Student’s t‘-;e\ s used to
evaluate significant differences between mean values. Pearson’s correla%’ n coefficient was

. °
used to examine association between quantitative variables. @alues less than 0.05

(p<0.05) was considered statistically significant. . Q)

Q@
S
>
o

N
QQ%Q
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Chapter Four
Results and Discussion of Findings
4.1 Cases and Controls
A total of two hundred and eighty-four (284) apparently healthy individuals were recruited
for this study. Of this number, one hundred and thirty nine (139) individuals (males and
females), vaccinated at most eight months prior to sample analyses were recm@ Cases,

while one hundred and forty five (145) who were not vaccinated were re@ Controls.

Cases and Controls were screened down to eighty-two (82) and @?ix (86) participants

respectively. The eighty-two cases were selected by exclut@y ifty seven (57) individuals

Q

with negative Sars-CoV-2 IgG results, elevated%@iessure (> 130/90mmHg), raised

HBAI1C values (>5.7%), raised serum urea (>4 ) and creatinine (> 1.5mg/dl). While
the eighty six participants recruited as C@ ere selected by excluding fifty nine (59)
individuals with positive Sars—CoV—Z@esults, elevated blood pressure (> 130/90mmHg),
raised HBA1C (>5.7%) Value%i}ed serum urea (>45mg/dl) and creatinine (> 1.5mg/dl).

The eighty-two cases and @/’%ix controls were used for further testing in this work.

The screening of@ﬁcipants was done to remove bias and cofounders that could affect

the interpn%@of the results subsequently. Thus ensuring that the cases were truly

Vacc'ﬁgnd the controls were neither exposed nor vaccinated.
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4.2 Demographic Data of All the Participants

Table 4.1 shows the bio data and socio demographic characteristics) of the eighty-two
vaccinated participants (cases). The age range was between 18 and 60 years, comprising of
forty-nine males and thirty-three females. Most of these participants were married and having
40.2% within the age group of 26-40 years. Over 90% resides in Ibadan North local
Government area. The cases were vaccinated with three known types of Vaccine@bfﬁzer
(33%), Moderna (3.3%) and Astrazeneca (11%). However, 52.7% receive @different
types of vaccines to complete their dose. The SARS-CoV-2 IgG antib‘%}esults of cases

were all confirmed as positive before proceeding with further anal@'\

In addition, 59.3% had their BMI within the normal rayg@xﬁ- 24.9kg/m?, while 31.4%

were overweight (BMI between 25- 29.9kg/m?) @st 3.5% were underweight. (BMI

<18.5kg/m?).

Table 4.2 shows the mean + SD of anthkopometric measurements and blood pressure of cases.
The mean blood pressure (BP) wa@S/SO.ﬁnm/Hg, while the mean BMI was 23.8kg/m?.

The overall values of both ]%MMI are keeping well with the reference value of 90/60 -
9

“
<130/80mmHg and lié%

g/m? respectively. The mean + SD of blood pressure and BMI
variables for the exc

Qﬁg

d cases are at the appendix.
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Table 4.1: The Biodata and Socio Demographic Characteristics of Cases

Variables n (%)
Age Group (years)

19-25 19 (23.1)

26-40 33 (40.2)

41-60 30 (36.6)

Sex : ®
Female 33 (40.2)

Male 49 (59.8)

Place Of Residence \
Ibadan North 74 (90.1)

Oluyole 4(4.4)

South East 4(5.5)

Marital Status %\
Divorcee 1(1.1) é
Married 44 (53.8) Q

Single
Vaccination %
Astrazeneca )

Pffizer %3 0)
Moderna Q) (3.3)

Combined 48 (52.7)
BMI (kg/m?) %
<18.5 < 3 (3.5)

18.6-24.9 \) 51 (59.3)
25-29.9 27 (31.4)

'3

n- Number of oc

apparently health
Source: Aut oél

Xo’r frequency, %- percentage frequency, BMI- Vaccinated

ig¢1pants.

eld Work, 2023
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Table 4.2: The Anthropometric Measurements and Blood Pressure of Cases

Variables Mean = SD

Blood Pressure @
&

Systolic BP (mmHg) 1245+ 6.9 %\\?O

Diastolic (mmHg) 80.3+79 *

N\

Height (cm) 16%@

BMI (Kg/m?) . @i 3.6
HBA1C (%) b 5.0+ 0.4

—<

S.D- Standard Deviation, BMI- Bo yass index, BP- Blood pressure, HBA1C- Glycated
hemoglobin. The results are e%s?d as Mean + SD.

Source: Author’scFiéld Work, 2023
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Table 4.3 summarizes the bio data and socio demographic characteristics of the unvaccinated
participants (controls). The age range between was between 18 and 60 years, comprising of
fifty-eight males and twenty-eight females. Most of these participants were married and
within the age group of 26-40 years. Over 50% resides in Ibadan North local Government
area. In this category of participants, 59.3% had BMI within the reference age, 31.4% were
overwight, 5.8% were obese and the rest 3.5% were underweight. None of .them were

vaccinated. The SARS-CoV-2 IgG antibodies were negative, thus confirming Q‘)&;\tﬁey had

not been exposed or vaccinated before this study. ,%'\QO

Table 4.4 shows the mean + SD of anthropometric measureme\ 1d blood pressure of
controls. The mean blood pressure was 124.6/80.4mm/]—@1ﬂe the mean BMI was
24.0.kg/m? Both BP and BMI are keeping well  wi e reference values of 90/60 -

<130/80mmHg and 18.5- 24.9kg/m? respectivelygmean + SD of the excluded controls

had been moved to the appendix. ( I )\\‘

S

N
QQ%Q
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Table 4.3: The Biodata and Socio Demographic Characteristics of the Controls

n (%)
Variables . A\%
N

Age Group (years) . Qg)
19-25 18 (20.9) N

26-40 52 (60.5)

41-60 16 (15.0)

Sex ¢ \%“

Female 28 (32.6) C}

Male 58 (67.4) é

Place Of Residence ¢ Q

Ibadan North 55 ( (%\

Oluyole 29123.

South east 1K (1277)

Marital Status N

Divorced ( ) 4.4)

Married 'é’ 60 (69.8)

Single % 23 (26.7)

Vaccination Q) Unvaccinated

BMI ’\)

<18.5 3(3.5)

18.6-24.9 ﬂ'\ 51 (59.3)

25-29.9 Q 27 (31.4)
CO

>30.0 5(5.8)

n- Number of odéurrénce or frequency, %- percentage frequency, Controls- Unvaccinated
apparently@participants, BMI- Body mass index

Source: Auther’s Field Work, 2023

2\
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Table 4.4: The Anthropometric Measurements and Blood Pressure of Control.

Variables Mean = SD

Blood Pressure
Systolic BP (mmHg) 1245+7.9

Diastolic (mmHg) 80.4 £ 9.4 . @
&
Weight (Kg) 68.6+9.7 .
%\QO
Height (cm) 169.2+ 7.0 .
BMI (Kg/m?) 238432 .&%
o)

&
HBAI1C (%) 52+ 0.5~
N

S.D- Standard Deviation, Controls- Unvaccinated @n@ healthy participants. The results are

expressed as Mean £ SD. < \

Source: Author’s Field Work, 2023
P
%\)
N
e
<&
Q
Y
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4.3 Presentation of Laboratory Data for All Participants

Table 4.5 and 4.6 show the mean + SD of the renal function, comprising of the electrolytes,
urea, creatinine, cystatin C; the thyroid function tests which are FT3, FT4, TSH and
inflammatory marker, CRP of the cases and controls respectively. All these parameters were
within the reference ranges in both groups. The mean Sodium for cases and controls were
139.5 and 139.2mmol/l. These values were within the reference value of 135—145m’§n181. The
Potassium values for the two groups were 4.0 and 3.9, which is within the ac %e refence
value of 3.5 -5.0mmol/l. The Bicarbonate values for all the participant@ he two groups
were within the expected value of 20-30mmol/l. Chloride results\@}h'é cases and controls
were 101.6 and 101.2mmol/l respectively, values that are w@%\e acceptable range of 95-
110mmol/l. These electrolyte values showed that th';Q al functions of both cases and

controls as concerns electrolyte exchanges is ade ®

Furthermore, the mean urea (19.9mg/dl @%1 groups) and creatinine (0.8mg/dl of both
groups), values of both the cases a trols, are within the reference value of urea: 15-
45mg/dl and creatinine: O.S-I.Ml. This shows that none of the participants from the two-
group had renal or thyro@;f'{mction. The mean result of the predictive marker of renal
function, cystatin CQI)ooth groups were 0.8 and 0.7mg/dl respectively (see Table 4.5), this
is within the ai able range of cystatin C (0.6-1.2mg/dl). The predictive marker, cystatin C
isa %@dicator of early renal dysfunction than the conventional urea and creatinine, thus

the findings shows that the participants in both groups are not having any renal dysfunction.

In addition, Table 4.6 shows the mean values of the thyroid function hormones, FT3, FT4 and
TSH. All the values were within the reference values for healthy individuals as shown in
Table 4.6. This goes to show that the participants in the two groups were not having any form

of thyroid dysfunction ranging from hypothyroidism, hyperthyroidism, sub-acute thyroiditis
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or sub clinical thyrotoxicosis. The mean CRP value for the groups were also within the
reference value for apparently healthy individuals, thus the two groups were not having any

inflammatory reactions.

Table 4.7 shows the comparison of mean of the renal function, thyroid function and
inflammatory markers between the cases and controls. The difference in mean values of these
markers from cases and controls were not statistically significant (p>0.05). Thes‘e{@dings
indicated that the values of the renal and thyroid function parameters in theya&%ﬁd controls

were similar and there was no statistically significant difference in the t@ps.

Table 8 shows the percentage of cases with elevated levels of th e@?lmatory and thyroid
markers when compared with reference values. Only one &%}inated participants (1.2% of
cases) had elevated level of FT4, TSH and CRP t @ence values. The total prevalence
of elevated inflammatory and thyroid markefs ilﬁses was 3.6%. However, the markers were
only minimally elevated but not statistica@éﬁiﬁcant. This is indicative of sero prevalence

of elevated levels of the thyroid and t ammatory marker (CRP) in cases.

Table 9 shows the percenta@ges with elevated levels of kidney function and predictive
'3

kidney injury markeii. @

within the referenee

these markers were elevated in cases. All parameters were
es. The finding of normal levels of all the renal function parameters

in cases is f%uve of adequate renal function in these individuals.

QQ
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Table 4.5: The Renal Function Markers and Predictive Marker of Renal Dysfunction in

Cases and controls.

Variables Cases (n= 82) Controls (n= 86)

Mean = (SD)
Mean = (SD)

Renal Function Markers .
>
&>

Sodium (mmol/L) 139.5+2.0 139.2+2.6

Potassium (mmol/L) 40 +0.2 39+0.2 . QO
Chloride (mmol/L) 101.6 £ 2.9 101.2 + 3.
Bicarbonate (mmol/L) 24.0+3.0 23 ,@7.\

Urea (mg/dL) 19.9+6.5 »@9 +£5.8

Creatinine (mg/dL) 0.8+0.2 @ 0.8+0.2

Predictive Marker . %
M

Cystatin C (mg/dL) 0.8 + 0%, 0.7£0.2
o

Values are in Mean + SD, SD- sta%ﬁdeviation, Cases- Vaccinated apparently healthy participants,
Controls- Unvaccinated appar@% althy participants. The results are expressed as Mean £+ SD.

Source: Author’s ]C:@%y

N
QQ%Q

147



Table 4.6: Thyroid Function and Inflammatory Markers in Cases and Controls

Variables Cases (n=82) Controls (n=86)

Mean = (SD Mean = (SD)

Thyroid Function Markers

Q

39405 ‘%A@@

FT4 (Thyronine) pmol/L 145+2.5

FT3 (Free triiodothyronine) pmol/L

N

0 9 15.1+29

S
1.6+0.9 Q}
TSH (Thyroid stimulating Hormone) pmol/L . Q

Inflammatory Marker Q@
c

C-Reactive Protein (mg/L) 0.7+0.8
o

1.5+£09

1.4+1.7

Values are in Mean + SD, SD- standard-deviation, Cases- Vaccinated apparently healthy participants,

Controls- Unvaccinated apparg.}\lealthy participants. The results are expressed as Mean + SD.

Source: Author’s I@%y Work, 2023

N
QQ%Q
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Table 4.7: Comparison of Inflammatory Markers, Renal and Thyroid Function Test

Between The Cases and Controls

Cases (n=82) Control (n= 80)
Markers Mean (SD) Mean (SD) t- value P-value
Inflammatory Marker
C- Reactive Protein (mg/dL) 0.7 (0.8) 1.4 (1.7) -1.6 & O 1
Renal Function Markers \ %
Sodium (mmol/L) 139.5 (2.0) 139 (2.6) 0.7 ‘% 0.5
Potassium (mmol/L) 4.0 (0.2) 3.9(0.2) 0.6
Chloride (mmol/L) 101.6 (2.9) 101.2 (3. 6) é% 0.5
Bicarbonate (mmol/L) 24.0 (3.0) 23.9( 7)® 04 0.7
Urea (mg/dL) 19.9 (6.5) % 0.1 0.9
Creatinine (mg/dL) 0.8 (0.2) % 1.6 0.1
Predictive markers
Cystatin-C (mg/dL) 0.8 (O&)Q) 0.7 (0.2) 0.4 0.7
Thyroid Function Markers
FT3 (pmol/L) @0.5) 3.8(0.4) 1.7 0.1
FT4 (pmol/L) X, 145(25) 15.1 (2.9) -1.3 0.2
TSH (pmol/L) Q 1.6 (0.9) 1.5(1.0) 0.6 0.5

Value;@iﬁl mean, p<0.05 is considered statistically significant, *- significance, p-

proba , FT3- triiodothyronine, FT4- thyroxine, TSH- thyroid stimulating hormone,

Cases- Vaccinated participants, Controls- Unvaccinated apparently healthy participants. The

results are expressed as Mean + SD.

Source: Author’s Laboratory Work, 2023
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Table 4.8: Prevalence of Renal Dysfunction in Cases

Markers Caese (n=82) Reference Number  Number Number  Percentage of
Mean = SD Range Low Normal Elevated Population

with Elevated
level

Sodium (mmol/L) 139.2£2.6 135-145 3 79 0 . (b()‘

Potassium (mmol/L) 4.0 +0.2 3550 3 79 ,%\QO 0

. \%'\

Chloride (mmol/L) 101.6 £2.9 95-110 3 7%%\ 0 0

Bicarbonate (mmol/) 24.0 + 3.0 20-30 0 @82 0 0

Urea (mg/dl) 19.9+6.5 15-45 Q@ 46 0 0

Creatinine (mg/dl) 0.8+0.2 0.5@:@' 6 76 0 0

Cystatin-C mg/L) 0.7+0.2 N@l.s 11 71 0 0

A *

Values are in Mean +
participants, Controls= I@

Source: Author’s L

,%Q

QQ

- standard deviation, Cases- Vaccinated apparently healthy
inated apparently healthy participants.

ratory Work, 2023
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Table 4.9: Prevalence of Inflammation and Thyroid Dysfunction in Cases

Markers Caese (n=82) Reference Number  Number Number Percentage of

Mean = SD

Range Low Normal Elevated Population
with Elevated

level

Inflammatory

Markers

C- Reactive Protein 0.7 +0.8
(mg/L)

Thyroid Function

Markers
FT3 (pmol/L)

39+0.5
FT4 (pmol/L) 145+2.5
TSH (pmol/L) 1.6+£0.9

N
O
L
<5.0 0 81 ,%\QO 1.2
.\‘%'\
&

10.6 — 21.‘ )

0.38 %’ 0 81 1.2 1.2
F

N
3.35-5.15 IUQQ 72 0 0
$ .

1.2 1.2

£
Values are in Mean = SD, SD-™\standard deviation, Cases- Vaccinated apparently healthy
participants, Controls- Unvaécinated apparently healthy participants, FT3- triiodothyronine,

FT4- thyroxine, TSH- thy;

imulating hormone.

Source: Author’s [@Pt y Work, 2023

N
QQ%Q
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4.4  Discussion of Findings

Data from this study showed that the age of both cases and controls ranges between 18-60
years. The highest frequency being in participants whose ages are between 26-40 years from
the two group. This finding is consistent with the previous study that this age group are more
active, matured and well educated on the need for vaccination?.

a
Qz.%é& in cases

Information from this study showed that Pfizer vaccine was the most widel
e

S

(33%). This agrees with earlier studies that, mRNA vaccines are the\most widely used
. : : ., a .
vaccines and considered safer over other vaccine after its @al was given under

emergency use authorization by the US Food and Drug Ad&@&ation“.

The serum levels of the inflammatory, renal and @ﬁnction markers of both cases and
controls were within the reference range. The VQ\S of these biochemical parameters in cases
showed no significant difference when, c red with the Controls (p>0.05). This finding
was contrary to earlier studies th%%orted less than 40% of newly diagnosed cases of

glomerulonephritis and 30% cases¥of MCD following vaccination with mRNA vaccines®.
'\

Considering the ca IQ%d in the earlier literatures, the onset of the symptoms of renal

some of the\patients might have had signs of kidney injury (e.g., elevated creatinine,

Q

prote a, or microscopic hematuria) before the first dose but had not been medically

dysfunction, gc%@d as early as few hours after the first dose®. Hence, it is possible that

evaluated before the commencement of the vaccination’.

Few studies reported that most AKI developed within two weeks after immunizations?.
However, a causal relationship between COVID-19 vaccinations and AKI cannot be

established. It was not uncommon that AKI or nephropathies could be caused by various
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vaccines, including flu, HINI, and others'3. Nonetheless, the incidence of COVID-19

vaccines related to AKI may be even higher, probably for the following reasons.

First, as mass vaccination continued, people at risk of AKI will receive the COVID-19
vaccine but most likely will not receive vaccines such as influenza. Second, the mRNA
vaccine has been developed and refined for nearly two decades, but it was not widely used
clinically until only recently'4. Compared with previous vaccines, mRNA vaccine Q’c@elicit
robust antibody- and cell-mediated immune responses, as demonstrated by ug<sighificantly
higher neutralizing antibody titers and activated CD4" and CD8" T é%kcompanied by
increasing pro-inflammatory cytokines!®. Moreover, it was noted ﬁ'txso'ﬁential risks of cross
reactivity between SARS-CoV-2 and autoimmune target %é:?} could lead to immune
activation that may aggravate, unmask, or incite a%f@ diseases?®. This results may also

imply that mRNA vaccines (Pfizer-BioNTec

associated with AKI than adenovirus Vacc<ne;s%‘h en).

Moderna) were more commonly

Third, the immune response to the co@-w vaccine may mimic what happens in response
to natural infection. The kidnwe not excluded during the involvement of COVID-19
disease, there are sever Amsl'xdysfunction cases in COVID-19 infection. Up to 50% of
hospitalized patien ith COVID-19 presented AKI and higher mortality, especially
critically i Qs (40-60%)?. The underlying mechanisms of COVID-19-associated AKI
are li@ultifactorial, including local and systemic inflammatory and immune responses,
endothelial injury and hypercoagulability, and the renin-angiotensin system, direct viral

infection'?,

In addition, IgA nephropathy is the most common glomerulonephritis identified in kidney
biopsy, and it is an immune complex disease caused by mesangial IgA1 deposition with or

without concurrent IgG and C3 deposits !”. Although the factors causing the occurrence of
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IgA nephropathy have not been clearly identified, IgA nephropathy is proposed as a multi-hit
disease. If patients who have a genetic predisposition (genetic variation encoding
galactosylation) are exposed to subsequent triggering events, such as infection, dietary and
environmental stress lead to the production of anti-glycan IgA/IgG, and IgA nephropathy will
occur®. It was reported in an earlier study that COVID-19 vaccination was associated with
glomerulonephritis, and 5 out of 13 patients were diagnosed with IgA nephropat.hy % new-
onset and 1 relapse)’. Among them, the partial nephrectomy sample of one @;\1( before
vaccination indicated IgA deposition. Therefore, IgA nephropat .ﬁ\f: COVID-19
vaccination may be the result of a flare. Moreover, the most. contmen symptom of IgA
nephropathy after a COVID-19 vaccination was gross hematur,@d most patients showed a
self-limited clinical course without immunosuppressioﬁéggdition, eight cases of relapse

IgA nephropathy were recorded, and all of them sp@%usly recovered within 2 weeks®.

Thus, the report of this study has shown t@population studied did not develop any form
of acute kidney injury after Vaccinati@bbfhin the period of study, an indication that COVID-

Q

19 is safe.

'3

In addition, the resul o@ thyroid function presented in this study is contrary to earlier
findings of suba teéw}loiditis (SAT) following SARS-CoV-2 vaccination in two out of ten
individual % concluded that the autoimmune endocrine disorder after vaccination may
deve Q result of either molecular mimicry or the use of adjuvants in vaccine excipients®,
The mechanism by which SARS-CoV-2 promote SAT, is by reacting with cellular antigens
located on thyroid. The spike protein of SAR-CoV-2 may also react with thyroid peroxidase

(TPO) antibodies’.

Form the study above, it was discovered that those with worsening symptoms of SAT, had

subacute thyroiditis prior to COVID-19 vaccination. Noting that this type of autoimmune /
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inflammatory reactions happens in people genetically predispose to thyroid conditions °.
Hence, the thyroid dysfunction seen in the above study was concluded that it may be due to
genetic factors rather than the COVID-19 vaccine received. It is important to emphasize that,
till first quarter of 2022, a total of 10,704,043,684 vaccine doses have been administered®*.
Considering this high number of vaccine doses given worldwide, it was found that the
number of published cases about thyroid side-effects is very small (99 cases) 24.. A_similar
result was found after performing a systematic review of the literature regardin%@usively
SAT (and no other thyroid disease) after SARS-CoV-2 vaccination : 0 51 patients
who developed SAT® Hence, it can be concluded that. t&mﬁidence of thyroid

inconveniences with SARS-CoV-2 vaccination is very rare and.@?gible.

Q

Nevertheless, an underestimation of these data must bg@qsldered, as usual of any scientific
research. In fact, this incidence may be highe that found in the online medicine
databases since most physicians do not{e.p)%'( 11) cases, many cases go untreated, not
everyone gets access to medical/endo %clinic, there are also ignored cases, etc. All in all,

the paucity of published cases !&Q&brompt us to conclude that the benefits of SARS-CoV-2

vaccination overweigh the f‘l&%oﬁi adverse effects.

To explain the assq:d ion between SARS-CoV-2 vaccination and thyroid disease, three main
mechanisrr% been proposed. The first one is shared by different types of vaccines
agai ID-19 regardless of the presence of adjuvants in the excipients and is based on
molecular mimicry between COVID-19 viral proteins and human tissues. The immune
reaction to SARS-CoV-2 Spike Protein and SARS-CoV-2 Nucleo protein leads to the
production of cross-reactive antibodies and their interaction with different tissue antigens,
including thyroid tissue, may be associated with autoimmune disorders?>. The second

mechanism that could be involved is bystander activation. It is an antigen non-specific
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mechanism in which an infection or a vaccination causes a stimulation of innate immunity
and finally leads to the activation of autoreactive T cells®®. Indeed, bystander activation is one

of possible pathogenetic mechanisms evoked in autoimmune thyroiditis and Graves’ disease!.

The third mechanism, one of the most frequently repeated postulations in the discussion of
different case reports, is linked to the use of adjuvants in vaccine excipients. Adjuvants such
as aluminum-based salts, Toll-like receptor (TLR) agonists, emulsions, and %%novel
adjuvants are critical components of vaccines. They have distinctive ochemlcal
properties, which can be significant in regulating the strength, duration‘ﬁypes of immune
responses. Furthermore, a hypothetical autmmm% disorder called
Autoimmune/autoinflammatory Syndrome Induced by Adj&@’gx (ASIA) has been proposed
to explain autoimmune disorders after vaccina ever, thyroid disease, as other
autoimmune diseases, have a complex multlfact ﬁology and many factors can contribute
to their onset. The exact pathogenetic @anm that explains the causal link between
thyroid disease and vaccination is no lly understood and they are also difficult to study,

so further data are needed to GSM this association with certitude'2.

'\
In addition, a sing @‘&study of patients infected with SARS-CoV-2 who developed

thyrotoxicosis we&found to have elevated level of inflammatory marker, interleukin-6".This
study indica hat COVID-19 may be associated with a high risk of thyrotoxicosis, in
rela@m with systemic immune activation and cytokine storm induced by the SARS-CoV-
2 infection. A previous report has also shown interferon and ribavirin therapy—induced
thyrotoxicosis’ In this study, one patient had a significantly increased interleukin-6 level,

suggesting a possible role of cytokines in the mRNA vaccine—induced SAT.

The prevalence of slightly elevated level of serum CRP, FT4 and TSH was 1.2% each (one

person for each parameter). This finding is consistent with previous study, wherein slight
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increase in TSH and FT4 was observed. Nonetheless, the absolute magnitude of change in
thyroid function was small'!. This could also be explained by the changes in thyroid hormone
metabolism in non-thyroidal illness syndrome, in which there could be a transient increase in
fT4 that coincides with the fall in fT3 while THS is normal®®. In addition, mRNA vaccines
are the most widely used vaccines and it got approval for use under emergency use
authorization by the US Food and Drug Administration, thus it is possible that de‘Eail‘%l.study

of the effect of these vaccines on the thyroid and renal function was insufﬁcie@ough it

is still considered safer over other vaccine types’. ,%'\QO

Therefore, results from this study has shown that the SARS—COVoZ‘(%Si&S does not affect

AS

the functionality of both the thyroid and renal systems . QQ')&%
&
S
>
"
8

N
QQ%Q
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Chapter Five
Conclusion
5.1 Summary of Findings
COVID-19 has continued to be a public health concern worldwide and to date. Different
strategies have been put in place to combat the pandemic even as new strains of the virus
keep emerging. One of the strategies is the development of the COVID-19 Vac.cine. Many

effective vaccines have been developed and gone through clinical trials why so @are still

under trial, yet to be approved. There are concerns for COVID-19 Vac‘m@gﬁ\ triggering

renal dysfunction and thyroid autoimmunity thereby causing thyroig%lsxfunction. Also, data

N

on the effect of preexisting thyroid autoimmunity on the efﬁc@%’f OVID-19 vaccination

are limited!. As of today, the COVID-19 vaccine is stiﬂ{i}\%ﬁly effective means to control
this pandemic and must be accepted by quite a nud\%&he population to be able to combat

This study had revealed that Pfizer vac was the most widely available and received in the

the pandemic.

cases under study. Hence, i% that the mRNA vaccines are more used in our

environment as compared w‘%th)e other available and considered safer over other vaccines.

The serum levels 0@19 inflammatory, renal and thyroid function markers of both cases and
controls were @n the reference range. The values of these biochemical parameters in cases
showi;@}igniﬁcant difference when compared with the controls (p>0.05). Thus, the report
of this study has shown that the population studied did not develop any form of acute kidney

injury after vaccination within the period of study, an indication that COVID-19 is safe.

In the same vein, the result of normal thyroid function presented in this study for the
vaccinated participants were within the reference values. These thyroid results when

compared with the none vaccinated group showed no significant difference, a result that is
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contrary to an earlier findings of subacute thyroiditis (SAT) following SARS-CoV-2
vaccination in two out of ten individuals. It can be concluded that the autoimmune endocrine
disorder after vaccination may develop as a result of either molecular mimicry or the use of
adjuvants in vaccine excipients.Hence, SARS-CoV-2 vaccination does not affect thyroid

function.

The prevalence of slightly elevated level of serum CRP, FT4 and TSH was 1.2% 6683 (one
person for each parameter). This finding is consistent with previous study, ¢in slight
increase in TSH and FT4 was observed. Nonetheless, the absolute mﬁ@ of change in
thyroid function was small. This could also be explained by the-ch{fégs"m thyroid hormone

metabolism in non-thyroidal illness syndrome, in which ther@ be a transient increase in

fT4 that coincides with the fall in fT3 while THS 1%{%

5.2 Conclusion \

COVID-19 vaccination was associated w@) odest increase in thyroid hormones, but did
not lead to clinically significant th dysfunction 6 months post vaccination. Although
there was a mild increase in FM TSH, but was not of any clinical significance or signal
to incident of thyroid d@;ctlon hence, this goes to proof that thyroid dysfunction

following COVID-19 vaccination is rare.

In add1t1on‘%%1dy has shown that there is no renal side effect 6 months post vaccination
as %@ from very few studies that reported between 2-3 individuals with
glomerulonephritis. Hence, the results from this study has provided important reassurance to

people to proceed with COVID-19 vaccination.
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5.3

II.

1.

IV.

Recommendations

The benefits of COVID-19 vaccinations in terms of terminating the pandemic and/or
reducing mortality rates far exceed any risk of infrequent complications such as a
transient thyroid or renal malfunction. Therefore, vaccine should be made available

for all. .
>

Renal and thyroid functions checks should be performed if pgss%&tfore the
commencement of SARS-CoV-2 vaccination. ‘@

Post renal and thyroid function checks should be done six@yfhs to one year after

vaccination %\

Due to the fact that there is paucity of i:f(;@; n on these biomarkers in our

environment, further prospective studie hese predictive markers with large

sample size will be beneficial in d@ he long term effect of different COVID-

19 vaccines on the renal and t?@d functions.
Q
N

5.4 Contributi Knowledge

The result of thi@ hé&s shown that the SARS- CoV-2 vaccines does not have any side
effect on<i he thyroid or renal function in the population studied in Ibadan. Thus
givin% assurance that there are no harm in being vaccinated with SARS-CoV-2
vaceines. In Nigeria, there is vaccine hesitancy because of many unconfirmed reports of
negative effect of SARS-CoV-2 vaccines.

In addition, this study has also shown that checking the renal and thyroid functions pre
and post vaccination will help to know individuals who are likely to react to the vaccines

and as such Clinicians are on the alert to manage such people.

5.5 Suggestion for Further Studies
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It will be of great importance to have a longitudinal study of the post vaccination data i.e
6 and 12 months follow up using a larger population, so that different categories of
participants can be enrolled. By so doing, there will be a comprehensive follow up of long

term effect of SARS-CoV-2 vaccination.

165



Bibliography

Journal .

Abdreshov S. N., Demchenko G. A., Mamataeva A. T., Atanbaeva G. K., Manki \a S. A,
Akhmetbaeva N. A., & Nauryzbai U. B.Condition of Adrener nervation
Apparatus of the Thyroid Gland, Blood and Lymph Vessels, and, %)des during
Correction of Hypothyrosis, Bulletin of Experimental Biology and Medicine,

171(2), 2021, 281-285. .
S

Aggarwal A., & Aggarwal R. Covid-19 Vaccines: Sev ;Q;}Technologies at Work. The
National Medical Journal of India, 34(1),2021, ,é\

Agus Z. S., Gardner L. B., Beck L. H., & Go g M. A. R. T. L. N. Effects of Parathyroid
Hormone on Renal Tubular sorption  of Calcium, Sodium, and
Phosphate. American Journal O/Qh) ology-Legacy Content, 224(5), 1973, 1143-

1148.
Ahmadian E., Hosseiniyan Khm M., Razi Soofiyani S., Abediazar S., Shoja M. M.,

Ardalan, M., & Zunwni Vahed S. Covid-19 and Kidney Injury: Pathophysiology and
Molecular Mech ss Reviews in Medical Virology, 3/(3), 2021, e2176.

Ahn H. S., ., Jeong H., Yu J., Yeom J., Song S. H., ... & Kim K. Differential
Uri oteome Analysis for Predicting Prognosis in Type 2 Diabetes Patients with

a ithout Renal Dysfunction. International Journal of Molecular
ces, 21(12), 2020, 4236.

Al-Azzawi A. &Takahashi T., Anatomical Variations of the Thyroid Gland: An Experimental
Cadaveric Study, Annals of Medicine and Surgery, 70, 2021, 102823.

Aldao C., Blasco D., & Poch Espallargas M. Lessons from COVID-19 for the Future:
Destination Crisis Management, Tourist Behaviour and Tourism Industry
Trends, Journal of Tourism Future, 2022, 60.

166



Alharthi  S., El-Naggar M. E., Abu-Saied M. A., Khattab T. A., & Saleh D. 1. Preparation
of Biosensor based on Triarylmethane Loaded Cellulose Acetate Xerogel for the
Detection of Urea. Materials Chemistry and Physics, 276,2022, 125-377.

Al-Ishaq R. K., Kubatka P., Brozmanova M., Gazdikova K., Caprnda M., & Biisselberg D.
Health Implication of Vitamin D on the Cardiovascular and the Renal
System. Archives of Physiology and Biochemistry, /27(3), 2021, 195-209.

Alkayyali T., Ochuba O., Srivastava K., Sandhu J. K., Joseph C., Ruo S. W, ... %;)udel
S, An Exploration of the Effects of Radio Frequency Radiation Emitte obile
Phones and Extremely Low Frequency Radiation on Thyroid Hormon Thyroid

Gland Histopathology, Cureus, 13(8), 2021. ; \

Allen E., & Fingeret A. Anatomy, Head and Neck, T hyroid}@g‘f&tPearls [Internet].
StatPearls Publishing, 2022. {\0

Alvarez-Belon L., Sarnowski A., & Forni L. G. C Infectzon and the
Kidney, British Journal of Hospital Medi 10) 2022, 1-8.

Amraotkar A. R., Bushau-Sprinkle A. M. K?& . J., Hamorsky K. T., Palmer K. E., Gao H.
& Bhatnagar A, Comorbidities Rintinish the Likelihood of Seropositivity After SARS-
CoV-2 Vaccination, MedRXxiv; , 2022-03.

Q

Antonini M., Eid, M. A., Falkenbach M., Rosenbluth S. T., Prieto P. A., Brammli-Greenberg
S. & Paolucci F., nalysis of the COVID-19 Vaccination Campaigns in France,
Israel, Italy n and their Impact on Health and Economic Outcome, Health
Policy and @nology, 11(2), 2022, 100-594.

Arata N.,ﬁ T., Unger P. & Davies T.F., By-Stander Activation in Autoimmune
iditis:  Studies on Experimental Autoimmune Thyroiditis in the GFP+
orescent Mouse, Immunol. 121(1), 2006,108-17.

Armaly Z., Kinaneh S., & Skorecki K, Renal Manifestations of Covid-19: Physiology and
Pathophysiology, Journal of Clinical Medicine, /0(6), 2021, 12-16.

Arriola C. S., Soto G., Westercamp M., Bollinger S., Espinoza A., Grogl M., ... & Lessa F.
C., Effectiveness of Whole-Virus COVID-19 Vaccine Among Healthcare Personnel,
Lima, Peru, Emerging Infectious Diseases, 28(Suppl 1), 2021, S238-S243.

167



Assennato S. M., Ritchie A. V., Nadala C., Goel N., Tie C., Nadala L. M., ... & Lee H. H.,
Performance Evaluation of the SAMBA Il SARS-CoV-2 Test for Point-Of-Care
Detection of SARS-CoV-2, Journal of Clinical Microbiology, 59(1), 2020, ¢01262-20.

Avulova S., Cheville J. C., Lohse C. M., Gupta S., Potretzke T. A., Tsivian M., ... &
Potretzke A. M, Grading Chromophobe Renal Cell Carcinoma: Evidence for a Four-
Tiered Classification Incorporating Coagulative Tumor Necrosis, . Earopean

urology, 79(2), 2021, 225-231. A\
qﬁ

Aycart D. F., Acevedo S., Eguiguren-Jimenez L., & Andrade J. M., @v e of Plant and
Animal Proteins on Inflammation Markers Among Adults, with™ Chronic Kidney
Disease: A Systematic Review and Meta-Analysis, Nutrients;~A3(5), 2021, 1660.

Babi¢ Leko M., Gunjaca I, Plei¢ N., & Zemunik T zronmem‘al Factors Affecting

Thyroid- Stzmulatzng Hormone and Thyroid e Levels, International Journal
of Molecular Sciences, 22(12), 2021, 652 3

Baloch Z. W., Asa S. L., Barletta J. A., G@%. A., Juhlin C.C., Jung C. K., Lee M., &

Mete O., Overview of e~2022 WHO Classification of Thyroid
Neoplasms. Endocrine Path 33(1), 2022, 27-63.

Bell S., Campbell J., Watte C,SYNGH M., Almond A., Buck K., Eliot D, & Mark P. B.,
The Impact of icron’ on Qutcomes Following Infection With SARS-CoV-2 in
patients witi(i) ailure in Scotland. Clinical Kidney Journal, /6(1), 2023, 197-

200.

>

Benotmane autier-Vargas G., Cognard N., Olagne J., Heibel F., Braun-Parvel L.,

@g G. & Caillard S., Weak Antl—SARS CoV-2 Antibody Response After the Fi zrst
ection of an mRNA COVID-19 Vaccine in Kidney Transplant Recipients. Kidney
nternational, 99(6), 2021, 1487-1489.

Benvenga S., Nordio M., Lagana A. S., & Unfer V., The Role of Inositol in Thyroid
Physiology and In Subclinical Hypothyroidism Management. Frontiers, In
Endocrinology, /2, 2021, 662-582.

Bertani V., Blanck O., Guignard D., Schorsch F., & Pischon H., Artificial Intelligence in
Toxicological Pathology: Quantitative Evaluation of Compound-Induced Follicular

168



Cell Hypertrophy in Rat Thyroid Gland Using Deep Learning Models, Toxicologic
Pathology, 50(1), 2022, 23-34.

Bruchfeld A., The COVID-19 Pandemic: Consequences for Nephrology, Nat Rev Nephrol.,
17(2), 2021, 81-82.

Briissow H., COVID-19: Vaccination Problem, Environ Microbiol, 23, 2021, 2878-2890.

Buchhorn R., Meyer C., Schulze-Forster K., Junker J., & Heidecke H., A& tibody
Release in Children after Corona Virus mRNA Vaccination: A % actor of
Multisystem Inflammatory Syndrome?, Vaccines, 9(11), 2021, 13 \

Bush K. T., Singh P., & Nigam S. K., Gut-Derived Uremic Toxin l.i\ng in Vivo Requires
OAT-Mediated Tubular Secretion in Chronic Kidney D{@&, JCI Insight, 5(7), 2020,

38.

Butler-Dawson J., James K. A., Krisher L., Jarami ., Dally M., Neumann N., ... &
Newman L. S., Environmental Metal Expqsures and Kidney Function of Guatemalan
Sugarcane  Workers, Journal o@sposure Science & Environmental

QI.

Epidemiology, 32(3), 2022, 461-4

N

Cameselle- Garcia S., Abdulkade de S., Sanchez- Ares M., Rodriguez- Carnero G.,
Garcia- Gémez, J, Gud mpedro F., Forster K., & Cameselle- Teijeiro J. M.,
PD-L1 Expression % Immune Cells in Anaplastic Carcinoma and Poorly

Differentiated C, ma of the Human Thyroid Gland: A Retrospective
Study, Onco@)@grs, 22(1), 2021, 1-13.

W

Chartoumpeki % V., Ziros P. G., Habeos I. G., & Sykiotis, G. P., Emerging Roles of
KeapNrf2 Signaling in the Thyroid Gland and Perspectives for Bench-to-Bedside
lation, Free Radical Biology and Medicine, 2022, 654-67.

Chavda V. P., Bezbaruah R., Athalye M., Parikh P. K., Chhipa A. S., Patel S., &
Apostolopoulos V., Replicating Viral Vector-Based Vaccines for COVID-19:
Potential Avenue in Vaccination Arena, Viruses, 14(4), 2022, 759.

Chen J. W., Huang M. J., Chen X. N, Wu L. L., Li Q. G., Hong Q., Athalye M., & Chen X.
M., Transient Upregulation of EGRI Signaling Enhances Kidney Repair By
Activating SOX9+ Renal Tubular Cells, Theranostics, 12(12), 2022, 5434.

169



Chen K. C., Chang M. L., Lin C. S., Rajneesh C. P., Liao C. H., You W. C., Chippa A. S., &
Wu Y. N., Insight into SLC9A3 Deficiency-Mediated Micturition Dysfunction Caused
by Electrolyte Imbalance, Biomedicine & Pharmacotherapy, /56, 2023, 114-155.

Chen M., Zhou W., & Xu W., Thyroid Function Analysis in 50 Patients with COVID-19: a
Retrospective Study, Thyroid, 31(1), 2021, 8-11.

Chen X., Yang H. Jia, J., Chen Y., Wang J., Chen H., & Jiang C., Mulberry Leaf
Polysaccharide Supplementation Contributes to Enhancing the Respiratory Mucosal
Barrier Immune Response in Newcastle Disease Virus—Vaccinated Chic, ultry

Science, /00(2), 2021, 592-602. :Q)
'\

Chopra A., Sivaraman K., Radhakrishnan R., Balakr % D.& Narayana A. Can
Povidone lodine Gargle/Mouthrinse Inactivate S/}é oV-2 and Decrease the Risk of

Nosocomial and Community Transmission the COVID-19 Pandemic? An
Evidence-Based Update, Japanese Dental Science Review, 57, 2021, 39-45.

)

Cianciolo G., Cappuccilli M., Tondolo_F. Ga eroni L., Zappulo F., Barbuto S., Barney F.,
& La Manna G., Vztamzn D effects_on bone homeostaszs and cardzovascular system in
patients with chronic kidney e and renal transplant recipients, Nutrients, /3(5),

2021, 1453, \)Q)

Corvino A., Pignata S., %mno M. R., Corvino F., Giurazza F., Tafuri D., Feng L., &
Catalano O % lossal Duct Cysts and Szte—speczf ic leferentzal Dlagnoses

Imaging gs with Emphasis on Ultrasound Assessment, Journal of
Ultraio‘gws 2020, 139-149.

CucidoftanD., & Vanelli M., WHO Declares COVID-19 a Pandemic. Acta Bio-medica,
Atenei Parmensis, 91(1), 2020, 157-160.

Czarnywojtek A., Ochmanska A., Zgorzalewicz-Stachowiak M., Sawicka-Gutaj N.,
Matyjaszek-Matuszek B., Wozniak M., & Ruchata M., Influence of SARS-CoV-2
Infection on Thyroid Gland Function: The Current Knowledge, Advances in Clinical
and Experimental Medicine, 30(7), 2021, 747-755.

170



D'Agati V.D., Satoru Kudose S. & Bomback A.S., Minimal Change Disease and Acute
Kidney Injury Following the Pfizer-BioNTech COVID-19 Vaccine. Kidney Int.
100(2), 2021, 461-463.

D’Andréa G., Vairel B., Vandersteen C., Chabrillac E., Vergez S., & Bonnecaze G. D., Is
Transoral Robotic Surgery the Best Surgical Treatment for Lingual Thyroid? A Case-

Report and  Literature Review. Annals of Otology, Rhinology &
Laryngology, /31(1), 2022, 39-51.

D’Elia L., Giaquinto A., Cappuccio F. P., Iacone R., Russo O., Strazzullo P K alletti
F., Circulating Leptin is Associated with Serum Uric Acid Level and ity Tubular
Reabsorption in a Sample of Adult Middle-aged Men, Journal ‘%{‘inological
Investigation, 43, 2020, 587-593. ‘%

[ ) ”
Daneshgaran G., Dubin D. P., Gould D. J., Cutaneous Mani &s of COVID-19: An
Evidence-Based Review, Am J Clin Dermatol, ,21(5 , 627-639.

Davies, T. F., The Active Times of Jerome Hersm% . An Interview with the Founding
Edltor of Thyroid about a Life Devoted=’to the Thyroid Gland (and other
things), Thyroid, 31(11), 2021, 1609»1@

Dincer Y. C., Ilgin C., Elbasan O., d1n T., Dashdamirova S., Yigit T., Russo O., &

Gozu H.,The Association of! oid Hormone Changes with Inflammatory Status and
Prognosis in COVID-1 &{anaﬁonal Journal of Endocrinology, 2021.

'3

Dozio E., VettorettiS., arella G., Messa P., & Corsi Romanelli M. M., Sarcopenia in
Chronic Kidgey \Disease: Focus on Advanced Glycation End Products as Mediators
and Mark&o Oxidative Stress, Biomedicines, 9(4), 2021, 405.

Der Nigoghossian C., Zidar D. A., Haythe J., Brodie D., Beckman J. A., Kirtane A.

., Stone G. W., Krumholz H. M. & Parikh S. A., Cardiovascular Considerations for

Patients, Health Care Workers, and Health Systems During the COVID-19
Pandemic,J Am Coll Cardiol, 75(18), 2020 May 12, 2352-2371.

Drig@\/ladhavan M. V., Bikdeli B., Chuich T., Laracy J., Biondi-Zoccai G., Brown T.

Du ClosT.W. Function of C-reactive protein. Ann Med. 32, 2000; 274-8.

Dunkle L. M., Kotloff K. L., Gay C. L., Afez G., Adelglass J. M., Barrat Hernandez A. Q.,
Messa P., & Dubovsky, F., Efficacy and Safety of NVX-CoV2373 in Adults in the

171



United States and Mexico, New England Journal of Medicine, 386(6), 2022, 531-
543,

Ecer F., An Extended MAIRCA Method using Intuitionistic Fuzzy Sets for Coronavirus
Vaccine Selection in the Age of COVID-19, Neural Computing and
Applications, 34(7), 2022, 5603-5623.

Egan C., Turtle L., Thorpe M., Harrison E. M., Semple M. G., Docherty A. B., & ISARIC4C
Investigators, Hospital Admission for Symptomatic COVID-19 and .Impact of
Vaccination: Analysis of Linked Data from the Coronavirus Clinical ”%ation
Network and the National Immunisation Management Service, Anae & 77(5),

2022, 605.
g\

Faour W. H., Choaib A., Issa E., Choueiry F. E., Shbaklo K., M., Mallart E., &
Nader M. Mechamsms of COVID-19- Induced Kldney and Current
Pharmacotherapies. Inflammation Research, 2022, Q)

Feldt-Rasmussen U., Effraimidi, G., & Klose Dg‘ e Hypothalamus-Pituitary-Thyroid
(HPT)-Axis and its Role in Physiology a ophysiology of Other Hypothalamus-
Pituitary Functions, Molecular and C r Endocrinology,525, 2021, 111-173.

Freilinger A., Kaserer K., Zettini G
Meng S., Ultrasound for t
Journal of Endocrinologic

idze P., Reissig L. F., Rossmann T., Harmon A.&
ection of The Pyramidal Lobe of the Thyroid Gland,
nvestigation, 45(6), 2022, 1201-1208.

'3

Freuling M., Breit @A., Miiller T., Sehl J., Balkema-Buschmann A., Rissmann M.,
Klein A., ezich C., Hoper D.,.... & Mettenleiter T. C., “Susceptibility of Raccoon
Dogs for ‘E{‘perimental SARS-COV-2 Infection, ’Emerging Infectious Diseases, 26
(12 2982-85.

Fuji@ Sun J., Nakayama S., Horikoshi Y., Kinugasa, Y., Ishida M., ... & Tashiro, S., A

ombination of lohexol Treatment and lonizing Radiation Exposure Enhances Kidney
Injury in Contrast-Induced Nephropathy by Increasing DNA Damage, 2022, 384-
395.

Garrigues E., Janvier P, Kherabi Y., Le Bot A., Hamon A., Gouze H., Doucet L., Berkani S.,
Oliosi E., Mallart E., Corre F., Zarrouk V., Moyer J. D., Galy A., Honsel V., Fantin B.,
Nguyen Y., Post-Discharge Persistent Symptoms and Health-Related Quality of Life
after Hospitalization for COVID-19, J Infect, 81(6), 2020, e4-¢c6.

172



Glowacka M., Lipka S., Mtynarska E., Franczyk B., & Rysz, J.,Acute Kidney Injury in
COVID-19, International Journal of Molecular Sciences, 22(15), 2021, 80-81.

Gobel C. H., Heinze A., Karstedt S., Morscheck M., Tashiro L., Cirkel A., Ishida M., &
Gobel H., Clinical Characteristics of Headache after Vaccination Against COVID-19
(coronavirus SARS-CoV-2) with the BNTI162b2 mRNA Vaccine: a Multicentre
Observational Cohort Study, Brain Communications, 3(3), 2021, fcab169.

Goldstein D. E, Little R. R. & Wiedmeyer H. M. Glycated hemoglobin: methodologée‘s and
clinical applications. Clin Chem 1986; 32: B64-B70. ,&\

Gray G., Collie S., Goga A., Garrett N., Champion J., Seocharan I., x g., & Bekker,
L. G., Effectiveness of Ad26. COV2. S and BNT162b2 Vaccines” Against Omicron
Variant in South Africa, New England Journal of Medio\ 386(23), 2022, 2243-

2245. N
Q'}%

Guan, Y., Zheng, B. J., He, Y. Q., Liu, X. L., 22@1& ., Cheung, C. L., Luo, S. W.,
a

Chen,L........ & J. Zhao, “Isolation and erization of Viruses Related to the
SARS Coronavirus from Animals in South China, ’Science, 302 (5643), 2003,

276-78. C.j\\i

Gutiérrez O. M., Shlipak M. G., Kat %’Waikar S. S., Greenberg J. H., Schrauben S.J.,
& Ix J. H., Associations,of @%a Biomarkers of Inflammation, Fibrosis, and Kidney
Tubular Injury with “Brogression of Diabetic Kidney Disease: a Cohort
Study, American Joga\l f Kidney Diseases, 79(6), 2022, 849-857.

Gyuraszova M., Gurecka R., Babickova J., & Téthova L., Oxidative Stress in the
Pathophysiglogy of Kidney Disease: Implications for Noninvasive Monitoring and
Identi n of Biomarkers, Oxidative medicine and cellular longevity, 2020.

Hah@ 0., &Wiley Z. COVID-19 Vaccines, Infectious Disease Clinics of North
merica, 36(2), 2022, 481-494.

Halpin C., & Reid B., Attitudes and Beliefs of Healthcare Workers about Influenza
Vaccination, Nursing Older people, 34(5), 2019, 65.

Hammodi N. M. J., & Al Aamery R. A., Histological and Immunohistochemical Study of
Thyroid Gland in Caucasian Squirrel (Sciurus anamalus)(Gmelin, 1778) by Using

173



Marker (Anti-Thyroglobulin, Code IR5090), Periodicals of Engineering and
Natural Sciences, 10(6), 2022, 104-112.

He Q., Mao Q., Peng X., He Z., Lu S., Zhang J., Reid B., & Xu M., Immunogenicity and
Protective Efficacy of a Recombinant Protein Subunit Vaccine And an Inactivated
Vaccine Against SARS-CoV-2 Variants in Non-human Primates, Signal
Transduction and Targeted Therapy, 7(1), 69.

He Q., Mao Q., Zhang J., Bian L., Gao F., Wang J., Xu M., & Liang Z.,COVID-19 Vx ‘céfznes
Current  Understanding  on  Immunogenicity, Safety, and,&\ rther
Considerations, Frontiers in immunology, /2, 2021, 669-339. :

Hong Y. A.,Ban T. H., Kang C. Y., Hwang S. D., Choi S. R., Lee H., Wang D., & Kim Y. K.,
Trends in Epldemlologlc Characterlstzcs of End- Staga 'Disease from 2019
Korean Renal Data System (KORDS), Kidney research inical practice, 40(1),
2021, 52.

HuangC., Huang L., Wang Y., Li X., Ren Lee H., & Cao B., 6-month
Consequences of COVID-19 in Patients scharged from Hospital: a Cohort
Study, The Lancet, 397(10270), 2021,&

Huang Y., Yang C., Xu X. F., Xu W, hiu S. W., Structural and Functional Properties of
SARS-CoV-2 Spike Protei tential Antivirus Drug Development for COVID-
19, Acta Pharmacologwmca, 41(9), 2021, 1141-1149.

'3

Inker L. A., Eneany, %oresh J., Tighiouart H., Wang D., Sang Y., Li X., & Levey A.
S., New Creatinine-and Cystatin C—based Equations to Estimate GFR Without
Race, N%gng and Journal of Medicine, 385(19), 2021, 1737-1749.

nda M. L., SARS-CoV-2 Vaccine-Associated Subacute Thyroiditis: Insights From a

Ippo'QTQGallo D., Rossini A., Patera B., Lanzo N., Fazzino G.F.M., Piantanida E. &
ystematic Review, J Endocrinol Invest, 45(6), 2022, 1189-2000.

Islam M., Haque M., Rahman M., Hossen F., Reza M., Barua A., Lund T. M., & Jakariya M.,
A Review on Measures to Rejuvenate Immune System: Natural Mode of Protection
Against Coronavirus Infection, Frontiers in Immunology, /3, 2022, 10-13.

174



Iversen E., Hornum M., Lund T. M., & Houlind M. B., Comment on Delanaye et al: Future

Perspectives Regarding Kidney Function Estimates and Dose Adjustments, British
Journal of Clinical Pharmacology, §8(6), 2022, 2998-2999.

Jafarzadeh A., Nemati M., Jafarzadeh S., Nozari P., & Mortazavi S.,Thyroid Dysfunction
Following Vaccination with COVID-19 vaccines: a Basic Review of The Preliminary
Evidence, Journal of Endocrinological Investigation, 2022, 1-29. Advance online
publication

Jakub J. W., Hesley G. K., Larson N. B., Yaszemski M. J., Lee Miller A., Gre@ J. F.,
Nemati M & Lee C. U., Ultrasonographic Detection and Surgical Reétxteval of a
Nonmetallic Twinkle Marker in Breast Cancer: Pilot Study, ‘%ﬂ\ : Imaging
Cancer, 4(6), 2022, €220-053.

[ ) “
JinD., LiuF., Yu M., Zhao Y., Yan G., Xue J,, Feng L., & Wan%%}'idu Tongluo Baoshen
Formula Enhances Podocyte Autophagy and Reduce.& inuria in Diabetic Kidney
Disease by Inhibiting PI3K/Akt/mTOR Sig@ g  Pathway, Journal of

Ethnopharmacology, 293, 2022, 115-246.66\

Jochmans 1., Brat A., Davies L., Hofker H.S V% de Leemkolk F. E., Leuvenink H. G., &
Ysebaert D., Oxygenated versus Sl‘d%l’ cold perfusion preservation in kidney
transplantation (COMPARE): avra ised, double-blind, paired, phase 3 trial, The
Lancet, 396(10263), 2020, 16(% 62.

Q

l\}gﬂbertson D. T., Herzog C. A., Ishani A., Israni A. K.,

Johansen K. L., Chertow G
7. B., US Renal Data System 2021 Annual Data Report:

Davies L. & We

Kaye A. D., gu C. N., Tortorich G., Pham A. D., Ly E. 1., Brondeel K. C., & Cornett E.

OVID-19 Impact on the Renal System: Pathophysiology and Clinical
comes. Best Practice & Research Clinical Anaesthesiology, 35(3), 2021, 449-
59

Kenney S. P., Wang Q., Vlasova A., Jung K., & Saif L., Naturally Occurring Animal

Coronaviruses as Models for Studying Highly Pathogenic Human Coronaviral
Disease. Veterinary Pathology, 58(3), 2021, 438-452.

Khoury E. E., Knaney Y., Fokra A., Kinaneh S., Azzam Z., Heyman S. N., & Abassi Z.,
Pulmonary, Cardiac and Renal Distribution of ACE2, Furin, TMPRSS2 and ADAM17

175



in Rats with Heart failure: Potential Implication for COVID-19 disease. Journal of
cellular and molecular medicine, 25(8), 2021, 3840-3855.

Killion E.A., Chen M., Falsey J.R. Chronic Glucose-Dependent Insulinotropic Polypeptide
Receptor (GIPR) Agonism Desensitizes Adipocyte GIPR Activity Mimicking
Functional GIPR Antagonism.Nat Commun11, 4981 (2020).

Klomjit N., Alexander M.P., Fervenza F.C., Zoghby Z., Garg A., Hogan M.C., Nasr S.H.,
Minshar M.A. & Zand L. COVID-19 vaccination and glomerulonephritis.KiW Int.

Rep.(6), 2021, 2969-2978. A\
. &

Krammer F., 4 correlate of protection for SARS-CoV-2 vaccines is ur@eeded. Nature

Medicine, 27(7), 2021, 1147-1148. ‘%
. \ '\

Kuemmel S., Heil J., Rueland A., Seiberling C., Harrach H., imrdowski D., & Reinisch M.,
A prospective multicenter registry study to evalua clinical feasibility of targeted

axillary dissection (TAD) in node—pos%@&st cancer patients. Annals of

surgery, 276(5), 2021, e553-e562.

Kukkar D., Zhang D., Jeon B. H., & Kim@ ecent advances in wearable biosensors for
non-invasive monitoring of specifie’metabolites and electrolytes associated with
chronic kidney disease: Pe nce evaluation and future challenges. TrAC
Trends in Analytical C{) , 2022, 116-570.

Kumar R, Saha P., Nyar : &., Kahwn 1., Boateng E. A., Boateng P.O., Jeon B. H., &
Bertram A., Rel tokines and Vaccines in Break through COVID 19
Infections. rnal of Pharmaceutical Research International, 33(60B), 2021,

2544—254§

Kuz . V., Tsyrlin V. A., Pliss M. G., & Galagudza M. M., Seasonal Variations in
vels of Human Thyroid-Stimulating Hormone and Thyroid Hormones: a Meta-
Analysis. Chronobiology International, 38(3), 2021, 301-317.

Li L. L., Wang J. L., Ma X. H., Sun X. M., Li J. S., Yang X. F., Shi W. F., Duan Z. J., 4
novel SARS-CoV-2 related coronavirus with complex recombination isolated from
bats in. Yunnan province, China. Emerg. Micro. Infect., 10 (2021), pp. 1683-1690

Lai K.N., Pathogenesis of IgA Nephropathy. Nat. Rev. Nephrol. (8), 2012, 275-283.

176



Lania A., Sandri M.T., Cellini M., Mirani M., Lavezzi E. & Mazziotti G, Thyrotoxicosis in
Patients with COVID-19: The ThyroCov Study. Eur J Endocrinol, 183 (4), 2020, pp.
381-387

Lanzolla G., Marcocci C., & Marind M., Graves’ disease and Graves’ orbitopathy following
COVID-19, Journal of Endocrinological Investigation, 44(9), 2021, 2011-2012.

Laurila S., Rebelos E., Lahesmaa M., Sun L., Schnabl K., Peltomaa T. M., Marino M., &
Nuutlla P., Novel Effects of the Gastromtestznal Hormone Secretzn an ardiac
Metabolzsm and Renal Function. American Journal of Physwlogy-EndQ‘ ology
and Metabolism, 322(1), 2022, E54-E62.

Massy Z. A., Urea Levels and Cardiovascular Disease\ift~Pdtients with Chronic
Kidney Dzsease Nephrology Dialysis Transplantatlo & ,2022, 567-574

Laville S. M., Couturier A., Lambert O., Metzger M., Mansencal E, Ja;quelinet C, . &

Q‘Q

Lebedev L., Sapojnikov M., Wechsler A., V zki.ew R., Zamir D., Tobar A., Levin-laina
N., Fytlovich S., & Yagil Y. Minir@&ange Disease Following the Pfizer-BioNTech
COVID-19 Vaccine. American’Journal of Kidney Diseases: The Official Journal
of the National Kidney Fou'\%ﬁ, 78(1),2021, 142-145.

Leclerc S., Royal V., & Laurin L. P., Minimal Change Disease with Severe
Acute Kidney In] llowmg the Oxford- AstraZeneca COVID-19 Vaccine: A Case
Report. Am rnal of kidney diseases: the official journal of the National

Kidney Fo da ion, 78(4), 2021, 607-610.

Q>

Lednicky J. agliamonte M. S., White S. K., Elbadry M. A., Alam M. M., Stephenson C.
Q@nny T. S., Loeb J. C., Telisma T., Chavannes S........ &Forni L., Emergence of
7

cine Delta-coronavirus Pathogenic Infections Among Children in Haiti Through
ndependent Zoonoses and Convergent Evolution, Med R. 2021, xiv.

Legrand M., Bell S., Forni L. & Liu K., Pathophysiology of COVID-19-associated acute
kidney injury. Nat Rev Nephrol. 17(11), 2021, 751-764.

Liang Z., Zhu H., Wang X., Jing B., Li Z., Xia X. ...... & Sun B., Adjuvants for Coronavirus
Vaccines, Front Immunol, 11, 2020, 589833.

177



Li Hai, Xu Guo Bing & Xia Tie An. Serum Cystatin C for the detection of early renal
impairment in diabetic patients. JCLA, 2004;18:31-35

Li C, Ma Y., Yang C., Hua R., Xie W., & Zhang L., Association of Cystatin C Kidney
Function Measures with Long-term Deficit-Accumulation Frailty Trajectories and
Physical Function Decline. JAMA Network Open, 5(9), 2022, €2234208-¢2234208.

Li-Li, R., Wang, Y., Wu Z. Q., Xiang, Z. C., Guo, L., Xu, T., Jiang, Y. Z.,.. & Wang, J. W.
“Identification of a Novel Coronavirus Causing Severe Pneumonia in Hwgan: A
Descriptive Study,” Chinese Medical Journal,133 (9) 2020, 1015-24. ,{\

Li Q., Xuhua G., Peng W., Xiaoye W., Lei Z., Yeqing T., Rui‘%y ua R.“Early
Transmission Dynamics in Wuhan, China, of Novel, Coronavirus—Infected
Pneumonia.” New England Journal of Medicine 382 (13)\ 071199-1207.

Lin Y.Q., Wang X., Murthy M.S. & Agarwala S., Life-thm%gﬁng Thyrotoxicosis Induced by
Combination Therapy with PEG—interfe% ibavirin in Chronic Hepatitis

C,Endocr Pract, 11 (2), 2005,p. 135-139.

Linné E., Elfstrom A., Akesso A.,Q;Q'er J., Grubb A., Pettild V. and Bentzer P., Cystatin
C and Derived Measure enal Function as Risk Factors for Mortality and Acute

Kidney Injury in S%%;iA Post-Hoc Analysis of the FINNAKI Cohort. Journal of

Critical Care, 72,@, 54-148.

Lioulios G., Fylgqp A., Papagianni A., & Stangou M., T Cell Markers Recount the Course
of enescence in Healthy Individuals and Chronic Kidney Disease. Clinical
Immunology, 225, 2021, 108-685.

Lisco E;, De Tullio A., Jirillo E., Giagulli V. A., De Pergola G., Guastamacchia E., &
Triggiani V., Thyroid and COVID-19: A Review on Pathophysiological, Clinical and
Organizational Aspects. Journal of endocrinological investigation, 44, 2021, 1801-
1814.

Liu W., Wang S., Xia X., & Guo M., 4 proposed heterogeneous ensemble algorithm model
for predicting central lymph node metastasis in papillary thyroid cancer.
International journal of general medicine, 2022, 4717-4732.

178



Lui D. T. W., Lee C. H., Cheung C. Y. Y., Mak J. H. C., Fong C. H. Y., Lui B. W. C., & Lam
K. S. L., Effect of COVID-19 vaccines on thyroid function and autoimmunity and

effect of thyroid autoimmunity on antibody response. The Journal of Clinical
Endocrinology & Metabolism, /07(9), 2022, e3781-e3789.

Magallon-Flores L., Garrido-Fariia G., Buenrostro-Silva A., & Meraz J., Short Note
Microscopic Structure of the Skin, Heart, and Digestive Canal of the Pygmy Beaked
Whale (Mesoplodon peruvianus). Aquatic Mammals,47(6), 2021.

in COVID-19: A retrospective study from a single center. Plos one , 2021,

€0249-421. ,%.\QO

Markgraf W., Miihle R., Lilienthal J., Kromnik S., Thiele C., Mal ), Mak J. H., & Putz
J., Inulin Clearance During Ex Vivo Normothermic Ma rfusion As a Marker

of Renal Function. ASAIO Journal, 68(9), 2022, 121@ .

Q

McNamara J. P., & Nolan M. F., Anatomy of ical Examination: A Small Group
Learning Approach for Increasing Engagement and Learning in a Medical Gross

Anatomy Course. Clinical Anatomy;% 2022, 256-262.

Malik J., Malik A., Javaid M., Zahid T., Ishaq U., & Shoaib M., Thyroid fung&{b‘alysis

Meyer M. B., Benkusky N. A., Lee S, oon S. H., Mannstadt M., Wein M. N., & Pike J.
W.,  Rapid Genomic ,C s by Mineralotropic Hormones and Kinase SIK
Inhibition Drive Coordingted Renal Cyp27bl and Cyp24al Expression via CREB
Modules. Journal 0f§i0'130 ical Chemistry, 298(11), 2022.

Miyabe Y., Karasawa K., Akiyama K., Ogura S., Takabe T., Sugiura N., & Moriyama T.,
Grading System ‘S@h'sing the Total Score of Oxford Classification for Predicting Renal
Prognosis in phropathy. Scientific reports, 7/(1), 2021, 35-84.

Mnn A., & Al Khalili Y., Anatomy, Head and Neck, Thyroid Muscles, In

StatPearls [Internet], StatPearls Publishing, 2022, 3.

Mortaja S., Sebeih H., Alobida N. W., & Al-Qahtani K., Large thyroglossal duct cyst: a case
report. The American Journal of Case Reports, 27,2020, €919745-1.

Mousa S. A., Hercbergs A., Lin H. Y., Keating K. A., & Davis P. J., Actions of thyroid
hormones on thyroid cancers. Frontiers in Endocrinology, /2, 2021, 691-736.

179



Naguib R., Potential relationships between COVID-19 and the thyroid gland: an
update. Journal of International Medical Research, 50(2), 2022, 406-410

Ndwandwe D., & Wiysonge C. S., COVID-19 vaccines. Current Opinion in
Immunology, 717, 2021, 111-116.

Newman S. K., Harries V., Wang, L., McGill M., Ganly 1., Girshman J., & Tuttle R. M.
Invasion of a Recurrent Laryngeal Nerve from Small Well-Differentiated Papillary

Thyroid cancers: Patient selection implications for., (bfzctive
surveillance. Thyroid, 32(2), 2022, 164-169. ,&\

Nhamo G., Chikodzi D., Kunene H. P., & Mashula N., COVID-19 Va‘% Treatments
Nationalism: Challenges For Low-Income Countries and ttainment of The

SDGs. Global Public health, 7/6(3), 2021, 319-339.

Nourbakhsh H., Adams A., Raverty S., Vogl A. W- na M., & Skoretz S. A,
Mlcroscoplc Anatomy of the Upper Aero ract in Harbor Seals (Phoca
vitulina): Functional Adaptations to Sw@ .The Anatomical Record,306(5),

2023, 947-959.
)

NovakovS. S., & Delchev S. D., Two C% Variations in Inferior Thyroid Arterial Pattern
and T hezr Clinical Implzcatzo ia Morphologica, 2022.

Nwosu I. F., Ibeson C. E., Ola §oye A., Kyaw H., Kumar K., Odigwe C., Chikodi D., &
Nwosu tatzon of Parathyrozd Hormone Levels in  Renal

Impairment, @@Q 14(6), 2022.

O’Shea P,,@r M., Communicating About Vaccination in The United Kingdom, 2022.

Ogu@ V. M., Groen A. H., Hosper N., Nagle P W., Hess J., Faber, H., Adams A., &
oppes, R. P., Generation and Differentiation of Adult Tissue-Derived Human
Thyroid organoids. Stem Cell Reports, 16(4), 2021, 913-925.

Oh J. M., & Ahn B. C., Molecular Mechanisms of Radioactive lodine Refractoriness in
Differentiated Thyroid Cancer: Impaired Sodium lodide Symporter (NIS) Expression

Owing to Altered Signaling Pathway Activity and Intracellular Localization of
NIS. Theranostics, //(13), 2021, 62-51.

180



Olivieri B., Betterle C. & Zanoni G., Vaccinations and Autoimmune Diseases, Vaccines
(Basel), 9(8), 2021, :815

Ong S. W., Yian K. T., Po Y. C., Tau H. L., Oon T. N., Michelle S. W. & Kalisvar M., “Air,
Surface Environmental, and Personal Protective Equipment Contamination by Severe

Acute Respiratory Syndrome Coronavirus 2 (SARS-COV-2) from a Symptomatic
Patient.” JAMA, 323 (16), 2020, 16-10.

Otomo H., Nara M., Kato S., Shimizu T., Suganuma Y., Sato T., Michelle S. W., & Fyjita H.,
Sodium-glucose Cotransporter 2 Inhibition Attenuates Protein Overload ™.
Proximal Tubule via Suppression of Megalin O-GlcNacylation zs

Diabetic Nephropathy. Metabolism, 113, 2020, 154-405. ;' \

Implications  for Thyroid  Cancer, Autoim Thyroiditis, and

Pamphlett R., Doble P. A., & Bishop D. P., Mercury in the Hunm%:’%&r'c)id Gland: Potential
Hypothyroidism. PLoS One, 16(2), 2021, €0246748. Q’)&

Patel C. & Shah H. H., Membranous Nephropathy@ere Acute Kidney Injury Following
Influenza Vaccination, Saudi J Kidney Dis nspl, 26(6), 2015, 1289-1293.

S

Pardi N., Hogan M. J. & Weissman ,Qgem‘ Advances in mRNA Vaccine Technology,
Curr Opin Immunol,65, 202% 0

Park W. B., Nak-Jung K., Su-Jin C., Chang K. K., Pyoeng G. C., Jin Y. K., Jiyoung Y. &
etgion from the First Patient with SARS-COV-2 in Korea,”

Kim S. Y., “Vi S
Journal of l@@ edical Science, 35 (7),2020,35-e84.

Paschou S .Qaralis V., Psaltopoulou T., Vasileiou V., Charitaki 1., Bagratuni T., &
Dimopoulos M. A, Patients with Autoimmune Thyroiditis Present Similar
nological Response to COVID-19 BNTI162b2 mRNA Vaccine with Healthy
bjects, While Vaccination May Affect Thyroid Function: A Clinical

tudy. Frontiers in endocrinology, 73,2022, 345-352

Petreski T., Piko N., Ekart R., Hojs R., & Bevc S.,Review on inflammation markers in
chronic kidney disease, Biomedicines, 9(2), 2021, 182.

Pi L., Lin J., Zheng Y., Wang Z., & Zhou Z., Case report: Subacute Thyroiditis After
Receiving Inactivated SARS-CoV-2 Vaccine (BBIBP-CorV). Frontiers in
medicine, 2022,9.

181



Picard K., Senior P. A., Perez S. A., Jindal K., Richard C., & Mager D. R. Low
Mediterranean Diet scores are associated with reduced kidney function and health
related quality of life but not other markers of cardiovascular risk in adults with

diabetes and chronic kidney disease. Nutrition, Metabolism and Cardiovascular
Diseases, 3/(5), 2021, 1445-1453.

Plasse R., Nee R. & Gao S., Acute Kidney Injury with Gross Hematuria and IgA Nephropathy
After COVID-19 vaccination, Kidney Int., 100(4), 2021, 944-945

Pujol A., Gémez L. A., Gallegos C., Nicolau J., Sanchis P., Gonzélez-Freire .%(’)pez—
Gonzalez A. A., Dotres K., & Masmiquel L., Thyroid as a TargetfQof¥Adjuvant
Autoimmunity/Inflammatory Syndrome Due to mRNA-based SARS<C, ]
from Graves' Disease to Silent Thyroiditis, Journal &d

investigation, 45(4), 2022, 875-882.
. \‘%'\

Qiao Y., Brodnik Z. D., Zhao S., Trueblood C. T., Li Z.@& J., Dotres K., & Hou S.,
0

Spinal Dopaminergic Mechanisms Regulating th iéturition Reflex in Male Rats
With Complete Spinal Cord Injury. Journal of &; rauma, 38(6), 2021, 803-817.

Rajalakshmi A. N., & Begam F., Thyroid Ho es in the Human Body: A review,Journal
of Drug Delivery and Therapeutics, ); 2021, 178-182.

Q>

Rodriguez-Ayala M., Banegas J. R Ortola R., Gorostidi M., Donat-Vargas C., Rodriguez-
Artalejo F.& Guallar-Castillon P., Cooking methods are associated with inflammatory
factors, renal functigs, and other hormones and nutritional biomarkers in older

adults. Scientific ts, 12(1), 2022, 164-83.

Roehm B., McA gd.& Hedayati S. S., Novel Biomarkers of Kidney Disease in Advanced
Heart re: Beyond GFR and Proteinuria, Current heart failure reports, /9(4),
20225223-235.

Ruberti: B., Machado D. P., Vendramini T. H. A., Pedrinelli V., Marchi P. H., Jeremias J.
T.& Brunetto M. A., Serum Metabolites Characterization Produced by Cats CKD
Affected, at the 1 and 2 Stages, before and after Renal Diet, Metabolites, 13(1), 2022,
43,

Rubino F., Puhl R.M., Cummings D.E., Joint International Consensus Statement for Ending
Stigma of Obesity. Nat Med 26, 2020, 485—497.

182



Ruggeri R. M., Campenni A., Deandreis D., Siracusa M., Tozzoli R., Petranovi¢ Ov¢aricek P.,
& Giovanella L., SARS-COV-2-Related Immune-Inflammatory Thyroid Disorders:
facts and perspectives. Expert review of clinical immunology, /7(7), 2021, 737-759.

Sachdeva M., Gianotti R., Shah M., Bradanini L., Tosi D., Veraldi S., Ziv M., Leshem E.,
Dodiuk-Gad R. P., Cutaneous manifestations of COVID-19: Report of Three Cases
and A Review of Literature. J Dermatol Sci. 98(2), 2020, 75-81

Sahin U., Muik A., Vogler I. & Marchi P. H., BNT162b2 Vaccine Induces Net{i&lizing
Antibodies and Poly-Specific T Cells in Humans, Nature, 595(7868), 202]&5{ 577.

Sakolish C., Chen Z., Dalaijamts C., Mitra K., Liu Y., Fulton T., Quiﬂ%x& Chiu W. A.,
Predicting tubular reabsorption with a human kidney proximal tubule tissue-on-a-
chip and physiologically-based modeling. Toxicology in ¥V i\a 63, 2020, 104-752.

Salas M. E. S., Moreno D. M., Fernandez L. G., Ramos:P (2,& Presmanes M. C., Papillary

Thyroid Carcinoma in Ectopic Thyroid (Tj Within a Suspected Cervical
Paraganglioma. Clinical Nuclear Medici , 2022, e34-e36.

Samimi H., Atlasi R., Parichehreh-Dizaji(S., ﬁhazaei S., Akhavan Rahnama M., Seifirad S.,
& Haghpanah V., 4 Systemat iew on Thyroid Organoid Models: Time-Trend
and its Achievements. Am Journal of Physiology-Endocrinology and

Metabolism,320(3), 20%@%—?590.

Sancho-Martinez S. M., -'&}ozalo V., Quiros Y., Prieto-Garcia L., Montero-Gomez M.
J., Docherty N G.xMoreno D. M., & Lopez-Hernandez F. J., Impaired Tubular
ReabsorptioQiﬁ) the Main Mechanism Explaining Increases in Urinary NGAL
Excretion‘%ol owing Acute Kidney Injury in Rats. Toxicological Sciences, /75(1),
2020 .

Scan@om J. J., Nguyen L. T., Bos E. M., Van Goor H., & Joles J. A., Fighting oxidative
tress with sulfur: Hydrogen sulfide in the renal and cardiovascular
systems. Antioxidants, /0(3), 2021, 373.

Schena F.P. & Nistor 1., Epidemiology of IgA Nephropathy: A Global Perspective, Semin
Nephrol, (38), 2018, 435-442.

Senger R. S., Sullivan M., Gouldin A., Lundgren S., Merrifield K., Steen C., Joles J. A., &
Robertson J. L. Spectral characteristics of urine from patients with end-stage kidney

183



disease analyzed using Raman Chemometric Urinalysis (Rametrix). PLoS One, 15(1),
2020, e0227281.

Shakked N. P., de Oliveira M. H. S., Cheruiyot I., Benoit J. L., Plebani M., Lippi G., Nistor
I.,& Henry B. M., Early prediction of COVID-19-associated acute kidney injury: Are

serum NGAL and serum Cystatin C levels better than serum creatinine?. Clinical
Biochemistry, /02, 2022, 1-8.

Shehata M., Alksas A., Abouelkheir R. T., Elmahdy A., Shaffie A., Soliman A., qulﬁr}i M.,
& El-Baz A...A comprehensive computer-assisted diagnosis system@ early
assessment of renal cancer tumors. Sensors, 21(14), 2022, 49-28. :Q)

Shekhar S., Wurth R., Kamilaris C. D. C., Eisenhofer G., Barrera, F. J»; Hajdenberg M.,
Tonleu J., Hall J. E., Schiffrin E. L., Porter F., Stratakis .“& Hannah-Shmouni
F.Endocrine Conditions and COVID-19,Horm. Metab 2(7), 2020 Jul, 471-

484. . QQ'}

Shimizu S., Nagao Y., Kurabayashi A., Shimizu %&hi Y., Karashima T., & Saito M.,
Aging-related Severe Hypertension Induces™~PDetrusor Underactivity In Rats. Life
Sciences, 283, 2021, 119-855. . \

Shin J. L., Fine D. M., Sang Y., Su ni A., Dunning S. C., Inker L. A., Saito M. &
Grams M. E.,Associatjon Rosuvastatin Use with Risk of Hematuria and
Proteinuria. Journal 0&9 merican Society of Nephrology, 33(9), 2022, 1767-

1777. @'\

Sigdel T. K., Schr@. W., Yang J. Y., Sarwal R. D., Liberto J. M., & Sarwal M. M.,
Targeted X{érine Metabolomics for Monitoring Renal Allograft Injury and
Immu @pression in Pediatric Patients. Journal of clinical medicine, 9(8), 2020,
23413

Siljee S:., Milne B., Brasch H. D., Bockett N., Patel J., Davis P. F., Inker L. A., & Tan S. T.,
Expression of Components of the Renin-Angiotensin System by Cancer Stem Cells in
Renal Clear Cell Carcinoma. Biomolecules, /1(4), 2021, 537.

Smarz-Widelska 1., Grywalska E., Morawska 1., Forma A., Michalski A., Mertowski S., &
Zatuska W., Pathophysiology and Clinical Manifestations of COVID-19-Related
Acute Kidney Injury-The Current State of Knowledge and Future
Perspective, International Journal of Molecular Sciences, 22(13), 2021, 7082.

184



Solis-Pazmino P., & Brito J. P., Is Thyroglobulin a Useful Marker in the Monitoring of
Differentiated Thyroid Cancer Following Lobectomy or Without Radioactive
lodine?. Clinical Thyroidology, 34(8), 2022, 355-357.

Soltanpoor P., & Norouzi G., Subacute Thyroiditis Following COVID-19
Vaccination. Clinical case reports, 9(10), 2021, e048-12.

Sonug E., Thyroid Disease Classification Using Machine Learning Algorithms, In Journal of
Physics: Conference Series (Vol. 1963, 2021 July, No. 1, p. 0121%%‘ 10P

Publishing. ,(\
Q

Sorrenti S., Baldini E., Pironi D., Lauro A., D’Orazi V., Tartaglia F., X g., Iodine: Its
role in thyroid hormone biosynthesis and beyond, Nutrients, [3(12); 2021, 4469.
Sézen M., Topaloglu O., Cetinarslan B., Selek A., Cantii &, Gezer E., Koksalan D.&

Bayraktaroglu T., COVID-19 mRNA Va May  Trigger  Subacute
Thyroiditis, Human vaccines & immunoth@@ ics, 17(12), 2021, 5120-5125.

Spagnuolo G. M., Tierney H. T., Eldeiry L* %ffer L. P., Sadow P. M., & Garber J. R.
Pyramidal Lobe Nodule or Thyroglos. uct Lesion? Approach to Diagnosis and
Treatment, AACE Clinical Ca%l’ rts, 8(3), 2022, 142-144.

>

Speer G., & Somogyi P., T hy%'g’)complications of SARS and Coronavirus Disease 2019
(COVID-IQ),Endocr'gj\ournal, 68(2), 2021, 129-136.

RN

Sriphrapradang C., gravation of Hyperthyroidism after Heterologous Prime-boost
Immuniz, with Inactivated and Adenovirus-vectored SARS-CoV-2 Vaccine in A
Pati Graves’ Disease, Endocrine, 74(2), 2021, 226-227.

Q

Su S.,Wu L.& Jiang S., Learning From The Past: Development of Safe and Effective COVID-
19 Vaccines, Nature Reviews, Microbiology, 19(3), 2021, 211-219.

Székely A. D., Microscopic Anatomy and Embryology Il Handbook (Doctoral dissertation,
Semmelweis University),202].

Tan H. Z., Tan R. Y., Choo J., Lim C. C., Tan C. S., Loh A., Tien C. S., Tan P. H.& Woo K.
T., Is COVID-19 Vaccination Unmasking Glomerulonephritis?, Kidney
International, /00(2), 2021, 469—-471.

185



Teixeira J. P., Barone S., Zahedi K., & Soleimani M., Kidney Injury in COVID-19:
Epidemiology, Molecular Mechanisms and Potential Therapeutic
Targets, International Journal of Molecular Sciences, 23(4), 2020, 2242.

Tian Z., & Liang M., Renal Metabolism and Hypertension. Nature Communications, /2(1),
2021, 963-967.

Tseng H. F., Ackerson B. K., Luo Y., Sy L. S., Talarico C. A., Tian Y., & Qian L.
Effectiveness of mRNA-1273  Against SARS-CoV-2  Omicron Delta
Variant,. Nature Medicine, 28(5), 2022, 1063-1071. ,(\

Tsukahara H, Miyahara H., Hasegawa K., Yashiro M., Ohara T. Fu]1s$%4 Yoshimura
T., Thioredoxin Interacting Protem Protects Mice from asting Induced Liver
Steatoszs by Activating ER Stress and Its Downstream Slg Pathways. Scientific

reports, /2(1), 2022, 4819.
&

Unnikrishnan R., Misra A., Diabetes and COVID @Bzdzrecttonal Relationship, Nutr
Diabetes11, 21 (2021).

Urbanellis P., Hamar M., Kaths J. M., K lm % Linares 1., Mazilescu L., & Selzner M.
Normothermic Ex Vivo Kidn usion Improves Early DCD Graft Function

Compared  with  Hypoth Machine  Perfusion and  Static  Cold
Storage. Transplantatl n, , 2021, 947-955.
Vallon V., & Thomson 7'")1e Tubular Hypothesis of Nephron Filtration and Diabetic

Kidney Dzse@ ¢ Reviews Nephrology, /6(6), 2020, 317-336.

Vera-Lastr @hnola Navarro A., Cruz Domiguez M. P., Medina G., Sanchez Valadez T.
I, & Jara L. J. Two Cases of Graves' Disease Followmg SARS-CoV-2 Vaccination:
Q@utoimmune/lnﬂammatory Syndrome Induced by Adjuvants. Thyroid, 31(9), 2021,
36-1439.

Verbeke R., Lentacker 1., De Smedt S. C., & Dewitte H., The Dawn of mRNA Vaccines: The
COVID-19 Case, Journal of Controlled Release, 333, 2021, 511-520.

Vilches T. N., Moghadas S. M., Sah P., Fitzpatrick M. C., Shoukat A., Pandey A., & Galvani
A. P., Estimating COVID-19 Infections, Hospitalizations, and Deaths Following The
US Vaccination Campaigns During The Pandemic. JAMA network open, 5(1), 2022
e2142725-e2142725.

186



Vilches T. N., Moghadas S. M., Sah P., Fitzpatrick M. C., Shoukat A., Pandey A., & Galvani
A. P., Estimating COVID-19 Infections, Hospitalizations, and Deaths Following the
US Vaccination Campaigns During the Pandemic. JAMA network open, 5(1), 2022
€2142725-e2142725.

Vojdani A., & Kharrazian D., Potential Antigenic Cross-Reactivity Between SARS-CoV-2 and

Human Tissue with a Possible Link to an Increase in Autoimmune Diseases. Clin
Immunol.;217, 2020:108480

‘ Vojdani A., Vojdani E..& Kharrazian D., Reaction of Human Monoclonal A@?es to Deleted[Azuka Patrick]: E....

SARS-CoV-2 Proteins With Tissue Antigens: Implications for Autoim % iseases.

Front Immuneol 11, 2020, :617089. ; \

&

Vuong Q. H.,Le T. T., La V. P., Nguyen H. T. T.Q/I. T., Van Khuc Q., & Nguyen M. H.,
Covid-19 Vaccines Production and® Sécietal Immunization Under the Serendipity-
Mindsponge-3D Knowledge Mawnagement Theory and Conceptual
Framework., Humanities and %c: ciences Communications, 9(1), 2022.

>

Walter E. B., Talaat K. R., Sabm?)al C., Gurtman A., Lockhart S., Paulsen G. C., & Gruber
W. C., Evaluation of*the BNT162b2 Covid-19 Vaccine in Children 5 to 11 Years of
Age. New Englan@ al of Medicine, 386(1), 2022, 35-46.

Wang J. B., S Jin L., Zhou L., Jiang, X. F., Xiao, G. Z., & Xie L., The Clinical
Signi, of Detecting Blood Supply to the Inferior Parathyroid Gland Based on

the “Layer of Thymus-Blood Vessel-Inferior Parathyroid Gland” Concept,

&naﬁonal Journal of Endocrinology, 2022.

Welt F. G. P., Mahmud E., Dauerman H. L., Messenger J. C., Rao S. V., Grines C., Mattu A.,
Kirtane A. J., Jauhar R., Meraj P., Rokos I. C., Rumsfeld J. S.,& Henry T. D.,
Management of Acute Myocardial Infarction During the COVID-19 Pandemic: A
Position Statement From the Society for Cardiovascular Angiography and
Interventions (SCAI), the American College of Cardiology (ACC), and the American
College of Emergency Physicians (ACEP). J Am Coll Cardiol. 2020 Sep
15;76(11):1375-1384

187



Windpessl M., Bruchfeld A., Anders H. J., Kramer H., Waldman M., Renia L., Ng L., Xing
Z., & Kronbichler A., COVID-19 Vaccines and Kidney Disease. Nature Review,.
Nephrology, 17(5), 2021, 291-293.

Wraith D.C., Goldman M.,& Lambert P.H., Vaccination and Autoimmune Disease: What is
the Evidence? Lancet. 362(9396), 2003, 1659—66

Wong C. H., Leung E. K. H., Tang L. C. K., Lee C. H., Fong C. H. Y., Lee A. C. H. & Lui D.
T. W. Effect of Inactivated and mRNA COVID-19 Vaccination on Thyroid Function
Among Patients Treated For Hyperthyroidism, The Journal q&\ nical
Endocrinology & Metabolism,2022, 456-78 . Qg)

World Health Organization WHO-Convened Global Study of Origins.of SARS-CoV-2: China
Part World Health Organization (2021)234-654 . \ "

Wu Y., Guo C., Tang L., Hong Z., Zhou J., Dong Xs, K%%{, Xiao G., Tang Y., Qu X.,
Prolonged Presence of SARS-CoV-2 % in Faecal Samples.Lancet

Gastroenterol. Hepatol, 2020,5,434-435.

Wu W. Y., Lee S. P., Chiang B. J., Lin W. &Chien C. T., Urothelial Calcium-Sensing
Receptor Modulates Micturitig ction Via Mediating Detrusor Activity and

Ameliorates Bladder Hyperacti in Rats. Pharmaceuticals, /4(10), 2021, 960.

Injury Induced by ium in Mice. Biological Trace Element Research, /99, 2021,

1877-1884. CJQ
I\

Yarijani Z QNajaﬁ H., Kidney injury in COVID-19 patients, drug development and
their Renal Complications: Review study. Biomedicine & Pharmacotherapy, /42,

Q@, 111-966.

YuY. Luo S., Mo P. K. H., Wang S., Zhao J., Zhang G., ... & Lau J. T. F., Prosociality and
Social Responsibility Were Associated With Intention of COVID-19 Vaccination

Among University Students in China. International Journal of Health Policy and
Management, //(8), 2022, 1562-1569.

Yang H., Xing R., Liu S,, ?I&X{Eﬁ%ct of Fucoxanthin Administration on Thyroid Gland

Yuichi U. W. A. L., Kondo R., Suzuki T., Kawasaki T., & Nabekura T., Potent Inhibition of
Biphasic Tubular Reabsorption of Lithium by Acetazolamide and Foscarnet in
rats. Physiological Research, 69(4), 2020, 645.

188



Zahid H. M., Qarah A. B., Alharbi A. M., Alomar A. E., & Almubarak S. A., Awareness and
Practices Related to Cervical Cancer Among Females in Saudi Arabia. International
Journal of Environmental Research and Public Health, 7/9(3), 2022, 1455.

Zhang H., Chen C., Zhang X., Wang Y., Wan H., Chen Y., & Wang N. Association between
Sex Hormone-Binding Globulin and Kidney Function in Men: Results From the
SPECT-China Study. Chinese Medical Journal, /35(17), 2022, 2083-2088.

Creatinine and Kidney Function: An Observational Study. BMC Nep y, 21,

2020, 1-9. . Q)
%

Zhao Z., Anselmo A. C., & Mitragotri S., Viral Vector-Based ;iene Therapies in the

Zhang X., Rule A. D., McCulloch C. E., Lieske J. C., Ku E., & Hsu C. Y.,ubular.eyﬁtion of

clinic. Bioengineering & Translational Medicine, 7(1),2 10258.

Q'}%

Zhu N., Zhang D., Wang W, Li X. Yang B S Qhao X., Huang B., Shi W., Lu R., Niu
P., Zhan F., Ma X., Wang D., G., Gao G. F,, Tan W & China Novel
Coronavzrus Investlgatmg and Re@ eam , A Novel Coronavzrus from Patients
with Pneumonia in China, 20 New England Journal of Medicine, 382(8),

2020, 727-733.
Q)‘b»

\)

Amos J., & Sheerl_r)S C., Thyroglossal duct cyst. In StatPearls [Internet]. StatPearls

Publlihl®g022

Internet

Bag endrik J. T., Jeroen R. S., & Frank J. V. K., “The Life Cycle of Non-Polio
teroviruses and How to Target It.” Nature Reviews Microbiology 16 (6), 2008,
68-81.

Cai J., Wenjie S., Jianping H., Michelle G., Jing W., & Guiqing H., “Indirect Virus
Transmission in Cluster of COVID-19 Cases, Wenzhou, China, 2020.” Emerging
Infectious Diseases 26 (6), 2020, 1343-45.

189



Centers for Disease Control and Prevention (CDC). Prevalence of IgG antibody to SARS-
associated coronavirus in animal traders—Guangdong Province, China. MMWR.
Morb. Mortal. Wkly. Rep. 52, 2003, 986-987

Chen M., Chang C., Xiaohui Y., Xiaoqi C., Feng Z., Liang S., & Zongze Z., “Angiotensin Il
Aggravates  Lipopolysaccharide Induced Human Pulmonary Microvascular
Endothelial Cells Permeability in High Glucose Status.” Endocrine Journal 65 (7),
2018, 717-25.

Chiu R. W, Nelson L. T., David S. H., Grace T. C., Stephen S. C.,& Ying- ma 5» ‘Ace?
Gene Polymorphisms Do Not Affect Outcome of Severe Acuts piratory

Syndrome.” Clinical Chemistry 50 (9), 2004, 1683-86. ;' \

Costa L. B., Lucas G. P., Vitoria A. P., Thiago M. C., Victors = Katharina L., & Ana
Cristina S. S., “Insights on SARS-COV-2 Molecular ctions with the Renin-
Angiotensin System.”, Frontiers in Cell and Develo 1 Biology ,2020, 8.

Fang L., George k., & Michael R., “Are Patients @ertension and Diabetes Mellitus at
Increased Risk for COVID-19 Infection? . T ancet Respiratory Medicine, 2020,

8 (4). Cj\\‘

Felice C., Chiara N., Gian L. D. T., %., Enrico B., Luca S., & Micaela R., “Use of Raas
Inhibitors and Risk of ClinigalsDeterioration in COVID-19: Results from an Italian
Cohort of 133 Hypertensives.” American Journal of Hypertension 33 (10), 2020,

944-48.
@"

Hui K. P., Man-Ch@,q(anawaka A. P., Ka-Chun N., Christine H. B., John C. H.& Mandy
M. N., “Fopism, Replication Competence, and Innate Immune Responses of the
Coron SARS-COV-2 in Human Respiratory Tract and Conjunctiva: An Analysis
in Ex~Vivo and in-Vitro Cultures.” The Lancet Respiratory Medicine 8 (7), 2020,

N

Pirahanchi Y., Tarig M. A., & Jialal L., Physiology, thyroid. StatPearls [Internet], 2020.

Qu G., Xiangdong L., Ligang H., and Guibin J. & Miceala R. “An Imperative Need for
Research on the Role of Environmental Factors in Transmission of Novel
Coronavirus (COVID-19).” Environmental Science &amp; Technology 54 (7),
2020, 3730-32.

190



Santarpia J. L., Danielle N. R., Vicki H., M. J. Morwitzer, Hannah C., George W. S., &
Kevin K. C., “Transmission Potential of SARS-COV-2 in Viral Shedding Observed at
the University of Nebraska Medical Center,Clinical Chemistry, 43(2), 2020, 56-69

Seto W.H., TsangD., Yung,R.W.H T., ChingY., NgT. K., HoM., Ho L. M, &Peiris J. S. M..
“Effectiveness of Precautions against Droplets and Contact in Prevention of

Nosocomial Transmission of Severe Acute Respiratory Syndrome (SARS).” The
Lancet 361 (9368), 2003, 1519-20.

Shekhar S., Wurth R., Kamilaris C. D. C., Eisenhofer G., Barrera F. J., Haj @g M.,
Tonleu J., Hall J. E., Schiffrin E. L., Porter F., Stratakis C. A.,& Hann ouni F.
Endocrine Conditions and COVID-19.Horm Metab Res. 2020 Jul;’& A471-484.

Shi Y., Ying W., Changshun S., Jianan H., Jianhe G., Xiaopingyd¥s\ Enrico B., Mauro P.,
Giuseppe I. & Gerry M. “Covid-19 Infection: Th ectives on Immune
Responses.” Cell Death &amp; Differentiation 27 ( , 1451-54.

&

Sia S. F., Li-Meng Y., Alex W. C., Kevin F., Ka-{i .&Alvina Y. Wong, P. K.,&Stratakis

C. A. “Pathogenesis and Transmission of. ARS-COV-2 in Golden Hamsters. "Nature
583 (7818), 2021, 834-38. .)‘\\)

Singh A. K., & Khunti K.,COVID—IQ@Diabetes. Annu Rev Med.;73, 2022, Jan 27, 129-

147. Q)
\)

Fountain S. L., Kaur J. 'glppin J,“Physiology, Renin Angiotensin System.” National

Center for Bi ology Information, U.S. National Library of Medicine.
Accessed May 4

Ren L. L., Ye-Ming W., Zhi-Qiang W., Zi-Chun X., Li G., Teng X., Yong-Zhong J. & Shi Y.

N tification of a Novel Coronavirus Causing Severe Pneumonia in Human: A
scriptive Study.” Chinese Medical Journal 133 (9), 2020 1015-24.

TanH. Z., TanR. Y., Choo J.,Lim C. C., Tan C. S., Loh A., Tien C. S., Tan P. H., & Woo K.
T.,, Is COVID-19 Vaccination Unmasking Glomerulonephritis?. Kidney
International, 100(2), 2021, 469471

Tsao, M. Yen, J. C. Huang, & Yi-Ming A. “Human-Leukocyte Antigen Class [ CW 1502 and
Class I DR 0301 Genotypes Are Associated with Resistance to Severe Acute
Respiratory Syndrome (SARS) Infection.” Journal of Virology 34(2), 2011, 34-45

191

‘ Deleted[Azuka Patrick]:

‘ Deleted[Azuka Patrick]: ,



TanH.Z., TanR. Y., Choo J.,, Lim C.C., Tan C. S., Loh A., Tien C. S., Tan P. H., &
Woo K. T., Is COVID-19 Vaccination Unmasking Glomerulonephritis?. Kidney
International, 100(2), 2021, 469-471.

Van D., Neeltje, T. B., Dylan H. Morris, M. G. Holbrook, A. G., Brandi N. Williamson, A. T.,
&Stratakis C. A. “derosol and Surface Stability of SARS-COV-2 as Compared with
SARS-COV-1.” New England Journal of Medicine 382 (16), 2020, 1564—-67.

Varga Z., Andreas J. F., Peter S., Martina H., Rea A., Annelies S. Z., Mandeep R. MsReto A.
S., Frank R., & Holger M., “Endothelial Cell Infection and Endotheliitis,'& VID-

19.” The Lancet 395 (10234), 2020, 1417-18. :Q)

V’kovski P., Annika K., Silvio S., Hanspeter S. & Volker T “Coronavirus Biology and
Replication: Implications for SARS-COV-2., "Nature Re.vi\d Microbiology 19 (3),

2020 155-70. {O\

Walls A. C., Young-Jun P. M., Alejandra T., Abigai ., Andrew T. M., & David V.
“Structure, Function, and Antigenicity of -COV-2 Spike Glycoprotein.” Cell

181(2), 2020, 18-21

Wang S., Kuan-Hsuan C., Marcelo C., thJi L., Yen-Ju C.,Ching-Han C., Immuno toxicity
of SARS-CoV-2. Immunology , 2021, 421-26.

Windpessl M., Bruchfeld A, %r)s H. J., Kramer H., Waldman M., Renia L., Nig L., Xing
Z., &Kronbichler VID-19 Vaccines and Kidney Disease, Nature Reviews.

Nephrology@% 1,291-293.

Xiao X., Chri hristina D., Buesching D., Macdonald W.,& Zhao-Min Z., “Animal Sales
from Wuhan Wet Markets Immediately Prior to the COVID-19 Pandemic.” Scientific

Q@hrts 11 (1), 2021, 021-022.

Xu R., Jian-Feng H., Meirion R., Evans J., Guo-Wen P., Hume E., De-Wen Y., Chin-Kei
L.&., Mandeep R. M. 2004. “Epidemiologic Clues to Sars Origin in China.”
Emerging Infectious Diseases 10 (6), 2004. 1030-37.

Yan R., Yuanyuan Z., Yaning L., Lu X., Yingying G., &Qiang Z., “Structural Basis for the
Recognition of SARS-COV-2 by Full-Length Human ACE2.” Science 367 (6485),
2020 1444-48.

192



Zhang T., Wu Q., and Zhang Z., “Probable Pangolin Origin of SARS-COV-2 Associated with
the COVID-19 Outbreak.” Current Biology30 (7). 2020, 25-30

Zhou. “Animal Sales from Wuhan Wet Markets Immediately Prior to the COVID-19
Pandemic.” Scientific Reports11 (1). 2020, 100-114

Conference

Al-Azzawi A., & Takahashi T., Anatomical variations of the thyroid gland: An e&rem‘al
cadaveric study. Annals of Medicine and Surgery, 70, 2021, 102823 Q)

Block J. P., Boehmer T. K., Forrest C. B., Carton T. W., Lee 5

. M’ Ajani U. A. &
Gundlapalli A. V. Cardiac complications after SARS-Cod/- l%fection and mRNA

COVID-19 vaccination—PCORnet, United States,. Mor. and Report Mortality
Weekly, 71(14), 2020 January, 517.

. 4‘2)

X
Jeeyavudeen M. S., Patrick A. W., Gibb F. \'%
unts

over A. R., COVID-19 vaccine-
associated subacute thyroiditis:

an ual suspect for de
thyroiditis. BMJ Case Reports CP, 7 7%

Quervain’s
32021, €246425.

Pottel H. B. J., Courbebaisse M., §l L., Ebert N., Eriksen B. O.,& Delanaye P.,
Development and vali ati% f a modified full age spectrum creatinine-based

equation to estimate glo

pular filtration rate: A cross-sectional analysis of pooled
data. Annals of inte@].\medicine, 174(2), 2021, 183-191.

\
\QQ

Books Q

Pirahanchi

: » Toro, F., & Jialal, 1. Physiology, thyroid stimulating hormone. 2018
S

ly, A. D. Microscopic anatomy and embryology ii handbook (Doctoral
ertation, Semmelweis University), 2021

Z. Liang, H. Zhu, X. Wang., Adjuvants for coronavirus vaccines, Front Immunol,
Published 2020 Nov 6 11 p. 589-833.

Kronenber H. M., Melmed S. & Polonsky K.S. Estimation of Thyroid hormones using

electrochemiluminiscent principle. Williams Textbook of Endocrinology. Saunders
Elsevier, Philadelphia, 12th edition, 2011, chapter 10, p. 301-321

Scott M. G., Heusel J. W. & LeGrys V.A. Electrolytes and blood gases, in Tietz NW.
Textbook of Clinical Chemistry. 3rd ed. P. A. Philadelphia, W. .B Saunders Co
1999;1065-1066.

193



Tietz N.W. editor. Clinical Guide to Laboratory Tests, 3rd ed. P. A. Philadelphia,: W. B.
Saunders; 1995: 6224

Tietz N. W. editor. Clinical Guide to Laboratory Tests, 3rd ed. P. A. Philadelphia,: W. B.
Saunders; 1995:622—4

Tietz N. W. Clinical Chemistry. P. A. Philadelphia: 2nd ed., W. B. Saunders Co; 1994:

1356, 1364, 1365.
Q>

WHO, Coronavirus disease (COVID-19) pandemic, Accessed December 23, 2 ﬁ;&

,é\,

.\
World  Health  Organization (WHO)  Origin -CoV-2.  WHO/2019

nCoV/FAQ/Virus_origin/2020.1
@5

Xiao A. T., Gao C. & Zhang S., Profile of specifi Wles to SARSCoV-2: the first report.

J. Infect, 53 (4), 2020, 345-357. %

w@’

o

90%0

194



&

Appendices ‘@QO
4%'\

Questionnaire .%)\\a

Potential Effect of SARS-CoV-2 Vaccination on Renal .an& 0id Functions Individuals in

Apparently Healthy Populat@dan, Nigeria
Dear Respondent, . @

Famuyiwa Olufisayi Idowu, a Postgrad& dent of the Department of Biological Sciences,

Faculty of Natural and Appli% es, Lead City University, Ibadan, is Conducting A

'3

Individuals in Appa@@l y Population in Ibadan, Nigeria

a. [ Will Apprectate Your Participation in This Study Which Will Involve Us Asking

Study on thePotential Effectof SARS-CoV-2 Vaccination on Renal and Thyroid Functions
o

Yoﬁ%‘ew Questions Regarding Your Experience With SARS-CoV-2 Vaccination
Q%our General Well Being.
b. The Survey Will Take About 5 Minutes to Complete And Whatever Information You
Provide Will Be Kept Strictly Confidential. The Study Will Not Pose Any Threat To
You And You Are Free To Withdraw From Participating At Any Time.
Thank You for your Time.

If You Agree To Participate In This Study Please Tick This Box [ ]
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The information provided will be kept confidential and please do not wr ur name on it.
° X’\
Kindly spare a few minutes of your valuable time to art%@‘t questions.

\

SECTION A: SOCIO-DEMOGRAPHIC CHARACT@%ICS OF RESPONDENTS

1. Age As At Last Birthday; ............ $ ears
2. Sex: Male [ ] Female [ ']és \)

3. Marital Status:  A. Single K;@%[arried [ ]1C. Divorced [ | D. Widowed [ ]E.

Separated [ | F. Others (Ple@Sp cify).
'}

4. Occupation: Q’Q
O

5. Educatiol@mment: A. No Formal Education [ ] B. Primary Education [ ] C.

Secon r@d cation [ ] D. Tertiary Education [ ]
6. Place of residence
SECTION B: ANTHROPOMETRIC MEASUREMENT

1. Weight

2. Height

3. Body mass Index (BMI)
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4.

Blood Presure

SECTION C: LIFE STYLE (HISTORY)

1.

2.

SECTION D: MEDICAL HISTORY

1.

Cigarette smoking? Before (1) Presently (2) Never (3)
If Presently, how? Daily (1) Weekly (2) Occasionally (3)
Alcohol intake? Daily (1) Weekly (2) Occasionally (3) Never (4)

Vegetables and fruit intake? Daily (1) weekly (2) occasionally (3

2. What medication are you presently on? : .E§ >_

Have you had any of the following symptoms ;&past eight months?

Cough a) Yes b) No é’

Sore Throat a) Yes @

Fever a) Yes b *

Fatigue/Tire@eJ@) es b) No
Loss af @or smell a) Yes b) No

D'@h a) Yes b) No

Q:hes and Pains a) Yes b) No

Rash on skin or discoloration of fingers or toes a) Yes b) No

Do you have any medical condition being managed? 6“

If Yes, Kindly state it , and when @aﬂ

Difficulty breathing or shortness of breath a) Yes b) No

Chest Pain a) Yes b) No

Loss of speech or mobility or confusion a) Yes b) No
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Have you ever been diagnosed of acute kidney disease/injury? a) Yes b)

No

SECTION E. TEST HISTORY.

Did you ever test for COVID-19 in the past eight months? a) Yes

b) No

Where were you tested?

Do you have an idea of the method of assay? a) Rapid Testing

b) POQ_

What was the result a) Positive  b) Negative  c¢) Indeteig(go

SECTION F: VACCINATION HISTORY. \Aﬂ-\

Have you received the COVID-19 Vaccine? a) Yes : Ez%a) No

If yes, when were you vaccinated? \

\)‘r

Are you fully vaccinated

e
Did you receive any booster dose @accine after fully

vaccinated

J

What type of Covid Vaccing/did you receive

Did you feel any, Cf)@%mptoms below after vaccination?

§ b) No
SQT roat a) Yes b) No

ever a)Yes  b)No

Fatigue/Tiredness a) Yes b) No

Loss of taste or smell a) Yes b) No

Diarrhea a) Yes b) No

Aches and Pains a) Yes b) No

Rash on skin or discoloration of fingers or toes a) Yes b) No
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e Difficulty breathing or shortness of breath a) Yes b) No

e Chest Pain a) Yes b) No

e Loss of speech or mobility or confusion a) Yes b)No
Distribution of Participants Ny
. k}t i)
Total Vaccinated before 139 Total VaccinateQ%&' Screening 82
Screening QQ’&
Total Unvaccinated before 145 Tot@inated after Screening 86

Screening .
)

Screening Parameters for Both,Vagcinated (cases) and Unvaccinated (Control)

Vaccinated (Total excluded) @4 Unvaccinated (Total excluded) 59
HBAIC above 6.5% M4.56%) HBAIC above 6.5% 6 (10.17%)
Blood Pressure outside t@ .% (63.16%) Blood Pressure outside the 27 (45.76%)
normal range (90/60.= normal range (90/60 -
<130/%@%} <130/80mmHg)
Creati ove 1.5mg/dl 2 (3.51%) Creatinine above 1.5mg/dl 3 (5.08%)
Urea above 45mg/dl 2 (3.51%) Urea above 45mg/dl 5 (8.47%)

Sars-CoV-2 antibody Negative 3 (5.26%) Sars-CoV-2 antibody Positive 18 (30.51%)
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0.9

1.0

1.0

0.6

0.9

1.0

1.0

0.8

0.9

144.0

139.0

137.0

136.0

137.0

141.0

137.0

142.0

139.0

141.0

137.0

141.0

137.0

3.6

4.9

4.3

3.8

4.2

3.6

4.0

4.1

3.8

3.9

4.2

3.6

4.0

103.0

99.0

98.0

1000

101.0

102.0

105.0

104.0

96.0

96.0

96.0

102.0

102.0

102.0

104.0

107.0

96.0

102.0

102.0

24.0

26.0

24.0

23.0

25.0

24.0

23.0

24.0

25.0

22.0

27.0

26.0

27.0

25.0

21.0

36.0

21.0

20.0

27.0

25.0

21.0



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

61.

62.

63.

64.

0.5

0.6

1.3

1.3

0.4

0.9

0.3

0.6

0.2

0.5

0.4

0.2

0.5

0.6

0.8

0.0

0.6

0.2

0.5

0.7

0.9

1.0

0.8

0.9

0.4

0.6

0.5

0.8

0.9

0.4

0.7

0.5

0.7

0.8

1.0

0.9

0.7

0.7

0.5

1.1

4.59

5.22

4.36

4.52

4.58

3.78

3.99

4.25

3.7

3.7

4.6

3.8

33

3.7

3.7

4.6

3.8

3.51

3.0

4.1

10.9

12.0

14.2

16.8

17.4

12.7

15.3

12.7

13.6

17.4

12.8

11.9

10.9

12.0

2.222

0.876

0.543

1.123

1.78

0.8

1.41

1.8

1.4

0.895

2.21

21.0

30.0

16.0

15.0

15.0

21.0

14.0

10.0

18.0

21.0

18.0

1.0

0.9

0.9

1.0

1.1

0.5

1.1

0.9

0.8

0.9

10‘

142.0

139.0

141.0

137.0

141.0

137.0

142.0

139.0

141. O

4.1

3.8

3.9

4.2

3.6

4.0

4.1

3.8

3

9@*

.0

4.4

3.32 230&@1420 3.9

R

x@“*

16 0.84 21.0

Q@Q

17.4

14.0

12.0

13.7

19.2

12.0

13.6

4.0

2.0

0.576

0.491

1.87

0.895

2.21

3.32

2.1

17.0

28.0

42.0

22.0

12.0

15.0

21.0

30.0

16.0
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0.9

1.0

1.1

1.3

1.1

0.9

0.8

0.8

0.9

0.9

0.5

0.5

0.8

137.0

140.0

141.0

136.0

139.0

140.0

142.0

141.0

140.0

138.0

142.0

137.0

140.0

4.0

3.8

4.2

3.9

3.6

3.9

4.2

3.9

3.9

4.4

3.9

4.0

3.8

'}

102.0

104.0

107.0

96.0

107.0

100.0

102.0

104.0

99.0

101.0

104.0

95.0

104.0

102.0

105.0

103.0

100.0

102.0

104.0

99.0

101.0

36.0

21.0

20.0

27.0

20.0

22.0

24.0

25.0

26.0

21.0

23.0

27.0

21.0

24.0

23.0

24.0

22.0

24.0

25.0

26.0

21.0



65.04 05 3.64 1638
66.0.2 0.8 459 18.0
67.0.5 0.8 522 143
68.03 05 436 129
69. 1.1 1.1 452 11.7
70.2.5 1.0 458 124
71.02 0.7 378 133
72.02 0.8 399 139
73.0.2 1.0 425 185
74.0.5 0.7 3.5 16.2
75.1.5 09 4.0 18.8
76.04 04 361 119
77.02 0.6 322 19.0
78.0.5 1.1 4.7 14.7
79.04 0.7 39

80.0.2 09 11 6
81.0.5 0.8 @Q
82.0.6 Ql 7.4

Q

83.3.2 4.0
‘%7

Qo5 s

12.0
85.0.6 1.1 4.0 13.7
86.32 08 3.61 192

321 150 07 1410 42 104.0
198 150 1.0 1360 39 950
0.84 21.0 09 1390 3.6 104.0
40 140 1.0 1400 39 1020
20 100 1.0 1420 42 1050
0576 18.0 1.1 1410 3.9  103.0
0491 21.0 09  140.0 3.9
187 180 08 1380 44
0942 230 09 1420 3 -, 104.0
1.89 120 0.9 K@o 99.0
251 14.0 (90 38 101.0
0.491 180@Q 141.0 42 104.0
1.87 @08 1360 39  95.0

Qﬁ 0.7 1390 3.6  104.0

@%‘9 280 1.0 1400 39  102.0
251 220 09 1420 42 105.0
40 190 1.0 1410 39  103.0
20 250 1.0 1400 3.9  100.0
0.576 29.0 12 1380 44  102.0
0491 30.0 09 1420 3.9  104.0
187 190 09 1370 40  99.0
204 220 06 1400 3.8  101.0

Source: Author’s Field Work.
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23.0

27.0

21.0

24.0

25.0

26.0

21.0

23.0

27.0

21.0

24.0

23.0

24.0

22.0

24.0

25.0

26.0

21.0



Vaccinated

CRP CysC FT3

1. 09

2. 04

3. 0.6

4. 2.9

5. 05

6. 0.2

7. 8.1

0.7

0.5

0.8

0.8

0.8

0.7

0.

G

3.6

3.4

4.4

3.9

3.6

8. 0.4‘%@ 3.9

N

10.0.2
11.0.9
12.0.4
13.0.6

14.0.2

0.8

0.8

0.7

0.8

0.8

0.5

3.6

3.4

4.4

3.9

3.6

3.4

z}

Raw Data from Laboratory Analysis ,%\

FT4

13.7

20.1

14.1

12.9

12.3

11.3

13.9

TSH Urea Creat @

0.8

0.9

1.1

0.8

1.0

1.3

1.4

1.9

\%'\

260@1410 4.2

Ko

29.0

10.0

27.0

14.0

29.0

15.0

18.0

17.0

28.0

26.0
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0.8

0.7

1.0

0.5

0.8

0.7

1.0

0.6

0.6

0.7

0.9

0.9

136.0

139.0

140.0

142.0

141.0

140.0

138.0

142.0

131.0

141.0

136.0

139.0

142.0

3.9

3.6

3.9

4.2

3.9

3.9

4.4

3.9

3.8

3.9

3.9

4.1

4.3

Cl

104.0

95.0

104.0

102.0

105.0

103.0

100.0

102.0

104.0

91.0

103.0

99.0

102.0

105.0

a

HCOs

23.0
27.0
21.0
24.0
23.0
24.0
22.0
24.0
25.0
26.0
24.0
23.0
23.0

23.0



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

0.8

1.1

1.5

0.2

0.7

0.5

0.9

2.1

0.9

0.2

0.5

1.5

0.2

0.7

0.5

0.9

2.1

3.5

0.6

0.9

0.4

0.6

0.8

0.9

0.8

0.7

0.9

0.6

0.9

0.7

0.5

0.8

0.8

0.8

0.7

0.

4.4 18.5
3.9 16.2
4.0 18.8
458 11.9
3.6 19.0
399 147
425 18.0

3.6 11.6

3.7 12.9

4.6 14.4

3.8 17.5

33 12.9

3.9 12.8

3.7 11.9

0.7 240 1.1

09 220 1.0

0.8 260 04

141 16.0 0.6

1.8 15.0 0.7

1.4 18.0 1.1

0.895 140 04

221 10.0 0.6

332 15.0 0.7

0993 20.0 1.1

351 19.0 10‘

137.0

135.0

140.0

140.0

140.0

140.0

139.0

142.0

1370

3.9

33

4.1

4.0

3.9

4.1

4.1

4.3

3

s\%\f

.0

3.9

0.993 150&@1410 3.9

351Q®08

0.7

4.2 1{)@%6 100 1.0

3.8 1.3
S
R

33. 0.6‘%?8 33 152

‘Qv\ 0.8
35.05 0.8
36.2.1 0.7
37.09 0.8
38.04 0.8
39.06 0.5

3.9 16.0
3.7 17.0
4.2 19.9
3.8 11.7

33 16.6

3.8 16.2

0.543 15.0 0.5

1.123 20.0 0.8

1.78 27.0 0.7

0.8 14.0 1.0

1.54 29.0 0.6

1.123 10.0 0.6

1.4 27.0 0.7

0999 140 13

0.743 29.0 0.9

1.89 15.0 1.1
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140.0

138.0

142.0

131.0

141.0

136.0

139.0

142.0

137.0

135.0

140.0

138.0

142.0

3.9

4.4

3.9

3.8

3.9

3.9

4.1

4.3

3.9

33

3.9

4.4

3.9

97.0

96.0

100.0

101.0

N 97.0
101.0
102.0
103.0
100.0
102.0
104.0
91.0

103.0
99.0

102.0
105.0
97.0

96.0

100.0

102.0

104.0

26.0

24.0

26.0

25.0

26.0

25.0

24.0

24.0

22.0

24.0

25.0

26.0

24.0

23.0

23.0

23.0

26.0

24.0

22.0

24.0

25.0



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

61.

62.

63.

64.

2.9

0.5

0.2

0.9

0.4

0.6

0.2

0.1

0.4

0.8

1.5

1.3

0.5

0.3

3.2

0.2

0.7

0.5

0.9

0.6

0.9

0.4

0.6

0.8

0.9

0.8

0.7

0.9

0.6

0.9

1.0

0.7

1.1

1.1

0.9

0.8

0.7

0.8

0.6

1.0

0.7

33

3.41

4.61

4.0

3.0

4.1

3.64

4.59

4.2

3.8

33

3.8

33

3.8

3.7

33

3.41

4.0

4.0

3.42

3.91

17.9

14.6

18.9

114

15.5

11.2

14.4

18.0

15.7

14.0

12.0

13.7

19.2

13.7

131

15.8

15.9

21.0

13.0

13.2

13.8

2.51 18.0

4.0 17.0

222 28.0

0.576 26.0

0.491 24.0

1.777 22.0

2.11  26.0

1.123 16.0

1.78 15.0

0.8 270

1.54 14.0

1.0

0.4

0.6

0.7

1.1

0.4

0.6

0.7

1.1

137.0
140.0
141.0
136.0
139.0
140.0
142.0
141.0

140. 0

Rt

4.0

3.8

4.2

3.9

3.6

3.9

4.2

3.9

3

%@V

3.9

1.123 290@1370 4.0

L2 g@

@%43 14.0
1.89  29.0
251 15.0
3.992 18.0
222 17.0
0.576 28.0
1.15  26.0
1.822 24.0
2.11 22,0
223 260

0.987 16.0
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0.6

0.6

0.7

1.3

0.9

1.1

1.0

0.4

0.6

0.7

1.1

0.4

0.6

144.0

142.0

139.0

139.0

137.0

138.0

140.0

140.0

138.0

142.0

137.0

144.0

142.0

4.0

3.9

3.7

3.6

4.0

3.6

3.9

3.9

4.4

3.9

4.0

4.0

3.9

'}

99.0

101.0

104.0

95.0

100.0

102.0

104.0

99.0

109.0

106.0

104.0

98.0

97.0

99.0

103.0

100.0

102.0

104.0

99.0

109.0

106.0

26.0

21.0

23.0

27.0

22.0

24.0

25.0

26.0

21.0

22.0

21.0

27.0

26.0

24.0

23.0

22.0

24.0

25.0

26.0

21.0

22.0



65.

66.

67.

68.

69.

70. 1.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

2.1

0.9

0.6

0.7

0.5

0.2

0.7

0.5

0.9

2.1

3.5

0.6

0.7

0.5

0.6

0.9

1.1

1.1

1.1

0.9

0.8

0.7

0.7

0.5

0.7

0.8

0.6

0.7

0.7

0.5

0.7

0.8

0.6

0.9

0.

,%Q

3.45
3.98
3.41
4.0
4.0
3.42
3.91
3.45
3.98
4.22
5.0
4.1
3.91
44
5.0

4.0

Y

Sour@:thor s Field Work.

12.0

19.9

20.1

12.5

16.9

15.8

15.9

21.0

13.0

12.0

18.1

15.8

16.1

12.2

0.89

4.41

0.589

0.654

1.1

2.34

3.992

2.22

0.576

0.654

0.742

0.642

15.0

17.0

19.0

22.0

23.0

20.0

22.0

26.0

16.0

15.0

17.0

0.7

1.1

1.0

1.2

0.9

0.8

0.6

0.5

0.5

0.8

139.0
141.0
140.0
138.0
142.0
131.0
141.0
136.0

1390

S

3.7

3.9

3.9

4.4

3.9

3.8

3.9

3.9

4

2@’

3.9

190@1350 3.3

@%76 20.0

%124 0.654 21.0
3.992 19.0

2.22

12.0
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1.0

1.2

0.6

0.5

0.5

0.8

140.0

140.0

140.0

140.0

139.0

140.0

4.1

4.0

3.9

4.1

4.1

4.1

104.0

103.0

100.0

102.0

104.0

91.0

102.0

105.0

97.0

96.0

100.0

101.0

99.0

104.0

102.0

104.0

21.0

24.0

22.0

24.0

25.0

103. ‘Sﬁb‘

@%

23.0

23.0

26.0

24.0

26.0

25.0

27.0

22.0

23.0

22.0



Unvaccinated

Weight

1. 92.0
2. 74.0
3. 69.0
4. 64.0
5. 84.0
6. 70.0

7. 60.0

S
O
11. 63.0
12. 66.0
13.70.0

14.67.0

15.65.0

Height SystP DiastP HbA1C

189.0 117.0

170.0 121.0

162.0 119.0

69.0

81.0

81.0

54

5.2

175.0 129.0 78.0 5

176.0 121.0 74\)295
167.0 121. &%5-0 5.0
170(:@0 70.0

8. 57.0 ]@@ 109.0
9. 8 367.0 120.0

162.0 113.0

155.0 125.0

158.0 117.0

180.0 120.0

165.0 123.0

167.0 138.0

60.0

88.0

73.0

68.0

78.0

79.0

73.0

82.0

5.1

59

6.1

5.8

6.3

5.2

54

6.0

5.5

208



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

85.0

90.0

59.0

80.0

76.0

77.0

74.0

68.0

60.0

71.0

73.0

58.0

81.0

64.0

64.0

57.0

79.0

69.0

177.0

177.0

170.0

164.0

170.0

170.0

178.0

183.0

165.0

160.0

170.0

171.0

170.0

154.0

164.0

177.0

128.0

138.0

127.0

140.0

114.0

120.0

116.0

114.0

120.0

116.0

138.0

120.0

126.0

121.0

122.0

66.0

95.0

94.0

80.0

60.0

98.0

82.0

73.0

86.0

73.0

75.0

80.0

83.0

86.0

6%%%
128.0§‘\0 4.8
169.((;@& 0
1720 123.0

93.0

61.6%78.0 126.0 84.0

58.0

65.0

69.0

70.0

60.0

161.0

164.0

175.0

173.0

169.0

182.0

121.0

122.0

128.0

118.0

123.0

127.0

67.0

73.0

92.0

69.0

73.0

78.0

6.0

4.5

6.1

54

4.6

4.9

5.7

53

5.1

53

5.6

53

4.8

4.

53

53

5.0

52

5.7

4.5

4.6

5.0

52
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41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

61.

62.

63.

64.

65.

63.0

80.0

85.0

72.0

70.0

66.0

66.0

78.0

80.0

80.0

70.0

65.0

80.0

59.0

60.0

65.0

76.0

68.0

165.0

172.0

177.0

173.0

173.0

170.0

165.0

161.0

163.0

177.0

183.0

170.0

168.0

157.0

171.0

171.0

109.0

120.0

113.0

125.0

117.0

120.0

123.0

138.0

128.0

138.0

127.0

140.0

114.0

123.0

127.0

93.0

84.0

67.0

73.0

92.0

76.0

93.0

94.0

67.0

79.0

79.0

91.0

65.0

70.0

7%@%'
134.0§1‘\0 5
160.((;@& 0
1760 T31.0

81.0

69.6%70.0 120.0 86.0

53.0

66.0

64.0

61.0

86.0

169.0

164.0

172.0

162.0

168.0

164.0

133.0

130.0

133.0

111.0

116.0

144.0

87.0

80.0

91.0

86.0

72.0

82.0

5.0
6.4
3.6
4.6
52
52
5.0
6.0
52
54
54
52
53
5.

2
53
4.2
52
4.9
5.0
52
4.7
5.0

5.0
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66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

&3.

&4.

86.

54.0

59.0

62.0

72.0

57.0

65.0

51.0

73.0

80.0

61.0

74.0

65.0

52.0

86.0

91.0

76.0

59.0

59.0

171.0 125.0

168.0 130.0

167.0 140.0

179.0 138.0

161.0 125.0

167.0 120.0

161.0 120.0

166.0 123.0

168.0 122.0

172.0 121.0

159.0 119.0

169.0 141.0

158.0 125.0

163.0 137.0

165.0 127.0

97.0

91.0

79.0

80.0

79.0

97.0

83.0

77.0

75.0

79.0

63.0

92.0

85.0

84.0

164.0 120.0 480.0
%w
172. @&9 .0

1|
1760 131.0

86.0

60.6%75.0 122.0 72.0

. 177.0 131.0 82.0

70.0

186.0 120.0

Source: Authors Field Work

97.0

4.5
4.4
4.8
5.0
53
5.0
5.6
4.6
4.7
4.5
5.5
4.8
5.6
5.

3
5.0
5.0
52

5.5

5.5
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Vaccnated

Weight Height SystP DiastP HbA1C

Kg cm mm/hg mmol/mol

1. 61.0 176.0 126.0 91.0 4.6 @
2. 70.0 181.0 121.0 79.0 5.5( )\\‘)

3. 75.0 169.0 122.0 80.0

4. 53.0 164.0 117.0 79 Q;b;
5. 63.0 170.0 14;@}7'.6 4.4

68.0 170.@0 83.0 4.6
7. 93.9%@ 1220 77.0 5.7
8,748, 71720 1210 750 57
9. %8.0 1760 119.0 79.0 4.8
10.75.0 169.0 118.0 63.0 5.8
11.72.0 180.0 117.0 92.0 5.9
12.64.0 168.0 142.0 850 5.7

13.76.0 178.0 123.0 84.0 5.3

14.95.0 180.0 122.0 99.0 4.7
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15.65.0

16.67.0

17.50.0

18.70.0

19.74.0

20.78.0

21.68.0

22.88.0

23.60.0

24.83.0

25.70.0

26.65.0

27.65.0

28.55.0

29.74.0

30.76.0

31.59.0

32.60.0

167.0

174.0

164.0

171.0

173.0

172.0

162.0

177.0

161.0

175.0

174.0

169.0

175.0

165.0

176.0

172.0

121.0

119.0

121.0

127.0

109.0

120.0

113.0

125.0

117.0

120.0

123.0

123.0

138.0

128.0

138.0

80.0

87.0

80.0

82.0

94.0

68.0

78.0

80.0

87.0

81.0

98.0

90.0

78.0

80.0

7%@%
127.0*735‘\0 5.0
165.((;%&9 0
1640 T114.0

80.0

33, 63.6%63.0 123.0 74.0

35.66.0

36.58.0

37.64.0

38.73.0

39.59.0

162.0

177.0

169.0

165.0

178.0

151.0

127.0

134.0

121.0

131.0

120.0

127.0

81.0

93.0

81.0

87.0

79.0

73.0

5.5

5.7

4.4

4.5

5.7

53

5.0

5.7

5.0

5.5

4.9

5.1

53

5.

4.8

4.3

4.6

4.8

5.6

4.7

4.3

4.5

5.0
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40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

67.0

62.0

54.0

79.0

83.0

53.0

59.0

66.0

72.0

69.0

58.0

69.0

73.0

60.0

61.0

72.0

76.0

76.0

173.0

158.0

162.0

160.0

162.0

170.0

176.0

187.0

170.0

163.0

168.0

174.0

159.0

174.0

166.0

168.0

134.0

121.0

131.0

120.0

127.0

134.0

121.0

131.0

120.0

123.0

127.0

134.0

121.0

131.0

120.0

93.0

72.0

91.0

82.0

82.0

79.0

91.0

72.0

91.0

73.0

77.0

75.0

80.0

84.0

6%%%
133.0§‘\0
180.((;@& 0
1660 133.0

67.0

58, 77.6%65.0 111.0 65.0

9

60.
61.
62.
63.

64.

66.0

60.0

83.0

64.0

81.0

193.0

171.0

179.0

171.0

167.0

181.0

121.0

119.0

129.0

121.0

121.0

127.0

80.0

81.0

81.0

76.0

85.0

81.0

5.0
4.6
5.0
45
5.0
5.0
53
5.0
4.1
5.0
5.1
5.2
5.7
4]

53
5.0
53
5.0
4.4
53
45
5.7
5.2

4.8
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65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.

82.

Souf@guthor’s Field Work, 2023.

72.0

65.0

69.0

84.0

75.0

59.0

70.0

55.0

84.0

61.0

69.0

68.0

60.0

74.0

75.0

66.0

67.0

56.0

178.0 121.0

167.0 131.0

171.0 120.0

168.0 133.0

158.0 130.0

167.0 133.0

172.0 111.0

166.0 121.0

161.0 119.0

165.0 129.0

169.0 121.0

165.0 121.0

165.0 127.0

162.0 119.0

172.0 129.0

82.0

72.0

79.0

78.0

78.0

87.0

96.0

73.0

76.0

72.0

78.0

63.0

73.0

76.0

@

175.0 121. O%

164((H
27.0

O

77.0

54

4.4

5.0

4.9

4.7

4.8

5.5

4.9

4.8

4.5

4.8

4.8

52
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&

INFORMED CONSENT FORM ‘%\
A%'u

IRB Research approval number: .%)\\a

This approval will elapse on: @
Title of the research: Potential Ef&ﬁ& SARS-CoV-2 Vaccination on Renal and
Thyroid Functions in AppareMealthy Population in Ibadan, Nigeria

'3
Nam @liation of researcher of applicant: Mrs. FAMUYIWA,
Ol@ayo Idowu, DEPARTMENT OF BIOLOGICAL SCIENCE, FACULTY

‘%F NATURAL AND APPLIED SCIENCES, LEAD CITY UNIVERSITY,

QQ IBADAN. NIGERIA

Sponsor of research: The research is self-sponsored.

Purpose of research: Information emanating from this study will help to

know the effect of SARS-CoV-2 vaccination on thyroid and renal function
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Procedure of the research, what shall be required of each participant
and approximate total number of participants that would be involved

in the research: 10mLs of blood will be required from each participants.

Costs to the participants of joining the research: This research will be at

no cost to the participants.

Benefit: The result from this research will help to 0% effect of
SARS-CoV-2 vaccination on thyroid and renal fu&tig\n . It will assist the
Clinicians to know if there will be any @fect of SARS- CoV-2

vaccination on thyroid and renal function.ﬁggmeters of individuals that had

\
been vaccinated. QQ

Confidentiality: All information collecte ’r@tudy will be given code numbers and no
name will be recorded and your name %ny identifier will not be used in any publication or
reports from this study. As part my responsibility to conduct this research properly,

officials from NAFDAC, NHREC and ethics and similar agencies may check for

appropriateness of r@f)%a;;h processes.

N\

Voluntarines'; @ur participation in this study is purely voluntary.

Alte to participation: Your refusal to participate in this study will not affect your

work or treatment.
Due inducement: You will not be paid any fees for participating in this research.

Consequences of participant’s decision to withdraw from research and procedure for
orderly termination of participation: You can choose to withdraw from the research at any

time. Please note that some of the information that has been obtained about you before you
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chose to withdraw may have been modified or used in reports and publications. These cannot
be retrieved anymore. However the researchers promise to comply with your wishes as much

as is practicable.

Modality of providing treatments and action to be taken in case of injury or adverse
events: The chance of an adverse effect is rare but if you suffer any injury as a result of your
participation in this research, you will be treated at the University of Ibadan T&ching

Hospital and the researcher will bear the cost of this treatment. . Q?

NS

What happens to research participants and communities when the ;ﬁ‘ch is over: The
researcher will inform you of the outcome of the research if an {i@ ows interest. During

the course of this research, you will be informed about an&ﬁ'fyxmation that may affect your

continued participation or your health. 66\

S

Statement of person obtaining inforn@consent:

I have fully explained this rébgrg\) to and have given sufficient
information, including th ahd benefits, to make an informed decision.
DATE C.) SIGNATURE

~O
NAME Q N
Stat@t of person giving consent: I have read the description of the research or have had
it translated to the language I understand. I have also talked over with the doctor to my
satisfaction. I understand that my participation is voluntary. I know enough about the purpose,
methods, risks, and benefits of the research study to judge that I want to take part in it. |
understand that I may freely stop being part of this study at any time. I have a copy of this

consent form and additional information sheet to keep for myself.
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DATE

SIGNATURE

SUBJECT’ CODE

WITNESS’ SIGNATURE------------
N

L&
%
. '\
Bio-Data &%\\%
A. Personal Data: : QQ)

1. Full Name: omt‘@@owu FAMUYIWA

ﬁ@)@la Street, Idi-Mango, New- Felele Area,

h oka, Ibadan.
\;()% Fissymike05@yahoo.com

%.3 08033705657
2. Date And Place C@)@Q 14" September, 1977, Ibadan
3. Nationality 6\. Nigerian
4. State Of Origin Ogun
5. N@\nd Address Of Next Of Kin Mr. Michael Abayomi Famuyiwa

18, Falola Street, New Felele Area.

B. Educational Background
Educational Institutions Attended with Dates and Qualification

School Attended Date Qualification
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Christ Church School Mapo III

Methodist Secondary School

Wesley College of Science

Scool of Med. Lab. Science

University Of Ibadan

Lead City University

National Youth Service Corps
C. Work Experience

University College Hospital

D. Awards and Fellowships (If any)

1983-1988

1989- 1991

1991-1994

1995-1999

2013-2015

2019 -2023

2000-2001

Date

2001 — Till date

First Leaving Sch. Cert.
Junior School Certificate
West African Exam
Assoc. Med. Lab Science
M.Sc Chemical Pathology

Ph.D

NYSC Certlfq)&’p\

,@

&

E. Membership of Academic Professional Bo&%Q

Best &lfatmg Student (1999)

a. Corresponding Member, P I@Care Testing (TF-POCT), International

Federation of Clinical

b. Member: Assoc@linical Chemist of Nigeria

c. Member, L%:ory Quality Manual Committee for Chemical Pathology

Dep

F. Publicati

1. The‘sﬁiﬁssertation

Q a. Folliculogenesis in Premenopausal African Blacks with Metabolic Syndrome:

Association of Inhibin B with Anthropometry, Lipids, Adipokines, Sex

Hormones and their binding Globulin

b. Relationship between Maternal and Infants’ Plasma and Breast Milk levels of

B- Carotene, Ascorbic acid, Tocopherol, Selenium and Zinc
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c. Correlation between body fat distribution and Uric acid Metabolism in College

Students

2. Book/Monographs Nil
3. Scholarly articles
1. Famuyiwa, 1.O., Bitrus D.P., Charles-Davies, M. A., Fabian, U.A. , lfas nmade,
A.A., Olaniyi, J.A., Oyewole, O.E., Owolabi, M.O., Adebusuyi, J.l%';;\aﬁsan, 0,
Ajobo, B.M. Ebesunun, M.O., Adigun, K., Akinlade, K.S. .}‘, ., Arinola,
0.G and Agbedana E.O. (2016). Reproductive functic.m i r@”nenopausal African
Blacks with Metabolic Syndrome: Associations a@ Inhibin B, Adipokines,

Pituitary and Sex Hormones and Sex Horni f&%ﬁndmg Globulin. International

Journal of Medicine and Medical Sc1ed® 8. No. 8: 84-90.

2. Arinola, G.O., Fashina, Q. Oluyomi Ishola, O.C., Akinbola, O.1., Akinbile,
S.A., Eegunjobi, A.&%ﬂo, M.D., Edem, F.V., Rahamon, S.k., Famuyiwa, O.L,
Olaoto,A.]., Olaniyah, O.A., Oke, A.C., Fowotade, A.,Abimbola, O., Johnson,
J.O., Fa@ Salami, F., and Alonge T.O. (2021). Demographic attributes
of«C 19 patients in an Infectious Disease Center of Nigeria. African Journal
‘%mcal and Experimental Microbiology. Vol. 22 (1): 21-27

Q Kotila, T.R., Alonge, T.O., Fowotade, A., Famuyiwa, O.I. and Akinbile A.S.
(2021). Association of the ABO blood group with SARS-CoV-2 infection in a
commun.ity with low infection rate. International Society of Blood Transfusion.

4. Notable Scholarly Accomplishments Nil

5. Major Conferences

221



QQ

15th National Annual Public Health Lecture Series of Association of
Medical Laboratory Scientists of Nigeria- Virtual attendance (2021)
TAUBER Bioinformatics Research Training on Analysis of SARS-COV-2
Genomic Data, Nigeria (2020)

Training of Laboratory Quality Management System Mentors. Abuja,

Nigeria (2020) . (b‘
56th Annual Medical Laboratory Scientists Conference of iation of
Medical Laboratory Scientists of Nigeria, Ebo@g 1a- Virtual
attendance (2020) *

Training on Bioinformatics and Molecular B@gy Lagos, Nigeria (2019)
55th Annual Medical Laboratory S%@s Conference of Association of

Medical Laboratory Scientists Nigeria, Abuja, Nigeria- Virtual

attendance (2019) Q.j\\a

Roche Experience s'%ptiﬁc Meeting 2018. Johannesburg, South Africa

(2018) \)Q)

Conferen%@n Strategic Innovation for Community Health Program.

lﬁlr)@%nya (2018)

OQ aining on Leadership and Management for Healthcare Leaders and

Managers. GIMPA, Ghana

Training on Medical Laboratory Inspection. Abuja, Nigeria (2017)

Roche Diagnostic training on COBAS Ampliprep- COBAS Tagman, UCH.
Nigeria (2016)

Roche Diagnostic training on COBAS 6000 Operator training Basic.

Johannesburg, South Africa (October, 2016)
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Signature Date

This is to certify that the Thesis of Oluﬁsay.o}l\‘ u Famuyiwa with Matriculation Number

LCU/PG/001434, in the Department Zf @cal Science, Faculty of Natural and Applied

Sciences, Lead City University, Ib 7’ Nigeria is in full compliance with the approved

University format and style. V
)
N
SignaturesQ : Date
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	a. Creatinine 
	b. Urea 
	c. Cystatin C 
	d. β -Trace Protein (BTP) 
	e. Inulin
	f. Iohexol 

	g.Radioactive Markers
	h.Proteinuria 
	i.Markers of tubular function 
	j.Concentration and Dilution methods 
	k.Electrolyte 

	2.16.1.1Blood, lymph and nerve supply of the thyr

