Assessment of the Post-Pandemic Renal and Thyroid Health of Sars-CoV-2 Exposed
Individuals in Ibadan, Nigeria

Temitope David OGUNLEYE
LCU/PG/001442

Being a PhD Thesis Submitted to the Department of Biological Sciences, Faculty of Natural
and Applied Sciences, Lead City University, Ibadan, Oyo State, Nigeria

In Partial Fulfillment of the‘Requirements for the Award of Doctor of Philosophy Degree
(PhD) in Biology (Immunology)

2023



Certification
This is to certify that Temitope David Ogunleye with the Matric number LCU/PG/001442,
carried out this research work titled “Assessment Of The Post-Pandemic Renal and Thyroid
Health of Sars-CoV-2 Exposed Individuals in Ibadan, Nigeria” in the Department of Biological
Sciences, Faculty of Natural and Applied Sciences, Lead City University, Ibadan&'&fate, for

the award of PhD in Biology (Immunology) and this has not been previousl 's%ted.

Dr, Azuka Patrick Okwuraiwe Q Date
(Supervisor) . ‘\%
Dr. Felicia Adesina \) Date

(Head of Department)Q) Q@“
<
QO
Q

Dedication



This research is dedicated to God, and to my lovely family.



Acknowledgment

I deeply appreciate Lead City University for providing an enabling environment for the
execution of the project and for providing conditions for huge intellectual capacity building. I
appreciate the leadership and the entire academic staff of the Department of Biological Sciences
of Lead City University. This research would have been impossible without the exceptional
support of my supervisors, Dr. A.P. Okwuraiwe and Associate Prof. O.M. Ighodaro@ worked
tirelessly to get the best out of me. ° Q%

I appreciate the leadership of the Chemical Pathology Laboratory and Universal Laboratory of
the University College Hospital for the unflinching support renderé%ﬁ&i ; this research project.
I appreciate the leadership of the Damien Foundation quc&& University College Hospital,
Bio-repository and Clinical Virology Laboratory, C@ Medicine, University of Ibadan for

their immense support towards the success of t.h@ect execution.

I equally appreciate my colleague, Mrs Q.1 Qy.\yiwa for her encouragement and dedication and

for making the project a success. I al owledge the support of the acting CEO of Advance
Medisystem (Mr. Muili Ahmad)}ﬁd/his entire team for their support toward the success of this
project. My appreciation t ?\/Iiss Dan-Nwafor Chioma of the Nigeria Center for Disease
Control for her unvga\xﬁiﬂg support towards the execution of this project.

Finally, my a%gtion goes to my lovely wife; Olajumoke, and my beautiful children; Joshua,
Samue @)y for being a huge channel of joy encouragement, and blessing.

Although” the above-mentioned institutions and people have assisted in the process of this

research, I alone stand responsible for the errors, if any, found in the work.



Abstract

This study assessed the post-pandemic renal and thyroid health of SARS-CoV-2-exposed
individuals in Ibadan, Nigeria. Corona Virus Disease of 2019 (COVID-19) infection is caused by
a novel coronavirus known as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
The main manifestation is an acute respiratory illness with interstitial and alveolar pneumonia;
however, the possibility of the virus invading other organs cannot be disregarded. Organs, such
as the kidney and thyroid glands have been discovered to express the SARS-CoV-2 receptor
known as the angiotensin-converting enzyme 2 (ACE2), implying that they are target tissues.
Presently, information is scarce on the impact of SARS-CoV-2 viral infection on renal e‘(@thyroid
1 1N

functions after the pandemic. Hence this study provides data for the post-pandemic th d renal
status of SARS-CoV-2 exposed individuals. This is a cross-sectional study, i g random
venous blood samples collection from subjects at different local govern Ibadan, Oyo

state. The socio-demographic information was obtained from 165 su s comprising 85
unexposed samples; those who tested negative for SARS-CoV-2 virus, wl;\(l){also tested negative
for SARS-CoV-2 antibody, and 80 exposed who tested positive %A S-CoV-2 virus and
equally tested positive to SARS-CoV-2 antibody. Inflammato ker (CRP), renal markers
(Cystatin C, Urea, Creatinine, electrolytes; Na*, K, Cl;, HCQ3), @nd markers of thyroid function
(FT3, FT4, TSH) of the two groups were compared using'ix\ endent sample T-test. There were
no significant differences (p > 0.05) in the Mea ?of the inflammatory marker, renal
markers, and thyroid function markers of the unexpos¢d samples and exposed samples. This
suggests that individuals exposed to SARS-Co uring the pandemic fully recovered. Further
studies should be done to determine the p -kﬂe ic effects of viral infection on other vital
organs that express the SARS-CoV-2 rec&t'
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Chapter One
Introduction

1.1 Background to the Study

An unusual acute respiratory illness outbreak started in Wuhan, China, in December 2019. This
quickly expanded outside of Wuhan. It was conclusively established that a novel.eotonavirus
was to blame given its significant homology (80%) to SARS-CoV, which “Caused acute
respiratory distress syndrome (ARDS) and high mortality between 2002 and 2003. The novel
coronavirus was given the name severe acute respiratory syndromescoronavirus-2 (SARS—-CoV—
2,2019-nCoV)'. The outbreak of SARS-CoV-2 was assumed 0 have first started via a zoonotic
transmission comparable to SARS and Middle East Respiratory Disease (MERS), related to the
seafood market in Wuhan, China. Subsequently, it was realized that human-to-human
transmission was a significant factor in| the) ‘outbreak that followed?>. The World Health
Organization declared a pandemic and'named the illness brought on by this virus Coronavirus
Disease 19 (COVID-19). As has been reported in the year 2020, in about 200 countries and
territories, COVID-19 has,had a significant influence on a lot of individuals throughout the
world®. As of March, 11, 2023, around 681,419,103 confirmed cases and 6,811,353 deaths

worldwide have been reported because of the coronavirus COVID-19*

COVID-19 ‘became a global pandemic on the 11" of March 2020, as announced by the World
Health Organization: However, on the 27th of February 2020, the first case of the virus was
reported in Lagos State, Nigeria by the Federal Ministry of Health®. Nigeria became the third
country in Africa after Egypt and Algeria to recognize an imported COVID-19 case when the
Federal Ministry of Health announced on February 27, 2020, the first COVID-19 case in Ogun

State. The index case involved an Italian national who, on February 24, 2020, took a flight from
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Milan, Italy, to Lagos, Nigeria, and then drove the same day to his company's location in Ogun
State. He presented with symptoms that were consistent with COVID-19 on February 26, 2020,
at his firm's clinic. He was then sent to the Infectious Disease Hospital (IDH) in Lagos, where,
on February 27, 2020, real-time reverse transcription polymerase chain reaction (RT-PCR) was

utilized to confirm the diagnosis of COVID-19°.

Though some organ systems are also affected, the respiratory system is where th%&COVQ
virus primarily manifests itself. The original case series from Wu a.\gl'@a, described
symptoms associated with lower respiratory tract infections, SL.ICh 4%}igver, dry cough, and
dyspnea. Other symptoms included a headache, vertigo, Wid@d weakness, nausea, and
diarrhea®. This condition may also be lethal; there have b@ge)re and more deaths worldwide
from patients with severe illnesses. According to %%ological studies, mortality rates are

higher in the aging population and much 1 @)chﬂdrené. As the outbreak went on, the
o

number of cases among people 65 years& nd older went up even more. There were also
signs that the number of infectio% young children (under 18) was going up. Even though
t firs

there were more men affecte t, there was no clear difference between the sexes as the

a

.\
number of cases grew T@e age time of incubation was 5.2 days. 2.3% of all cases resulted
in fatalities. Usin%(\)rggnation from two hospitals in Wuhan, the risk factors for in-hospital
death were iﬁ%gated? The multi-variable analysis revealed that older age, a higher sequential
organ@@ assessment (SOFA) score, and d-dimer >1 g/mL on admission were risk factors.
The existence of coronary artery disease, diabetes, and hypertension was also regarded as a risk
factor in the univariable analysis. Most patients died from multi-organ failure, according to a

research study of 85 fatal COVID-19 patients in Wuhan with a median age of 65 years, as

respiratory failure, shock, and ARDS were present in 94%, 81%, and 74% of cases, respectively®.



Coronaviruses are positive-sense, single-stranded, enclosed RNA viruses that are about 30 kb in
size. A wide range of host species are infected by them °. Based on their genetic structure, they
are classified into four genera, with only mammals being infected by a and B coronaviruses '°.
Human coronaviruses, including 229E and NL63, which are both members of the alpha group of
coronaviruses, can cause the common cold and croup. In contrast, SARS-CoV, Middle East

respiratory syndrome coronavirus (MERS-CoV), and SARS-CoV-2 are assigne@he beta

group of coronaviruses . ° \QO

Five stages make up the virus's life cycle within the host: attachrrzent&u\etration, biosynthesis,
maturation and release. The virus adheres to host receptors; after’{é\&ttachment, the virus enters
the host cells through endocytosis or membrane mstq@gr attaching to host receptors
(penetration). The viral RNA enters the nucleus of @&ells once the viral components have
been released inside and the viral proteins ar ‘p@ed using viral mRNA (biosynthesis). Then,
after maturing, additional virus particles % uced and discharged, which are then made up of
four structural proteins: spike (S), rane (M), envelop (E), and nucleocapsid (N)'!. The
spike protein is a transmembrane .t\rimetric glycoprotein that projects out from the surface of the
»

virus. It controls host C;@

of two functional N{b)u its: the S1 subunit which binds to the host cell receptor and the S2

is responsible for coronavirus variability. The spike is made up

subunit fuseg%iral and cellular membranes '2. The coronavirus's spike proteins bind to renin-
angiot@%dosterone system (RAAS) regulators called angiotensin-converting enzyme 2
(ACE2) receptors on the epithelial surface of human cells. A serine protease called TMPRSS2 is
recruited by SARS-CoV-2 to aid in viral protein priming and cytoplasmic entry!'s. The
expression of SARS-CoV-2 cell receptor (ACE2 receptor) genes varies among human organs,
with the small intestine having the highest levels of expression, followed by the hypothalamus,
pituitary, testes, heart, thyroid, kidney, and lungs at a varying levels'*. After SARS-CoV-2 binds

-3-



to the host protein, a protease cleaves the spike protein. Afterwards a two-step sequential
protease cleavage to prime the SARS-CoV and MERS-CoV spike proteins and cleave the spike
protein to activate it at the S'2 location, which is close to a fusion peptide in the S2 subunit. The
S1 and S2 subunits are still non-covalently attached after the S1/S2 cleavage site and the distal
S1 subunit helps keep the membrane-anchored S2 subunit stable in the prefusion condition '>:
The spike is apparently activated for membrane fusion by further cleavage at the S':&'ﬁ&bﬁon via
irreversible conformational changes. The coronavirus spike is distinct fro b@g)ﬂuses in that
it can be cleaved and activated by a variety of proteases. The presence ‘c%urin cleavage site
("RPPA" sequence) at the S1/S2 site is one of the traits that set @ﬂ- oV-2 apart from other
coronaviruses. In stark contrast to the SARS-CoV spike, @was integrated into assembly
without cleavage, the S1/S2 site of SARS-CoV-2 was G%letely susceptible to cleavage during
biosynthesis'®. The widespread expression .GQﬂ&rin likely renders this virus particularly
dangerous even if the S1/S2 site was als(e_;}osed to cleavage by other proteases such as

transmembrane protease serine 2 (T ) and cathepsin L.

.\

The majority of reports from i%mu ological research involving patients with severe COVID-19
show that lymphope@% esent in patients, particularly when there was a decrease in

peripheral blood N:e s. Increased plasma levels of proinflammatory cytokines, such as
interleukin ‘@6, IL-10, granulocyte-colony stimulating factor (G-CSF), monocyte
chem@%nt protein 1 (MCP1), macrophage inflammatory protein (MIP)-1, and tumor
necrosis factor (TNF)—have been observed in patients with severe diseases'’. Patients' IL-6
levels increased with the severity of their diseases. An increase in the expression of CD69, CD38,
and CD44 in these patients revealed that CD4+ and CD8+ T cells had been activated, while a
higher proportion of checkpoint receptor Tm3+PD-1+ subsets in CD4+ and CD8+ T cells
indicated that T cells were similarly worn down. In CD8+ T cells, levels of NK group 2-member
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A (NKG2A), another indicator of exhaustion, were increased'®. IL-8, a chemoattractant for

neutrophils and T cells are produced with IL-6 by virus-infected lung epithelial cells.

The metalloproteinase angiotensin-converting enzyme 2 (ACE2) is a carboxy-terminal dipeptidyl
peptidase. The main physiological function of ACE2 is to control blood pressure and
vasoconstriction. The coronavirus spike (S) protein could be cleaved by transmembfane protease
serine type 2 (TMPRSS2), a member of the type II transmembrane serine protease@'\lfy 4 The
entry of SARS-CoV and SARS-CoV-2 into the host cells was shown tg@%n ACE2 and
TMPRSS2. SARS-CoV-2 cell entry is dependent on the S profein' aﬁmity for a particular
cellular receptor and the priming of the S protein by host cell p@ks. he pathway of SARS-
CoV-2 infection and the infected organ may depend on thq{%@ssion and distribution of ACE2
and TMPRSS2, since receptors and mediators of V@’l are crucial for identifying the viral
host and organ. According to studies, ACE2* \@WPRSSZ are expressed in extrapulmonary
organs such as the heart, kidney, liver, c&&l', ophagus, brain, gallbladder, and testis in addition

to lung tissues'®. This suggests tlyt&)S@‘b—'CoVQ may also impact extrapulmonary organs.

Expression analyses from th&%@mmon Fund's Genotype-Tissue Expression (GTEx) Program
show that ACE2 is e)@e)gd e fifth most in the kidney!®. The public single-cell transcriptome
dataset of health unteers' normal kidneys was analyzed to investigate the expression of

ACE2 in tkﬁ

cell typ t was primarily enriched in proximal tubule cells!®. In contrast to immune cells and

ey, and the findings revealed that ACE2 was distributed throughout a variety of

glomerular parietal epithelial cells. It was also verified by the unique ACE2 expression in tubular
cells from the Gene Expression Omnibus (GEO) dataset. The Cancer Cell Line Encyclopedia
(CCLE), GTEx database, and Human Protein Atlas dataset were used to gather RNA and protein

expression data of ACE2 in various human tissues and cancer cell lines °. The findings showed



that both mRNA and protein expression levels of ACE2 were relatively high in kidney cells,
particularly in renal tubular cells. Meanwhile, a study report analyzed the data of kidney tissues
in scRNA-Seq datasets and discovered that either proximal tubular cells or tubular progenitor
cells in the kidney co-expressed ACE2 and TMPRSS2%. The scRNA-seq data from the GEO
dataset (GSE 134355) revealed that ACE2 and TMPRSS2 expression levels were high in
nephron epithelial cells, epithelial cells, endothelial cells, and mesangial cells of th;%&@y. And
recently, it was discovered that the TMPRSS2 gene and ACE2 were f@@aed in kidney

podocytes 2122,

. %
The kidney has been identified as a significant target organ for S{@C\X—Z infection due to the
presence of ACE2 receptors, and laboratory tests have s‘l;d\%zduat certain COVID-19 patients'
urine samples have tested positive for the virus 23@% the most serious complications of
COVID-19 is acute kidney injury because S%‘é?oVQ can infect renal intrinsic cells like
proximal tubular epithelial cells and ca%e'gl%al dysfunction. The incidence of acute kidney
injury as a consequence of COV D—%‘b‘as 7% in 41 cases published in the Lancet, and all of
them progressed to severe in tarigz s 2%, Acute kidney injury occurred in 0.5% of the 1099
COVID-19 patients, g@%v rity rate was 83.3% 2°. Renal failure, defined as an increase in
serum creatine, blo&d ur€a nitrogen, the development of proteinuria, or the presence of hematuria,
was associafe?%‘ith a considerably greater mortality risk than normal renal function in a
subse hort analysis included 701 COVID-19 participants 6. Renal impairment was a
standalone risk factor for mortality in hospitalized patients. These investigations showed that one
of the most serious consequences that affected COVID-19 patients was acute kidney damage.
The kidneys are high in ACE2. Even more than in the heart, the renal cortex exhibits strong
ACE2 activity 2. The expression level of ACE2 reduced in both the acute kidney injury model
and multiple models of chronic kidney disease brought on by hypertension, diabetes, and
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nephrectomy, which altered the homeostasis of RAS in the kidneys and exacerbated the
pathological alterations in the kidneys. As discussed, mounting evidence has also shown that
ACE2 was essential for the pathophysiology and development of renal disorders. ACE2 deletion
may exacerbate fibrotic pathologies in obstructive renal disorders and renal dysfunction models
in ischemia/reperfusion®. More research is needed to determine how ACE2 may have
contributed to the renal dysfunction seen by COVID-19 individuals as well af&‘ﬂib clinical
outcomes in COVID-19 patients who also had chronic kidney disease 'A@% significant
discovery was that patients with more severe clinical manifestations of COVID-19 had greater

.\
serum concentrations of pro-inflammatory mediators and imm%ﬂi Is malfunction, which

exacerbated cytokine storm and resulted in kidney failure,.as&égn sepsis disease?’.

The fact that virus-like particles can be found ir@%cular epithelium of patients with

subacute thyroiditis (SAT) and, more recently, '@S"e independent case reports of SAT linked

to SARS-CoV-2 shows that SARS-COY-2*Could also infect thyroid cells?®. The thyroid's

anatomical proximity to the upper ai S, a major route for coronavirus entry, lends support to
Y

the notion that the thyroid m ¢ a target of SARS-CoV-2. In fact, it has been previously

igh
'\
observed that a signifq;@% rtion of people with severe acute respiratory syndrome (SARS-

CoV) exhibit abno\Q;a 1es in thyroid function and disturbances of the follicular architecture.
Clinically, tﬁ%l that some COVID-19 patients experience ear pain, which is a typical SAT
sympt@ﬂd support the idea that SARS-CoV-2 could infect the thyroid and cause subacute
inflammation®’. Due to the possibility that SAT-related thyrotoxicosis may be a factor in the
cardiovascular problems seen in COVID-19 patients, this pathologic process may eventually be
clinically significant. After examining two separate databases, it was evidenced that ACE-2 is
present in various human organs, including the thyroid®*°. Though direct evidence for the
presence of the ACE-2 mRNA in thyroid cells is still absent.

-7-



Thyroid and kidney functions can interact in several ways when one or both organs are in
pathological states. Thyroid hormones have an impact on renal development and physiology. The
glomerular filtration rate and renal blood flow are both increased by the pre-renal and intrinsic
renal actions of thyroid hormones (GFR)?!. Reduced GFR is a sign of hypothyroidism, and
increased GFR and enhanced renin-angiotensin-aldosterone activation are signs of
hyperthyroidism. Low triiodothyronine (T3) syndrome, a feature of chronic k{@kﬁ&' disease

(CKD), is now recognized as a component of an atypical nonthyroidaé';@on. Primary

hypothyroidism and subclinical hypothyroidism are more common in €KD patients. The
. "
physiological advantages of a hypothyroid state in CKD and t@dﬂ er of hyperthyroidism

accelerating the disease highlight the need for a cautious a&@h to treating thyroid hormone

abnormalities in CKD?!. 66\

Early in the COVID-19 pandemic, pulmonzﬁz@soms were the focus of clinical practice and

research. However, there are growing e%e' suggesting both direct effects on several organ
systems as well as indirect effects er organ systems and disease processes, like cancer,
renal, endocrine, and cardiov&l.e\l illnesses, due to changes in patient behaviors and healthcare
delivery32. Patients wi @%—19 and other underlying diseases may experience a spectrum of
symptoms and or dilure due to the widespread expression of the ACE2 receptor and its
variable deng%fection with other coronaviruses, such as severe acute respiratory syndrome
(SARiddle East Respiratory Syndrome (MERS), has been linked to multiorgan damage
and long-term clinical outcomes*. Due to the high number of COVID-19 patients admitted to

intensive care units (ICUs), long-term effects of COVID-19 may parallel those seen in post

intensive care syndrome or post sepsis syndrome?”.



SARS-CoV-2 viral infection continues to impact the world greatly, especially with the
emergence of Delta, Omicron, and other variants in various clinical studies** *> Acute Kidney
Injury has been reported as a critical non-respiratory clinical manifestation of COVID-19
regardless of any prior kidney damage 3% 373, Aberrant thyroid function has also been noted in
the weeks following the SARS-CoV-2 infection *°. Through retrospective observational studies
and case reports, many thyroid conditions, including non-thyroidal sickness synd;z@(b(NTIS),
subacute thyroiditis (SAT), thyrotoxicosis, and hypothyroidism, hav .K Q)dentiﬁed in
individuals post-COVID-19 infection ¥ 4. These studies raise the que;ti;)%)f whether or not
thyroid function should be given extra attention in COVID-19 pati@& ?1 if a cause-and-effect
relationship between the infection and the start of thyroid ction has not yet been proven
from a mechanistic point of view. Presently, there js and conflicting information on the

direct impact of the viral infection on kidney ap@oid function and its impact on these organs'

health. C_)\
>

A lot of effort is being expended t(@%bat the pandemic. Several research are ongoing into
development of therapies an Mes are being rolled out against the pandemic. Patients
diagnosed and hospita 'z@: SARS-CoV-2 viral infection are reported to have significant
risk of developing K@nd thyroid dysfunction. This can lead to infection severity and a high
mortality raw%t exact effect is unclear and there is a need for consistent monitoring of renal
and t nction during and after infection. This is because individuals who had AKI have a
high risk of developing chronic kidney disease. Evidence of abnormal thyroid function has been
seen after the phase of convalescence following COVID condition. The "cytokine storm" may be
a key mediator in this situation, even though the cellular and molecular mechanisms are not fully

understood. Future research is therefore required to more thoroughly explore the molecular and



clinical basis of thyroid dysfunction brought on by COVID-19 for proper management of

patients.

There is a paucity of information on the prevalence of thyroid disorders in Nigeria, but a study in
southeastern Nigeria reveals a prevalence of 2.4%, which is greater than the 1.6% rate observed
for Southwestern Nigeria. The increasing incidence of thyroid dysfunction in Nigeria
necessitates the need to ascertain thyroid function among individuals within-rié)&'b(gz)rs, for

which COVID-19 has been identified*!. . QO

According to the most recent survey, AKI causes about 2 million @@n&mally, and those who
survive have a higher risk of developing chronic renal diseq@n early identification and
treatment of AKI could successfully stop the outcome fr@happening 42 Despite significant
advancements in the histology and etiology of A@% was still debate regarding clinical
detection and diagnosis*}. Today, AKIN (ac fe@yy injury network) and RIFLE (risk, injury,
failure, loss) and ESRD both advocated t%;[ increase in serum creatinine or reduction in urine
output should be utilized as the most rally applied and widely accepted clinical standard for
the definition and diagnosis o IsSI 4. Unfortunately, serum creatinine was unable to accurately
reflect the timing an %enal injury because of its poor sensitivity and specificity, as well
as the 48 h-72 h tifae requirements *° . However, additional parameters like age and acute and
chronic renal insufficiency had an impact on serum creatinine. These investigations revealed that
the ne@ more precise and effective diagnostic tools for AKI was essential. Early diagnosis of
acute kidney injury (AKI) is currently a challenging task because the commonest method of
estimating urea and creatinine in diagnosing AKI may cause a delay in early recognition of AKI

4

due to its limitations #¢ . Some of the limitations include Insensitivity to little changes in

glomerular filtration rate (GFR), Creatinine is also a late marker of altered GFR, non-specificity
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to disease process and it is affected by some clinical attributes (age, weight, gender, volume

status, medication use)*’.

An important concern for patients receiving critical care is acute kidney damage (AKI; also
known as acute renal failure), with sepsis being the most frequent cause of AKI in the intensive
care unit*®, The death rates for septic AKI have remained high due to the lack of sensitive and
precise biomarkers for identifying renal cell injury. Neutrophil gelatinase-assoc'&pocalin

(NGAL), a recent discovery using genomic, transcriptomic, and proteo‘%&g@mds, is now

recognized as an early indicator of AKI 3, In a variety of clinical C(‘)%X':S, including contrast-
a

induced nephropathy, AKI following heart surgery or kidney t ‘\' ation, and AKI in the
critical care setting, NGAL has been studied. Similar to tro g)for acute myocardial infarction,

NGAL is a promising biomarker for AKI with an @ensitivity of 0.815 (95% confidence

interval, 0.732-0.892)*. . ©

The CST3 gene encodes Cystatin C (Cys%'a ysteine protease inhibitor that is a member of the
type 2 cystatin gene family. Cy tatiQs:g‘ay an important physiological role in controlling the
activity of endogenous protei&se&, which are frequently released or leaked from the lysosomes
of sick or dying cells }@%e amino acid sequence of CysC was established in 1981 after it
was initially identiﬁ@ n cerebrospinal fluid in 1961. It has a molecular mass of 13,343 Da, 120
amino acids, s non-glycosylated. All cystatins share a conserved glycine at position 11 at
the Ni@nus, which is found in CysC. For both binding affinity and inhibition specificity, the
N-terminal region of cystatin is crucial. Human CysC's N-terminal 10 peptide truncation
diminishes cathepsin B and cathepsin H inhibition by more than 1,000- and 50-fold, respectively.
CysC 1is continuously produced by all nucleated cells, and it is freely filtered in the renal
glomeruli without being reabsorbed*. The primary catabolic location of CysC in the kidney is

the proximal tubular cells. Glomerular ultrafiltration virtually entirely removes the protein from
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the blood circulation. CysC is hardly detectable in urine under normal circumstances, but it
becomes more prevalent when proximal tubular cells are damaged. In mildly impaired renal
function, free filtration may allow CysC to more accurately reflect renal function than serum
creatinine. Some studies have also demonstrated that using CysC-based equations for calculating
GFR is more accurate than using creatinine-based calculations °° . Also, compared to serum
creatinine, CysC is less affected by muscle mass and caloric intake. Cort1c0ster01%%lch are
frequently prescribed to people who have had a kidney transplant, are a 0% medications
that have been identified as having an impact on CysC production. These‘%‘ues among others
make Serum levels of cystatin C a more precise test of kidney fgﬁ%w (as represented by the

glomerular filtration rate, GFR) than serum creatinine leveISQQ’&

One of the co-morbidities implicated in the severit@\is CoV-2 viral infection is diabetes.
Glycosylated hemoglobin is essential in its dia%@) Almost 40 years ago, glycated hemoglobin
(HbAlc) was initially recognized as anA'u al" hemoglobin in diabetic individuals. HbAlc
shows the average glucose level in %‘b‘la during the past eight to twelve weeks 32 . It can be
conducted at any time of day an%)equlres no additional preparations, such as fasting. These
characteristics have recommended method for measuring glycemic control in
diabetics 32 . Ther l.ergerglng evidence that diabetes is closely associated with an increased
chance of cm‘%ﬁng COVID-19 and with bad outcomes. However, the influence of the severity
of C % on glycemic indices remains unknown. According to the study, severe COVID-19
infection was substantially related with elevated blood glucose levels. As viral infection and
hyperglycemia interact negatively, our study emphasizes the necessity to effectively manage
blood glucose in COVID-19-infected patients to enhance their prognosis > . Diabetes mellitus

(DM) is the major cause of chronic kidney disease and needs to monitored. As it accounts for

roughly 45 percent of all instances of end-stage renal disease (ESRD) in dialysis patients. Time-
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averaged mean levels of glycemia, as measured by glycosylated hemoglobin (HbA1C) level, are
the gold standard for regulating glycemia and reducing the problems associated with diabetes in

post-acute phase of COVID-194,

Furthermore, one of the most typical endocrine conditions found worldwide is thyroid
disease.  Enlargement of the thyroid gland, symptoms of decreased or increased hormone
production, or complications from the disease itself might all be present . Due éo)ihv multiple
functions of thyroid hormones (THs), which include controlling the basal .e't%%c rate, which
is necessary for normal growth, mental development, and sexual(matiration, as well as
increasing the sensitivity of the cardiovascular and central nerv .\;ys ms to catecholamines,
cardiac output and heart rate, a diagnostic challen@gﬂy arise both clinically and
biochemically>®. A clinical impression that suggestst@ malfunction or overt symptoms and
indications that are indicative of hyperthyroidis@yypothyroidism may serve as the basis for a
request for thyroid function tests (TFEs). can be used for thyroid disease screening,
diagnosis, monitoring, and treatme%%aluation. Thyroid-stimulating hormone (TSH), total
triitodothyronine (TT3) and/or fre¢” triiodothyronine (FT3), and total thyroxine and/or free
thyroxine (FT4) are th a@zat are frequently analyzed in TFT3. The fourth generation of
TSH assays has he%@increase the diagnostic sensitivity and specificity of the TH assay over
time. Many‘%egssional organizations, including the American Thyroid Association, the
Natio@%emy of Clinical Biochemistry, and the Royal College of Physicians in London,
have released a variety of guidelines on the use of laboratory research of thyroid problems >’ .
TSH has been emphasized as the initial screening test for thyroid disorders. Thyroxine and
triiodothyronine secretion, which have a log-linear negative feedback effect on pituitary
thyrotrophs, are controlled by pituitary TSH secretion. TSH is the best indication of subtle

changes in thyroid function because of this connection, which causes modest changes in the
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concentration of free TH to result in substantial changes in the serum concentration of TSH %7 .
The thyroid gland's main hormone to be secreted is T4. The peripheral conversion of T4 through
5'-mono-deiodination in diverse tissues accounts for around 80% of the serum T3 concentration.
Just 0.02% of T4 and 0.2% of T3 circulate in the bloodstream free; the majority of THs are
linked to plasma proteins. In comparison to overall hormone levels, FT4 and FT3 levels are more
important®®. The hormone's biologically active form is known as the free hormonf;.&‘[g(hﬁdition,

regardless of thyroid function, different inherited or acquired alterations ; t@%b@rter proteins

in®
affect T4 and TT3 serum levels. Thyroid parenchyma has many ACE2 ‘seceptors, making it
susceptible to SARS-CoV-2, the ACE2 was positively correlat@\'l 2,5,3’-triiodothyronine
(T3) and thyroxine (T4), suggesting it may be a Valu.ab&&nostic for peripheral thyroid
hormone activity 3® . The thyroid gland and viral i interact via thyroid hormones and
immunomodulatory signaling molecules. Viq&and immunological reactions may affect
thyroid function. Thyroid hormones re ul@ious organ systems, including the circulatory
and respiratory systems, which may @OVID-D progression®”. Thyroid abnormalities have

been associated to diabetes, obesityykidney dysfunction, and liver illness, which increase the risk

.\
of COVID-19, therefore @trolled thyroid disorder may worsen patient condition®”.

G

1.2 Statem t@ﬁe Problem

The sp Qf he COVID-19 pandemic and the subsequent rise in its genetic variety have
created afl unusual scenario for the world. This virus's pathogenicity and ability to spread has
increased due to the diversity in its genome. The possibility of SARS-CoV-2 impacting

negatively on vital organs such as the kidney and thyroid is a major health concern.

Mortality rate of patients with severe acute kidney injury requiring dialysis has not decreased

significantly over the last 50 years despite advances in supportive care®,
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With the report of SARS-CoV-2 causing renal dysfunction and the attendant economic and

health complications then this must be critically studied®'.

Research suggests that patients who recover from COVID-19 may also experience post-acute
sequelae, sometimes known as "long COVID," which can include symptoms in the kidneys,
thyroid, and other extrapulmonary organ systems, in addition to the acute sickness. l}e%gjﬂess of
any antecedent kidney impairment, acute kidney injury has been documented a%}ajor non-
respiratory clinical presentation in COVID-19 2. According to several &%\3@, COVID-19

suffers from acute renal damage at varying rates®. ‘6,\

Recent report has also described the onset of thyroid dysfu%@ in patients diagnosed with
COVID-19 although such information is scarce in our e %nent 64, Up till now, the incidence
of organ dysfunction has been rising in Nigeria a@und the world with noted interactions

between thyroid and renal functions 6% 6% 67 6<.: )\\3

It is important to note that diagnosis o(@% kidney injury (AKI) is currently a challenging task
because the commonest method Mimating urea and creatinine in diagnosing AKI may cause
delay in early recognition %jga In addition, there is scarcity of information on the effect of

SAS-CoV-2 infection@enal and thyroid function.

1.3 Justiﬁ%& the Study

A lot (@m is being expended to combat the pandemic; several researches are ongoing into
development of therapies against SARS-CoV-2 infection. Patients diagnosed and hospitalized
due to SARS-CoV-2 viral infection were reported to have significant risk of developing AKI and
thyroid dysfunction. This can lead to infection severity and high mortality and pressure on the

present health care system in Nigeria’®.
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More so, it is unsure that those who were exposed to SARS-CoV infection during the pandemic
are not having subclinical renal and thyroid dysfunctions which may progress to more severe
health condition. Therefore, study on the effect of SARS-CoV-2 infection on renal and thyroid
health of exposed individuals is very pertinent, for timely discovery, monitoring and

management of post-pandemic clinical issues arising from SARS-CoV-2 infection.
1.4 Aim and Objectives of the Study

.Q‘Z)

Aim @
The aim of this study is to determine the effif;&“{%st pandemic SARS-CoV-2 infection and on
n

the renal, thyroid functions and markers

The specific objectives of the sﬂ@&o:

. . ) : .
i.  estimate the semm@ of SARS-CoV-2-antibody in both the exposed and unexposed

groups. \C)Q

ii.  esti whole blood levels of glycosylated haemoglobin (HBA1C), in both the
Q@d and unexposed groups.
iii.  estimate the serum level of cystatin c.

iv.  estimate the serum level of electrolyte (Na*, K, Cl;, HCO3"), urea and creatinine.

mmation in individuals exposed to it.

v.  estimate the serum level of C-reactive protein.
vi.  estimate the serum level of free tri-iodothyronine (FT3).

vii.  estimate the serum level of free thyroxine (FT4).
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viii.  estimate the serum level thyroid stimulating hormone (TSH).

1.5 Research Questions

1. What are the post-pandemic levels of markers of acute kidney injury (AKI) in
the apparently healthy population who are not exposed to SARS'—@»Z viral
infection compared to population exposed to SARS-CoV-2 i\Q%&)n?

ii.  Is AKI a post-pandemic frequent occurrence in individuals who tested positive
for SARS-CoV-2 infection using RT-PCR methbg%d R

iii.  What are the post-pandemic levels of &‘@s of thyroid function in the
apparently healthy population wh Q»\ot exposed to SARS-CoV-2 viral
infection compared to populaticﬁx sed to SARS-CoV-2 infection?

iv. Is inflammation a post@nic frequent occurrence in individuals who
tested positive for S@OV-2 infection using RT-PCR method?

The exposed individuals are thowo tested positive to the virus using RT-PCR method. The

unexposed individuals are who tested negative to the virus using RT-PCR method and are

asymptomatic. C)Q
N

1.6 Sigrﬂ%@ of the Study

This %oked at the kidney and thyroid health of people in Ibadan who were exposed
(infected) to SARS-CoV-2 during the pandemic. It will help find out what effect COVID-19 has
on the thyroid and kidneys after recovery. This study gives a quantitative measure of thyroid and
kidney function after COVID-19 and helps to find subclinical changes before the symptomatic
phase. Hence, this study will show if/how important it is to routinely test thyroid and kidney

function in the post-acute phase of COVID-19. It will also help inform clinicians on how to

-17 -



properly advise patients with high-risk factors about this organs’ dysfunction to reduce the
associated damage involved. And help the government build the right capacity after the
pandemic to cater properly for the populace, reducing mortality caused by COVID-19 in the
post-acute phase. This will also help physicians and researchers recognize and monitor the range
of symptoms, as well as set research goals, develop research priorities and therapeutic strategies

for the affected organ systems (kidney and thyroid gland). &

%\%

Whilst the immediate negative health problems relateax@the COVID-19 infection on the

1.7 Scope of the Study

pulmonary system have been well documented, t@pact of the virus on extra-pulmonary

organs is poorly understood. The aim of th@% to assess the kidney and thyroid health of
R

people in Ibadan who were exposed to%' during the pandemic. The scope of the study is

limited to recruiting a total of tx()\)l‘&.ed and seventy apparently healthy participants (males
and females) in the age rangg of 4)8—60 years in different local government areas in Oyo State.
They were recruited % dy after informed consent had been obtained from them. They
were made u‘%@itial 120 SARS-CoV-2-exposed individuals and a matched cohort of 150

apparently healthy individuals without exposure to SARS-CoV-2 infection.
1.8 Lk\itations of the Study

This study involves recruitment of individuals who were exposed (tested positive to SARS-
CoV-2 viral Infection). Difficulty in recruiting willing respondents therefore was a herculean

task.
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After contacting respondents who initially showed willingness to be part of the study, many
easily declined sample collection due to fear of needle. Some respondents who initially agreed
they were once exposed to SARS-CoV-2 viral infection, and agreed to be part of the survey,
suddenly declined participation, claiming they were never exposed. Also, for the unexposed
group, some participants who claimed they were never exposed and never symptomatic for the

infection during the pandemic eventually ended up testing positive to the SARS-Co@tibody.

Another difficulty encountered was during phlebotomy (blood sample collec .'&Qqﬁbcedure.
Some respondents without conspicuous veins had to be pricked mo.re th%g\nce, and this caused
them to be uncomfortable, some even withdrew from the study. &%)\\'

. Q‘Z)
1.9  Operational Definition of Terms Q@
Reverse Transcription (RT)-PCR: is u@)@\plify RNA targets. The enzyme reverse
transcriptase turns the RNA template int%’mplementary (c) DNA. Then, the cDNA is used as a
template for PCR-based exponen@liﬁcation. RT-PCR can be carried out in a single step or
two phases. The RT reaction‘%dm}’CR reaction are combined in one tube during one-step RT-
PCR. Primers must @)@s uence-specific. The created cDNA is moved into a second tube
for PCR durin, t@etep RT-PCR. The oligo (dT), random hexamer, or gene-specific primers
can be used. Although random primers can prime anything, including ribosomal RNA, oligo (dT)
prime@ typically favored because they hybridize to the 3' poly (A) tails in mRNAs

(transcribed gene sequences)’!.

Coronavirus Disease 2019 (COVID-19): the respiratory condition that is the source of the

continuing COVID-19 pandemic, is brought on by the severe acute respiratory syndrome
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coronavirus 2 (SARS-CoV-2). The virus was once known as the human coronavirus 2019 and

was given the preliminary name 2019 novel coronavirus (2019-nCoV) (HCoV-19 or hCoV-19)72.

The SARS-CoV-2 Spike Protein Antibody: is a neutralizing antibody response to
coronaviruses that is largely directed against the trimeric spike glycoprotein (S) on the viral
membrane envelope. This protein acts as the mechanism for joining the membranes (()ghe host
cell and the virus. Three copies of the S1 subunit, which consists of the Sl%‘ﬁ\}ugh S1D
domains and promotes attachment to target cells, are found in the coronayi . \S oteins, as are
three copies of the S2 subunit, which is responsible for facili.tatinam@mbrane fusion. The
receptor-binding domain is frequently the target of neutraliz@htibody responses against

SARS-CoV-2, SARS-CoV, and MERS-CoV S proteins ( nalso called the SIB domain)’2.

Chemiluminescence Immunoassay: chemilumin%&e (CL) is defined as the emission of
electromagnetic radiation caused by Q'%}r‘n

chemiluminescence immunoassay (C@' is an assay that combines chemiluminescence

cal reaction to produce light, while

technique with immunochemical feactions. Like other labeled immunoassays (RIA, FIA, ELISA),
CLIA utilizes chemical pro@h’ﬁch could generate light emission through chemical reaction to
label the antibody. I@t years, CLIA has gained increasing attention in different fields,
including lif e, clinical diagnosis, environmental monitoring, food safety and

pharmaceutreal “analysis because of its high sensitivity, good specificity, wide range of
applicatlas, simple equipment, and wide linear range. This technique was used in the analysis of

SARS-CoV-2 antibody, FT3, FT4and TSH’>.

Thyroid Function Test: is an organ function test used to assess the thyroid gland. The tests
evaluate the blood's levels of triiodothyronine (T3), thyroxine (T4), and thyroid stimulating

hormone (TSH). The pituitary gland in your brain produces and transmits TSH to the thyroid
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gland. TSH regulates the synthesis of thyroid hormones (T3, T4), which are produced in

response to TSH.

To quantify light absorption or the concentration of compounds in a solution, spectrophotometry
is a common and affordable approach. Each substance in the solution either absorbs or transmits
light of a particular wavelength when it is passed through the sample using a li.ghggeam. A
spectrophotometer, which consists of two instruments, a spectrometer, and a photé&r, is used
to measure spectrometry. The photometer calculates the amount of lig .t\% through the

sample after the spectrometer generates the light of the desired Wave%hl;‘.

AS

Acute Kidney Diseases: An abrupt decline in excretory kidne%&p%tion is what is referred to as

acute kidney injury (AKI). Acute kidney diseases a%@krs (AKD), which include AKI, are
ne

a group of ailments characterized by a slight decl kidney function or a persistent kidney

dysfunction as well as an irreversible loss(of Kidn€y cells and nephrons that may progress to

chronic kidney disease (CKD)". (b§'

Chronic Kidney Disease: Long%x?, progressive decline in renal function is known as chronic
kidney disease (CKD). @w{ ?nausea, vomiting, stomatitis, dysgeusia, nocturia, lassitude,
weariness, pruritug\ ired mental acuity, muscle spasms and cramps, water retention,
undemutriti@%%heral neuropathies, and seizures are among the symptoms that slowly
worse ogress to more severe phases. The ability of the kidneys to maintain fluid and
electrolyte homeostasis is hampered by decreased renal function. Early falls in urine
concentration are followed by declines in urine excretion of excess phosphate, acid, and

potassium. Urine osmolality is often fixed at around 300 to 320 mOsm/kg, which is close to that

of plasma (275 to 295 mOsm/kg), when renal failure is advanced (glomerular filtration rate
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[GFR] 15 mL/min/1.73 m2) and urinary volume does not respond quickly to changes in water

consumpti’®.

Autoimmune Thyroid Disorders: (AITD) are brought on by immune system dysregulation that
results in an immunological attack on the thyroid. Organ-specific autoimmune diseases (AITD)
are T cell-mediated. The most prevalent pathological abnormalities of the thyroid (gmd are
autoimmune thyroid disorders (AITD). Graves' disease (GD) and Hashimoto's t@tis (HT),
both of which are characterized by lymphocytic infiltration of the thyrm'@ yma, are the
two primary clinical manifestations of the AITD”’. . ‘6.3

A thyroid immune response known as subacute thyroidi%@e\quently follows an upper

Q

respiratory infection. Just above the middle of your c:la,@es, in the neck, is where the thyroid
e

gland is situated. A self-limiting thyroid illness ¢ bacute thyroiditis is characterized by a
triphasic clinical course that includes hype@.}:)‘r%i , hypothyroidism, and a return to normal
thyroid function. 10-15% of patients @arrive with thyrotoxicosis and 10% of those who
present with hypothyroidism mé\bgﬁ have subacute thyroiditis. The presence and stage of
subacute thyroiditis can be @e’d through thyroid function testing’*.
C)Q
WV
Q

>
S
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Chapter Two
Literature Review

2.1 Conceptual Review

Coronavirus Disease 2019 (COVID-19), the new millennium's pandemic, has caused
unprecedented issues for global health. The causative agent is a new encaps;ulggl RNA
coronavirus 2 identified as severe acute respiratory syndrome coronavirus 2 (SAR%%}VQ). The
People's Republic of China (PRC), a nation in East Asia, is where the ﬁ@tarted in the
city of Wuhan. This quickly expanded outside of Wuhan'. Due EO@S}I similarity (80%) to
SARS-CoV, which caused acute respiratory distress syndror@RDS) and high mortality
between 2002-2003, the novel coronavirus was giveﬁ,{k name severe acute respiratory
syndrome coronavirus-2 (SARS—-CoV-2, 2019—nCo«%&RS-COV-2 was thought to have first
spread by a zoonotic transmission linked to 'ss){f.%g market in Wuhan, China. Subsequently, it
was realized that transmission from pers t;)%rson was a significant factor in the outbreak that
followed. Coronavirus disease 19 (C%-l%, the name of the illness brought on by this virus,
was deemed a pandemic by tgwxorld Health Organization (WHO)3. A lot of people have been
impacted by COVID ,@h has been recorded in about 200 nations and territories. Over

4,487,553 cases h&&been documented globally as of April 7th, 2020, according to the Center

for Systems Science and Engineering (CSSE) at John Hopkins University*.

Q
Altho@ther organ systems are also affected, the respiratory system is where SARS-CoV-2
virus primarily manifests itself ! . The original case series from Wuhan, China, revealed
symptoms associated with lower respiratory tract infections, such as fever, dry cough, and
dyspnea. In addition, many reported experiencing headaches, vertigo, widespread weakness,

vomiting, and diarrhea ! 2 . It is now commonly acknowledged that COVID-19's respiratory
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symptoms can range from hardly perceptible to severely hypoxic with ARDS. In the Wuhan
study, the interval between the commencement of symptoms and the onset of ARDS was as little
as nine days, indicating that the respiratory symptoms can advance quickly. This condition may
also be lethal > 3 . Patients with severe illnesses have been dying more often across the world.
According to epidemiological studies, mortality rates are greater among the elderly population
and significantly lower among children . There is currently no effective targete@py, and
medical management is primarily supportive. Clinical trials have been '1\ d on several
medications, including lopinavir-ritonavir, remdesivir, hydroxychloroquiney and azithromycin,
. "
but none of these have yet been conclusively shown to be a treatr%&for HIV. Clinical trials are
being used to test more treatments’. Lockdowns and social ¢ c%'sgon have been enacted in many
nations to stop the virus from spreading further. He will review what we know about

COVID-19, and how it has impacted the kidne'y@hyroid gland during and after the post-acute

O

2.2 COVID-19 Global Epidemi 010@5 Data

phase of the infection.

Although other organ syste ré\ also affected, the respiratory system is where SARS-CoV-2
virus primarily mam@spel The original case series from Wuhan, China, revealed symptoms
associated wit 1@ respiratory tract infections, such as fever, dry cough, and dyspnea ' 2. In
addition, n@y eported experiencing headaches, vertigo, widespread weakness, vomiting, and
diarrhoeay/. It is already commonly acknowledged that COVID-19's respiratory symptoms are
exceedingly high, and up to now several studies have been based on reports of events in China®.
When the outbreak first started, instances of COVID-19 were primarily found in the elderly. As
the outbreak persisted, cases among those 65 and older climbed further, but there was also some

evidence of a rise in infections among young children (under 18 years old). Although there were
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initially more male patients, there was no discernible gender difference as the number of cases
rose’. The average time of incubation was 5.2 days. The overall fatality rate per case was 4.9%*.
Using information from two hospitals in Wuhan, the risk factors of in-hospital death were
investigated. The multi-variable analysis revealed that older age, a higher SOFA score
(sequential organ failure assessment) score, and d-dimer > 1 g/mL on admission were risk factors.
The existence of coronary artery disease, diabetes, and hypertension was also rega@s a risk
factor in the univariable analysis. In Wuhan, a study of 85 fatal COVI -&%%fients with a
median age of 65 years revealed that multi-organ failure was the lgaég cause of death,
accounting for 94%, 81%, and 74% of instances of respirato@ﬂ :, shock, and ARDS,

respectively. High d-dimer levels, fibrinogen, and protrqcts&%}%mbin times were observed in

severe illnesses, which is consistent with the high pr@é@of multiorgan failure®.

The SARS-CoV-2 outbreak in China has s Tg@sorldwide. The United States has the most
reported COVID-19 patients as of early §Q)O20, followed by Spain, Italy, Germany, France,
and China. Following the China nc@‘bﬂ Italy was severely impacted. As in Chinese series, the
mortality rate was also greate ;135 elderly population . The case-fatality rate in the Italian
report was 7.2%, Wh@@%h ee times higher than the rate in China. Although Italy had a
higher case fatality‘t{t)e or patients 70 years of age or older, the rates between 0 and 69 years old
were very si in both nations. The high case-fatality in Italy was partially explained by the
demo@%, since 23% of Italians were 65 years of age or older. There are numerous resources

that have data from the US and other nations. Soon, we hope to get more knowledge from

various nations’.

Children made up a relatively modest portion of the COVID-19 patients overall from the

beginning of this outbreak. Children under the age of 10 and those between the ages of 11 and 19
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made up 1% of all cases, according to statistics from February 2020 provided by the Chinese
Agency for Disease Control and Prevention (China CDC) '© . This may indicate a lower
prevalence of COVID-19 in the pediatric population, given that this age group makes up 20% of
the entire population. If fewer tests were performed on kids because they had fewer symptoms,
this prevalence in the paediatric population might be underestimated. Due to the Chinese New
Year holidays, schools in China were closed for most of the pandemic, which m ."bib'e led to
less exposure among youngsters. Asymptomatic, mild, moderate, and s 'e%gnoses were
given to 4.4%, 50.9%, 38.8%, and 5.9% of the 2134 paediatric COVID-19 patients in the China
CDC report, respectively !. A summary of the terms asymptomat@bl ';noderate, severe, and
critical is given. In comparison, adults made up 18.5% of th ient population. The proportion
of severe and critical cases was 10.6%, 7.3%, 4.2%,@@d 3.0% for the age groups of 1, 1-5,
6-10, 11-15, and 16 years, respectively ! ..B@ were most susceptible to severe types of
infection. Each of the age groups (0-9) aan'ﬁ\—w) had a zero case-fatality rate. Just 1.2% of
COVID-19 patients in Italy were bet&iﬁe ages of 8 and 18. Age groups 0 to 9 and 10 to 19

had case fatality rates of 0% and/0.2%, respectively, which was consistent with Chinese

.\
experience ! . 6.3% of al@%}hat tested positive for COVID-19 in late March, according to

statistics from the{ CDC, were in youngsters under the age of 19 '' . The US CDC
published re n 2572 COVID-19 cases among children under the age of 18 on April 6,
2020 '2 ite making up 22% of the US population, this age group had only 1.7% of all

recorded cases in the country. Overall, the findings revealed that, contrary to Chinese stories,
youngsters exhibited fewer symptoms than adults. Just 73% of the kids for whom complete data
were available experienced fever, cough, or shortness of breath. In contrast, 93% of people
between the ages of 18 and 64 reported doing so over the same period. The maximum predicted

hospitalization rate for kids between the ages of 1 and 17 was 14%". In contrast, infants made up
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the highest proportion of hospital admissions (15-62%), which was consistent with Chinese CDC
statistics once more'2. Despite the pediatric population's overall good fortune, a number of deaths

have been reported in the Nigeria and other nations, and more data must be gathered.

There is considerable interest in the correlation between gender and illness severity about
COVID-19. Even though there were an equal number of male and female cases irl the Chinese
series, the data suggested that more men than women died from severe illness 14@‘&&1&“&3
from other nations showed comparable outcomes. Comorbidities, inc ypertension,
cardiovascular disease, and lung illness, were linked to negative % ID-19 results. These
illnesses are more common in men and are connected to smoki % alcohol consumption '3
Another hypothesis suggested was sex-based immunolog‘iy{&%‘eiations. Additionally, the study
that looked at factors influencing the adoption of pré%%behaviors, specifically in the context
of pandemics, discovered that women were & 8@50% more likely than men to practice non-
pharmaceutical behaviors, such as hand sgng, using a face mask, and avoiding crowds, which

Ny

2.2.1 Epidemiology of cox&g-w in Nigeria

may be partially to blame!®.

Throughout the time Q;he study, 2,058 deaths were reported in Nigeria overall 7. This value
ranked Nigeri %@ 79th most affected country globally, accounting for 0.07% of COVID-19-
related @ and the 7th most affected African country in terms of COVID-19 related deaths,
just behind South Africa (52,648), Egypt (11,845), Tunisia (8,705), Algeria (3,077), Ethiopia
(2,784), and Kenya (2,104)'%. The United States (543,003), Brazil (307,112), Mexico (300,862),
and India (161,552), which is at the top of the mortality ranking, all achieved levels that are

significantly below those found in the Americas and Asia!”-1°,
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The cumulative death rate in Nigeria is one per 100,000 people after population adjustment. As
compared to other African nations like South Africa (88.8), Tunisia (73.7), Eswatini (57.4), Cape
Verde (29.7), and Botswana, this rating is extremely low (21.5). Nigeria now ranks 153rd
globally in terms of the total number of deaths per 100,000 people. The United Kingdom (186.4),

Mexico (155.8), Brazil (144.5), France (143.8), and India all recorded higher numbers (11.7)%.

Throughout the study period, Nigeria had a cumulative case fatality rate of 1.30‘V%'§§bﬁgure is
less than the 2.2% (2,769,473/129,359,540) global case fatality rate as .%ﬂ 6. Yemen
(21.0%), Mexico (9.5%), Syria (6.7%), Sudan (6.5%), Egypt (5..70/3§E‘§uador (5.2%), China
(4.7%), Bolivia (4.5%), Somalia (4.5%), Afghanistan (4.3%), Z@We (4.1%), Liberia (4.1%),
Tanzania (4.1%), and Bosnia and Herzegovina (3.8%) ha@%&ded higher levels (18, 20). In

general, sub-Saharan Africa has a lower-case fatalit@% COVID-19 than the Americas, Asia,

Europe, and North Africa (apart from a few érz{%grences)lg.

Many of the confirmed cases were youn between the ages of 25 and 39 !> !¢, The fact that
youth make up more than 60% Qigaia's population may help to explain this'®. Furthermore,
of the COVID-19 confirmed &%esyin Nigeria, children under the age of 5 and those between the
ages of 5 and 9 ac@n)@ r 1.26% and 1.65%, respectively. Although there isn't a clear
explanation fo “%)&COVID—W is more common in children, some writers have proposed that

the immun@rs ms of children may work differently'®.

In Nig& the COVID-19 infection pattern showed a male preponderance, according to gender
stratification. This finding is consistent with a prior report from the African Region of the World
Health Organization and research from China and Italy '® . This preference for men has been
attributed to genetic and physiological causes, including the fact that men have a greater

distribution of the SARS-CoV-2 cellular receptor and angiotensin-converting enzyme 2 (ACE-2)
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than do women?!"> 22, From another angle, males in Nigeria's highly patriarchal society are more
likely to put up with socioeconomic activities outside of the home, increasing their risk of

exposure to COVID-19.

Lagos State and the Federal Capital Territory were far and away the top of the table, accounting
for over half (47.48%) of the total COVID-19 pandemic in Nigeria 2° . There was substantial
heterogeneity in the incidence of COVID-19 among the other states in Nigeria Qg;&kb Federal
Capital Territory. This is hardly shocking considering that the two busiest i in the nation
serve the most Nigerian destinations in both states . The Volum.e of 1 tqgnational travel in the
states, the variety in population in each state, the difference in&@é\bg' capacities of each state,

and primarily the heterogeneous makeup of the Nigerian S‘@: n all be used as causes for these

discrepancies'® . ®

In comparison to the Americas, Asia, E o.é@ North Africa, Sub-Saharan Africa has a
relatively low incidence of COVID-19 (%ppt from a few individuals) !® 7. Africa had already
been identified as the continent that iSsmost susceptible to COVID-19 infection and mortality, as
well as the area where the &%s'\will have the most impact. The continent's poor healthcare

infrastructure and siz@s& lation of immunocompromised people served as the foundation

have expla&

environment, their immunity from earlier vaccines, and the poor reporting of incidents as the

for the projection The current situation contradicted the prognosis, though. Some researchers
Eﬁe

minimal air traffic, the huge number of young people living there, the good

reasons for the limited impact of COVID-19 in the area®.

The COVID-19 trend in Nigeria revealed a bimodal tendency. The second surge, which

represents the second wave of COVID-19, demonstrates a pandemic that restarted after flattening.
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2.2.2 Epidemiology of COVID-19 in Ibadan

On March 17, 2020, Oyo State noted her first COVID-19 case as a returnee from the United
Kingdom. The Oyo State Ministry of Health responded rapidly to manage the outbreak with the
aid of technical and development partners 2° . There were 143 fatalities out of a total of 8,990
confirmed cases (CFR: 1.6%). There were 4,512 men overall, or 50.2%. With a range ?g to 108
years, the mean age was 39.0 17.3 years. Those under 70 years old had the great&—speciﬁc
CFR (ASCFR) (ASCFR: 9.6%). All 33 LGAs were impacted, with I .%h having the
highest incidence (1,995 cases, or 22.3%), and attack rate (795.2 EGE&Q@O population). In the
first wave, the CFR climbed to 1.6%; in the second wave, it inq&@d to 2.4%; and in the third
wave, it dramatically decreased to 0.8%. The second wa{/e‘\&g)an increase in COVID-19 cases

among females, those under the age of 20, and urba@l ers. Only 545 people (7.2%) had time

to testing of less than a day. For the period, O3 @Qaly had a COVID-19 prevalence of 0.098%2%
26 %Cy)

When compared to outbreaks o&&ébsdimultaneously in Lagos, the Federal Capital Territory,
and Kano States in Niger] ‘may be claimed that the outbreak in Oyo State is minor.
Nonetheless, instanc@%f nd in one significant urban LGA (Local Government Authority)
in the center o It@é, the capital of Oyo State, in terms of dissemination?®2’. The majority of
COVID-19 %ﬂ the current outbreak, which has been documented in Lagos and Kano States
and 0®1ations, were in major cities; however, there were also cases in rural regions. The
epidemic curve initially displays a conventional pattern of propagation, followed by an unusual

26, 27

point source . This goes hand in hand with the epidemic curve that was outlined in the

outbreak in China that followed a typical point source pattern. The median incubation period we
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found is in line with how long COVID-19 has been known to incubate. The two cases in the

current outbreak contributed to the initial wave of illness® %’.

2.3 Mechanism of Action of COVID-19

The structural proteins nucleocapsid (N), membrane (M), envelope (E), and spike (S) make up
the coronavirus virion. The S glycoprotein mediates the viral particles' entrance procg@, which
include fusion and adhesion to the host cell membrane ?®. The virion's membr, @ﬁlled with
numerous copies of the S protein, which is assembled as a homotrimer aﬁ%&es it a crown-like
look. Several viruses, including the HIV-1, Ebola, and avian inﬂm@lﬁses, break their entry
glycoproteins into two subunits: extracellular and transmem %that is, the cleavage occurs
before release of the virus from the cell that produces :@‘{ » 30 Similar to this, while the S
protein of other coronaviruses is only cleaved whe saches the next target cell, the S protein
of other coronaviruses is split into S1 and Q.i;}ﬂ ts during their manufacture in the infected
cells?% 3%, The S protein of SARS-Co\é-bd d MERS-CoV is cleaved by proprotein convertases
like furin in the Virus-producing‘ﬁlg,)placing them in the first category. Consequently, the S
protein on the mature virio iSts of two non-covalently linked subunits: the S1 subunit binds
ACE2 while the S2 @@ xes the S protein to the membrane. A fusion peptide and other

components requi to promote membrane fusion during infection of a new cell are also

included 1

n@e 2 subunit?® 2,

-38-



Repticatitl)ln oot 1 Secretory
- Or9aneIe yiral structural L pathway
proteins and A A

% ) genomic RNA

L

Cytoplasm

|
Plasma membrane

Fig. 2.1: Coronavirus Structur%%élaturatlon28

Source: Free PMC Article,

QQ

-39-

S protein is cleaved
into 51 and 52 by furin
in Golgi apparatus

single-stranded RNA)

Viral genome {positive-sense,



When receptors are activated by viral entry glycoproteins—typically in conjunction with other
triggers—dramatic conformational changes are induced in both subunits, fusing the viral and
cellular membranes, and resulting in the creation of a fusion pore that permits the viral genome
to enter the cell cytoplasm?®’. The trigger for SARS-CoV-2 is the cleavage of an extra internal site
known as the "S2' site" within the S2 subunit. The virus exposes the S2’ location by engaging
ACE2. By releasing the fusion peptide following ACE2-mediated endocytosis, SZ’:Q;%eavage

by transmembrane protease, serine 2 (TMPRSS2)12, 13, 14 at the cell :;; a@y cathepsin
S

surf

L15, 16 in the endosomal compartment causes fusion pore formation?®. Every step of this process
. "

is crucial because the viral genome needs access to the cytoplasm @a only do so as this pore

widens and the viral and cell membranes meld together- . QQ

\

The spike protein is cleaved by a protease aftet\SARS-CoV2 binds to the host protein.
SARSCoV and MERS-CoV spike protein 6@1 was described as a two-step sequential
protease cleavage, with priming at the S g‘\gavage site and activation at the S'2 site®’. At the
S1/S2 cleavage site, the S1 and(S2 Q&‘nits are still non-covalently bound, and the distal S1
subunit helps to stabilize the %m{arane-anchored S2 subunit at the prefusion state. The spike is
apparently activated ane fusion by further cleavage at the S'2 location via irreversible
conformational cl@g;s ?. The coronavirus spike is distinct from other viruses in that it can be
cleaved and activated by a variety of proteases. The presence of a furin cleavage site ("RPPA"
sequer@at the S1/S2 site is one of the traits that set SARS-CoV-2 apart from other
coronaviruses. In stark contrast to the SARS-CoV spike, which was integrated into assembly
without cleavage, the S1/S2 site of SARS-CoV-2 was completely susceptible to cleavage during
biosynthesis. Although other proteases, such as transmembrane protease serine 2 (TMPRSS2)
and cathepsin L, also cleaved the S1/S2 site, the widespread expression of furin likely

contributes to the virus's high pathogenicity?® 3°.
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24 SARS-CoV-2-Associated Immunopathogenesis

Immune responses brought on by SARS-CoV-2 infection include innate immune sensing, innate
immune responses, and adaptive immunity. Presently, research on humans and prior knowledge
of other coronaviruses, such as SARS-CoV and MERS, are substantially incorporated into our
understanding of SARS-CoV-2 immunopathogenesis ! 3. Pattern recognition recept(%%(PRRs)
recognize the viral RNA and cause the production of cytokines and chemokines@b}h is how
the innate immune system detects SARS-CoV-2, interferon (IFN), amo .bs, okines, must
be released early and in sufficient quantities to effectively limit .V'kr{%ep\lication and maintain
host life3!. Many coronaviruses devise methods to evade PRR a&%}ion and thwart subsequent
IFN responses in order to circumvent innate immune detéc@. According to a recent study, the
SARS-CoV-2 Alpha variation inhibits innate immume yesponses more effectively than earlier
lineages®'32. Through decreasing RNA sensjng Qﬁ)way epithelial cells, higher protein levels of

Orf9b from the alpha variant interact wit%’ 0 and reduce innate immune responses>>.

>

The immune pathogenesis of &OV-2 is driven by the infected epithelial cells, which
launch a potent type-I and FN (IFN binds to IFNLR) response and release inflammatory
cytokines including I@ -1 to attract and activate granulocytes, DCs, and macrophages to
the lung . d@\ally, patients with COVID-19 ARDS have been found to have elevated
amounts of@a ronan, which can be induced by TNF- and IL6. Several recent studies suggested
that SARS*CoV-2 stimulates peripheral blood monocytes to elicit inflammatory responses by the
release of TNF-, IL-1, and IL-6 despite the absence of productive viral replication in these cells?!:
33 This is in addition to the direct stimulation of myeloid cells by infected alveolar epithelial
cells. Bronchoalveolar lavage fluid from individuals with severe COVID-19 underwent single

cell RNA sequencing analysis, which revealed a significant number of proinflammatory
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macrophages originating from monocytes®?. A recent single cell RNA sequencing examination of
the bronchial alveolar lavage fluid from ferrets infected with SARS-CoV-2 also discovered
several subpopulations of macrophages at 2 days after infection 3*. It is imperative to conduct
more research to show how monocytes function in viral eradication and late-stage
hyperinflammation. Indicating the complicated nature of the macrophage responses, RNA
velocity analysis revealed complex kinetics in both M1 and M2 macrophages that@ formed

from monocyte-derived macrophages**. ‘ @

Natural killer (NK) cells in the lungs, which are innate lymphoid. ceU%th&t produce type-I IFN
(IFN/IFN), as well as IL-12 and IL-18 to support helper T cell re@\es, play significant roles in
limiting viral infection. In the peripheral blood of COVI@zgatients, NK cell numbers have
been found to be lower in several investigations, al\‘@% is yet unknown if this is due to NK
cell recruitment to the pulmonary milieu 3 ““,\@Slctionally, COVID-19-infected individuals'
peripheral blood NK cells displayed a les%'g&%ted status with possible reduction in cytotoxicity
and chemokine/cytokine producti nyQ . There is currently no proof that SARS-CoV-2 infects
NK cells directly*®4!. Hence, &ated expression of inhibitory or immunological checkpoint

.\
molecules including Q?% ,

to partially explain\@ normal activation status. Little research has been done on other innate

and NKG2A in NK cells from COVID-19 patients may help

lymphoid ce@ulations, namely ILC1/2/3, in SARS-CoV-2 infection *> #* . Therefore, more
D . . . e
focus ‘Q d"be placed on these cells in the immunopathogenesis of SARS-CoV-2 infection

because of their significant contribution to the quick innate immune response to infections® 4> 4,

SARS-CoV-2 immunopathogenesis and control are greatly aided by adaptive immunity. Blood
from COVID-19 patients frequently shows lymphopenia, and the degree of lymphopenia relates

to the severity of the illness ** 45 . Although the exact cause of COVID-19 lymphopenia is

-42-



currently unknown, it has been proposed that lymphocyte recruitment to the infected lung may
play a role* 45 46 Patients with COVID-19 had peripheral blood and bronchial alveolar lavage
fluid with SARS-CoV-2-reactive CD4 and CDS8 T cells. The population of regulatory T cells and
T cells is diminished in individuals with severe COVID-19, pointing to insufficient
immunological control and viral defence*® 4+ 4% 47 Similar to this, peripheral CD8 T cells from
individuals with severe COVID-19 have decreased cytotoxicity as seen by decrezﬁ&DIWa
and Granzyme B expression. It should be noted that the phenotype and acti ﬁ&%bg T cells in
infected lungs differ from those seen in peripheral blood because the ‘eﬁess more cytotoxic
genes in bronchial alveolar lavage (BAL) CD8 T cells***. To adé%é\t '\functional importance
and mechanism of the disparity, further work will be requ.ire&%}ddition to T cells, B cells play
a crucial role in the creation of antibodies that neuttalize viral infections. Most COVID-19
patients have been shown to have SARS-CoV;2;&iﬁC antibodies, plasma cells, and memory B
cells, despite the fact that there is no co@lg evidence linking antibody titers to illness
severity 4 447 Tt is fundamentall&) own how long-lasting the B cell immunity against
SARS-CoV-2 is in preventing viral/reinfection because of its recent development. However,
information from the SQ .Q/-l and MER-CoV revealed that the typical duration of

protection is at le% 3 years. However, it is unlikely that the neutralizing antibodies will

prevent rein s efficiently as they did the previous time due to the introduction of several

SARS@QVimS types* 49,
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Table 2.1: Clinical Features of COVID-193,

Asymptomatic COVID nucleic acid test positive. Without any clinical symptoms or signs and the

chest imaging is normal

Symptoms of acute upper respiratory tract infection (fever, fatigue, myalgia, cough,

Mild sore throat, runny nose, sneezing) or digestive symptoms (nausea-v@‘l&tmg, abdominal
pain, diarrhea) :Q’)&

Moderate Pneumonia (frequent fever, cough) with no obvious hypoxemia, chest CT with lesions.
Severe Pneumonia with hypoxemia (SpO2 < 92%) '&%\
Critical Acute respiratory distress syndrome S) may have shock, encephalopathy,

myocardial injury, heart failure, coagulation dysfunction and acute kidney injury.

AR

Source: Journal of Advanced Reg%@}ﬁm

&

,%Q
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A ACE2 distribution B. TMPRSS2 distribution

~——> Brain

~— Brain

ACE2 was also expressed in the TMPRSS2 was also expressed in the
esophagus, stomach, nose, testis, esophagus, stomach, nose, testis,

pancreas, breas, prostate and thyroid. pancreas, breast, prostate and thyroid.

Y
Figur%gCEZ and TMPRSS2 mRNA Expression in Extrapulmonary Organs.

Source: Cell Transplantation, 2020°°,
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2.5 ACE2 and TMPRSS2 mRNA Expression in Extrapulmonary Organs

It's crucial to research the extrapulmonary organs' viral vulnerability in order to comprehend the
pathogenesis of SARS-CoV2 infection. Research has demonstrated that ACE2 and TMPRSS2
were expressed in extrapulmonary organs in addition to lung cells and tissues® 5!, The levels of
ACE2 and TMPRSS2 expression in extrapulmonary organs, such as the heart, kid&/, liver,

digestive tract, brain, and thyroid gland, were reviewed in this section. é\

2.5.1 Kidney

The epithelium of the kidney shows an elevated level of ACE2 @xﬁn 3051 " An increase in
salt reabsorption, an increase in blood volume, an increase leéod pressure, and kidney injury
can all result from the loss of ACE2 or 1nternahzat1@%E2 in the kidney>°. Patients who are
admitted to the hospital for COVID-19 have an @ase in protein in the urine (proteinuria), and
there is more blood in the urine, accordi ‘g;u%liminary data on kidney function (hematuria)>2.
People who have a severe COVID-lE{a‘I@caI course had higher levels of circulating renin, ANG
I1, and aldosterone than those who &perience a mild COVID-19 clinical course>®>*. Moreover,
acute kidney damage l@t’; roughly 36.6% of individuals with SARS-CoV-2 infection’*.
AKI is more comwi—éspecially in ventilated patients. SARS-CoV-2 viral load testing on
autopsied C@%(% patients revealed the viral genome was present in the kidneys, specifically
in the bule cells and glomeruli cells. By controlling the kidneys' filtration process, the
glomeruli, and tubular cells work together to maintain homeostasis. Moreover, COVID-19

patients' urine samples have also contained SARS-CoV-2 virus particles! 3

The Genotype-Tissue Expression GTEx database's expression study revealed that kidney
expressed ACE2 at the sixth highest level °® 37| The public single-cell transcriptome dataset of

healthy donors' normal kidneys was used to study the expression of ACE2 in the kidney. The
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findings revealed that angiotensin converting enzyme-2 (ACE2) was distributed throughout a
variety of cell types but was primarily enriched in proximal tubule cells 3® . The findings were
verified using Gene Expression Omnibus (GEO) dataset's that tubular cells express angiotensin
converting enzyme-2 (ACE2) specifically, but immune cells and glomerular parietal epithelial
cells do not. The Cancer Cell Line Encyclopedia (CCLE), GTEx database, and Human Protein
Atlas dataset were three online databases from which RNA and protein expre@ data of
angiotensin converting enzyme-2 (ACE2) in various human tissues and 'ng\Qgﬁl lines were
obtained. The results showed that both mRNA and protein expression levels of angiotensin
converting enzyme-2 (ACE2) were relatively high in kidney ce@e Qially in renal tubular
cells®. Meanwhile, it was also discovered that either prmgi%&lar cells or tubular progenitor
cells in the kidney co-expressed angiotensin converti ~@'y'\me-Z (ACE2) and Transmembrane
serine protease 2 (TMPRSS2) in scRNA-Seq q&ts of kidney tissues. The scRNA-seq data
from the GEO dataset (GSE134355) rev al@ the expression levels of ACE2 and TMPRSS2
were high in the kidney's nephro&)&lial cells, epithelial cells, endothelial cells, and
mesangial cells®’. Recently, it wMovered that kidney podocytes co-expressed the TMPRSS2

.\
and ACE2 genes. Hence, @ deduce from our review that using the stated findings that it is

confirmed that rena)l\tig;és and cells both produced significant levels of ACE2 and TMPRSS2°!,

2.5.2 Thyr‘(%lands

In tw@mry thyroid cell cultures and 15 distinct thyroid tissue specimens, the expression
levels of ACE-2 mRNA were assessed 2. All thyroid tissue samples contained ACE-2 mRNA.
The average transcript expression levels for GAPDH and -actin were compared to those for

ACE-2 mRNA (two reporter genes ubiquitously expressed by cells) Large levels of ACE-2
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mRNA were found, as indicated in Fig. 2.3 (GAPDH: 0.052 0.0026 Cyclesl; -actin: 0.044

0.0025 Cyclesl; ACE-2: 0.035 0.0024 Cycles1)®?
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Source: Journal of Endocrinological Investigation, 2021.
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Primary cultures of thyroid cells were also examined to confirm the expression of ACE-2 mRNA
by follicular cells (Fig. 2.4). It's interesting to note that in primary culture, follicular thyroid cells
and thyroid tissue specimens had superimposable ACE-2 mRNA expression levels. These results
suggest that the total RNA isolated from tissues and reverse transcribed into cDNA came
primarily from follicular thyroid cells. Furthermore, the 15 thyroid tissue samples showed no
discernible differences in the ratio of the ACE-2/GAPDH mRNAs, which is relaj& -actin.
When the ACE-2/-actin ratio was measured as a percentage of GAPDH, t K%utcome was
seen. When combined, the results above blatantly demonstrate a g?:% between-patient

. %
homogeneity for the levels of mRNA encoding the ACE-2 gene ex%fésl .
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The ACE-2 mRNA is consistently expressed in thyroid tissue specimens and cells, according to
RT-PCR results. The expression of ACE-2 mRNA in thyroid cells was discovered to be plentiful
and, more critically, homogenously expressed when compared to the expression of two distinct
transcripts, such as GAPDH and -actin. It is significant to note that, as was just shown, SARS-

CoV-2 infection necessitates the coexistence of type Il serine protease trans-membranes and the

ACE-2 receptor (TMPRSS2). In silico studies suggest that thyroid tissues, wi@ gender

differences, demonstrate a high expression of the TMPRSS2 mRNA. All hj.@%:ate that the
Sl

mRNA encoding for the ACE-2 receptor is expressed in follicular thyroid

@

Is, making them a

potential target for SARS-COV-2 entry®.

2.5.3 Heart

The heart was found to express ACE2 when the expressions of ACE2 in several human
organs were examined. Moreover, it has beén &gated how ACE2 was expressed in several
cardiac cell types and discovered tha@cytes were the only cells that express ACE2 °7 .
Additionally, myocardial ACE2 10n was found to be significantly higher in patients with
heart failure when RNA se cing was performed on 40 patients with failing hearts and 15
normal donors. Thls@% as confirmed at the protein level by proteomics profiling of 8
patients with f: l% earts and eight healthy donors>’. Another study found that patients with
underlying@a disease had higher levels of ACE2 expression in their heart tissues compared to
healthy hedrt tissues. According to these two studies, the expression of ACE2 was higher in heart
tissue from patients who had underlying cardiac disease than it was in heart tissue from healthy
individuals ®. The (GTEx) database was used to examine the mRNA expression of TMPRSS2,

and the results revealed that TMPRSS2 is also expressed in the heart ® . Single-cell RNA

sequencing (scRNA-Seq) was used to assess the gene expression landscapes of 4000 cardiac
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cells from human embryos. Likewise, it was revealed that the cardiovascular progenitor cells and
cardiomyocytes have correspondingly higher and lower percentages of ACE2- and TMPRSS2-
expressing cells %4 %% 7 These findings demonstrated that the heart expressed both ACE2 and

TMPRSS2.

2.5.4 Digestive Tract . (b

Angiotensin converting enzyme-2 (ACE2) was discovered in the upper esop.hagég')ig\well as in
the stratified epithelium cells and absorptive enterocytes of the ileum a@n, according to a
prior study % . Quantitative mRNA expression profiling of ACE@YBSS 72 human tissues
showed that ACE2 was expressed at a high level in gastr%@%nal tissues % . Single-cell
transcriptome data from the esophagus, gastric ileum, @d lung were analyzed; the results
revealed that ACE2 was highly expressed not only Qtype IT alveolar cells (AT2) of the lung
but also in stratified epithelial cells, ileum @% enterocytes cells, and colon enterocytes®.
Similar to this, gastrointestinal epith@ells' cytoplasm was mostly stained for ACE2 by
immunofluorescent labeling of \’h%eg&phagus, stomach, duodenum, and rectum. Additionally,
the scRNA-seq data revea at both the proximal and distal enterocytes had significantly
higher levels of AC@ olon, stomach, small intestine, and esophagus were among the
digestive tract r@‘ with the highest levels of TMPRSS2 expression ® . Further analysis of
seven internal normal colon samples and published scRNA-seq data revealed that the small
intestin@ld colon were the two organs where ACE2 and TMPRSS2 transcripts were most
commonly found co-expressed. Among the intestinal cell types, enterocytes had the greatest

expressions of TMPRSS2 and ACE27°. These findings demonstrated that the digestive system

expresses significant levels of TMPRSS2 and ACE2.
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2.5.5 Pancreases.

It has been established that COVID-19's specific comorbidity of diabetes mellitus (DM) exists”'.
173 people with severe disease in a study of 1,099 verified COVID-19 patients showed a greater
probability of DM than the patients without severe disease . A small study with 39 patients
suggested that COVID-19 may enhance the incidence of induced DM. Additi(@g a larger

study with 72,314 COVID-19 cases revealed a higher mortality rate in DM ﬁ%@

Patients who had DM and COVID-19 have been associated With.tb@/b\lvement of ACE2 7!,
Until recently, the link between DM and ACE2 has been limit%%}because to the availability
of substantial datasets condensed from genome-wide ass:&%n studies (GWAS), scientists can
link countless particular genetic variants to cert&seases 74 . Mendelian randomization
phenome wide association studies (PheW .®fectively screen for potential disease risk
factors using the GWAS data. In fact, P@AS has been used to investigate the conditions and
characteristics that are causally&&l%ﬁ to elevated ACE2 expression in the lungs. By this
technique, it is noted that Dbk\%s'q,ausally associated to increased ACE2 expression”®. Also, a
population-based, pr(@e) e¥epidemiological association study including over 28,000 people
found that pati n@dth DM have higher levels of furin, the protease that makes it easier for
viruses to %e uman cells. As a result, these extensive database-type investigations suggest

that in@mls with DM may actually be more vulnerable to SARS-CoV-2 infection”.

In the pancreas, ACE2 is expressed at the site of insulin production. Deficiency of ACE2 in
obese mice was observed to reduce b-cell mass and proliferation in tandem with a significantly
reduced pancreatic islet area’ 7778, Loss of ACE2 has been linked to decreased insulin secretion

and alterations in glucose tolerance. It was previously demonstrated that immunostaining for
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ACE2 was strong in the pancreatic islets and weak in the exocrine cells, suggesting that the
SARS coronavirus may enter islet cells using ACE2, and, therefore, may damage islets, which
may cause acute insulin-dependent DM 77 . Although further evidence is needed, pancreatic
damage may also be present in patients with COVID-19, possibly contributing to worse
outcomes of patients with DM 7> 7% | Defining the characteristics and extent of the bidirectional
relationship between diabetes and COVID-19 for both those with preexisting diabe& well as

new-onset, COVID-19-related diabetes is the collaborative goal of a Global;RQQ%r of COVID-

&

Glial cells, neurons, and spinal fluid are the only part fp@brain where ACE2 is expressed’> 8!,

19 related diabetes®.

2.5.6 Nervous System

Brain-derived neurotrophic factor, a potent nerve %w factor required for the proliferation and
differentiation of sensory and sympathetic eur\g, was found to be lower in mice with ACE2
deletion, which was found to be associ@&brith a decline in cognitive function. This decline was
elicited by increased reactive Wn species generation 7 . Moreover, ACE2 regulates
baroreflexes in the brain, ﬁlhibition or local deletion results in a reduction in baroreflex
sensitivity. These res@uppor‘[ studies that link neurogenic hypertension—an increase in blood

pressure brou t@ by a dysregulation of neurally mediated sympathetic and endocrine

mech@a d ACE2 deficiency”.

Neurons within the brain have been demonstrated to be targeted by SARS-CoV. SARS-CoV
infects the brain through the olfactory bulb, which enables the virus to quickly spread throughout
the brain, according to in vivo investigations carried out on mice that are transgenic for ACE2.
The mice die as a result of the severe neural infection that is brought on by this. Patients infected

with SARS-CoV-2 have reported an altered sense of smell, which could be related to the virus
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entering through the cribriform plate of the ethoid bone that protects the olfactory bulb, a neural

structure responsible for transmitting smells from a person’s nose to the brain®2.

SARSCoV-2 has been demonstrated to have a significant impact on brain tissue through
examination of infected people. COVID-19 victims who died have partial neuronal degeneration
and edematous brain tissue, according to autopsies 2. According to a study of 214 COVID-19
patients, 36% of them display various neurovascular symptoms that can affi }e central
nervous system, the peripheral nervous system, or the musculoskeletal . %OPatients with
COVID-19 in severe condition exhibited more neurological symp.twla’n those in noncritical
condition, according to the American Thoracic Society's r%gg’kndations for community-

acquired pneumonia®*.

N\

according to analysis utilizing the GTEx d@l'a'j\e ¥, Using seven brain transcriptome datasets

Both TMPRSS2 and ACE2 are expressed at @ly low levels in the cerebral cortex,

discovered that ACE2 was relativel@ﬂy expressed in some significant brain regions,

&

including the substantia nigra and\prain ventricles. High levels of ACE2 expression were found
in the piriform cortex of @ﬁ}nan brain, and it was also found in many excitatory and
inhibitory neurons, aQVan some astrocytes and oligodendrocytes, in the middle temporal
gyrus and po ré\ingulate cortex %7 . ACE2 and TMPRSS2 were both expressed in the
oligodenerte precursor cells and the astrocytes of the substantia nigra and cortex of the brain,
accordin@to the analysis of the scRNA-seq data of the brain's substantia nigra and cortex from
the GEO database. There are few reports on ACE2 and TMPRSS2 expression in the peripheral
nervous system ®°. Using data from the human scRNA-seq dataset (GSE139522), analyzing the
expression of ACE2 and TMPRSS2 in various cell types and discovered that neither olfactory

sensory neurons nor olfactory bulb neurons expressed these two genes, whereas ACE2 and
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TMPRSS2 were expressed in non-neuronal cells such as sustentacular cells and olfactory bulb
pericytes. These findings demonstrated that the nervous system could also co-express ACE2 and

TMPRSS2%,
2.5.7 Liver

To assess the amount of ACE2 gene expression in the liver, the scRNA-seq data fi q@e GEO
database (GSE124395) evaluated. The findings revealed that ACE2 was stron%&xpressed in
cholangiocytes, with a level that was almost 20 times higher than that 1n‘1%}:ytes Moreover,
the GTEx database revealed that the liver expressed both ACE2 @QPRSSZ 8 . From the
Human Cell Atlas database, it was determined that TMPR@ s significantly expressed in
hepatocytes®’. Using scRNA sequencing, it was rec%,@ﬁd that TROP2+ hepatic progenitors

of human liver tissue selectively co-express A % TMPRSS2. This suggest that whereas
S

TMPRSS?2 is present in hepatocytes, ACE@ sion is expressed at a relatively low level in

hepatocytes and is primarily found in Cb@glocy‘[es 8,
2.5.8 Oral Cavity and Tong N

The SARS-CoV-2 in, t@%nptoms are primarily respiratory in nature; hence COVID-19 is
primarily spread @gh liquid droplets produced in the nose and oral canals®”%°. Although no
severe symptoms from positive COVID-19 patients involve the oral cavity, researchers are
explon@w potential of SARS-CoV-2 infection within the oral cavity °°. The ACE2 gene is
expressed in oral mucosa and is enriched in oral epithelial cells, according to RNA-seq profiles
from two public databases, including The Cancer Genome Atlas (TCGA) and Functional
Annotation of The Mammalian Genome Cap Analysis of Gene Expression (FANTOMS CAGE).
These profiles were later recognized and verified by single-cell transcriptomics from an

independent data source ' . The tongue epithelium, the fungiform, and the surrounding papillae
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were discovered to be the areas with the greatest degree of ACE2 expression out of the 32
distinct oral sites examined. The data show that the oral mucosa may be a possibly high-risk
channel for SARS-CoV-2 infection. Angiotensin II can be quickly broken down by the ACE2
enzyme because it is found in oral tissue and taste buds, according to studies in mice. The ACE
receptor is also involved in short-term regulation of taste sensitivity through a local RAAS

enzyme and plays a functional role in homeostatic pathways both systemically and @8’ o,

Two interesting clinical symptoms often associated with milder cases_o -19 include
ageusia (loss of taste) and anosmia (loss of smell) °> % . To zisseg)@actory and gustatory
disorders induced by SARS-CoV-2, an international multicen@dy involving 12 hospitals
evaluated 417 patients with confirmed SARS-CoV-2 infet:@qﬂw study utilized questionnaires
on olfactory and gustatory changes, based on the N‘b@a Health and Nutrition Survey and the

N

short version of the Questionnaire of Negatiye Bg%arations of Olfactory Disorders. Briefly, the
; patients, respectively, reported gustatory and

report revealed that 85.6% and 88.0%‘§f

Ny

More research is necessa% anderstand why the oral cavity exhibits so few COVID-19

symptoms despite sig@)@t

in youngsters a@hadults, according to numerous researches ° . Since the nasal epithelium is
st

one of the 6

in the n cavity. When compared to younger children (4-9yr old; n = 45), older children (10-

olfactory disorders®.

CE2 expression. There are fewer cases of SARS-CoV-2 infection

aces where SARSCoV-2 infections occur, ACE2 gene expression was assessed

17yr old; n = 185), young adults (18-24yr old; n = 46), and adults (25yr old; n = 29) all showed

higher levels of ACE2 in the nasal epithelium. Additionally, there was a notable trend showing

that as people aged, their ACE2 expression changed more rapidly. Additionally, it was
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discovered that the minor salivary glands expressed ACE2 at a higher level than the lungs,

suggesting that saliva samples may be a more accurate diagnostic for SARSCoV-2 infection®.

2.6 Interplay between Thyroid Gland and Renal Organ

Cell growth and protein synthesis are both impacted by thyroid hormones. Research in newborn
rats has established the accelerated effect of thyroid hormones on kidney develop«@@ The
functioning renal mass (calculated as the kidney to body mass ratio) is influ @%by thyroid
hormone status, with hypothyroidism lowering and hyperthyroidism r@\tlis ratio. Severe
hyperthyroidism, however, causes protein degradation and eventu\;@éﬁds to renal atrophy.
Congenital renal anomalies are also very common in childre@@ congenital hypothyroidism.
The neonatal renal function is also influenced by thyroi ones”’. The mitochondrial energy
metabolism enzymes in the cells of the proxim éoluted tubules are influenced by the
perinatal thyroid hormone status. The Na-l(c.c'))%ls orter (NaPi), Na-H exchanger (NHE), and
Na/K ATPase all exhibit increased ac %p in the PCT. Consequently, thyroid hormones are

crucial for renal growth and earl&%unction”.

.\

2.6.1 Hyperthyroidism@nal Function

Hyperthyroidism &wts in increased renal blood flow (RBF) and glomerular filtration rate
(GFR)*. The effect of thyroid hormones on RBF and GFR occurs at various levels. Among the
pre—re@nables, thyroid hormones boost the cardiac output by positive chronotropic and
inotropic effects as well as a reduction in systemic vascular resistance °° . This indirectly
contributes to an increase in RBF. Nitric oxide synthase (NOS) is induced in the renal cortex and
medulla, where it is directly influenced by thyroid hormones and indirectly by endothelial shear
stress brought on by high arterial pressure. This is accompanied by a reduction in renal

vasoconstrictor endothelin. As a result, there is an increase in intrarenal vasodilation and a
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decrease in vasoconstriction, which helps to raise RBF overall. Patients with hyperthyroidism
experience an 18-25% increase in GFR %, This improvement in GFR is not simply attributable
to an improved RBF. The increase in GFR is also attributed to the activation of the renin-
angiotensin-aldosterone system (RAAS). The RAAS is multifactorially stimulated by thyroid
hormones. The density of b-adrenergic receptors in the renal cortex increases along with
increasing b-adrenergic activity in hyperthyroidism, which in turn increases RAA@ulation.
Renin gene expression is elevated by 3,3',5-triiodo-L-thyroxine (T3) 101 102°% @%ﬂd hormones
increase plasma renin, angiotensin II, and serum angiotensin convertingrenzyme levels. In
addition, there is an increase in angiotensinogen synthesis by .'@“increased density of
angiotensin receptors'®. As a result, there is a net rise in %&ivity. As a result, the afferent
and efferent arteriolar vasculature dilates and constfi spectively, increasing the filtration
pressure. Beyond what an increase in RBF aqua@n‘[ributed, this increases the amount of GFR
growth % Hypoperfusion of the pro imq_g)nvoluted tubule (PCT) and subsequent active
sodium and chloride reabsorption Q)&e PCT could be caused by efferent arteriolar
vasoconstriction. The apical Na-B/ exchanger (NHE), the Na-Pi co-transporter, and the
basolateral NA/K ATPaS@Bit increased activity. Activation of these transporters increases

the proximal sodiuK orption!®,

Q

With hyperthyroidism, the tubular mass, renal mass, and tubular reabsorption capacity all
increa@%s same time. The basolateral sodium calcium exchanger is fed by the rise in
basolateral sodium content. At the loop of Henle, the avid CI reabsorption and its transport
through the basolateral chloride channel indirectly augment the calcium reabsorption. The distal
nephron receives less Cl as a result'> 1%, The macula densa detects this, which causes the RAAS
activity to rise. The macula densa's increased sensitivity in hyperthyroidism leads to further

RAAS activity. These effects are undone by treating hyperthyroidism, and the GFR returns to
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normal. In addition to an increase in GFR and a decrease in overall muscle mass, hyperthyroid
patients' serum creatinine levels, an inverse marker of GFR, are much lower. Cystatin C is a new
marker of renal function and a predictor of future cardiovascular risk 1°% 1% | It is a cysteine
protease inhibitor that is constitutively released by all nucleated cells. Despite an increase in
GFR, serum cystatin C levels rise in hyperthyroidism due to increased cell metabolism and
cystatin C synthesis. With hyperthyroidism, there is a poor correlation between ser@étaﬁn C
levels and GFR. Rebound increases in serum creatinine and drops in se h&%ﬁtin C levels
occur because of hyperthyroidism treatment!?”- 1% The thyroid status seems“o have no effect on
urinary neutrophil gelatinase associated lipocalin (NGAL), a prm%fsbg ?omarker of decreased
renal function. The glomerular hyperfiltration that reverses &'&atment of hyperthyroidism is
likely the cause of the 24-hour urine protein rise in hyp '\oidismm’ 108 Urinary N-acetyl-b-D-
glucosaminidase (NAG) is elevated in hyp oidism because of tubular damage from
hyperfiltration, hypertrophy, and hyperp, asQ_a} well as disruption of the glomerular basement
membrane. Instead of vasopressin i vity, the decreased ability to concentrate urine is
likely caused by increased RBF and,osmotic diuresis !°192, A reduction in total body water and
exchangeable potassium,@?odium, is linked to hyperthyroidism. The serum sodium and
potassium concentr)zgigj)on the whole, are normal. Occasionally, genetic mutations in either the

potassium in@gtiﬁer or the L-type calcium channel 1-subunit cause hyperthyroidism to be

accom%’@ay hypokalemia (thyrotoxic hypokalemic periodic paralysis of channelopathies)'%
110

2.6.2 Hypothyroidism and Renal Function

Typically, hypothyroidism has the opposite impact on the kidney as hyperthyroidism does.

Reduced cardiac output, increased peripheral vascular resistance, intrarenal vasoconstriction,
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decreased renal response to vasodilators, and decreased expression of renal vasodilators like
vascular endothelial growth factor (VEGF) and insulin-like growth factor-1 all contribute to the
reduction of RBF in hypothyroidism (IGF-1). Reduced RBF may also be caused by pathologic
modifications to the glomerular structure in hypothyroidism, such as thickening of the
glomerular basement membrane and expansion of the mesangial matrix °® °7. More than 55% of
individuals with hypothyroidism experience a reversible reduction in glomerular @on rate
GFR (by about 40%) for several different reasons. GFR is lost as a result o d@%d sensitivity
to -adrenergic stimulation, decreased renin release, decreased angioter:s%, and diminished
RAAS action. Due to renal parenchymal development retard%ﬁéﬂ i '\hypothyroidism, the
restricted glomerular surface area for filtration imposes Q@ural constraint 19 101 The
proximal tubular absorption of salt, chloride, an is decreased. Moreover, there is a
decrease in the expression of renal basolateral %e channels. As a result, decreased chloride
reabsorption boosts distal chloride su IQ_r:ﬁ}ulting in tubuloglomerular feedback that is
mediated by the macula densa and loﬁ&AS activity 192 19 Ag a result, the GFR decreases.
Reduced tubular transport capacity ‘and decreased Na/K ATPase activity first affect the proximal
tubules and then practic@gphron segments. In addition, hypothyroidism also results in
decreased NHE ac§i< s a result, there is a net decrease in the reabsorption of sodium and
bicarbonate L@aary acidification is faulty because of increased salt and bicarbonate loss.
Reduc ar reabsorptive capacity also makes it difficult to keep the medullary hypertonicity
constant. Urinary concentration is mostly caused by medulla hypertonicity!'!!. Lack of medullary
hypertonicity in hypothyroidism impairs the kidney's capacity to concentrate urine. Yet,
hypothyroidism results in a reversible rise in the collecting ducts' sensitivity to vasopressin (also
known as antidiuretic hormone or ADH), which raises the rate of free water absorption!'. Yet, in

hypothyroidism, the increased fluid retention is unable to completely reduce ADH. Pituitary
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resistance to the effects of enhanced fluid retention results in sustained ADH activity and more
retention of free water. Low cardiac output brought on by hypothyroidism stimulates carotid
baroreceptors, which in turn causes an increase in non-osmotic ADH secretion !> 4 Some
individuals' urine salt levels are not as low as one might anticipate given their decreased cardiac
output. It's possible to think of the ADH secretion in these people as being out of place.
Hyponatremia in hypothyroidism is caused by lower GFR, decreased sodium %{b&ption,
substantially elevated ADH output, and renal ADH super sensitivity me 'a’t@%r free water
clearance !'> 15 | Those with hypothyroidism who have elevated semm‘%nine are twice as
. "

likely to develop hyponatremia as those who have normal serum ccééﬁ ne. In hypothyroidism,
where the renal mass nearly doubles with treatment, there '&é(rersible drop in the kidney to
body weight ratio. Due to the decrease in GFR, hypo idism causes a temporary increase in
serum creatinine as well as the potential for @&athy and rhabdomyolysis ''® . Because of
decreased production, which leads to de regc_i)'}ellular metabolism, serum cystatin C levels are
reduced in hypothyroidism. With thé) er hypothyroidism medication, both alterations are
reversible. Increased glomerular Neapillary permeability to proteins is another effect of
hypothyroidism. With h@r ?dism, the resultant proteinuria frequently occurs before the
GFR decline!!”. \

2.6.3 Th)g stunction and Chronic Kidney Disease

Hyper@idism can cause or accelerate chronic kidney disease (CKD) in numerous ways.
Hyperthyroidism increases intra-glomerular hypertension and hyperfiltration. Secondly,
hyperthyroidism causes proteinuria, which damages the kidneys. Lastly, hyperthyroidism-
induced mitochondrial energy metabolism and superoxide dismutase downregulation promote

118

free radical production and renal damage . Oxidative stress causes hypertension in
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hyperthyroidism, which advances CKD. RAAS activation increases kidney fibrosis.
Hyperthyroidism induces anaemia in CKD patients and resistance to recombinant human
erythropoietin (EPO). Hypothyroidism only slows CKD progression by lowering GFR.
Hypothyroidism treatment improves GFR in CKD patients % 118, CKD patients often have non-
autoimmune hypothyroidism. Subclinical hypothyroidism increases with GFR reduction,
especially. Low T3 is the first and most prevalent thyroid function anomaly in GKD+Ypatients
(especially total T3 than free T3). CKD has "low T3 syndrome" for numerous-¢auses. Fasting,
metabolic acidosis, and chronic protein deficiency reduce iodothyronine deiodination and T3
protein binding, lowering peripheral thyroxine (T4) to T3 conversion ‘and protein binding''* 11,
Inflammatory cytokines including TNF-a and IL-1 also inhibit type 1 5’-deiodinase, which
converts T4 to T3. Impaired renal iodine processing raises blood iodine levels, prolonging the
Wolff — Chaikoff effect. Low T3 syndrome's clinical significance is debatable !'° as different
study reported contradicting results. A study, that showed most COVID-19 patients had normal
thyroid function, with low serum T3 standing out as the most prevalent thyroid abnormality in
the acute phase of the disease, seeh/in 47.3% of patients with severe disease and a significant
negative correlation between TSH and the bio-inflammatory marker, C-reactive protein (CRP).
CKD patients with low_T3 levels (particularly total T3 and not free T3) had higher levels of
inflammationeaiatkers (high sensitive C reactive protein hsCRP, IL-6, etc.), malnutrition
(reduced~prealbumin, IGF-1), endothelial dysfunction, poorer cardiac function, poor survival,
and higher all-cause and cardiovascular mortality '?°. Several studies were underpowered to find
these correlations or did not properly exclude confounders. In some research, low free T3, not
total T3, increases mortality. Several investigations have shown that free T3 levels are not
always related to long-term mortality in CKD and dialysis patients. CKD patients had decreased

T4 levels in subsequent trials. CKD free T4 levels range from low to normal. CKD impairs T4
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protein binding. With severe infections, heart failure, cancers, and hospitalized patients without
renal disease, the thyroid profile is identical. CKD was considered a "sick euthyroid state," now
dubbed "non-thyroidal sickness." CKD does not increase overall (reverse triiodothyronine) T3,
unlike other NTI conditions rT3 redistributes more into extravascular and intracellular areas.
Free rT3 may be somewhat higher in patients with poor renal clearance !2* 2! | Thyroid
stimulating hormone (TSH) levels are higher in CKD than other NTIs. CKD patiéuats release
TSH in reaction to Thyrotropin releasing hormone (TRH), indicating pituitagysnabnormalities in
uremia. CKD alters TSH's circadian rhythm and glycosylation, reducing its activity (12D .
Consequently, CKD patients have low T3 and T4, raised TSH,’an@ increased thyroid gland
volume. These pathways may indicate CKD's physiological adaptation to lower protein nitrogen
turnover, catabolism, and nitrogenous waste load '2*"\Thérlower T3 levels and accompanying
difficulties without rT3, reduced free T4 levels, raised TSH, and hypo responsiveness of TSH to
TRH contradict the "euthyroid" status, and suggest that thyroid supplementation may help
CKD!"! 122 Thyroid hormone supplemeéntation in CKD has not been established after 30 years of
research. T3 replacement generallyyCauses muscle catabolism and negative nitrogen balance,
indicating that CKD patients\should not repair their low T3 levels. Whilst hypothyroidism is
clearly dangerous, thésthreshold for thyroxine supplementation in CKD remains unclear °7 %% |
Mild TSH inergases’ (less than 20 IU/ml) without low T3/T4 do not require thyroid hormone
treatments, \Béfore choosing a treatment, one must weigh the risks of hyperthyroidism, the
teleological benefits of hypothyroidism in CKD, and the lack of evidence supporting thyroid
hormone replacement ' . After carefully assessing the clinical aspects, possible hypothyroid
symptoms, advantages, and dangers of thyroid hormone therapy or not, treating nephrologists
and endocrinologists should make a therapeutic choice for each patient. CKD reduces iodide

excretion, which increases serum inorganic iodide, thyroid gland iodine, and thyroid gland
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hypertrophy. CKD patients had higher rates of goitre (particularly in women), thyroid nodules,
and thyroid cancer than the general population. CKD does not increase autoimmune thyroid

disease 14

. CKD patients rarely have positive thyroglobulin and thyroid microsomal antibodies.
Autoimmune thyroid disease may occur with other CKD-related autoimmune disorders including

lupus nephritis, type 1 diabetes, etc. Antithyroid antibodies should be tested for increased TSH in

autoimmune illness. CKD does not affect autoimmune thyroid disease management@

. 6'\
2.7 Extrapulmonary Clinical Manifestations in COVID-]&%ﬁyroid Gland and Kidney

\

All ACE2-expressing cells are susceptible to SARS-Q-Z infection %> 3. As previously noted,
ACE2 receptors are also highly expressed i .h'écu%eys, heart, liver, gastrointestinal (GI) tract,
neuronal cells, and vascular epithelial (%g in addition to the lungs 7> 77 . Thus, people with
COVID-19 experience sympton@erent organs and systems in addition to the classic
respiratory symptoms including severe shortness of breath, laborious and abnormally quick
breathing, low blood @@%nd fatigue'. A number of nonspecific or unusual extra-pulmonary
problems, inc d%yas systemic inflammation, hypercoagulability, and renin-angiotensin-
aldosterone system (RAAS) dysregulation, are also being experienced by COVID-19 patients>'.
These@toms frequently put off testing, diagnosis, and the desire to find a good treatment.
The frequency of COVID-19 rises with age and the existence of pre-existing disorders, despite
the fact that the pathogenesis of these problems is not fully understood™ '*. In-depth knowledge

of the vast array of peculiar extra-pulmonary manifestations of COVID-19 could enhance disease
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surveillance, halt transmission, and, most importantly, minimize consequences affecting

numerous organ systems, such as the endocrine glands (thyroid) and kidney.

2.7.1 COVID-19's Effect on the Thyroid Gland

It is known that the thyroid gland and viral infection interact intricately through h@;gles and
immunomodulatory signaling molecules > . These links have been prove .i&%nological and

'\

physiological contexts. Viruses and the inflammatory-immune rea(jf%I:s ey cause may be
t one's life, helping to

considered a significant factor that might alter thyroid function tl@h

&>

define one's unique "thyroid biography"¢2 63120, . Q

By both genetic and nongenomic pathways, thyroid%lones regulate both innate and adaptive
immune responses. L-thyroxine (T4 and .3®odo-L-thyroxine) physiological quantities
induce the generation and release of cytokines, which are also elements of the "cytokine storm"
that may characterize systemic @(pe‘ctions 120 Moreover, thyroid hormones can enhance
interferon (IFN) antiviral efi s,’As an additional point of interest, thyroid disorders such as
classical autoimmun @% diseases (AITD), interferon-related thyroid disease, immune
checkpoint inhibi@ediated thyroiditis, and alemtuzumab-induced thyroid dysfunctions exhibit
some immune pathways (such as the hyperactivation of Thl helper cells responses) of virus
infect6 . Yet, clinicians are well-versed in the data that infection can be recognized as an
environmental stimulant precluding or speeding the development of AITD and the etiology of

subacute thyroiditis ''?

. However, in patients with decompensated hyperthyroidism, respiratory
infections may cause a thyroid storm, which may increase the risk of infection-related mortality

due to cardiovascular morbidity. It's also crucial to remember that T4 has been shown to

stimulate human platelets, which may contribute to the pathological clotting that occurs as a side
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effect of viral infections'!>. The link between COVID-19 and thyroid should be better understood

in light of these.

HYPOTHALAMUS

NON-THYROIDAL ILLNESS
-reduced TSH secretion
- alterations in deiodinase

-

)
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+  PITUITARY !
DIRECT EFFECT I THYROID AXIS ' INDIRECT EFFECT
Viral infection of ! ' - Complement
the target cells 1 b - Coagulation
' ! - Cytokine and chemokine release
;‘ ; Immune cell activation
Lymphocytes  Monocyt nautmpmls
CYTOKINE STORM
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THYROID GRAVES' DISEASE
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Fig. 2@ ID-19's Effect on the Thyroid Gland'*.

Source: Medicine (United Kingdom), 2023.
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Thyrotoxicosis

The release of preformed thyroid hormone as a result of the destruction of the thyroid follicles
causes destructive thyrotoxicosis, a very unusual cause of thyrotoxicosis '2* . Ma&uses of
destructive thyroiditis, such as postpartum, sporadic, and drug-induced ty .& 11 as painful

subacute thyroiditis (SAT) connected to microbial infection (lithium,,amiodarone, interferons,
. \ |

SAT is a self-limiting thyroid inflammatory condition t.a& considered to be brought on by

immune-checkpoint inhibitors and so on)!'?* 123,

viruses'?* 12>, Human leukocyte antigen (HLA) hap@ appears to play a significant role in the
development of SAT, conferring susceptibili v ‘b@condition that primarily affects women !26.
The acute onset of SAT may occur durin@al outbreaks and is frequently preceded by an upper
respiratory tract infection brough% a virus such as influenza, adenovirus, coxsackie, or less
frequently Epstein-Barr and megalovirus''?. As a result, it can be considered a viral or post-
viral manifestation 125@1%’%&%1 course of the SAT typically consists of three parallel phases
that take place oé‘he course of around six months '?*. As preformed thyroid hormones are
released fron?% injured gland at the beginning and in the first few weeks, inflammatory
destru@of the thyroid causes a temporary condition called thyrotoxicosis '>*. Many patients
experience a hypothyroid phase within a few weeks when their thyroid hormone reserves are
exhausted. This period, which can last three months or longer, is frequently followed by the
restoration of euthyroidism 27 . Beta-blockers may be used to treat the symptoms of transient

thyrotoxicosis in more severe cases, however anti-thyroid medications should not be used
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because the thyroid gland does not produce excessive amounts of thyroid hormone !5 126

Levothyroxine medication should be continued for around 6 to 9 months before being
discontinued to check whether thyroid function has returned to normal. Thyroid hormone
replacement therapy may be initiated in individuals who are symptomatic during the hypothyroid
period or if this phase is prolonged!??. The self-limiting nature of the illness causes its diagnosis
to be frequently underestimated. Nonetheless, the condition shouldn't be dlsrega@s long-
term consequences, such autoimmune hypothyroidism, have been d and the
accompanying thyrotoxicosis may worsen the clinical course of concurrent 1Hnesses!?4. Although
preexisting Hashimoto's thyroiditis and high serum levels of thyr@ﬁt odies are most closely
linked to persistent hypothyroidism, all kinds of th.yr& can proceed to permanent
hypothyroidism as a result of severe and widesprea @nmatory damage to the gland. Those
125,

who experience a more severe hypothyroid pha@ more prone to experience this outcome

126 This is the situation, for instance, whg‘ vere thyroiditis develops after immunotherapies for

cancer'?*, Q:b,
The recent SARS-CoV-2 pag%n;%c has led to the discovery of SAT as a potential endocrine

consequence brought @%

of 287 COVID—19®SJp1tahzed patients found that thyrotoxicosis was associated with destructive

ID-19. Following the initial case reports, a retrospective study

thyroiditis 20.2% of the time '?® . This finding was supported by the condition's self-limiting
clinicrse in the absence of TSH-receptor autoantibodies (TRAD), as well as by the
association with elevated serum IL-6 levels. Indicating a higher risk of SAT during and after
SARS-CoV-2 infection, this incidence was higher than would be predicted in the general

population!!?

. Like this, a study discovered a higher prevalence of thyrotoxicosis caused by SAT
in a cohort of 85 COVID-19 patients admitted to high intensity care units (HICUs) when

compared to 78 patients admitted to the same HICUs in 2019 who were SARS-CoV-2 negative,
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serving as the control group (15% vs 0.5%, P = 0.002) '?° . Pre-existing thyroid conditions,
whether autoimmune or not, did not pose a threat to the emergence of SARS-CoV-2-related
SAT 3%, On the other hand, two investigations from the UK that included hospitalized patients
with varying degrees of COVID-19 severity revealed a low rate of SAT-related thyrotoxicosis!%.
A study including 191 COVID-19 patients (mean age 53.5 17.2 years; 51.8% male), ten patients
had isolated low TSH, suggesting subclinical thyrotoxicosis caused by thyroiditis@ﬁgh the
contribution of autoimmunity was likely in two of them. In contrast, ten pati 'm%% isolated low
fT3, probably related to NTI *' | The majority of the 60 COVID-19 h(:spi%ized patients in a
subsequent study, which was carried out in an Indian tertiary care.%tgé&hi ;hospital, were found
to be euthyroid, but 35% of them had one or more abnogmﬁ%}in their thyroid function, with
low TSH being the most common (11 patients or 18 one patient had a typical pattern of
thyroiditis ¥2. No conclusive link between the s’@ty of COVID-19 and thyroid function tests
(TFTs) was found. It was then conclude th@ in the absence of underlying thyroid disorders,
modifications of TFTs could occué) COVID-19 infection, with thyroiditis and NTI
combining to cause the most an alteration. Unfortunately, there was very limited data
available in both investiggarding the clinical characteristics and treatment of patients
with TFT changeK@fferent study by the majority of COVID-19 patients (86.6%) were
euthyroid, M%Qases of thyrotoxicosis being noted '3 . NTI was the most frequent thyroid
functi@wality noted in both and a prior retrospective investigation. COVID-19 patients
exhibited lower TSH and FT3 levels than those without COVID-19!!2. In a similar manner, in a
single-center study involving 144 COVID-19 patients, 50% of them had normal thyroid function
tests both at the time of admission and at the follow-up, while 39% of patients were found to
have low TSH levels at the time of admission or while they were in the hospital, which was

associated with low FT3 in 50% of them. In this series, NIT was more likely to blame for the low
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TSH reading than destructive thyroiditis 34

. HICU patients compared to non-HICU hospitalized
patients, patient settings, and/or confounding variables such medications or iodine-containing
contrast agents may all contribute to this variation in the occurrence of SAT across studies. To

more accurately assess the prevalence of thyrotoxicosis associated with SAT during COVID-19,

large epidemiological multicenter investigations are required.
Hypothyroidism @’(\

Several investigations have noted cases of primary hypothyroidism lin@ COVID-19. In a
study, 5.2% (15/ 287) of patients experienced primary hypothyroid@l'ﬁch was subclinical in
90% of instances (FT3 and FT4 within reference limits) and 0‘@!‘1 the remaining 10%'3°. Also,
the authors discovered that the in-hospital de E@Qe for COVID-19 patients with
hypothyroidism was higher than it was for C %19 patients with euthyroidism '3°
Hypothyroidism may thus have a detrime@b%‘e t on the results of COVID-19, similar to
thyrotoxicosis but perhaps to a lower I@A report of individuals with COVID-19 admitted to
high intensity care units had tN%gitional episodes of primary hypothyroidism caused by
chronic autoimmune thyrojditis, (CAT) (HICUs) !2° . It appears that primary hypothyroidism
manifested in both @Q instances during COVID-19 and persisted after discharge. Seven
days followin VID-19 resolution, a case report of overt primary hypothyroidism caused
by CAT %

rted. There is some evidence to suggest that primary hypothyroidism may

develop Qring or after COVID-19 3¢,

The biochemical definition of central hypothyroidism is low FT4 with abnormally low/normal
TSH. Seldom described are hormonal alterations that are compatible with central hypothyroidism
brought on by SARS-CoV-2 damage at the hypothalamus or pituitary level of the HPT axis '¥7.

Patients hospitalized for non-mild COVID-19 who had low FT4 with low/normal TSH might be
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identified with central hypothyroidism in 2-6% (one to three out of 50 patients). The fact that
these hormonal changes were reversed upon recovery from COVID-19 supports the possibility

that COVID-19 had acute or temporary effects on the HPT axis!3®,

Nonthyroidal Illness Syndrome

The nonthyroidal illness syndrome (NTIS) is made up of a number of metabolic %%lnges in
various TH target organs as well as alterations to the main HPT axis co@}ent 139,
Cardiovascular, respiratory, viral, and cancer diseases are only a few .Aa e or chronic
systemic illnesses that can cause NTIS'4?. Low plasma T3, low or ‘HK 1 glasma T4, or elevated
plasma reverse (rT3) in the presence of normal or slightly redu&%\TSH are the most common
hormonal alterations'%. As opposed to primary or secondé@yroid problems, the "nonthyroidal
sickness syndrome" has a different hormonal proﬁl@% While the other synonym, "low T3
syndrome," underlines that low T3 is the bi 'c@)al signature of this disease, the term "sick

.

euthyroid syndrome" explains the prese% normal TSH readings in the presence of low T3
and occasionally also T4 conce ratl@b. NTIS is believed to be an adaptive and protective
condition that conserves ene ,'\n a person who is under stress and on a restricted diet of
macronutrients in a s @%’se of the systemic disease'®. Instead, NTIS is linked to negative
outcomes, usually@gﬁity, throughout the extended phase of critical illness when patients still

rely on intense.medical care and parental nourishment '4!

. Compared to survivors, critically ill
patien@o pass away have substantially lower plasma levels of T4, T3, and TSH and greater

levels of plasma rT3. As they influence a number of genes involved in TH metabolism, cytokines

generated during sickness are regarded as a significant factor of NTIS!40: 141,

Hence, it was possible that COVID-19 non-mild instances could cause NTIS. In fact, studies

described severe and critical COVID-19 patients with NTIS. it was revealed that at least 30%
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(15/50) of hospitalized patients had hormonal changes that may be attributed to NTIS 126 |
Moreover, a substantial positive association between the severity of COVID-19 and the TSH and
FT3 readings was discovered, just as it had been shown to be the case for SARS 4> 143
Remarkably, after recovering from COVID-19, these hormonal alterations returned to normal
without the use of thyroid replacement therapy '4>. In two investigations, it was discovered that

mean TSH and T3 (and FT3) values were lower in patients with COVID-19 pneu;&b&b than in

control groups as a result of NTIS or a specific action of SARS-CoV-2 0:] T&Q@cretmg cells.

Nevertheless, glucocorticoids could also be responsible for the observed dropyin TSH levels'3®,

Finally, it is significant to highlight that TSH and FT3 Value&qu}e markedly lower in died
patients with severe or critical verified COVID19 than m{&overed individuals 3¢ . The latter
finding may be a key indicator of the mgmﬁcance@ TSH and FT3 as indicators of poor
outcome in COVID-19 patients who are s %QQN and in critical condition. Future research
should focus on confirming this data a Q mining how using particular medications affects

treatment outcomes in this sit@ ., hypothalamic releasing factors, triiodothyronine,

thyroid hormone analogues).

.\
2.7.2 Autoimmune '@ E;lsorders and COVID-19

The develov%% an autoimmune disease that may last for a very long time after the acute
viral i Q‘ has cleared up in a subgroup of patients is one of the most intriguing potential
clinical outcomes of SARS-CoV-2 3 . Following SARS-CoV-2 infection, patients have been
reported to experience autoimmune sequelae such as antiphospholipid syndrome, autoimmune
thrombocythemia, hemolytic anemia, and Guillain-Barré* . Moreover, latent autoimmunity was
examined by comparing the levels of a panel of rheumatoid, thyroid, and phospholipid

autoantibodies in sera samples from 120 hospitalized COVID-19 patients to pre-pandemic
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samples from 100 healthy people. Patients with COVID-19 showed latent autoimmunity, which
was mediated by a greater frequency of autoantibodies such TPOAD, rheumatoid factor (RF),
and antinuclear antibodies (ANAs), to name a few, compared to controls. The most prevalent
autoantibodies in COVID-19 patients were RF and ANA, according to a meta-analysis of a few
studies that supported the higher prevalence of these antibodies. These results support future
post-COVID research to assess the emergence of overt autoimmunity and point@ole for

SARS-CoV-2 infection in promoting/amplifying autoimmune diseases (Al ')K‘QO

The same molecular mechanisms that cause severe viral infectiorz K duce autoimmunity also
may increase the likelihood that AITDs will develop in COVID;{@%&@MS: molecular mimicry,
viral and bacterial superantigens that change the T cell r{&ﬁoire and lymphocyte apoptosis
followed by an increase in autoreactive lymphocyteﬁ% A putative molecular resemblance
between COVID-19 viral proteins and huma T@antlgens has been demonstrated recently!43.

They showed that thyroid tissue, amon ggr human tissues, was reactive to SARS-CoV-2
antibodies. They demonstrated 1m%(§§1 and homology between spike, nucleoprotein, and
numerous other SARS-CoV- elns and the thyroid tissue antigen TPO, among others, using
selective epitope ma & hroughout the course of COVID-19, the broad immunological
cross-reactivity beéx@n SARS-CoV-2 antibodies and several antigen groups may help to hasten
the establishment of autoimmunity in vulnerable subgroups and may even exacerbate
autoin@e in people who already have AIDs %47 The existence of so-called superantigens
within SARS-CoV-2 is another intriguing mechanism put forth for AID induction. These
superantigens stimulate excessive adaptive immune system activation and cause nonspecific T-
cell expansion by directly binding to T cell receptors (TCR), as well as expansion of
plasmablasts, which may produce autoreactive IgG 4% 14 147 In children who developed a rare

secondary inflammatory syndrome, now known as multisystem inflammatory syndrome in
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children (MIS-C), after severe COVID-19, the expansion of a population of T-cells with a
skewed TCR repertoire consistent with superantigen activation as well as an increased number of
proliferating plasmablasts appeared to correlate with elevated pro-inflammatory cytokines
associated with cytokine storm !4 . Large intact viral molecules, particularly spike proteins
produced from SARS-CoV-2, are thought to be able to enter the lamina propria through a
zonulin-dependent increase in mucosal permeability, functioning as superantigens @using a
cytokine storm and autoimmune '3* . In this context, the crucial functi ﬁ@g)pe 1 IFN in
regulating viral load has been stressed. Based on the effects of signiﬁc;%nphopenia during
acute infection, another theory for the emergence of post-COVé%‘QO ;?[oimmunity has been
proposed. As lymphocytes die, there may be a pri&&s of self-tolerance due to
immunosuppression (both of innate and acquired 1 @ry\), which is followed by a skewed
repertoire expansion and normalization of lymp@es once the infection is under control 4% 149,
The growth of autoreactive cells and the deyelgpment of autoimmune diseases may result from
both this temporary immunosuppress@}c'l an ineffective method of immune reconstitution in
susceptible people!*. Finally, as}y)lously mentioned, intriguing similarities between COVID-
19 immune responses a utoimmune illnesses, especially thyroid problems, have been
discovered. Nonet§< chere is still a dearth of evidence that COVID-19 and thyroid
autoimmuni elated. Even in patients with minimal symptoms, autoimmune thyroid
disord. Ds) have been labeled as COVID-19 comorbidities!*®. A study documented a case
of postpartum thyroiditis (PPT) in a young lady who has already been diagnosed with HT,
whereas and corroborated by a case of Hashimoto's thyroiditis (HT) during COVID-19 1%, The
two case reports are highly descriptive and do not allow for the establishment of a causal link

between SARS-COV-2 infection and the emergence of AITD, especially in light of the fact that
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HT is a significant risk factor for the emergence of PPT later on. So, it is still unclear whether the

viral infection is an epiphenomenon or an autoimmunity-causing factor.

Two cases of autoimmune hyperthyroidism (Graves' disease) have been identified following
SARS-CoV-2 infection. A 60-year-old woman who had Graves' illness at age 23 and had been in
remission since she was 25 was one of the two patients. She had an autoimmune hyp.ert<%lroidism
recurrence one month following the clinical beginning of COVID-19, necess%;} medical
attention. One month following the commencement of COVID-19, the . t, a 53-year-
old woman, was diagnosed with newly-onset Graves' illness. 15}%.§tudy supported the
aforementioned reports which two additional cases of relapse of &%ter SARS-CoV-2 infection
in two women, aged 45 and 61 years, respectively, who 'h@a ready been diagnosed with GD
and had maintained a normal thyroid function for a@ ears prior to contracting SARS-CoV-
2 infection, a similar case of de-novo occurren D following mild symptomatic COVID-19
was reported in a 21-year-old woman ! iﬁéﬂy, a 45-year-old white lady with a history of
Graves’ disease who has been i st@;emission for more than four years has recently been
diagnosed with a thyroid < that was likely triggered by COVID-19 infection. The
nasopharyngeal swab @Qﬁtwnt, who had reported the onset of respiratory symptoms more
than a month ear%\'remained positive at the time of the thyrotoxic crisis. The chronological
sequence indicates that GD may have been brought on by SARS-CoV-2 infection in all of the
patien@ common environmental trigger implicated in the pathophysiology of autoimmune
thyroid disorders is viral infections '3!. Additionally, it has been observed in other autoimmune
disorders, the hyperactivation of the immune system and the hyperinflammatory state brought on

by SARS-CoV-2 infection may have set off an immunological cascade that resulted in the

development or reactivation of thyroid autoimmunity in individuals with a genetic predisposition.
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The GD recurrence during COVID-19 may have also been caused by other possible factors, such

as stress'>.

In light of this, patients with pre-existing autoimmune diseases should be at risk for experiencing
a relapse of the disorder (for example, recurrence of hyperthyroidism and/or thyroid storm in
Graves' disease patients) or new onset of the related disorder (the development of PPT in the
woman with Hashimoto's thyroiditis after SARS-CoV-2 infectious) and vigilant t@;k function
monitoring should be advised, to prevent missing the diagnosis and delay}@ nt'>4, On the
other hand, autoimmune conditions that already exist do not app@g&nqrease or decrease the
likelihood of obtaining COVID-19 or SARS-CoV-2 infections,@tively. The overall course
of the COVID-19 disease is not much worse in paﬁe@ with a preexisting autoimmune
inflammatory disease, whether thyroidal or not, con to what was first believed, according to
findings from current literature '4¢ . Futur '@tive research should investigate potential

linkages and connections between SARS& =2 and thyroid autoimmunity, as well as how they

might affect the emergence of ov@ mune.

2.7.3 SARS-CoV-2 Infe®m the Kidney

Recent autopsy analys six COVID-19 patients revealed that all renal specimens had various
degrees of ﬂ%%bular necrosis. All the samples' kidney tissues contained SARS-CoV-2
nucle (NP) antigens and NP positive inclusion bodies. Moreover, a transmission
electronic microscope revealed the presence of virus-like particles in kidney tissues '5° . In 26
autopsies of COVID-19 patients, examined kidney showed abnormalities and discovered
extensive proximal tubular destruction with the removal of brush boundary '*° . Subsequent
research revealed that diffuse necrosis is visible under a light microscope, and coronavirus

particle clusters with characteristic spikes were visible in the tubular epithelium and podocytes
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under electron microscopy. SARS-CoV-2 NP antigens and RNA were reportedly found in the
urine of COVID-19 patients!’. These findings and the discovery of SARS-CoV-2 invasion in the
kidney are consistent. SARS-CoV-2 as a whole has the potential to directly infect human renal

tubules and cause kidney injury'>’.

According to recent research, COVID-19 patients had an acute kidney injury (AKI) <gzidence
that ranged from 0.5% to 28.5%, and they also had a higher frequency of renal ﬁ%ﬁk damage
when their blood urea nitrogen (BUN) or serum creatinine (Scr) levels w . }ﬁ 8, According
to a research of 193 COVID-19 patients, levels of BUN and Scr were ﬁ/a{ed in 27 (14.0%) and
20 (10.4%) of the patients, respectively, with COVID-19. 129 iq@ﬁals had routine urine tests
done, and 76 (58.9%) of them tested positive for uriﬁa@)rotein, while 57 (44.2%) tested
positive for hematuria'®. Another study revealed that 14% of COVID-19 patients had impaired

renal function '° . Moreover, AKI rates ar @n COVID-19 individuals whose disease is
progressing more rapidly. The result of a&g’a'lso revealed that none of the 28 patients who did
not need care in the ICU had A%\@ three (23.1%) of the 13 patients with AKI in the ICU
were observed!¢!. COVID-19 tignts with AKI had a clearly greater death rate than COVID-19
patients without rena@a@ n addition, more severe patients had higher rates of AKI in a
different study l(%@g at 193 patients with COVID-19 at hospital admission, and the Cox
regression andlysis also revealed that COVID-19 patients who had AKI had a considerably

greateh risk. As a result, AKI is more common in severe COVID-19 cases 2,

Many studies have revealed that kidney dysfunction (elevated blood urea nitrogen [BUN] and
SCr), abnormal urine analyses (proteinuria and hematuria), and radiographic abnormalities of the
kidneys are the main symptoms of renal functional impairment !6*. Proteinuria, which is present

in more than half of patients before or after admission, is the most frequent clinical manifestation,
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followed by hematuria, increased BUN, and raised SCr (33.7, 14.3, and 10.7%, respectively) ¢!,
Also, a meta-analysis showed that patients had albuminuria in varied degrees (+ in 38.8% of the
patients and ++ or +++ in 10.6% of the patients). AKI has been shown to be a significant risk
factor for mortality during SARS-CoV-2 infection, particularly in severely ill individuals. After
being hospitalized, 33.9% of patients with SARS-CoV-2 infection and AKI were reported

deceased, and this rate was substantially greater than that of patients without ren&iage (p

0.001) 6% 184 Furthermore, renal parenchymal inflammation and edema, d t'e@ a CT scan,
are equally common'®4, E
. 6'\

It was discovered that the renal impairment was more obvious t e severe the SARS-CoV-2
infection was. Although they were used to assess renal ﬁ& n, the blood BUN and SCr tests
were not sensitive enough to detect early kidney in@%‘[ 164 Urine microprotein, urine IgG,

and urine transferrin were found to be sens't':'\@kers of early glomerular injury, while urine

I-microglobulin could signify early ren@l lar damage. Infected patients may benefit from
early renal damage detection usi tlﬁcgg‘imated glomerular filtration rate, Cystatin C, and urine

microalbumin/creatinine ratio%lqsllations NGA!%4,

N

Potential Mechanisms of Renal Injury

Several investigations suggested that SARS-CoV-2 infection and virus-induced cytokines such
IL-6 and IL-10 were responsible for kidney damage in individuals with SARS-CoV-2 infection,
however these explanations are insufficient. Many mechanisms may contribute to renal

impairment. The potential mechanisms of renal damage are outlined here!®>.
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Direct Renal Infection by SARS-CoV-2

Available evidence at hand indicates that SARS-CoV-2 binds to ACE2 via the S1 subunit and
directly damages intrinsic renal cells. The kidneys and bladder are enriched with ACE2, making
the renal tissue susceptible to SARS-CoV-2, according to single-cell RNA sequencing data from

human tissue and ACE2 labelling 66 167

. The presence of coronavirus-like particle c.lus(%rls in the
renal tubular epithelium and podocytes and the ability to observe speciﬁcé&S—CoVQ
nucleoproteins in a nuclear or cytoplasmic pattern using indirect . %s;; ce raise the
possibility that the virus could infect renal cells directly. The resul.ts Q%@Nautopsy revealed that
the virus reached the blood and caused viremia after infecting th&%ratory tract!®®. As a result,
they deduce that the virus may enter the urinary system 'V@ood flow, bind to and internalize
with ACE2 receptors, and infect kidney cells thaﬁ%% the ACE2 receptor, such as renal
tubular epithelial cells, podocytes, and othe '%’%despread kidney damage, however, cannot

entirely be attributed to the low and une@ istributed viral load in the kidneys, according to

recent studies'®. \)Q:b'
%

Systemic Effects of SARS-CoV-2 Infection on the Kidneys

A\
The balance be W%\viral eradication and immune system toleration determines the severity of
2

SARS-COV-2\infection. Viral injury to the body may be caused by immune clearance

abnon@es as well as immunological resistance to infections'®- 70,

The detection and removal of coronaviruses, as well as the activation of the inflammatory
signaling pathways downstream, are carried out by macrophages. The cellular adaptive immune
response is then launched. Helper T (Th) cells can be made to differentiate into Thl and Th2

cells, the former of which can activate cytotoxic T cells that, like natural killer (NK) cells,
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destroy virus-infected cells. Th2 cells then work with B lymphocytes to produce antibodies that
stop viral replication ' . Following SARS-CoV-2 invasion, this is the immunological clearing
process of anti-infection, which is accompanied by the creation and release of several
inflammatory cytokines. These cytokines support the innate and adaptive immune response by

taking part in the body's antiviral activities'®6 168,

An immune clearance dysfunction prevents the virus from being recognized \iminated,

leading to an infectious spread. Massive viral replication may cause i }yc s to respond

N\

excessively, which could result in a significant inﬂammatorygesg%mg: and clinical signs.
Dendritic cell, monocyte, and T-cell responses are shown to be ,@Xr reduced during the acute
phase of SARS-CoV-2 infection, which supports a Weake'ru'\@) immune response initiation and
viral clearance 170 A high level of inflammatory, cytokines is produced as a result of the
activation of the interferon (IFN)-1 signali '@ay and the JAK-STAT signaling pathway,
which in turn causes high amounts of Vf%'iﬂgleic acid (RNA) to accumulate in the body as a
result of impaired immunologica cl@%e. An autoreactive adaptive immune response may be
produced because of the IF%I,\signaling pathway activation, which may exacerbate tissue

ost's inherent resistance to the infection causes an overactive

damage 4> 40 . In add@%
immune response g% irectly results in numerous organ failures, including kidney, liver, and

heart failure. This overactive immune response is caused by cellular immune disorders, cytokine

storms,@ immune compounds'®®,

Normally, CD8+ T cells and NK cells kill virus-infected cells. However, it was discovered that
individuals with SARS-CoV-2 infection had lymphopenia predominately caused by CD8+ T-cell
depletion, a cellular immunological disease that prevented sufficient cytotoxicity against virus-

infected target cells. Moreover, lymphopenia induces an excessive generation of inflammatory
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cytokines due to the feedback loop, which severely damages tissues and organs'#® 149 1t has been
established that NK cells, which can non-specifically kill virus-infected cells, are substantially
activated in acute SARS-CoV-2 infection and express high levels of perforin, NKG2C, and
Ksp37 in severe instances. Tissue damage might be caused by an uncontrolled NK-cell response
and an overabundance of cytotoxic granules. One of the causes of the observed kidney damage is

thought to be a perturbation of the cellular immune system as a whole®. &

A cytokine storm, an immunopathologic condition that can be lethal, .%n unchecked
cytokine production during the aforementioned immunologica.l rz%oqse. Infection causes
lymphocyte activation, which triggers the release of inﬂammatg@yokines to kill the infected
cells 7! . However, patients may experience severe '«@helial dysfunction, disseminated
intravascular coagulation, and multiple organ dysfu@%yndrome as a result of the excessive
cytokine release. According to studies, cyt '@ression, such as that of IFN-, interleukin
(IL)-6, IL-10, granulocyte colony—stimu%géctor, and monocyte-chemotactic protein 3, was
higher in SARS-CoV-2 patients an&s in healthy controls'’?. There is a clear inflammatory
infiltration of the renal interst'% i’n the kidneys, which is primarily made up of lymphocytes and
plasma cells with a fe @Qphilsm. Additionally, it suggests that activated lymphocytes move
towards kidney ti%gs in order to kill infected renal cells and release inflammatory cytokines,
which in turn“causes tissue damage and localized inflammation. Moreover, kidney damage is
causeé@ytotoxic particles such perforin, granulysin, and proinflammatory cytokines, which

are strongly expressed in lymphocytes'#® 149,

Immune complex deposition may harm kidneys in addition to cellular immunity and a cytokine
storm '7* . The interstitium appears to be the primary site of damage in SARS-CoV-2-infected

patients' renal disease, with minimal glomerular abnormalities. Due to ACE2 expression in
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podocytes, glomerular lesions such localized segmental glomerulosclerosis and collapsing
glomerulopathy are linked to viral infection and mostly present as podocyte-related damage '6*.
However, substantial endothelium damage, including edema, foamy alterations, and
subcutaneous transmittal enlargement, was also noticed in addition to podocyte damage>’. While
there was no evidence of inflammatory cell infiltration in the glomeruli, direct or indirect

immunofluorescence, electron microscopy, and IgG, IgM, and trace C3 were disc@ in the

163

granular tissues of the capillary wall, pointing to immune complex dep:ssﬁ;@‘g, one of the

causes of glomerular injury'®. Immune complex-associated nephritis resultsyfrom the deposition
. "
of immune complexes along glomerular capillaries, and its unde@ echanism may involve

immune complexes activating the complement system and c@idney damage!'”.

A

Endothelial Cell Injury

Endothelial damage to the kidney's glomem@sﬁ'@ﬁje under an electron microscope in the form
of cell swelling and foam-like altetatiofis, subendothelial expansion, and endothelial
proliferation'7®-. Since tubular e itheq&ells express a lot of ACE2, it is thought that the virus
could connect to them and (ﬁ%ﬁnage to them directly. Many patients in severe condition
experience vasculitis;H Q%s or even gangrene on their extremities as a result of vascular
endothelial injury &ad a cytokine storm '77 . Small vessel hyperplasia, vessel wall thickening,

lumen stenosis,, oc¢clusion, and localized bleeding are all discovered during pathologic exams.

The u@mg cause of vascular damage could be vasculitis'?®,

Thrombus Formation
Many patients with severe SARS-CoV-2 infection present with thrombosis and
thrombocytopenia due to hypercoagulability and disseminated intravascular coagulation.

Moreover, segmental microthrombi in the glomeruli of SARS-CoV-2 patients were discovered in
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two pathological examinations of caducous kidneys !¢ 168

. Although the exact mechanism of
coagulation is still unknown, studies have shown that endothelium damage increases tissue
factors, which then activates external coagulation pathways. The complement system is crucial in
speeding platelet adhesion and aggregation, endothelial cell damage, and thrombosis since it is
the host immune system's initial response to SARS-CoV-2 infection. Due to substantial

coagulation activation, thrombocytopenia, which is frequent in individuals with s@b’ SARS-

CoV-2 infection, may potentially be linked to decreased platelet cons ﬁy@o Large-scale

S

Several patients during the SARS-CoV-2 virus pandemﬁ@f%red inexplicable edema in the

microthrombi development results in kidney injury!’s.

Hyponatremia and Edema

lungs and extremities, and other individuals experie@a rupt severe hyponatremia!” 80, This
shows that these people have a malfunction %’%y their bodies process salt and water, which
is a major risk factor for AKI. Althou exact mechanism is unknown, it was formerly
thought to be connected to nction. Reduced ACE2 expression in SARS-CoV-2
infection causes an increase i Rx)productlon which causes tissue edema. Together with the
RAS dysfunction, @% and macrophages release IL-6, which causes an electrolyte
imbalance and bo@circulatory volume by causing the nonosmotic production of vasopressin'®!.

Hyponatremiasand IL-6 are adversely correlated, according to a retrospective study, and

hypon'@la seems to be linked to more unfavorable outcomes and more severe disease!’®.

Glucose and Lipid Metabolism Disorder
Coexistence of chronic diseases is a common occurrence among patients, with chronic renal
disease, hypertension, diabetes, cardiovascular and cerebrovascular diseases, malignant tumors,

179, 182

and other conditions occurring more frequently . Serious incidents occur at much greater
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rates in people with diabetes !83

. Although the exact explanation is unknown, we surmise that it
may be linked to the abnormal glucose and lipid metabolism that is a risk factor for kidney injury
in these chronic conditions. According to reports, patients with diabetes and hypertension show
less tubular ACE2 protein staining than healthy individuals. Membranal ACE2 expression is
further decreased during SARS-CoV-2 infection as a result of the virus's adherence to the cell
membrane, which could be one reason why people with diabetes and high bloo@ure are
more likely to suffer kidney damage!8*. Both viral infection and hyperglycem @%be detrimental
effects on the kidney therefore, studies emphasize the necessity to effectively monitor blood
glucose to enhance prognosis in COVID-19-infected patients with %‘ t '\hemoglobin testing!%.
A study indicated that patients with severe COVID-19 had &@hat higher HbAlc levels than
those with mild COVID-19, but this difference wa @statistically significant (P = 0.52).
However, it is notable that only two studies \@mall sample sizes examined the effect of
COVID-19 severity on HbAlc, which mQ_i'p}[uence the outcomes of interest. In addition,
HbA1c shows the average blood gluc @el during the previous 2-3 months 36 187. 188 Hence,

the impact of a short-term ViraMtion on HbAlc levels may not be significant. However,

.\
additional studies with hi @le sizes are required to confirm their findings.

C)

Hypoxia of the Kidneys

SARS-CoV-2 “primarily targets the lungs, which may result in hypoxia if ventilation and
difﬁJse impaired. Hypoxia in the kidneys may be a factor in AKI. By a variety of causes,
including the activation of adrenergic neurons and changes in nitric oxide metabolism,
hypoxemia lowers renal blood flow. Both severe hypoxia and ischemia can lead to malfunction
of the microvasculature. This may influence nearby intrinsic cells and capillaries, widening the

hypoxic zones and causing organ failure!”.
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Other Effects

Patients with SARS-CoV-2 have been documented to experience rhabdomyolysis, and the renal
architecture of these individuals contains significant levels of creatine phosphokinase staining,
which suggests that rhabdomyolysis may play a role in the development of AKI. In addition,

several medications, heart failure, diarrhea, and hypertension can all result in kidney damage in

infected patients!”>. . &
&

2.8  Post-Acute Phase Extrapulmonary Organ Infection in Recove }ﬁ e SARS-
CoV-2 Patients

. °
More than 1 million COVID-19 patients have so far been cli{é}'cured and released. Yet,
numerous COVID-19 patients who had been released tq@ ositive for SARS-CoV-2 once
again. 14.5% (38/262) of COVID-19 convalescentpatients from Guangdong, China, had their
SARS-CoV-2 status re-detected throughout @ow-up period. In a similar vein, data from
Brunei Darussalam revealed that 19.8% %’ ) of recovered patients had tested positive again
for SARS-CoV-2. RT-PCR studigs al or nasopharyngeal swabs validated the re-detectable

positive cases. According to &s& nvestigations, some individuals who have recovered could

still be viral carriers>! C)QQ

Patients with 19 could have lung samples, stools, urine, serum, kidney tubules, and
gastrointes '%thelium tested for the presence of the SARS-CoV-2 virus. However, although
throat@s became negative, the viral RNA in urine and stool samples continued to be positive,
and the viral RNA can linger in feces for up to 30 days ! 17+ 189 Using tissue sections from the
lung, liver, heart, intestine, and skin of a COVID-19 patient who was ready for release but passed
away from cardiac arrest, a study used digital PCR to identify the SARS-CoV-2 !9, The patient

tested positive for SARS-CoV-2 in the cells and tissues of the lung, and the findings show that
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SARS-CoV-2 is still present in the lung of the COVID-19 patient who has been released '° .
Moreover, a study showed for the first time that SARS-CoV-2 viral clearance is delayed in male
individuals, and they hypothesized that testicular viral reservoirs may have a significant impact
on viral persistence in males. SARS-CoV-2 appeared to be kept in the lung or extrapulmonary

organs, which may be the cause of the virus testing positive again in patients who had been

released!®% 191, Q’@

%\%
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Chapter Three

Methodology

3.1 Research Design

This was a cross-sectional study comprising a total of 270 apparently healthy participants (males

and females) in the age range 18-60 years at different local government areas in'I'b\G&n, Oyo

State. They were recruited for the study after informed consent had been thd'é)\from them.
t

O\

institutional review board. The study involved not more than 8 mork&(;ét exposure to SARS-

Prior to these, ethical approvals have been obtained from the ethical com he Oyo State

CoV-2 viral infection compared with a matched cohort of a@ge tly healthy individuals who

Q

were not exposed. Q@
3.2 Study Area .

$

This study was carried out in Ibadan, Oyo serl four different Local Government Areas, which
are, Ibadan North, Lagelu, Oluyole anﬂﬁlan Northwest Local Government Area. Apparently

healthy exposed and unexposed Muals were recruited for the study.

"
3.3 Population of thcs)@

The participants made up of an initial 120 SARS-COV-2 exposed individuals and a
matched co%f 150 apparently healthy individuals without exposure to SARS-COV-2
infectioghe population was further screened by analysis of SARS-COV-2 antibody to ensure
true exposure and non-exposure. 85 unexposed, those who tested negative to SARS-COV-2
virus, who also tested negative to SARS-COV-2 antibody and 80 exposed who tested positive to

SARS-COV-2 viral infection and equally tested positive to the SARS-COV-2 antibody were
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involved in the final study. After the initial screening using blood pressure, HBA1C, urea,

creatinine and SARS-COV-2 antibody, the final study population was screened down to:

e The exposed individuals --- 80

» The unexposed individuals --- 85
3.4 Sample and Sampling Techniques . (b

The formula for sample size calculation for descriptive cross- sectional studgi@g)

N=2%d . iy
) A

&
Where: Q.Q\

Za = standard normal deviate corresponding tQ Q,&d level of significance at 5% = 1.96
q = 1- prevalence \)Q)

P = prevalence of kidney injury

d= level of precision at 5@“

The prevalence oféqg‘-%oVQ in Nigeria is 5.6% in Nigeria (source).
P=5.6%= é%

N= Nu@wr of participants needed

q=1- 0.056 = 0.94

N=(1.96) > x 0.056 x 0.94

(0.05) 2 = 80.88
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Therefore, the minimum sample size required is 81"
3.5 Sampling Strategy: Convenience sampling strategy was employed during this research
3.6  Selection Criteria
3.6.1 Exclusion Criteria for Non-exposed (Control)
= Refusal to give consent. Q:)&\(b

* Individuals with a history of renal dysfunction, high blood pressuu%\%, and thyroid

disease. . *
N

= Presence of COVID-19 antibodies Q@

3.6.2 Exclusion Criteria for exposed (Cases) @6\
= Refusal to give consent. :‘ @

» Individuals with a history of rena@sfunction, high blood pressure, diabetes and thyroid

disease. \g)
=  Absence of COVID@&%odies

3.6.3 Inclusion Cri@ r Non-exposed (Control)

Q

= Apparently healthy individuals 18-60 years, who tested negative for SARS-CoV-2

@ction and were not vaccinated.

3.6.4 Inclusion Criteria for exposed (Case)

= Apparently healthy individuals 18-60 years, who tested positive for SARS-CoV-2

infection and were not vaccinated.
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3.7 Method of Data Collection
3.7.1 Demographic Indices

A semi structured pre-test questionnaire was given to the prospective participants to obtain their
qualitative data about the age, gender, background, socio- economic status and the dietary
lifestyle of the participants. . (b

3.7.2 Anthropometric Characteristics: . '\QO

Anthropometric measurements like weight, height, body mas§%in£1\ , waist and hip

AN

circumferences and waist/hip ratio) were obtained from the partici@‘s.

N
Weight: : 4@

The weight of the participants was obtained foll @che basic/standard method. It was done
with a bathroom scale placed on a flat surfz@.jﬂ%articipants wore light clothing and took off
his/her their shoes before standing o?@scale. The scale was adjusted to zero before each

reading and readings were record&&%e nearest 0.5kg?.

Height: Q@ A

The height of part)%ants was measured in centimeters. The subject was asked to stand bare
footed uprigh a hard level ground against a vertical wall and without raising the heels from
the gr@%th the feet kept together while the back and heel were aligned with a ruled bar
against the vertical surface. The measurements were made by moving a slide headpiece to the

vertex of the subject’s head and the reading at that point was recorded to the nearest 0.1meter.
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Body Mass Index (BMI):

This was calculated using the body weight and height of the subjects. The formula below was

used in the calculation®

BMI = weight (kg)

height® (m?) Q)&\‘b‘

&%
3.8 Blood Sample Collection . *
N

An approximate 10mls of venous blood sample was ol@gé from the participant by
venipuncture. This was done by applying a tournique 4;@}¢hes (10- 15cm) above the intended
puncture site (preferably cubital vein in the ante Qfossa to obstruct the return of venous
blood to the heart and to distend the vein. @ as then cleansed with alcohol swab. 10mls
of blood was collected with new dispo %'pyrogen free needles and syringes after the skin had
been air dried and the blood dis&& into plain serum tubes and kept for 1-2 hours to clot*
Serum obtained was used f{ eﬁtrolyte, Urea, Creatinine, Cys-C, TSH, FT4, FT3, C-reactive
proteins and SARS-Q\)@%ike protein antibody. Samples were also collected into EDTA

bottles for the \ of HBAI1C.

381 Q@atory Analyses

The following biochemical indices are analyzed: Electrolyte, Urea, Creatinine, Cys-C, TSH, FT4,

FT3, C-reactive proteins and SARS-CoV-2 spike protein antibody.
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3.8.2 Determination of Biochemical Parameters

3.8.3 COVID-19 Antibodies Estimation
SARS-CoV-2 IgG II Assay

The serum SARS-CoV-2 spike protein antibody was analyzed on Architect 11000 @‘L) auto-

analyzer using chemiluminescence immunoassay method. The standardiz;d@:ol provided

with the Architect 1000 (Abbot) analyzer insert was followed for estimatio

. "
Principle of assay %\
Using chemiluminescent microparticle immunoassay ( '&technology, this assay is an
automated, two-step immunoassay for the qualita@% semi-quantitative detection of IgG
antibodies to SARS-CoV-2 in human seru h@sma. Sample, paramagnetic microparticles
coated with SARS-CoV-2 antigen, and a@ fluent are mixed and incubated. Anti-SARS-CoV-
2 IgG antibodies found in the sampl d to SARS-CoV-2 antigen-coated microparticles. The
combination is washed. Anti;%%ﬁ)lgG acridinium-labeled conjugate is added to a reaction
e

mixture, which is thetn)@,

cycle. As a relativeMight unit, the ensuing chemiluminescent response is quantified (RLU). There

. The Pre-Trigger and Trigger Solutions are added after a wash

is a direct c@on between the quantity of IgG antibodies against SARS-CoV-2 in a sample

and th@bsewed by the system optics?®.

3.8.4 Determination of HBA1C

The glycated hemoglobin concentration was carried out on Architect c4000 (Abbot) analyzer
using spectrophotometry method. The standardized protocol provided with the Architect c4000

(Abbot) HBA1C insert was followed for estimation.

-113 -



Principle of assay

In HbAlc assay, whole blood samples are lysed in order to release hemoglobin and HbAlc
analyte. The lysed sample is introduced to the glass fiber matrix that was previously treated with
Blocking Buffer. The binding process between the analyte and the Blocking lef&r binds
Hemoglobin and HbAlc to the glass fiber matrix. HbAlc is quantified .by '\ining the
amount of HbAlc analyte trapped on the matrix cell utilizing a conjug%x ti-HbAlc and
Alkaline Phosphatase as the signal-generating molecule and 4—Meth)@§m:lliferyl Phosphate as

the substrate (MUP) . @
3.8.5 Determination of Cystatin-C @

The serum Cyctatin C was analyzed on Cobas.C\ on Hitachi-Roche chemistry analyzer using

N

spectrophotometric method. The standa iszrotocol provided with the Hitachi-Roche Cobas

analyzer insert for cystatin ¢ was foll or estimation’.
Principle of assay \)
"

Human plasma is co i@ith cystatin C immunoparticles. Cystatin C from the sample and
anti-cystatin C fr@ﬁw immunoparticles form a complex. The complex particles absorb light,

and turbidimetry relates the light absorption to the concentration of cystatin C by interpolation on

a stan@a;ibration curve’.

3.8.6 Electrolytes Estimation

The electrolytes sodium, potassium, bicarbonate, and chloride were estimated using Erba Lyte

analyzer. For estimation, the standardized protocol included with the ERBA kit was used.
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Principle of assay
Ion Selective Electrode (Na*, K*, CL")

Ion Selective Electrode (ISE) technology is a type of electrochemical sensor used té& @ure the
concentration of ions in a solution. The ISE consists of a sensitive membrane, @is in contact
with the sample and responds to changes in the concentration of certain%&n the sample. On
the other side of the membrane is an internal filling solution, and ‘a{@s?od acts as an internal
electrode, which converts the ionic conduction to electro@@nduction. The relationship
between ion activity and electric potential confom@NERNST equation, which states that

the logarithm of the ion activity has a linear r% with the electrode potential. Different

ti
electrodes are sensitive to different ions. Foe)f'j\)}f)l ,

ions, and a potassium electrode is on@sitive to K ions. If a potassium electrode, sodium

a sodium electrode is only sensitive to Na

electrode, and chloride electrode%%mbined, then K ions, Na ions, and chloride ions in the

sample can be measured at ame time. In addition to the sensitive membrane, the ISE also

consists of a referen@tr de, which provides a reference potential and forms a complete

measuring cir i@ﬁide the reference electrode, there is also an internal electrode, whose
>

potential r@

referencéypoint to measure the potential differences®.

constant when the concentration of the solution changes. Thus, it provides a

Manometric method (HCO3)

In this process, a certain quantity of blood serum and reagent (lactic acid) are added to a sealed
reaction chamber. The reaction chamber is equipped with a pressure sensor that detects changes

in gas pressure resulting from the reaction between the HCO3" ions in the serum and the lactic
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acid reagent. As the HCO3- ions react and release CO,, the gas pressure inside the chamber
increases accordingly. The pressure sensor sends the signal to the microprocessor, which
calculates the amount of HCO3- ion present in the sample based on the change in pressure. The
result is then displayed and printed out for further analysis. This process is used to determine the

AB (Actual bicarbonate) parameter for HCO3- ion in the blood serum’.
3.8.7 Determination of Urea and Creatinine 6{\

The serum Urea and Creatinine was assayed on Architect c4000 @@alyzer using
spectrophotometry method. The standardized protocols providefk&l.\the Architect c4000

(Abbot) analyzer insert for urea and creatinine were followed fo@ation.

Creatinine assay principle

Methodology: Jaffes Alkaline method Q

The creatinine in the sample combines w1@ te at an alkaline pH to generate a creatinine-
picrate complex. Due to the developm this complex, the rate of increase in absorbance at

500 nm is exactly proportional tc%)oncentration of creatinine in the sample.

.\
Urea assay principle Q’@

Methodology: Urease

Q

The Urea Nitrogen test is a variation of a completely enzymatic technique initially described by
Talke@chubert. 1 The test is a kinetic assay in which the starting rate of the reaction is linear
for a specified time period. Urease hydrolyzes the urea in the sample into ammonia and carbon
dioxide. The second process, mediated by glutamate dehydrogenase (GLD), transforms ammonia
and -ketoglutarate to glutamate and water, while simultaneously oxidizing reduced nicotinamide

adenine dinucleotide (NADH) to nicotinamide adenine dinucleotide (NAD). For every molecule
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of urea, two molecules of NADH are oxidized. The initial rate of absorbance decline at 340 nm

is related to the sample's urea content!?.
3.8.8 Determination of C-Reactive Protein

The serum CRP estimation was carried out on Architect c4000 (Abbot) analyzer using
spectrophotometry method. The standardized protocol provided with the Architect (240(%‘(Abbot)

analyzer insert for CRP was adhered to. é\

Principle of assay ‘%\QO
@)lgvels in human serum

and plasma. Agglutination is the outcome of an antigen—anti@y%response between CRP in a

Q

sample and polyclonal anti-C-reactive protein antib%@has been adsorbed to latex particles.

C-Reactive Protein is an in vitro diagnostic assay used to quantify

This agglutination is detected as a change in absgba , the extent of which is proportional to
the amount of CRP in the sample. The actuQé}e‘n ration is then calculated using interpolation

of a calibration curve constructed fro mrators of known concentration. Increase in 572 nm

absorbance is related to CRP con tqelon“.
3.8.9 Determination of F '3 and TSH

Q

The serum TSH, »BT3 estimation were carried out on Architect 11000 (Abbot) analyzer

using spectr%&ietry method. The standardized protocols provided with Architect 11000

(Abbo%@zer insert were followed for estimation.

FT4 assay

Principle of assay

The ARCHITECT Free T4 assay is a two-step immunoassay designed to detect the presence of

free thyroxine (Free T4) in human serum and plasma using Chemiluminescent Microparticle
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Immunoassay (CMIA) technology with flexible assay protocols, also known as Chemiflex. In the
initial step, sample and paramagnetic microparticles coated with anti-T4 are mixed. Anti-T4-
coated microparticles bind free T4 (unbound) in the sample. In the second step, T3 acridinium-
labeled conjugate is applied after washing. The ensuing chemiluminescent reaction is measured
in relative light units after adding Pre-Trigger and Trigger Solutions to the reaction mixture

(RLUs). The amount of Free T4 in the sample is inversely proportional to the RLU@ﬁed by

the ARCHITECT I optical system!2. ;‘ \Qg)

FT3 assay ‘%
. \ |

&

The ARCHITECT Free T3 assay is a two-step imrr@e, that measures the presence of free

Principle of Assay

(unbound) T3 in human serum and plzism utilizing Chemiluminescent Microparticle
Immunoassay (CMIA) technology with cu%%ble assay methods, also known as Chemiflex.
In the initial step, sample and paramagt@%’microparticles coated with anti-T3 are mixed. Anti-
T3-coated microparticles bind %g)T:% (unbound) in the sample. In the second step, T3
acridinium-labeled conjug %p?)lied after washing. The ensuing chemiluminescent reaction is
measured in relative@ units after adding Pre-Trigger and Trigger Solutions to the reaction
mixture (RLUS %e amount of Free T3 in the sample is inversely proportional to the RLUs

identifi l@he ARCHITECT I optical system.
TSH assay
Principle of assay

The ARCHITECT TSH assay is a two-step immunoassay that detects thyroid stimulating

hormone (TSH) in human serum and plasma utilizing Chemiluminescent Microparticle
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Immunoassay (CMIA) technology with customizable assay protocols, also known as Chemiflex.
In the first step, sample, paramagnetic microparticles coated with anti- TSH antibody, and TSH
Assay Diluent are mixed. TSH contained in the sample binds to microparticles coated with anti-
TSH antibodies. Anti- TSH acridinium-labeled conjugate is applied after washing in the second
stage. The ensuing chemiluminescent reaction is measured in relative light units after adding Pre-

Trigger and Trigger Solutions to the reaction mixture (RLUs). There is a dire&elation

between the sample's TSH concentration and the RLUs recorded by the @CT I optical

system!3,
: %'\
3.8.10 Data Analysis %‘\\d
&>

Data obtained was analyzed using SPSS 20. Results w r&z&%ﬂted as mean =+ standard deviation
for all parameters. Independent student’s t-test wﬁed to evaluate significant differences

between mean values. All p-values 1esth§}ao 5 (p<0.05) was considered statistically

significant. '6,
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Chapter Four
Results and Discussion of Findings
4.1 Demographic Data
A total 270 apparently healthy participants (Male and Female) were recruited for this study. The
age range of the respondents was between 18-60 years. 150 respondents (who tested Q@ative to
SARS COV-2 virus within a period of 8 months) were initially recruited as t?e u; sed, while
the remaining 120 participants (who tested positive to SARS COV-2 Vin@ cruited as the

exposed as demonstrated as seen in the figure 4.1. . !
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270 TOTAL PARTICIPANTS

Figure 4.1: Distribu@%ﬁicipants into Unexposed and Exposed.

Source: Author’s F)&Lc‘l ork, 2023

QQ
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The 150 unexposed participants were further screened down to 85, excluding those who with
high blood pressure, those with urea values greater than 45mg/L, creatinine values greater than
1.5mg/dl, glycosylated haemoglobin greater than 6.4% and those with positive SARS COV-2
virus using RT-PCR method which could compromise the results. Out of the 85 unexposed used
for this research, 58 (68.2%) were male while, 27 (31.8%) were female. The age group for the
unexposed participants as seen in Table 4.1 below is age 19-25years 18 (21.18%), } (@ears 52

(51.18%) and age group above 40 were 15 (17.65%). The age group thi%;@g)p the highest

for this study is the most active and productive age group (25-40years) with highest rate of

. "
mobility but were partially grounded by the lock-down during the @e ic.

The 120 exposed participants were also further screené@g\)n to 80, excluding high blood
pressure, those with urea values greater than 45mgJL, eréatinine values greater than 1.5mg/dl,
glycosylated haemoglobin greater than 6.4% aﬂ(:t)%se with negative SARS COV-2 virus using
RT-PCR method which could comprom g'gesults. From the 80 exposed group used for this

research, 54 (67.5%) were male @ (32.5%) were female. The age group for the exposed

participant as presented in Tab 4..\2 elow is age 19-25years 19 (23,8%), 25-40years 38 (47,5%)
3

and age group above Q@

Furthermore, fro le 4.1 and 4.2 below, bulk of the participants both in the unexposed and

28.8%).

exposed groupsywere married and most of them reside at the Ibadan North Local Government

area. Q
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Table 4.1: Socio Demographic Data of the Unexposed Group

Variable Variables n (%)
Sex

Male 58 (68.2)
Female 273 1}'@&
Age Group . ‘\qg)
19-25 (21.18)

25-40 "\\%’3 52(61.18)
i QQ}& 15 (17.65)
Marital Status Q@

Married C.) @ 51 (60)

Above 40

Single 32 (37.6)

Divorce (b:é' 2(2.4)

Local GovernmeMea of

Residence 4%.\
Ibad{@)ﬁQ 49 (57.6)
@u 24 (28.2)

Q luyole 2(2.4)
: Ibadan Northwest 10 11.8)

Source: Author’s Field Work, 2023.
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Table 4.2 Socio Demographic Data of the Exposed Group

Variable Variables n (%)
Sex

Male 54 (67.5)
Female 26 (32‘.§®,
Age Group &
19-25 ‘@XZ.% 8)
25-40 \ 9 38(47.5)
Above 40 '&% 23 (28.8)
Marital Status

Married QQ 54 (67.5)

Single Q\% 25(31.3)

Divorce '6. 1(1.2)
>

Local Governme’ﬁ\%a of
Residence @'\

Ibada@ 47 (58.8)
a@‘ 25 (31.3)

Q uyole 3(3.8)
Ibadan Northwest 5(6.3)

Source: Author’s Field Wok, 2023
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4.2 Anthropometric Data of the Study Participants

4.2.1 Weight, Height, and Blood Pressure of the Unexposed group.

The Mean + Standard deviation of the weight of unexposed groups is 67.89 + 8.38, while the
Mean + Standard deviation 169.26 + 6.82 of the height of unexposed group. Mean‘k\@ile, the

Mean + Standard deviation of the blood pressure (BP) is as follows; systolic BP i 15+4.29,

diastolic BP 79.55+ 8.39 as presented in Table 4.3. ‘@

[ ) ﬂ
4.2.2 Weight, Height, and Blood Pressure of the Exposed groug\\d

The Mean + Standard deviation of the weight of exposec@s is 70.05 + 7.46, while the Mean
+ Standard deviation 170.59 + 7.72 of the height ofiexposed group. Meanwhile, the Mean +
Standard deviation of the blood pressure Qi?);&» s follows; systolic BP is 121.09 + 4.08,

diastolic BP 79.49+ 8.13 as presented in @e 4.4
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Table 4.3: Weight, Height, and Blood Pressure Distribution of the Unexposed Group

Variables Mean = SD
Weight (kg) 67.89 £+ 8.38
Height (cm) 169.26 + 6.82
Blood Pressure &
Systolic -2}2\@\%4.29
Diastolic 79.55+ 8.39

. ‘/\‘\‘Bﬁ'
Source: Author’s Field Work. 2023 QQ')&

)

Table 4.4: Weight, Height, Rgﬁod Pressure of the Exposed Group

Variables (b)" Mean = SD
<

Weight (kg) % 70.05 + 7.46

o

Height 170.59 £7.72
m%@essure

stolic 121.09 + 4.08
Diastolic 79.49+ 8.13

Source: Author’s Field Work. 2023.
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4.2.3 Mean Comparison of the Anthropometric Data of the Unexposed and the Exposed

Table 4.5 shows the mean comparison of the anthropometric data of the unexposed and the
exposed group using independent sample T-test. As shown in the table 4.5, there is no significant
differences (P>0.05) between the mean weight, height, systolic pressure and diastolic pressure of
the unexposed group and the exposed group respectively. This is very important in research like

this. A difference in their anthropometric data could introduce bias in the subsequen@bcal data

that might emerge from the study, é. @
6up

4.2.4 Distribution of the Body Mass Index (BMI) in the Unequsg@{

Table 4.6 shows the distribution of the body mass index (Bl\é[bﬂ»%l\ong the participants in the
unexposed groups. Their BMI is divided into underweigh. A1\6 thy weight, overweight and obese.
Among the eighty (85) participants recruited as the u osed, three (3) people had underweight
BM (<18.5) with the percentage 3.5%. Mos Y ‘b@rticipants; fifty-three (53) in number 62.4%
had a healthy BMI (18.5 - 24.9). Twenty-eight (28) 32.9% of the participants were overweight
with the BMI range of 25—29.9.%@011@ (1) 1.2 % of the unexposed participants was obese

with a BMI greater than 30. "

R

4.2.5 Distribution )({)Qg,hody Mass Index (BMI) in the Exposed Group

Table 4.7 sh%@ distribution of the body mass index (BMI) among the participants in the
expos @)S. Their BMI is divided into underweight, healthy weight, overweight and obese.
Amonﬁ eighty (80) participants recruited as the exposed, from the table 4.7 there was no
participant who had underweight BM (<18.5). Just like the unexposed group, most of the
participants; fifty (50) in number 65.2% had a healthy BMI (18.5 - 24.9). Twenty-eight (28)
35.0% of the participants were overweight with the BMI range of 25-29.9. While two (2) 2.5 %

of the case participants were obese with a BMI greater than 30.
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Table 4.5: Mean Comparison of the Anthropometric Data

Anthropometric Data Unexposed Exposed p- value
Weight (kg) 67.89 +8.38 70.05 £ 7.46 0.083
Height (cm) 169.26 + 6.82 170.59 +7.72 0.242
Systolic B.P. 122.15+4.29 121.09 +4.08 ().%
Diastolic B.P. 79.55+ 8.39 79.49+ 8.13 . ‘\QO 52
Y
. \ ‘
Source: Author’s Field Work. 2023.

.QQ)

S

Table 4.6: The Distribution of the Body h@?dex (BMI) in Unexposed.

Category BMI ? \ UM Frequency Percentage (%)
N

Underweight 188 )% 3 3.5

Healthy weight Q§;5-24.9 53 62.4

Overweight \( Q) 25-29.9 28 329

Obese ‘%Q >30.0 1 1.2
QQ Total 85 100.0

Source: Author’s Field Work. 2023
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Table 4.7: The Distribution of the Body Mass Index (BMI) in Exposed

Category BMI Frequency Percentage (%)
Underweight <18.5 0 0
Healthy weight 18.5-24.9 50 62.5

Overweight 25-29.9 28 \ 35

L&
Obese >30.0 2 ‘%\% 2.5
&w

S
£

Total 80 100.0

. Q\J
Source: Author’s Field Work. 2023 Q’Q\

S
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4.3 Clinical Laboratory Data of the Study Participants

4.3.2 SARS-CoV-2 Antibody Assay. 80 participants who tested positive to SARS-CoV-2 RT-
PCR method also tested positive to SARS-CoV-2 antibody. While 85 participants who tested
negative to SARS-CoV-2 RT-PCR method also tested negative to SARS-CoV-2 antibody.

4.3.3 Glycosylated Haemogloin (HBA1C) Assay. The Mean + Standard deviation haemoglobin
value for the unexposed samples is 5.25 £+ 0.39 while the haemoglobin value for t@osed is

5.18 + 0.42. As presented in table 4.8 there is no significant differences (g 5&@% between the

mean of the unexposed group and the exposed group respectively.

[ ) ﬂ
4.3.4 Predictive Renal Marker (Cystatin C) Analysis. In figure @ystatin C result (Mean

= SD) of the unexposed (0.76 £ 0.25) is higher than that of %@}osed. However, looking at the

Table 4.9, there is no significant difference (p > 0.0@n the mean of the unexposed group

and the exposed group. . %
&
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Table 4.8: Mean comparison of HBA1C in Unexposed and Exposed

Analyte Unexposed Exposed p- value

HBAIC 5.25+0.39 5.18+0.42 0.259

Source: Author’s Field Work. 2023 Q}&
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0.77

0.76

0.75

0.74

0.73

0.72

0.71

0.7

0.69 -

Cystatin C Levels in Serum Samples of the
Exposed and Unexposed

B Serum Cystatin C

Unexposed Exposed

N

.\
Figure 4.2: Predictive Q'%Vlarker (Cystatin C) of the Unexposed and Exposed Group.
Source: Author’s %{c} Work, 2023

QQ
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Table 4.9: Predictive Renal Marker (Cystatin C)

Analyte Unexposed Exposed p- value
Cystatin C (mg/dl) 0.76 £0.25 0.72+£0.18 0.202
Source: Author’s Field Work, 2023 ,&\

'}
4.3.5 Renal Markers (Electrolytes, Urea, and Creatinine). ‘\%
Table 4.9.1 shows the relationship between the mean ValL&Q')&lectrolytes of unexposed and

exposed, it also shows that there is no significant d%@p > (.05) between the mean values
S

of the electrolytes, urea, and creatinine of the unea%e and exposed group.
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Table 4.9.1: Renal Markers (Electrolytes, Urea and Creatinine)

Renal Markers Unexposed Exposed p-value

Na+ (mmol/L 139.24 +2.728 139.68 2.782 0.307

K+ mmol/L 3.945 +0.3386 3.971 £0.2926 Q;& 92
N

CL mmol/L 101.34 + 3.045 102.02 +2.311 ‘%\ 0.108

HCO3_ mmol/L

Urea (mg/dl)

Cr (mg/dl)

° &.\
N\
23.53 +2.950 23.02 159@3 0.197
° Q
h?\
20.94 + 5.838 \és +5.158 0.057

0.821 + 0.1878( \) 0.829 £0.2124 0.808

%\J
Source: Author’s Field W}&}ﬁ’

N
QQ%Q
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4.3.6. Markers of inflammation and Thyroid Function Table 4.9.2 shows the relationship
between the inflammatory marker and the thyroid function markers of the exposed and the
unexposed groups. There is no significant difference (p > 0.05) between the mean value of the
inflammatory marker (C-reactive protein) of the unexposed group and that of exposed group.
There are also no significant differences (P>0.05) between the mean values of thyroid function
markers (Free Tri-iodothyronine (FT3), Free Thyroxine (FT4) and Thyroid stimula:'(}g(bormone
(TSH) of the unexposed group and the exposed group. ° Q%

4.3.7. Prevalence of Renal Dysfunction in Exposed. Table 4.9.3 shows the'prevalence of renal
dysfunction in SARS-COV-2 exposed individuals. All the renal pagﬁéte : analyzed had their

ranges within the normal reference limit, while 1.3 % of the g}}[ion of the cases had their

serum sodium level above the normal reference rang@

4.3.8 Prevalence of inflammation and thyr:t@}mction in Exposed. Table 4.9.4 shows the
prevalence of inflammation and thyroid ion in SARS-COV-2 exposed individuals. In

table 4.9.4, all the participants hm&)@ﬂammatory markers and thyroid markers within the

@w
Q\Q)Q

>
S

normal reference ranges.
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Table 4.9.2: Markers of Inflammation and Thyroid Function

Biomarkers Unexposed Exposed p-value
Marker of inflammation
C-reactive protein (CRP) mg/L 1.21+1.0 1.37+1.12 0.347

Thyroid function Markers

Free Tri-iodothyronine (FT3)

pmol/L

Free Thyroxine (FT4) pmol/L

Thyroid Stimulating Hormone

(TSH) mIU/L

Ny
L&
i
3.89+0.439 3.86 N4 0.838
o
152 +2.67 Q .89 £2.48 0.098
o3
Q‘ﬁ@'l.m 1.41 £0 .975 0.194

A
%’\
Source: Author’s F ield:W@ 3.

N
QQ%Q
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Table 4.9.3: Prevalence of Renal Dysfunction in Exposed

Biomarker Exposed Reference Low Normal Elevated % with
(n=80) Range elevated level
Mean = SD
Na (mmol/L 139.68 278  133-145 3 76 1 &' 13
K mmol/L 3.97£0.29 3.5-50 0 80 ,%\Q% 0
CL mmol/L 10202423 2110 0 2\\%“ 0 0
HCO, mmol/L noretoo 2 \QQ}&O ’ ’
Urea (mg/dl) 22.59 5.158 15 -45 Q‘Q 56 0 0
S
Cr (mg/dl) 0.829 £ 0.21 0.5 - 1.5())\& 2 78 0 0
>
Cys C (mg/L) 0.72+0.181 0 0

06105 17 63
,\)@

Source: Author’s F iel@@&

N
QQ%Q

7

.\
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Table 4.9.4: Prevalence of Inflammation and Thyroid Dysfunction in Exposed

Biomarker Exposed Reference Low Normal Elevated % with
(n=80) Range elevated level
Mean = SD
Marker of

&

inflammation

D

(CRP) mg/L 0.717 £ 0.181 0.6-1.5 17 63 0 0

: 6%

Thyroid function %\
&

Markers

>
FT3 pmol/L 3.86 £ 0.454 34-5.2 Q 80 0 0

FT4 pmol/L 15.89 +£2.48 10.6-2&(0() 0 80 0 0

TSH mIU/L 1.41 £0 .975 \Oj& 0 80 0 0

\'»
Source: Author’s F ie@)@%oz&

>

&
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4.4. Discussion

From the total number (270) of the participants as presented in the results, 80 people tested
positive for SARS-CoV-2 antibody. This shows 29.63% sero-prevalence in the study population.
This is a variation to a study that was conducted among the health workers in the University
College Hospital Ibadan, which shows a sero-prevalence 45.1%!. This could be because health
workers being at the frontline of the pandemic are more exposed than others in sq.@&@'During
the pandemic the medical/health workers were particularly prone to bein 'ig\ d because of
direct involvement in sample collection, surveillance, treatment, and follow-up.

However, research conducted before the introduction of the S@i '{/-2 vaccine between
December 2020 and March 2021 in the six geopolitigalig} in Nigeria, showed a sero-
prevalence of 66.8% in Nigeria which shows fairly g rd immunity during the peak of the
pandemic?. Another cross-sectional study in@ng 4,904 participants reported a higher
seroprevalence of 78.9% across 12 states Qyigeria. It was observed that seropositivity was
consistent across the states surveye 69.8% in Lagos to 87.7% in Borno. This showed

higher sero-prevalence after the Nuction of vaccine. The result from the study also suggested

.\
that COVID-19 infection w@cvalen‘[ in Nigeria despite the low hospitalization rate recorded

as at the time of sax;{

Furthermora,@v sero-prevalence rate observed in this study is not unexpected which could
be du@% fact that unexposed individuals who tested negative to SARS-CoV-2 infection
through RT-PCR method were intentionally recruited for the survey as unexposed, due to the

intended nature of the survey. Moreso, naturally acquired SARS-CoV-2 immunity persists for up

to 11 months after infection, after which it wanes®.
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The Mean £ SD of the predictive renal markers between the unexposed and the exposed did not
show any significant difference (p > 0.05). When compared statistically. This suggests that
individuals who tested positive for SARS-CoV-2 infection during the pandemic fully recovered
from any renal impairment that may have occurred during the infection. Another possibility is
that a lower prevalence of renal impairment may have occurred in Ibadan during the active phase
of the infection. However, during the active phase of infection with SARS-COV&I“G were
studies outside Nigeria that reported a high concentration of serum cystati 'Q%any patients
which were associated with higher COVID-19 severity and mortality™> * 7."Meanwhile elevated
levels of Cystatin C in individuals with COVID-19 are likely to @"Zhe existence of renal
impairment such as acute kidney injury, they may also l&z’jggn pf the excessive systemic
inflammation and pro-oxidant state that distinguishes p with COVID-19°.

The result from this research is focused on the@pandemic effect of SARS-CoV-2 infection
on renal function and the results suggest t@ividuals who were once exposed do not have
post exposure renal dysfunction. HO\%&hiS is in variant to research that suggested growing
evidence of decline in renal funcwn the 6—-12-month follow-up period in patients without any
signs of AKI during the ac@?eg.

4.6: Discussion on\ Qrs of Renal Dysfunction (Electrolytes).

The Mean i@he electrolyte (Sodium, Potassium, Chloride and Bicarbonate) between the
unexp %i the exposed did not show any significant difference (p>0.05). This suggests there
are no&roly‘[e imbalances after been initially exposed to COVID-19. Meanwhile electrolyte
imbalances were reported during active infection as highly prevalent in COVID-19 patients.

Research showed that Hyponatremia, hypernatremia, and hypercalcemia were associated with

poor COVID-19 outcome and the association is independent of the levels of inflammatory
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markers®. Another research showed electrolyte imbalance in COVID-19 patients admitted to the
emergency departmemt!”,

As suggested in the study, there are no electrolyte imbalances in individuals after being initially
infected with COVID-19. However, a case was reported of persistent hypokalemia in a patient
after more than five months since he was diagnosed with COVID-19. He was also reported to
have prolonged hypomagnesemia and if not followed up closely, this could@ to life
threatening arrythmias and seizure!'!. ‘ Q%

The Mean + SD of urea and creatinine between the unexposed and the exposed did not show any
significant difference (p>0.05). This suggests that there is no %ﬁ\y ';Isfunction after been
initially exposed to COVID-19. Meanwhile kidney dysfuqc@re commonly reported during
active infection with SARS-CoV-2!% 1314 This co Qﬁcause the kidney is one of the extra
pulmonary organs that express receptor (ACE.-Q,& SARS-CoV-2. And it could also be due to
the hyponatremia commonly experience&@'}e SARS-CoV-2. Infection, with impact on the
kidney function!* 15, Q:b,

Meanwhile, this study suggests thetg/is no post exposure kidney dysfunction in Ibadan which is
different from a multinatiol@hﬁort study (involving the United States of America, Singapore,
France, Spain, ar@\@ﬁz? that observed COVID-19 associated acute kidney injury been
associated wi%@e long-term post AKI kidney function recovery!S.

Howe Qingle center retrospective study conducted in Turkey and published in Nigeria
Journal of clinical practice, observed that those who survived the mild/moderate and severe
clinical manifestation of COVID-19 did not exhibit any risk of kidney outcomes after the acute
phase of the disease, and the study could imply that the kidney can protect itself over a long
period of time!”. This research agrees with what was observed in Ibadan, Nigeria as documented

above.
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The inflammatory markers for the exposed group (Mean + SD) is higher than that of the
unexposed, however it is not statistically significant (p>0.05).
Cytokine storm is usually observed in exposed individuals due to overwhelming response of the

immune system to the virus. This cytokine storm can cause several severe clinical
complications'8, &

However, results obtained from this study show a good recovery from in ﬁg\ql@ion after the
pandemic. This is different from what was observed in a study dong%&gypt that observed a
significantly higher (p < 0.005) CRP in COVID-19 survivor a@y concluded that exposed

individuals have residual significant clinical and bidg@gl?al alterations that necessitate

comprehensive medical care and close follow-up fm@&)eriodlg.

From this study, there is no significant diff@@o.%) in the (Mean + SD) of FT3, FT4 and
TSH of the unexposed group compared%;he exposed group. This suggests there are no post
thyroid dysfunction in exposed i@als in Ibadan, Nigeria. However, during the active phase
of infection, it was reported t&%hﬁ thyroid gland and SARS-CoV-2 infection interact intricately
through hormones @)@1 unomodulatory signaling molecules?®. Therefore, thyroid
dysfunctions (lik oiditis, thyrotoxicosis, nonthyroidal illness syndrome, hypothyroidism and
hyperthyroi %

were observed. This is not surprising because thyroid gland is also one of the

extra @nary organs that express receptor (ACE-2) for SARS-CoV-2%.

During the pandemic, many investigations noted cases of primary hypothyroidism linked to
COVID-19. In a particular study, 5.2% (15/287) of patients experienced primary hypothyroidism,
which was subclinical in 90% of instances (FT3 and FT4 were within reference limits), but

higher than upper limit of the reference range in the remaining 10% 2! . Also, the authors
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discovered that the in-hospital death rate for COVID-19 patients with hypothyroidism was higher
than it was for COVID-19 patients with euthyroidism 2! . Hypothyroidism therefore may have
negative consequences on the results of COVID-19, similar to thyrotoxicosis but perhaps to a
lower level. A report of individuals with COVID-19 admitted to high intensity care units had two
additional episodes of primary hypothyroidism caused by chronic autoimmune thyroiditis
(CAT) ?2. It appears that primary hypothyroidism manifested in both of these ins@ during
COVID-19 and persisted after discharge. Seven days following mild CO L@éresolution, a
case report of overt primary hypothyroidism caused by CAT was re‘;él. There is some

. "
evidence to suggest that primary hypothyroidism may develop dur'gg»%v ter COVID-19%3

However, results from this research suggests there are ﬂc@t thyroid dysfunction in exposed
individuals in Ibadan which is different from repo ed above and other reports showing
manifestation of thyroid disease (Hashi@;(@roiditis, Graves’s disease and subacute

thyroiditis) after COVID-19 infection?*. %

A study also carried in India shﬁ%t out of 670 patients exposed 16 of them presented with

post Covid-19 sub-acute th@ﬁtﬁﬁ.
S
N
Q

>
S
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Chapter Five

N
Conclusion . q%
5.1 Summary of Findings ‘%\

There is a lot of growing interest in the effect of SARS-CoV-2 vitalihfection on both morbidity
and mortality rate all over the world. This has led to several re%g%\es and inventions to quickly
combat the pandemic. However, as the virus claimed @ll over the world and many also
recovered from the infection, there is paucity of information regarding the post exposure effect
of the virus on other vital organs apart fron@é@ﬁ in Nigeria. This study focused on the post
pandemic effect of SARS-CoV-2 Viraﬁpfection on renal function, thyroid function and
inflammatory markers. This stn&s%ws that there is no significant difference between the
electrolytes (Sodium, Potassh%OChloride and Bicarbonate) of the non-exposed (control) and
case (exposed). It al@s@w that there is no significant difference between the other renal
markers (Urea né&aﬁnine) of the control and the case. The predictive marker of kidney injury
was also 81 d and there was no significant difference between the predictive marker

(Cystatih:() of kidney injury between the control and the case groups.

The marker of inflammation (C-reactive protein) analyzed and compared between the two groups

also did not reflect any significant difference between the groups.

Thyroid function test (FT3, FT4, TSH) was also carried out in the two groups and there was no

significant difference between they thyroid functions of the control group and the case group.
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5.2: Conclusion
Many countries are still battling the post pandemic effect of the virus and ma@arches are

ongoing to see the effect of the virus on health care system, it’s worthy of@b ply from this
study that the effect of the virus on renal, thyroid functions apq&ammatory markers are

statistically insignificant in Ibadan, South western part of Nigeréé&%\

5.3: Recommendations Q@

Based on the outcome of this study, the followjﬁtherefore recommended.

1. The clinicians and health care v%(' should be sensitized about the fact that SARS-
CoV-2 viral infection has no l@g@aﬂdemic effects on the renal function, thyroid function
and markers of inflam ti% .

2. The public sh. ensitized that anyone who was exposed during the pandemic and

had AKI dufing the active phase but eventually recovered, does not necessarily need to

consfs%y visit clinics for a checkup, but should maintain a healthy lifestyle.

5.4: C@Qtion to Knowledge

In Nigeria, and particularly Ibadan, there is a paucity of information on the post-pandemic effect
of SARS-CoV-2 viral infection on renal function, thyroid function, and inflammatory markers.
This study was aimed at providing information. The study elucidated the effect of SARS-CoV-2

viral infection on renal function, thyroid function, and inflammatory marker. And the study
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implies that post exposure to SARS-CoV-2 viral infection does not have any adverse effect on
the renal function, thyroid function and inflammatory markers in individuals exposed in Ibadan,

Nigeria.

This means that there is no need for panic and unnecessary frequent visits to health care centers
because of been previously exposed to SARS-CoV-2 viral infection. %

5.5: Suggestion for Further Studies. :Q')&
Further studies should be carried out to determine the post-pandemic effect of SARS-CoV-2

. N . :

viral infection on other vital organs that express SARS-CoV-2 r%)l\&pt r. This would provide
good information to the clinician in handling the post- pa@ effect of SARS-CoV-2 viral
infection on studied organs in exposed individuals @y reducing morbidity/mortality rate

=
S

arising from the infection.
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Appendix I

Consent Form &
Assessment of the Post-pandemic Renal and Thyroid Health of SgRS@—Z Exposed

Individuals in Ibadan, Nigeria
. \%'\

Dear Respondent, &%\
Ogunleye Temitope David, a Postgraduate Student of th@%ﬁﬁment of Biological Sciences,
Faculty of Natural and Applied Sciences, Lead City‘&@e ity, Ibadan.
a. Is Conducting a Study on the Ass @of the Post-Pandemic Renal and Thyroid
Health of SARS-CoV-2 Exposed (ﬁl’uals in Ibadan
b. I would appreciate your aﬂ@on in this Study which will involve us asking you a
few questions regardin y(%u experience with exposure to SARS-Cov-2 Virus, and your
general wellbe Q@
c. The Surveyk(}gke about 5 Minutes to complete and whatever information you provide
will @t strictly confidential. The study will not pose any threat to you, and you Are
Q 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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Appendix II
Questionnaire. . {b

The information provided will be kept confidential and please do not write % me on it.

Kindly spare a few minutes of your valuable time to answer th ions.

SECTION A: SOCIO-DEMOGRAPHIC CHARACTERISTIC.S‘&EESPONDENTS

S
1. Age as at Last Birthday; ............ Yezgé&
2. Sex: Male [ ] Female [ ] Q@

3. Marital Status:  A. Single[ ] B. Maﬂ'cﬂ;@% Divorced [ ] D. Widowed [ ] E.

Separated [ ] F. Others (Please Specify).
4. Occupation: \g)

5. Educational Attainmen@y}omal Education [ ] B. Primary Education [ ] C. Secondary

Education [ ] D. Tert ducation [ ]

6. Place of re‘%cge

Q

SECT B: ANTHROPOMETRIC MEASUREMENT

1. Weight

2. Height

3. Body mass Index (BMI)

4. Blood Pressure
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SECTION C: LIFESTYLE (HISTORY)

1. Cigarette smoking? Before (1) Presently (2) Never (3)

2.

If presently, how? Daily (1) Weekly (2) Occasionally (3)

3. Alcohol intake? Daily (1) Weekly (2) Occasionally (3) Never (4)

4. Vegetables and fruit intake? Daily (1) weekly (2) occasionally (3

SECTION D: MEDICAL HISTORY

1.

If Yes, Kindly state it

2. What medication are you presently on?

Do you have any medical condition being managed? ﬂ S
.\

NN

Have you had any of the following sympt@e past eight months?

Cough a) Yes b) No Cj\\‘

Sore Throat a) Yes b) No %

Fever a) Yes b)No N\

Fatigue/Tiredness a ‘%" b) No

Loss of taste Odell a) Yes b) No

Diarr. es b) No

and Pains a) Yes b) No

Rash on skin or discoloration of fingers or toes a) Yes b) No

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

Have you ever been diagnosed with acute kidney disease/injury? a) Yes
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SECTION E TEST HISTORY.

SECTION F: VACCINATION 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) PCR

What was the result a) Positive b) Negative c) Indeterminate? (b

Have you received the COVID-19 Vaccine? a) Yes  b) No$\

If yes, when were you vaccinated? \* "

>

Did you receive any booster dose of the Vacci@@ully

vaccinated

Are you fully vaccinated

What type of Covid Vaccine did ym@ e

>

Did you feel any of the symp@ w after vaccination?

Cough a) Yes "

Sore Throat a‘YesQ b) No

Feveg@& b) No
t@/ iredness a) Yes b) No

. :
e 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

Difficulty breathing or shortness of breath a) Yes b) No
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e Chest Pain a) Yes b) No

e Loss of speech or mobility or confusion a) Yes b) No

Source: Author’s Field Work, 2023.

Appendix 111
Raw Data from Laboratory Analysis (Control)
s
S/N CRP CysC FT3 FT4 TSH Urea Creat Na K Cl 3
AN

1. 04 0.7 41 11.5 221 170 1.2 144.0 3.6 185.0 25.0
.\

2.09 05 364 158 332 28.0 1.1 141.0&%\$ 106.0 21.0

3. 03 0.7 459 179 0.993 420 0.7 3@.0 3.8 100.0 22.0

4. 06 0.8 522 12.1 351 230 Q 139.0 4.4 100.0 25.0

5. 2.0 1.0 436 129 22 2@ 0.9 136.0 4.1 98.0 24.0

6. 33 09 452 143 @ 19.0 0.9 138.0 4.0 101.0 23.0

7. 4.1 1.0 4.8 &9.\ 0.543 40.0 0.5 140.0 4.2 102.0 24.0
g 0

8. 1.1 0.8 @ 0.
9. 1.1 ,@ 399 193 1.78 17.0 0.8 139.0 4.9 104.0 22.0

1 0.8 425 164 0.7 18.0 0.7 137.0 43 960 27.0

11.0.2 0.7 3.7 138 09 260 1.0 136.0 3.8 96.0 26.0

1.123 25.0 0.5 144.0 3.6 105.0 25.0

12.0.2 0.7 4.6 125 0.8 140 0.9 137.0 4.2 96.0 27.0

13.02 05 38 169 141 290 1.0 141.0 3.6 102.0 25.0

14.0.5 1.1 33 127 1.8 260 1.0 137.0 4.0 102.0 21.0
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17.0

23.0

22.0

12.0

14.0

18.0

21.0

17.0

0.6

0.9

1.0

0.9

0.5

0.5

0.8

0.7

@@%9

12.8 40'6'190 1.0

29.0

30.0

19.0

22.0

13.0

11.0

1515 05 342 153 1.4
16.04 08 461 127 0895
17.02 08 351 136 221

18.0.5 07 35 162 1.89

19.15 09 40 188 251
20.04 04 361 119 0491
21,02 06 322 190 187
22,05 11 47 147 0942
23.04 07 39 180 1.89
2402 09 35 116

25.05 08 3.12

26.06 07 4.1 ﬁ\%ﬂ 25.0
27.32 07 3. 85@9 0.576
28.07 0. SQ 120 0.491

29. 0.65% 40 137 187
30@ 0.8 361 192 204
3,02 12 30 110 0897
32,05 1.1 421 136 0.999
33.09 13 391 159 1.134

12.0
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1.0

1.2

0.9

0.9

0.6

0.9

0.5

0.5

142.0

139.0

141.0

137.0

140.0

141.0

136.0

4.1

3.8

3.9

4.0

3.8

4.2

3

102.0

104.0

107.0

99.0

101.0

<

950

13%&3’ 104.0
28.0 % 400 3.9

142.0

141.0

140.0

138.0

142.0

137.0

140.0

134.0

136.0

136.0

4.2

3.9

3.9

4.4

3.9

4.0

3.8

4.4

4.1

4.0

102.0

105.0

103.0

100.0

102.0

104.0

99.0

101.0

106.0

100.0

100.0

36.0
21.0
20.0

21.0
o>
Q)O

27.0
21.0
24.0
23.0
24.0
22.0
24.0
25.0
26.0
21.0
21.0

26.0

25.0



34.3.1

35.4.0

36.3.3

37.0.8

38.0.9

39.0.6

40.0.5

41.0.5

42.0.9

43. 1.1

44.1.3

45.1.4

46.0.4

47.1.8

0.9

0.3

0.5

1.1

0.9

0.3

0.5

0.6

0.5

0.7

0.6

0.5

0.6

0.8

3.89
3.96
4.1

3.0

3.98
3.76
4.0

4.32
3.42
4.61
3.51

3.5

\ :

Q
48.2.1 3.22

BN

50.3.1

51.0.9

52.13

0.5

0.7

0.6

0.7

4.7

3.9

3.5

3.12

19.0

20.5

12.6

17.6

13.6

14.6

12.7

16.7

11.9

12.0

13.6

1.23

4.01

3.12

0.922

0.897

1.22

0.987

0.879

0.876

N
12. 129
4.OQ®.\ 3.31

19.4

16.9

15.0

18.0

14.9

17.6

0.997

0.675

0.564

1.123

0.922

2.13

9.0

10.0

15.0

18.0

22.0

22.0

35.0

23.0

25.0

16.0

18.0

25.0

25.0

19.0

23.0

24.0
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0.8

0.7

1.0

0.9

1.0

1.0

0.6

0.9

137.0

145.0

146.0

142.0

141.0

140.0

138.0

4.2

3.6

4.9

4.3

3.8

4.2

3

\

%&7.0 4.1
1.23 2@.9 140.0

0.5

0.8

0.7

1.0

0.9

0.9

0.8

0.5

134.0

136.0

136.0

137.0

145.0

146.0

138.0

134.0

141.0

3.8

3.9

4.0

3.8

4.2

3.9

3.6

3.9

4.2

3.9

98.0 24.0
101.0 23.0
102.0 24.0

105.0 25.0

104.0 2&@»
oo
960 26.0
96.0 27.0
102.0 25.0
102.0 21.0
102.0 22.0
104.0 21.0
107.0 20.0
99.0 20.0
101.0 21.0
100.0 22.0
99.0 23.0
96.0 27.0

96.0 26.0



53.0.8

54.0.9

55.0.1

56.0.3

57.0.6

58.1.3

59.1.1

60. 1.6

61.1.8

62.2.2

63.3.1

64.0.9

65.1.3

66.0.8

0.7

0.8

1.1

1.1

1.2

0.9

0.7

0.7

0.6

0.5

0.9

1.2

0.4

0.6

4.1

3.96
4.21
4.22
3.81
3.98
3.76
4.0

4.12
3.63
4.21

4.21

\ :

)
67.0.9 7 3.96
Q
68@ 0.7

69. 0.7

70.2.3

71.3.3

0.5

1.1

0.8

4.1

3.0

3.98

3.76

15.8

17.0

14.6

16.9

18.9

14.6

14.8

16.8

16.4

17.9

19.8

13.4

10.7

11.6

13.8

16.9

0.786

0.852

0.522

0.487

0.535

0.682

1.12

2.34

4.13

3.21

3.41

4.32

1.12

34

0.922

19.0

26.0

17.0

23.0

21.0

15.0

23.0

24.0

26.0

17.0

23.0

22.0

12.0

14.0

18.0
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0.8

0.6

1.1

0.9

0.7

1.0

0.9

0.6

1.1

0.9

0.9

0.9

0.8

0.5

0.8

140.0

139.0

136.0

138.0

140.0

144.0

139.0

3.9

44

3.9

4.0

3.8

33

3

96.0 21.0
102.0 25.0
102.0 21.0

102.0 36.0

104.0 ZQ\

@Q@o

990 26.0

13%\% 101.0 21.0

%&60 3.7
3.21 6@.5 137.0

N
18. . 23.0
3.91Q®.\ 2.23

141.0

137.0

142.0

139.0

134.0

138.0

136.0

141.0

140.0

3.5

3.6

4.0

3.8

33

3.5

33

3.7

3.5

3.6

100.0 22.0

99.0 23.0

102.0 23.0

102.0 21.0

102.0 25.0

104.0 21.0

107.0 20.0

99.0 26.0

101.0 21.0

100.0 22.0

99.0 23.0



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

&4.

85.

2.1

0.6

0.5

0.7

0.8

1.2

3.2

0.4

1.2

0.5

0.8

2.0

1.2 4.0
1.1 4.32
1.3 342
09 4.6l
0.3 3.51
0.5 3.5

1.1 4.0
09 3.66
0.3 3.53
0.5 3.72
0.6 3.38
0.5 421
0.8

0.96\‘ :

14.2

19.7

13.3

11.9

11.0

13.2

12.7

13.4

15.9

13.3

11.9

2.13

0.786

0.852

0.522

0.487

0.535

0.682

1.12

2.34

21.0

17.0

28.0

22.0

21.0

20.0

17.0

16.0

0.6

1.1

0.9

0.7

1.0

0.9

0.9

342 220 0.8

143.0

139.0

138.0

136.0

139.0

140.0

141.0

4.2

3.9

3.9

4.4

3.9

4.0

3

102.0 21.0
104.0 23.0
100.0 24.0

99.0 26.0

98.0 2&8\

@Q@

'})010 21.0

13%\% 103.0 22.0

17.0 41 0 4.0
0.987 é@?

17.9 0.7%26.0 0.6

16.?\%44 17.0 1.1
0\
3.54QQ2 124 230 09

139.0

140.0

141.0

139.0

141.0

4.1

4.5

4.8

4.7

3.6

100.0 25.0

108.0 26.0

101.0 24.0

102.0 23.0

105.0 22.0

101.0 19.0

=

hor’s Field Work, 2023
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Raw Data from Laboratory Analysis (Case)

S/N CRPCysC FT3 FT4 TSH UreaCreat Na K Cl HCO;

e O
&0‘
1 0.2 0.8 3.5 12.1 049 17.0 0.8 143.0 3.6 101.0 %9

2 04 05 3.12 119 0.782 28.0 0.8 141.0 3.8 ‘@ .0
3 06 06 4.1 146 0982 22.0 1.1 137.0 ‘4@?00.0 23.0

4 06 06 39 17.8 0.852 21.0 09 }@ 4.1 105.0 25.0
5 38 09 421 189 0.567 20.0 @42.0 4.0 108.0 20.0

23 @%8 142.0 4.0 105.0 23.0

1
7 1.1 0.7 3.81 20.1 3(1@'22.0 0.8 137.0 3.8 99.0 24.0

&8 05 08 398 15N.46 29.0 0.6 142.0 4.5 106.0 23.0

'\
9 09 09 &Q® 278 10.0 04 141.0 3.8 101.0 21.0

10 1.2 8Q .0 135 226 17.0 04 139.0 3.6 103.0 22.0

6 0.7 09 422 182

11 3.5Q 05 412 15.6 0982 140 0.7 141.0 4.0 100.0 25.0
12 04 06 363 169 1.567 19.0 09 139.0 4.1 108.0 26.0
13 0.6 1.1 421 148 0.098 21.0 1.0 140.0 4.5 101.0 24.0
14 0.6 1.0 421 192 235 230 09 141.0 4.8 102.0 23.0

1538 08 391 11.0 0976 26.0 0.6 139.0 4.7 105.0 22.0
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16 0.7 0.7 3.89 13.6 0.056229.0 0.9 141.0 3.6 101.0 19.0
17 1.1 0.8 396 159 0.765 27.0 0.9 143.0 3.6 101.0 23.0
1805 0.6 3.0 19.0 0.869230.0 1.1 141.0 3.8 102.0 23.0
1904 05 335 150 1.1 31.0 1.2 137.0 4.2 100.0 23.0
20 0.3 0.5 3.64 1534 2345 240 0.7 144.0 4.1 105.0 &G\
21 1.1 0.6 422 147 0.567 28.0 0.7 139.0 3.9 @QO
22 2.1 09 38 195 052 190 0.6 138.0 46'1)05 .0 220
23 0.8 1.1 356 146 0456 22.0 1.1 14 %\ 102.0 22.0
24 0.9 1.1 342 17.5 0952 24.0 % 400 3.8 102.0 21.0
2506 0.6 3.0 157 1.123 8@.6 138.0 3.6 105.0 19.0

26 06 0.6 356 189 0.8%10.0 0.8 137.0 4.2 108.0 25.0

27 34 09 456 é\%% 19.0 0.5 142.0 4.1 105.0 23.0
2822 09 @3 0942 140 13 140.0 39 99.0 21.0

29 1.0 07Q 1.1  0.652 17.0 1.1 137.0 3.8 106.0 22.0
30 0.9 ‘% 16.9 0.056719.0 1.0 133.0 4.1 101.0 25.0
319 09 392 157 2134 240 0.8 131.0 3.6 103.0 22.0
32 0.1 0.8 38 189 124 28.0 09 145.0 3.6 100.0 23.0
3309 05 4.1 200 223 29.0 0.7 147.0 3.8 99.0 24.0

3406 06 346 153 0.987 160 09 132.0 4.2 101.0 25.0
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35 0.1 06 421 163 1.123 220 1.1 141.0 4.1 102.0 26.0
36 2.3 09 421 147 402 220 1.1 140.0 3.9 105.0 27.0
3724 09 391 178 346 31.0 09 138.0 4.2 101.0 20.0
3840 0.7 38 169 412 200 1.2 138.0 3.7 101.0 21.0
39 1.0 08 396 173 3.78 36.0 1.2 141.0 3.8  99.0 ZQ\

40 32 09 3.0 125 3.675 190 09 140.0 3.6 @@o

4112 08 335 120 0.908 24.0 0.7 139.0 , '})000 21.0
42 3.1 0.5 3.64 13.7 0.965 26.0 0.6 &@\1 103.0 24.0
43 2.1 06 422 194 0.624 19.0 %‘&7.0 3.9 101.0 25.0
44 0.3 09 389 163 0.942 4&(%.5 139.0 42  99.0 26.0

45 0.4 1.0 356 11.8 07%170 0.7 141.0 3.8 100.0 22.0

46 0.5 0.7 342 x& 19.0 0.8 140.0 4.2 105.0 20.0
47 32 0.6 ® 0.567 31.0 0.9 136.0 3.8 104.0 20.0

48 2.2 04Q 11.9 0.879 32.0 0.9 135.0 4.0 101.0 22.0
49 1.0 ‘% 164 123 220 05 139.0 3.9 103.0 25.0
509 0.8 5.0 127 256 280 0.5 140.0 4.2 102.0 21.0
5126 09 345 173 4.1 250 0.8 138.0 4.5 101.0 22.0
52 3.1 0.5 421 152 098 290 0.7 138.0 4.4 100.0 25.0

53 0.1 0.6 392 14.6 0.522 230 1.0 137.0 3.9 104.0 23.0

-181-



54 0.6

55 0.8

56 0.2

57 4.0

58 0.1

59 2.2

60 0.9

61 1.1

62 3.2

63 3.0

64 1.3

65 1.4

66 3.4

67 0.9

0.9

0.9

0.7

0.8

0.9

0.8

0.5

0.6

0.9

1.0

0.7

0.6

0.4

0.5

4.57
4.21
3.98
5.11
3.1

342
3.67
3.87
4.32
4.89
3.87

3.56

\ :

)
68 0.5 3.56
Q
69@ 0.9

70 3.2

71 1.0

72 2.2

0.6

0.5

0.7

3.41

4.21

4.0

3.89

17.1

14.5

11.9

18.5

14.5

16.2

18.9

17.3

18.8

17.3

14.5

11.9

18.5

14.5

13.2

18.9

0.678

0.456

1.13

1.457

0.896

0.666

0.563

1.78

1.467

260 09 141.0 4.0

190 1.0 140.0 3.8

30,0 1.0 142.0 3.6

18.0 0.6 143.0 3.5

102.0 25.0
102.0 23.0
102.0 24.0

104.0 22.0

101.0 &

‘@.0

23.0 09 144.0 3.8
250 1.0 142.0 3.9
290 09 139.0 4@'})01.0 22.0
21.0 09 13 %\

24.0 %‘Q\}%O 4.2

1.7831 29 ‘*}.6 139.0 3.9
>

15.2 1.6%'25.0 0.6 141.0 3.6

14.‘6\%25 19.0 1.1  140.0 3.9
'\
4.26»%7 1.567

1.62

2.13

3.16

0.786

1.58

2.34

23.0 1.2 142.0 4.2

240 09 140.0 3.9

190 0.5 142.0 3.9

26.0 0.7 143.0 3.7

17.0 0.8 144.0 3.9

23.0 0.5 142.0 3.5

21.0 09 139.0 4.2
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100.0 21.0

99.0 220

102.0 20.0

102.0 22.0

102.0 23.0

104.0 24.0

100.0 25.0

103.0 26.0

106.0 22.0

102.0 21.0

99.0 24.0

101.0 25.0



73 2.1 06 3.67 145 1.16 150 1.1 137.0 44  98.0 26.0
74 08 04 346 193 0982 24.0 0.7 136.0 46 990 21.0
75 04 05 387 182 1.678 28.0 0.8 139.0 4.5 101.0 21.0
76 0.5 0.8 356 153 0.53 23.0 0.7 141.0 3.8 102.0 23.0
77 0.6 0.7 421 183 0.422124.0 0.6 138.0 3.9 101.0 2,@»

78 09 0.6 389 20.1 0762 220 06 138.0 4.0 ‘@@w

79 07 04 356 195 1.1 180 1.1 139.0 .3 '})040 25.0

80 0.8 05 341 165 146 190 1.1 14@% 100.0 26.0

Q"

Source: Author’s Field Work, 2023. . ‘6
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Data from Measurement (Control)

IS/N Weight Height SystP DiastP HbA1C|

1.

10. 64.0

76.0 170.0 114.0 60.0

77.0 170.0

74.0 178.0

68.0 183.0

60.0 165.0

71.0 160.0

73.0 170.0

58.0 171.0

81.0 170.0

120.0

116.0

114.0

120.0

116.0

138.0

120.0

98.0

82.0

73.0

86.0

73.0

80.0

5.2

54

6.0

5.5

6.0

@@X

11. 64.% 164.0 122.0

12.57.0 177.0

13.79.0 169.0

14.69.0 172.0

15.61.0 178.0

128.0

118.0

123.0

118.0

5%\121.0 86.0

69.0

73.0

78.0

93.0

84.0

4.9

5.7

53

5.1

53

5.6
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16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30. Q
AN

32.
33.

34.

62.0

58.0

80.0

61.0

74.0

65.0

52.0

86.0

91.0

76.0

59.0

59.0

60.0

70.0

70.0

74.0

68.0

60.0

161.0 121.0

164.0 122.0

168.0 122.0

172.0 121.0

159.0 119.0

169.0 130.0

158.0 125.0

163.0 137.0

189.0 127.0

164.0 120.0

172.0 131.0

170.0 131.0

67.0

73.0

75.0

79.0

63.0

92.0

85.0

84.0

99.0

80.0

91.0

N

53

4.8

4.9

53

4.8

53

53

5.0

52

5.7

4.5

.\
175.0 122.0, 92 5.0

Q
177. 9.0 82.0
N

6.0 120.0

170.0 120.0

178.0 116.0

183.0 114.0

165.0 120.0

97.0

98.0

82.0

73.0

86.0

4.5

4.9

54

6.0

5.5

6.0
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35,
36.
37.
38.
39.
40.
41,
42,
43,
44,
45,
46.
47,
48,
49, S
Y

51.
52.

53.

71.0

73.0

58.0

81.0

64.0

64.0

57.0

79.0

69.0

61.0

62.0

58.0

80.0

61.0

76.0

64.0

64.0

57.0

160.0 116.0

170.0 122.0

171.0 120.0

170.0 126.0

154.0 121.0

164.0 122.0

177.0 128.0

169.0 118.0

172.0 123.0

178.0 126.0

161.0 121.0

164.0 122.0

73.0

75.0

80.0

83.0

86.0

69.0

73.0

78.0

93.0

84.0

67.0

N

4.5

6.1

54

4.6

4.9

5.7

53

5.1

53

5.6

53

.\
168.0 122. 4.9

5
Q
172. g{o 79.0
N

9.0 120.0

169.0 122.0

154.0 121.0

164.0 122.0

177.0 128.0

80.0

81.0

86.0

69.0

73.0

53

5.7

52

4.9

5.7

53
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54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68. Q
69&

70.
71.

72.

79.0

69.0

61.0

62.0

58.0

80.0

61.0

76.0

70.0

79.0

69.0

61.0

62.0

58.0

80.0

76.0

70.0

70.0

169.0 118.0

172.0 123.0

178.0 126.0

161.0 121.0

164.0 122.0

168.0 122.0

172.0 121.0

169.0 120.0

169.0 122.0

169.0 118.0

172.0 123.0

178.0 126.0

78.0

93.0

84.0

67.0

73.0

75.0

79.0

80.0

81.0

78.0

93.0

N

5.1

53

5.6

53

4.8

4.9

53

5.7

52

5.1

53

.\
161.0 121. 53

Q
164. gﬁ.o 73.0
N

8.0 122.0

172.0 121.0

169.0 120.0

169.0 122.0

169.0 122.0

75.0

79.0

80.0

81.0

81.0

4.8

4.9

53

5.7

5.2
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74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

&4.

85.

79.0

69.0

61.0

62.0

58.0

80.0

61.0

76.0

70.0

69.0

61.0

62.0

58.0

169.0 118.0

172.0 123.0

178.0 126.0

161.0 121.0

164.0 122.0

168.0 122.0

172.0 121.0

169.0 120.0

169.0 122.0

172.0 123.0

178.0 126.0

161.0 121.0

78.0

93.0

84.0

67.0

73.0

75.0

79.0

80.0

81.0

93.0

84.0

N

5.1

53

5.6

53

4.8

4.9

53

5.7

52

53

164.0 122.@@; 48
CO

Sourc

(thor’s Field Work, 2023.

>
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Data from Measurement (Case)

| S/N Weight Height SystP DiastP HbA1(

1.

61.0

62.0

58.0

80.0

71.0

74.0

68.0

60.0

71.0

10.76.0

178.0 126.0

161.0 121.0

164.0 122.0

168.0 122.0

170.0 120.0

178.0 116.0

183.0 114.0

165.0 120.0

84.0
67.0
73.0
75.0
98.0

82.0

73.0
86.0

5.6

53

4.8

4.9

54

6.0 Q‘@

s>

.0

4&0'»
160.0 tl@} 4.5

6%\,120.0

11. 82.% 162.0 122.0

12.67.0

13.59.0

14. 62.0

15.59.0

158.0 119.0

159.0 118.0

168.0 122.0

167.0 123.0

80.0

78.0

82.0

67.0

81.0

81.0

5.2

4.8

4.9

5.0

4.2

53
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16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30. Q
!

32.
33.

34.

70.0

69.0

68.0

69.0

74.0

75.0

72.0

69.0

68.0

79.0

76.0

76.0

68.0

66.0

69.0

78.0

71.0

69.0

171.0 120.0

172.0 132.0

180.0 131.0

169.0 118.0

172.0 123.0

178.0 126.0

161.0 121.0

164.0 122.0

168.0 122.0

172.0 121.0

169.0 120.0

169.0 122.0

80.0

65.0

67.0

78.0

93.0

84.0

67.0

73.0

75.0

79.0

80.0

N

52

5.1

5.0

5.1

53

5.6

53

4.8

4.9

53

.\
172.0 123.6 93 53

Q
178. g&o 84.0
N

1.0 121.0

164.0 122.0

178.0 126.0

161.0 121.0

164.0 122.0

67.0

73.0

84.0

67.0

73.0

5.6

53

4.8

5.6

53

4.8
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35,
36.
37.
38.
39.
40.
41,
42,
43,
44,
45,
46.
47,
48,
49, S
o

51.
52.

53.

71.0

60.0

76.0

80.0

91.0

76.0

59.0

59.0

60.0

70.0

70.0

77.0

74.0

68.0

60.0

72.0

68.0

59.0

170.0 119.0

173.0 116.0

189.0 123.0

192.0 121.0

189.0 127.0

164.0 120.0

172.0 131.0

170.0 131.0

175.0 122.0

177.0 131.0

186.0 120.0

170.0 120.0

79.0

75.0

80.0

79.0

99.0

80.0

91.0

86.0

72.0

82.0

97.0

A

4.9

5.0

4.8

52

52

5.7

4.5

4.6

5.0

4.5

4.9

.\
178.0 116. 6.0

2
Q
183. ch.O 73.0
N

5.0 120.0

168.0 122.0

175.0 125.0

165.0 122.0

172.0 129.0

86.0

80.0

83.0

80.0

82.0

5.5

5.1

4.9

52

5.1

4.9
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54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68. Q
69&

70.
71.

72.

74.0

68.0

60.0

67.0

72.0

58.0

80.0

77.0

74.0

68.0

60.0

71.0

76.0

82.0

67.0

62.0

58.0

80.0

178.0 116.0

183.0 114.0

165.0 120.0

168.0 122.0

175.0 125.0

164.0 122.0

170.0 122.0

170.0 120.0

178.0 116.0

183.0 114.0

165.0 120.0

160.0 116.0

82.0

73.0

86.0

80.0

83.0

73.0

75.0

98.0

82.0

73.0

86.0

N

6.0

5.5

5.1

4.9

52

4.8

4.9

.\
168.0 120. 52

0
Q
162. gﬁ.o 78.0
N

8.0 119.0

169.0 118.0

161.0 121.0

164.0 122.0

168.0 122.0

82.0

67.0

67.0

73.0

75.0

4.8

4.9

5.0

53

4.8

4.9
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73.

74.

75.

76.

77.

78.

79.

80.

77.0

74.0

83.0

60.0

71.0

76.0

82.0

72.0

170.0

178.0

183.0

165.0

171.0

168.0

170.0

168.0

120.0

116.0

114.0

120.0

116.0

120.0

122.0

119.0

98.0

82.0

73.0

86.0

73.0

80.0

78.0

75.0

54

6.0

5.5

6.0

4.5

5.2

4.8

5.0
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Map of Ibadan Metropolis Showing Local Government Areas (Inset: Oyo State Showing the
Study Area).
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Stud gcarried out at Ibadan North, Ibadan Northwest, Lagelu and Oluyole local
government areas.
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Report activities to the Zonal coordinator and National Biomarker lead

International Institute for Tropical Agriculture (IITA)

National Food Consumption and Micronutrient Survey. (August to September 2021)
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Field Laboratorian (Consultancy/Contract Job &
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Checking the body temperature of the respondents.
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International Institute for Tropical Agriculture (IITA)
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Field Laboratorian (Consultancy/Contract Job).

Job Description

Set up and sanitize field laboratory.
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e Assist in phlebotomy process.

e Process collected samples including centrifugation and aliquoting samples.

¢ Analyze samples using point-of-care machine and rapid diagnostic test kits while
adhering strictly to the SOP.

e Identification of stool parasites through microscopy.

e Pack and transport biological samples to a temporary storage facility. &b

e Maintenance of cold chain of samples using TMT (temperature mo 1 ols).

e Record all data and results in specified forms paper with accura

N
S

e Always keep the workstation well-organized. N ‘$

%
e Record (Upload) all field data on ComCare.

e Adhere to all relevant health and safety stand@le working.

Nigeria Centre for Disease Control &

Short term consultancy on the Surveillan reak Response Management and Analysis
System (SORMAS), for Oyo state Labq& es assaying for COVID-19.
SORMAS Data Clerk (Consultan%@ ct Job). 2020-2021

Job Description
e Transfer all COVID A9:Lassa fever and other priority diseases data (clinical and

laboratory dat@the SORMAS platform.

e Daily fi @up with result of all COVID 19, Lassa fever and other priority diseases case

t@n for testing.

e Lidise with the lab managers to ensure prompt release of result and update on SORMAS.
e Real time update of SORMAS with result of COVID 19, Lassa Fever and other priority
diseases samples after testing.

e Send daily notification on status of sample testing.
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e Follow up with treatment Centre clinicians to ensure completion of COVID 19 and LF
case management form.

e Compile and upload Case management forms into SORMAS

e Verify all the treatment centre COVID 19 and Lassa fever data on the SORMAS platform
by comparing it to source documents (i.e., Lassa fever case management form, COVID
19 case management form and IDSR 001B) &b

e Retrieve data from the SORMAS platform as requested. . \QO

e Sort and organize paper forms (Lassa fever case management fo \ VID-19 case
management form and IDSR 001B) after entering data int ; &MAS platform to
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e Send details of any record in the lab Without%'@in SORMAS platform to the
NCDC Surveillance Support Officer tofm@sup with the LGA DSNO.

e Send weekly report of COVID l%g-e)ssa fever cases in the treatment centre to the
COVID-19/Lassa fever TWG (b'

e Perform other tasks ass'&wd.
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Emergency Operati(n Cgtrl, Oyo State on COVID-19 Response.
0

Short term volunte e Outbreak Response on COVID -19 (March-May, 2020).
Secretary, Dat. néger and Sample collector, Laboratory Pillar.
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. ng the Laboratory Pillar lead in the coordination of Covid sample collection across
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e Drawing up daily work schedule for sample collection and transfer of samples to the
laboratories for analysis

e Daily presentation of Laboratory Pillar activities at the Emergency Operation Centre,

Oyo State on COVID-19 Response.
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e Collection and transfer of samples to the Laboratory.

e Taking daily inventory of supplies.

University College Hospital, Chemical Pathology Department, Ibadan
Chief Medical Laboratory Scientist. (2019-2021)

Job Description
e Analysis of biological samples (Blood, urine, cerebrospinal fluid, stool, Ascft@id, etc.)

for the purpose of diagnosis, treatment, monitoring, prognosis, and resea%.
e Carry out routine internal quality control.
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responsibilities might arise from time to time. QQ’&
e Procuring laboratory equipment and chemical @s

e Maintaining technical data and records iK research and service laboratory and

assuming total responsibility for all @ory technicalities.
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Compafatiye.study of liver enzymes in uncomplicated type 2 diabetics and apparently healthy

individuals’ at the University College Hospital Ibadan, Nigeria. A postal presentation at the

American Association for Clinical Chemistry (AACC) conference. San Diego, California, USA
2017

The effect of pneumococcal vaccination on acute phase reactants and trace elements in sickle cell

disease children. A postal presentation at the World-Lab conference at Durban, South Africa of
the International Federation of clinical chemistry and lab. Medicine. 2017.

-202 -



Signature Date

The University Compliance Certification

This is to certify that the thesis of Temitope David OGUNLEYE, with matricul% umber
LCU/PG/001442, In the Department of Biological Science, Faculty of q@nd Applied
Sciences, Lead City University, Ibadan, Nigeria is in full compliancé\with the approved

. %
University Format and Style. &

QQ"@

Signature \) Date

-203 -



	2.2.1 Epidemiology of COVID-19 in Nigeria  
	Chapter One
	Introduction
	1.1Background to the Study
	1.2      Statement of the Problem
	More so, it is unsure that those who were exposed 
	1.5      Research Questions
	1.6 Significance of the Study
	1.7Scope of the Study
	1.8      Limitations of the Study
	1.9Operational Definition of Terms

	Chapter Two
	 Literature Review
	2. I      Conceptual Review
	2.2   COVID-19 Global Epidemiological Data
	2.2.1 Epidemiology of COVID-19 in Nigeria
	2.2.2 Epidemiology of COVID-19 in Ibadan

	2.3Mechanism of Action of COVID-19 
	2.4SARS-CoV-2-Associated Immunopathogenesis
	Figure 2.2. ACE2 and TMPRSS2 mRNA Expression in Ex
	2. 5ACE2 and TMPRSS2 mRNA Expression in Extrapulm
	2. 5.1Kidney
	2.5.2Thyroid Glands
	2. 5.3Heart
	2. 5.4Digestive Tract 
	2. 5. 5Pancreases.
	2. 5. 6Nervous System
	2. 5. 7Liver  

	2.6 Interplay between Thyroid Gland and Renal Orga
	2.6.1Hyperthyroidism and Renal Function
	2.6.2Hypothyroidism and Renal Function
	2.6.3Thyroid Dysfunction and Chronic Kidney Disea

	2.7 Extrapulmonary Clinical Manifestations in COVI
	2.7.1COVID-19's Effect on the Thyroid Gland

	Nonthyroidal Illness Syndrome
	2.7.3SARS-CoV-2 Infection and the Kidney
	Direct Renal Infection by SARS-CoV-2
	Systemic Effects of SARS-CoV-2 Infection on the Ki
	Endothelial Cell Injury 
	Thrombus Formation 
	Hyponatremia and Edema 
	Glucose and Lipid Metabolism Disorder 
	Hypoxia of the Kidneys 
	Other Effects 

	2.8Post-Acute Phase Extrapulmonary Organ Infectio


	Chapter Three
	Methodology

	4.1 Demographic Data 
	4.2 Anthropometric Data of the Study Participants 
	4.2.1 Weight, Height, and Blood Pressure of the Un
	The Mean ± Standard deviation of the weight of une
	4.2.2 Weight, Height, and Blood Pressure of the Ex
	The Mean ± Standard deviation of the weight of exp
	4.2.3 Mean Comparison of the Anthropometric Data o
	4.2.4 Distribution of the Body Mass Index (BMI) in
	4.2.5 Distribution of the Body Mass Index (BMI) in
	    Source: Author’s Field Work. 2023
	4.3 Clinical Laboratory Data of the Study Particip
	4.3.2 SARS-CoV-2 Antibody Assay. 80 participants w
	4.3.4 Predictive Renal Marker (Cystatin C) Analysi
	4.3.5   Renal Markers (Electrolytes, Urea, and Cre
	4.3.6. Markers of inflammation and Thyroid Functio
	4.4. Discussion 
	Map of Ibadan Metropolis Showing Local Government 

