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ABSTRACT

The COVID-19 outbreak has claimed the lives of atrmillion individuals. In the
renin-angiotensin system, angiotensin-convertingyer® 2 (ACE2) is a counter-
regulatory enzyme that converts angiotensin-2 tg-fn7) form. Several researches
have looked into the relationship between ACE2 @@VID-19. Indeed, the anti-
inflammatory/anti-oxidant action of the ACE2/Ang-T) system protects the lung
from acute respiratory distress syndroi8&RS-Cov-2, on the other hand, can enter
host cells via ACE2. ACE2 expression can be chartged variety of variables,
including hypertension, diabetes, and obesity,o&livhich can worsen COVID-19
infection. Furthermore, because androgens boost-A@kpression, males are at a
higher risk of COVID-19 infectionAlthough reported figures showed that COVID-19
infection risks differed significantly between atduthe explanation for the disparities

remains unknown.

Aims:
To investigate serum angiotensin converting enzyW€EE) levels as much as

feasible Biomarker in patients with covid-19.

Methods and results:

Following permission from the institution's scidistiand ethical council, the
study was completed. After obtaining written infaunconsent, all patients who meet
the inclusion and exclusion criteria will be ret¢edi in the trial. The study, which
lasted from October 1, 2020 to September 30, 26@Mlled 101 persons in totidle

ages ranged from 19 to 88, with a mean age of %2485 years. Other laboratory
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indices such as mean D-dimer levels (2751.8 vs 181®<0.001), mean interleukin
6 (256.4 vs 90.2; p=0.0065) and mean Hs Reactiejr (160.57 vs 98.97;
p=0.0039) were significantly higher among expiredignts compared to improved
patients. Conversely, mean serum albumin levelse veggnificantly lower among
expired patients than improved patients (3.4 vs$3;3(=0.0057). Other evaluated
laboratory markers such as mean serum ACE lewatsl, bilirubin, direct bilirubin,
SGOT, SGPT, alkaline phosphatase, urea, creatimieee comparable between
expired and improved patients (p>0.05).

Mean serum ACE levels in our study was 18.33 ansl eenparable between
patients with improved and expired patients. In study, the odds ratio of serum
ACE levels at predicting disease outcome was 1ggesting no effect. Similarly, the
AUC for serum ace level is found to be 0.5609 (95P400.3923-0.7294) in predicting
mortality outcome. No significant association besweserum ACE levels and CT
severity. We observed a significant negative catreh between haemoglobin and
serum ACE levels and significant positive correatbetween Alkaline phosphatase

and serum ACE levels.

Conclusion:

In our study cohort, serum ACE levels between patievita different disease
severities based on CT score and disease outcongecepiparable. Further, results of our
study suggested that serum ACE levels is not a goodcpoedior mortality outcome.
Screening of serum ACE levels may be beneficial in agagpshe susceptibility and severity
of COVID-19 patients. We further suggest prospectivaltioenter studies to evaluate the

relationship between serum ACE levels and COVID-18atlis severity and clinical outcome.
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INTRODUCTION

A new coronavirus epidemic (2019-nCoV) was discedearound the tail end
of 2019 in Wuhan, Hubei Province, Chif&. The infection has spread worldwide.
Compared to the Middle East Respiratory Syndrom&RM) coronavirus and the
severe acute respiratory syndrome coronavirus (S8B), this virus appears to be
far more infectious (MERS-CoVBy June 8, 2020, more than 7 million confirmed
coronavirus illness 2019 (COVID-19) cases were mgab with almost 400,000
fatalities worldwide. Based on Full-length genomequencing 2019-nCoV and
SARS-CoV have 80% similar sequencing, and thislanty was further confirmed
by a pairwise protein sequence analy$isBoth these viruses enter the host cell
through the angiotensin-converting enzyme 2 (ACER)eptofl. This virus later
received the new moniker SARS-CoV-2 as a resulm@ed to previous infections
such as SARS and MERS, the overall mortality r&t€@VID-19 is lower; however,
severe cases usually involve organ dysfunctionh sag acute respiratory distress
syndrome (ARDS), cardiac, renal and liver compiama. While the renin
angiotensin system playa a major role in pathodgenet many disorders, the
expression of angiotensin converting enzyme-2 (ACHER humans has proven
beneficial.*®! Given that both SARS-CoV and SARS-spike CoV-2'dgins interact
with ACE2, the patho-physiology of SARS and COVID-19 appearsilar. The
pathogenesis is greatly aided by the functionatpear of SARS-CoV-2, angiotensin-
converting enzyme 2 (ACE2), which allows for vieitrance into human cell§®!
Moreover, the viral spike (S) protein of virus hmasere than 10-fold higher affinity to
ACE?2 receptor making the virus more pathog€ficThis binding allows the virus to
enter the host cell together with the priming & &protein by the TMPRSS2 of the

host cell. There is no doubt that SARS-CoV-2 calie and its pathological effects
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Introduction

mostly damage cells in the (upper) respiratoryttid]. Local ACE2 expression
may be connected to further host dispersion, sadh the kidneys or gastrointestinal
system (Figure 1).

We investigated ACE2 and SARSCoV-2's participatiom the
pathophysiology of organ damage in COVID19 sincemeining their precise roles
in the illness may have significant consequencescémprehending the condition.
We also describe a number of COVID-19 therapeytigr@aches that are currently

under consideration.
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Figure-1: Showinglocal ACE2 expression.
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Figure 1 illustrates the role of ACE2 in the patbogsis of COVID-19 disease
(A—C). Figure A shows the attachment of SARS-CoWifs to the ACE receptor on
the mucosal membranes including nasal epitheliactwhllows its entry into the
human body. Figure B shows the invasion of respiyaepithelium and respiratory
system by the SARS-CoV-2. Invasion of respiratopytheelium results in bilateral
pulmonary oedema, diffuse reactive hyperplasiaga@dr septal thickening, and
inflammatory infiltrates in the respiratory epitiueh. Figure 3 shows the involvement
of renal epithelium. Invasion of virus into renglitbelium results in tubular injury,
changes in brush border cells, damage of capi#tadothelial cells, RBC aggregation
and occlusion of lumina.

Angiotensin Converting Enzyme (ACE):

The enzyme that changes angiotensin | into angioted is called the
angiotensin Converting Enzyme (ACE). Active vasatdator angiotensin Il tightens
blood vessels and raises blood pressure. An easyd st to gauge angiotensin
levels is the angiotensin converting enzyme tebe Test is typically requested to
identify sarcoidosis, a granulomatous systemicgéfthat mostly affects the lungs.
What is the purpose of the test? The test is inapbrfor determining whether
sarcoidosis is present as well as for the diagnasd follow-up of the condition.
Leprosy and Gaucher disease may also be confirntbdive use of the test. The test
is ordered when? If a person exhibits any of tHewong signs and symptoms of
sarcoidosis, the test may be advised: breathirfgculify, persistent cough, large red
eye, aching joints. The test may also be presciitbethose who are receiving therapy
for sarcoidosis in order to track the disease'gm@ssion and evaluate how well the
medication is working to manage the condition.

Exactly how is the sample taken?
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An arm vein is used to draw blood for testing.
How can | get ready for the exam?

A doctor could recommend that a patient abstaimffood and liquids for up
to 12 hours before the ACE test. Additionally sitpreferable to check with the doctor
about stopping any steroid medications if the paii® using then®3!

Properties of Angiotensin 1-7:

Prolyl endopeptidase and NEP may produce angiotehsy directly from
angiotensin 4. The production of angiotensin 1-7 is mostly sodrlem the heart,
brain, and kidné¥®. NEP appears to have a more significant role ensynthesis of
angiotensin 1-7 in the human coronary circulatibant ACE2[*8!. Angiotensin 1-7
has a short half-life of 0.5 h in humans, accordmgharmacokinetic studi€<!.

ACEZ2 in human physiology:

ACE homologue, ACE?2 regulates blood pressure anthteias electrolyte
homeostasis as part of the renin-angiotensin-adose¢ system (RAAS) (Figure 2).
Renin cleaves angiotensinogen, a substance gethelstethe liver, to create
angiotensin I. (Ang I). Angiotensin | (Ang |) is meerted to angiotensin Il (Ang Il) by
a number of enzymes, including ABE The primary active RAAS component, Ang
II, primarily affects angiotensin Il type 1 recepao produce its effects (AT1R).
Some of the major side effects of Angiotensin Blime, vasoconstriction, increased
blood pressure, production of aldosterone, incikamecretion of potassium and
reabsorption of sodium into kidneys and increasefarnmatory reactioft 2l
Angiotensin (Ang Il) is broken down by ACE2 to foramgiotensins (1-7), which
bind to the Mas receptor and have vasodilatoryi-inflammatory, and anti-fibrotic
action&. Additionally, Ang | is broken down by ACE2 intmgiotensin (1-9), which

ACE then turns into angiotensin (1173, though this mechanism is typically of less
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physiological significance. It is well known thatC&2 counteracts the effect of ACE.
Therefore, the functional balance between ACE aG&2 is essential to maintain the
equilibrium between pro and anti-inflammatory/ ditirotic pathways regulated by
RAAS activation and subsequent angiotensin peptiteas&?. Numerous variables,
including pharmaceutical RAAS blockage in a numiieifiness states, can influence
this equilibrium. Several risk factors may resuit imbalance in the ACE/ACE2
resulting in inflammation and fibrinogenesis. Thek factors include, increased
dietary sodium, fat and fructo&€2¢. In addition to its role in the renin angiotensin
system, ACE2 also controls the bradykinin metalbolis the lungs. It inactivates the
desArg9 bradykinin ligand of bradykinin receptopeyl, thereby limiting the effects
of bradykinin on vasodilation and increased vascoéaimeability?”). ACE2 has been
identified as a crucial regulator of the gut midebkecology, local innate immunity,
antimicrobial peptide production, and dietary amiraxid balance in the
gastrointestinal tract. In actuality, transplantitige intestinal microbiota of Ace2-
knockout mice enhanced the risk of developing sewalitis ?8. Given that the
respiratory and digestive systems both have irtegfavith the outside environment,
the high expression of ACE2 on pulmonary (alveatpithelium) and intestinal
epithelium are similar to the SARS-CoV-2 viral tsamssion pathways. In addition,
ACE2 was found on smooth muscle cells and vaseandothelial cells in every organ
examined. While weak ACE2 expression is noted amgdrular endothelial cells and
mesangial cells, the ACE2 expression are modenatieei parietal epithelial cells and
podocytes and significantly higher in the brushdeorof proximal tubular cells in the
kidney. Additionally, ACEZ2is also observed in theloand nasal mucosa as well as
the basal epidermal layer of the epidermis. Onativer hand, lymphoid organs and

hepatobiliary system do not show ACE2 express$i®in Strong evidence points to
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RAAS-independent actions of ACE2 based on the Hgtining on a variety of

epithelial cells in the body. Researchers are nuerésted in the role of ACE2 in

viral transmission of COVID-19. Furthermore, redasd of the initial cause,

increased expression of endothelial ACE2 is notethé glomerular and interstitial

capillaries during renal diseases, indicating AGE2a potential damage market.

In conclusion, ACE2 is broadly expressed in humssues, including the organs that
SARS-CoV-2 targets as well as others that appebe tiess crucial or even unrelated

to the pathogenesis of COVID-19.

- Aldosterone ¢

Angiotensinogen = ANIOtENSin | m————) A tensir —é“

Figure-2: Correlation between ACE2 expression and organ damage
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Interaction between ACE2 and SARS-CoV-2:

Recently, ACE2 was conclusively determined to be tBARS-CoV-2
functional host receptor (Figure 8)SARS-CoV-2 virus have higher binding affinity
of approximately 10 to 20 times than that of SAR®/CL to the ACE receptor&°l.
These findings may help to partially explain why FS&CoV-2 seems to be more
easily transmissible. They also suggest that higii&E2 expression may make hosts
more vulnerable to SARS-CoV-2 entrance. The spiketem present in the
SARSCoV-1 attracts towards the ACE2 in the membgithelium and binds with

ACE?2 giving rise to further pathogenic evelits®

TMPRSS2
inhibitor

Figure-3: As the host cell receptor, ACE2 interacts with the SARS-CoV-2. Entry
into the cell is dependent on the serine protedd®RSS2 induced stimulation of

viral spike (S) protein.
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The significance of this receptor in the pathogenesSARS has been studied
in an investigational preclinical study using Ada®ckout micel, The authors
proposed that SARS-CoV-1 infection causes ACEZ2emome internalised, which is
caused by SARS-CoV-1 binding to ACE2, and that pincecess increases the severity
of pulmonary diseasé¥l.This counteracts the presentive ability of ACE2disease
progression resulting in severe disease charaetebiy ARDS. Additionally, Ang II's
negative effects have already been proven in a rurbARDS animal modelé?-3.
These results confirm the similarity between ACE®eah host and viral interaction
and subsequent events in both variants of CoV-@stAr During hypoxia, Ang II-
induced pulmonary vasoconstriction takes placenieféort to correct the ventilation-
perfusion mismatch, but it also has undesirablefiprotic consequences that are
both counteracted by concurrent ACE2 over expras&b Similar conditions might
result in the downregulation of ACE2 caused by SARS/-2, which would impede
the removal of angiotensin 2, resulting in tissaendge. Alternatively, SARS-CoV-2
may also inhibit ACE2 in order to restrict virakdemination by reducing the chance
for further viral cell entrance. However, the pbddy of COVID-19 infection is
much higher in cells that express ACE2 which ermlelarlier and rapid viral entry
and virus dissemination. However, the exact rolA@E2 function in the COVID-19

pathogenesis and infection is yet to be elucidated.
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OBJECTIVES

¢ To study the serum angiotensin converting enzyme (ACE) levels as possible Biomarker in

covid-19 patients and Prognostic implications.
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Review Of Literature

REVIEW OF LITERATURE

Following the first pneumonia outbreak in Wuhan jr@hin December 2019,
the virus now has spread rapidly across world. ACEeceptor present in the host
epithelial cells is one of the crucial elementgha pathogenesis of CIVID-19 as it
allows the entry of virus into the host cell. Selexdditional organs than the lungs are
susceptible to the virus, according to our studpreiviously published SARS studies
and more current research on SARS-CoV-2 illnessy koown as coronavirus
disease 2019 (COVID-19) by the World Health Orgation (WHO). The
ACE2/angiotensin-(1-7) /IMAS axis works to countdanae the detrimental effects of
the renin-angiotensin system (RAS), which is crucfar maintaining the
physiological and pathophysiological balance of thedy. ACE2 catalyses the
conversion of angiotensin Il to angiotensin-(1-The imbalance between the RAS
and ACEZ2/angiotensin-(1-7)/MAS following infecti@amd ACE2 downregulation, in
addition to the direct impacts of the virus and itgammatory and immunological
processes linked to COVID-19 development, may thy contribute to multiple
organ harm. It is possible to create targeted nagidics, antibodies, and vaccinations
against the spike protein of virus that specificaihs affinity towards ACE2 receptor.
Organ damage may be lessened by reestablishingrdper equilibrium between the
RAS and ACE2/angiotensin-(1-7)/MAS. Similarly, thieus enters the lung tissue by
binding to the ACEL1 receptor in the pulmonary egithm. Furthermore, the virus can
conversely infect the ACE-2 expressing cells inioias cells and organs, ultimately
leading to multi-organ damagé&’l. Interestingly, based on the preliminary
epidemiological data, COVID-19 symptoms are rekdfiware among children. In a
cohort study, out of 44,672 diagnosed cases of @EM, only 1% patients belonged

to the age of less than 10 yé&ls This might imply that kids are less prone to
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infections or that infections in kids result in dhibr silent illnesses that go mostly
unnoticed. The SARS-CoV-2 virus, may enter cellsareasily because its viral spike
proteins link to ACE2 receptors on host membr&flesThis suggests a positive
correlation between patients with higher epitheBdlE2 receptor expression and
susceptibility of COVID-19 infectior®®. However, a complex too much/too soon
interaction is at work in this situation becauseh@s been demonstrated that the
related SARS-CoV virus down regulates ACE2 follogvicell entrance, a feature
contributing to the severe lung diseases linkedhie viral infectioff®. Reports
suggest the inverse actions between ACE and ACHER&rRAS. Drugs that block
ACE action, for instance, cause the expression ©EA As a result, low levels of
ACE2 and high levels of ACE may be reldtéd Children's serum ACE volumes are
greater than adult§]. Could this discrepancy be explained by a loweell®f ACE2
expression in children than in adults, given theaging effect of ACE and ACE2?
While studies have reported that pediatric andest@nts comprise of only 1% of the
entire study cohort in a Chinese populdi¥n another study has reported
significantly higher amounts if circulating ACE anp teenagers as compared to
adult populatiolt?. The lower amount of membrane bound ACE2 amongaigers
and children may explain the lower prevalence ohmgypmatic COVID-19 among
these population. However, this is yet to be vadidaThe relationship between serum
ACE and ACE2 expression in tissues like the ainepithelium and other tissues is
also not known. Therefore, the ability of the dtanake a connection between the
aforementioned hypotheses is crucial to the condbpt serum ACE can be
considered an indicator of the COVID-19 severityhi low circulating ACE
indicates mild iliness, high levels indicate sevillreess[*?l. Therefore, this biomarker

may be beneficial especially in the early idenéifion of patients reporting to the
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hospital and categorizing them based on severitythErmore, it aids in better
management of patients from diagnosis to outcomes.

Angiotensin-converting enzyme 2 (ACE2), the primaegeptor for severe
acute respiratory syndrome coronavirus 2 (SARS-@p\is expressed on the surface
of endothelial celld*® 44 Previous studies have reported the beneficiacefof
intravenous recombinant ACE2 therapy in the praearaf the viral entrance into the
target cells, as an effective treatment in seve@®/ID-19 patient§®. Endothelial
cells infected with SARS-CoV-2 are encouraged toobge infected by ACE2, which
causes endothelial activation, damage, and a &ignif release of factor Xa from
Weibel-Palade bodies. And increased levels of Masadhesion molecule4% 471
Furthermore, there is an imbalance in the RAASesysamong COVID-19 patients
which is characterized by increased levels of AQERin, and kallikrein enzymés!,
However, it is unclear how the interactions betwtenaforementioned factors affect
the clinical result. Another study has describgzhtient with critically ill COVID-19
diagnosis with concurrent ARDS who showed improveimi& symptoms upon
treatment tocilizumab, corticosteroids, immunoglohuand antimicrobials. The
patient was monitored based on levels of circulpthCE2 and soluble adhesion
markers. Mortality is predicted by serum ACE2 wtyi and corresponds with
COVID-19 severity.

ACE?2 is one of the vital enzyme in the RAS, it land a variety of substrates
including ghrelin, apelin-13, neurotensin-1-11, dgphin A-1-13, angiotensin |, and
angiotensin [f°l. Glycoprotein S (homotrimer) on the surface of SARoV-2
interacts with ACE2 receptdt$ 5. The SARS-CoV-2 protein S's primary receptor
for attaching to host cells has been identifiedA@E2. Previous research have also

suggested that extracellular matrix metalloprote#sa sialic acid receptors and
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transmembrane serine protease 2 may also potgrftiallitate virus entr§? %31 The
spoke protein subunits S1 and S2 of the SARS-CoVt® present at the N -terminus
are main components of viral adhesion to the held.cAt the host and virus interface
there is fusion of S1 subunit with peptidase of ZQEceptor and S2 subunit will
further facilitate the fusion of virus and hostlseind entry of viral genorfiél 4.
Further cleavage and dissociation of spike probsirthe protease enzymes of host
will result in spread of infectiofY. Main proteases involved in the dissociation of
spoke protein include type Il transmembrane sgrinéeases, HAT, catepsin B and L,
elastase, trypsin, and furin. Following dissociati@nd cleavage of SI and S2
proteins, the hydrophobic fusion peptide is reldaisgo host cell membrar®: 5
Sequence homology investigations reported numeamisoacid replacements in the
RBD of SARS-CoV-2 protein S as compared to SARS-Cihiéreby increasing its
affinity for ACE2 and fortifying its connections thi other proteins. The interaction
site in SARS-CoV-2 virus is much larger than SAR&®/Cis comprised of 21 vs 17
aminoacids, which increases the chance of morectdiontact with ACE2
receptoP”5%. According to Shang et al., unlike SARS-CoV, SARS&V-2 causes
protein S pre-activation by proprotein convertaseinf which increases RBD's
affinity for ACE2. This promotes effective viral gance into the host cells and makes
it easier for the virus to evade the immune systéhe authors made the following
hypothesest” %8 This is the cause of the high rate of viral traission. Briefly,
upon binding of the SARS-CoV-2 to ACE1 receptorrénis interaction between
fusion peptide present in S2 spoke protein of vaod lipid layers of the host cell.
This further results in fusion of membranes, forgnendosomes, where the cysteine
proteases cathepsin B and L and the serine prol@dB&RSS2 cleave protein S and

facilitate the release on how the proteases cuspiiee protein, however, there is still
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much to learn. In contrast to SARS-CoV, SARS-S1C®¥-2's cleavage site has an
extra RRAR motif, as demonstrated by Xia et al.

The motif is mainly a furin cleavage site (FCS),iethare broken down by
enzymes to promote viral infection and dissemimefib®2! 51 581 demonstrated that
the host cell membrane serine protease TMPRSS2 autyate the SARS-CoV-2
spike protein enabling the virus entry into the thoslls by endosome formation.
Previous study has reported that the endosome farmand endocytosis proves is
pH dependent and occurs only at acidic pH of 3h&adin B and L gets activated by
the acidic pH pf the lysosome and endosomes, fughabling the cleavage of spike
protein of virus into its subunits. The subunit S2utilised for membrane fusion
whereas S1 binds to ACH®%. Numerous characteristics of SARS-CoV-2
pathogenesis can be explained by the involvemert nfimber of proteases in the
virus-ACE2 interaction. These mechanisms have bsleown in the previous
researches. Inhibition of TMPRSS2 serine protegseamostat mesylate prevented
the incidence of SARS-CoV-2 infection of lung cells shown by®.This study
concluded that TMPRSS?2 is necessary for the vpi&lesprotein to be primed for cell
entry. Subsequent studies showed that inhibitiocatiiepsin L and B and TMPRSS2
by E-64d and camostat mesylate, respectively adllitate complete suppression of
viral infection. Furthermore, ammonium chloride calss beneficial in blocking
cathepsin L and B cysteine protea¥ésViral RNA polymerase in cells causes virus
amplification leading to disease and viral spreéacgan malfunction and accelerated
infection propagation might result from this. Doetlhe presence of bilayer vesicles in
the virus and suppression of the Receptor Recognmattern, the immune system
fails to recognize the voral particl€®%. In a manner similar to how SARS-CoV

down regulates ACE2 expression, the viral entngeipendent on ACE-2 receptéf
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1 Furthermore, the sialic acid present in the gbyoteins of host cells act as
hemagglutinin esterase receptor for the virus. Vite entrance is facilitated by HE's
binding to sialic acid moieties. The entrance olRFAC0V-2 appears to require HE-
mediated fusion of the virus and host cell membfdhé'l. The well-known receptor
for SARS-CoV-2 entrance is ACEZ!. The reaction's equilibrium is altered by ACE2
dysregulation. As a result, the concentrations @ER's products fall while its
substrates increase. This may aggravate the disepathophysiology and cause
mortality.
ACE2:

ACE2 consists of 2 main domains, the N terminaken¢ extracellularly and
C terminal present intracellularly. The bindingwfus spike protein and ACE2 will
trigger subsequent processes resulting in interatidin of the virug®. ACE2 is
predominantly expressed on the smooth muscle cellsdiac muscle cells,
fibroblasts, endothelium, renal cells, hepatics;atitestinal epithelium, testes, brain,
pulmonary epithelium and oral mucol4’®. Although ACE2 is a transmembrane
protein, COVID-19 patients' plasma contains a sraaibunt of soluble ACEZ?.
ACE?2 is mostly found on the apical cell surfaceoaposed to the basolateral and
apical locations of ACE®%. ACE2 has 42 percent sequence similarity to ACE (E
3.4.15.1). The major difference between ACE2 andCEAs that the former is a
mono-carboxypeptidase and the latter is dipeptidyboxypeptidasd®'®?. The
enzyme consists of a signal peptide, transmembatan&in, and zinc binding active
site. Vasoactive peptides are present at the tatagite 1. Despite having
comparable structures, ACE-2 is not inhibited byEA@hibitory antibodie'8-82.
Patients using ACE inhibitory antibodies, howevsad elevated levels of ACE2

84 ACE2 cleaves Apelin (1-13), dynorphin A (1-13dasasomorphin (1-7) to apelin
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(1-12), to dynorphin (1-12), and to - casomorpHhir6j, respectively [2]. Similarly,
Angiotensin 2 and angiotensin 1 are converted fgiodensin (1-7) and angiotensin
(1-9), respectively. A putative renin-angiotensystem regulator is ACE2 (RAS).
Moreover, combination of ACE2 and virus resultsmipairment of RAS and increase
the risk of disease severity including incidenceaofite respiratory symptonfS).
Additionally, severity of CIVID-19 is also relatead decreased expression of ACE2
due to SARS-CoV-2 infection as an inverse mechdffisrilere by we will discuss
more in detail about the substrates and produc&CiE2 to better undertsnad the
pathophysiology of COVID -19 and its relationshighnACE2 receptors.
Ang Il

Renin, which is secreted from kidney juxtaglomeruleells, acts on
angiotensinogen to create angioten&ifl. IThe catalytic activity of ACE transforms
Ang | into Ang IlI, especially in various epitheliuacross organs including lungs,
kidney, brain and heart. Previous study using an@del has shown that angiotensin
Il is converted to either Angiotensin (1-7) or Aaggnsin Ill by ACE2 or
angiotensinases, respectivé®y!, both of which have half-lives of around 16 s in
plasmal®®. Angiotensin Il is an active octapeptide, whictongbinding with AT-1,
AT-2, and AT-4 receptors activates the physiologations (Fig. 1§%. The main
roles of Ang Il secondary to its avtivation by A&te vasocontractiol{”, inotropy
11 sympathetic nervous system augmentdffondiffusion of vasopressin, peripheral
sympathetic nervous system and pituitary organ ravidm, and regulation of
aldosterone producti®i®3l. Although AT-2 receptors are present across enapgcy
organs, their expression is mostly found in therpvérain, kidney, and vascular
endothelial cells, which operate as vasodilatorssegreting bradykinin and nitric

oxide®*,
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Figure-4: Effects of Ang Il on organs

Effects of Ang Il on different organs

As previously discussed, Ang Il is formed by comwen of Ang | to Il by
ACE, Ang Il is further converted to Ang 1-7 by ACEZ2ceptors. Excessive
conversion of Ang | to ang Il results in accumuwatiof Ang II. This results in
feedback mechanism wherein the SARS-CoV-2 downatgdl the expression of
ACE2 thereby increasing the severity of COVID-19uléng in dissemination of the
infection and multiorgan involvement. Angiotensiongerting enzyme, angiotensin
1-7, and angiotensin—converting enzyme—2 Angiotetisieceptor type 1 is known
as AT1R, whereas type 4 is known as AT4R. REACTIUKYGEN SPECIES:
Plasminogen Activator Inhibitor-1, Vascular enddde growth factor (VEGF),
Blood-brain barrier; ARB medications: angiotensih receptor blocker; ACEi
medications: angiotensin-converting enzyme inhisito

Patients with COVID-19 experience a rise in angief-2 during acute
respiratory distress syndrome (ARIF8) The elevated angiopoietin-2 to

angiopoietin-1 ratio in ARDS patients is consistemith this. Angiopoetin-2
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overexpression may indicate a lethal outcdffe In patients with acute pulmonary
damage, Ang Il plays a critical role in enhancingsaular permeability by
upregulating angiopoietin-2, angioprotein-2, and GFE productioff”. Elevated
VEGF expression secondary to hypoxia is predominanARDs patients which
results in increased vascular permeabil§. and inflammatory reactions were
triggered by focal adhesion tyrosine kinase (FAK)Previous preclinical studies
using mouse models have shown the ability of angiem-2 in causing epithelial
necrosis, inflammation and cellular death secondaryhypoxia. The plasma
concentration of Ang Il and the severity of COVIDB-are correlated, according to a
recent research in non-hypertensive human subj¥€ts Since it controls ACE2's
activity adversely and affects angiogenesis, owdastress, hypertension, and other
conditions that can build up and make COVID-19 nemeere.

Ang (1-7):

Ang 1l is primarily reduced to Ang (1-7) by ACE2 ciiio some extent by
Prolyloligopeptidases and prolyl carboxypeptidatese enzymes remove the C-
terminal phenylalanine from Ang Il, [33]. Ang (1-1§ a physiologically active
peptide that inhibits inflammation, angiogenesisgd aasocontraction by binding to
the MAS receptor (Fig. 9§° 1021 The activation of Ang 1-7 takes place through its
receptors (MasR). In COVID-19 patients, the virusvdregulates the ACE2, which
results in lower levels of Ang (1-7), thereby dexsieg ots physiologic functions.
(Created in BioRender.com). Ang (1-7) has antiamfinatory, anti-hypertensive, and
stimulatory effects on clot formation, which may lixeneficial in COVID-19 patients

to prevent thrombosis.
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Ang (1-9):

Ang Il is converted to Ang (1-9) mainly through AZBr catepsin A%,
Ang (1-9) binds to AT2R and inhibits Ang II-AT1Rgsalling axis and further
regulates the vasoconstriction, vasodilatory antipaniiferative axis™4 and so
improving cardiovascular condition¥®l. The main activities of the AT2R-derived
signalling include, Cell differentiation, vasoditai. It also decreases cell
proliferation, has anti-inflammatory and antifibim®ffect!’%. Endothelial cells are
affected by Ang (1-9), which lowers blood presstife

In an invitro experimental model of human heartdathelial repair of the
atrial and ventricular tissues were driven by #lease of NO and arachidonic acid by
the endothelial cells which increased bradykinivels '8!, Additionally, Ang (1-9)
reduces the fibrosis of tissues, particularly ia ttardiac and pulmonary tissu&¥:
109 As CIVID-19 is predominantly a respiratory pateagand is associated with
severe pulmonary fibrosis, Ang (1-9) can be usedhasapeutic to counteract the
pulmonary fibrosis. As a result, it is expectedttAag (1-9) works in concert with
Ang (1-7) to reduce inflammation in COVID-19 patienDownregulation of ACE2 is

responsible for the difficulties caused by low lsvef Ang (1-9). (Fig. 6).
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Briefly, conversion of Ang 1 to Ang

(2-9) is maindyiven by ACE2. The Ang

(1-9) through its receptor AT2R activates variousrgges in the body. During

COVID-19, as the virus downregulates the expressioACE2, the Ang (1-9) levels

in the body are substantially low. Patients

with\@D-19 lose the therapeutic effects

of Ang 1-9 in various organs due to a drop in itsmaentration. Angiotensin

converting enzyme type 2, angiotensin
receptor type 2, von Willebrand factor,

abbreviations for the same compotidl.

I, angiotenisd, AT2R, angiotensin Il

myocardiaflarction, and -SMA are all
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Immune responses and the renin-angiotensin systemearelated (RAS):
SARS-CoV-2 is mostly prevented by innate and aeguimmunity, although
the virus can also cause cytokine storms or hyflanmmatior*'. Although several
variables cause cytokine storms, it may be interg@gb investigate how the immune
system is affected by ACE2 dysregulation (Fig.7)kcéding to a previously
published study, individuals with COVID-19 who ha&%€E?2 downregulation in their
macrophages produce more inflammatory cytokinesN@dOn the other hand, Ang
Il promotes the growth of cells and the generatrcytokines, suggesting that it
controls cell signalling in inflammatory and immuredated illnessed'*?. An

immune molecule called IL-2 promotes the growt afellg*?],
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Abbreviations: ACE2, Angiotensin converting enzynie Ang (1-7),
Angiotensin 1-7; AT1R, Angiotensin Il receptor tyde AT2R, Angiotensin Il
receptor type 2; Ang |, Angiotensin I; Ang Il, Argéensin 1l; Ang (1-9), Angiotensin
1-9; MAS R, Mas receptor; APJ, Apelin receptor; R@&active oxygen species;
ERK1/2, Extracellular signal-regulated kinases 1MAPK, Mitogen-activated
protein kinase; PI3K, Phosphatidylinositol-3-Kina8&C, Protein kinase C; Thl, T
helper cell 1; ThO, naive T cell; NF-B, Nuclear tf@eB; AP-1, Activator protein 1;

ABCAL1-p, Phosphorylated ATP binding cassette transp Al.
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Potential disease severity biomarkers include ACEZerum ACE in COVID19:
According to preliminary epidemiological data sympatic COVID-19 is
very rare among children. In a COVID-19 epidemiadogtudy among 44,672
Chinese patients, only 1% patients belonged tageegroup of <10 yeaf¥?. This
might imply that kids are less prone to infectiamrsthat infections in kids result in
mild or silent ilinesses that go mostly unnoticétie SARS-CoV-2 virus enters cells
more easily because its viral spike proteins link ACE2 receptors on host
membranest®. These findings suggest a positive relationshipween ACE2
expression and COVID-19 infection susceptibility!. However, a complex too
much/too soon interaction is at work in this sitoat because it has been
demonstrated that the related SARS-CoV virus doguleges ACE2 following cell
entrance, a feature contributing to the severe Idisgases linked to this viral
infectior®?. It is believed that ACE and ACE2 have countemutatpry interactions in
the RAS as they participate in the opposing axifRé§S. Drugs that block ACE
action, for instance, cause the expression of AEE2As a result, low levels of
ACE?2 and high levels of ACE may be relat#d Children's serum ACE volumes are
greater than adult&*?. This could be related to the lower level of lowevel of
ACE2 expression in children than in adults, sugggghe counter activities of ACE
and ACE2. As shown previously, in a large Chineslgoct, symptomatic COVID 19
children comprised only 1% of the total populati$fh Furthermore, another study
reported that which supports serum ACE levels aseenn teenagers as compared to
adults®?.  However, the relationship between membrane boAB&2 and lower
prevalence of symptoms in COVID-19 among childreryet to be elucidated. The
relationship between serum ACE and ACE2 expressiotissues like the airway

epithelium and other tissues is also not known. tAeo study has established a
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positive relationship between ACE2 and severit¢ @VID-19. While mild cases had
low serum ACE levels, high serum ACE levels werdidative of severe dised$®
Therefore, the ability of the data to make a cotinoecbetween the aforementioned
hypotheses is crucial to establish serum ACE aseféective biomarker of the
diagnosis and severity of COVID-19. This may furthi in categorizing the patients
based on severity and subsequent management appsoapecific to disease

severity.

Early triage of critically ill COVID-19 patients: P otential role of Biomarker
Biomarker is defined as any characteristic or congpd which can be tested
which will indicate and differentiate the normalysiologic and pathologic process in
the body. Biomarkers are beneficial in identifyihg risk of disease, disease severity,
progression and outcome of the disease. The bermfiising COVID-19 biomarkers

are as follows:

. Early diagnosis

. Categorization of disease based on severity
. formulation of hospital admission standards
. identification of high risk cohort

. ICU admission standards formulation

. Therapy justification

. Therapy response evaluation

. Outcome prediction, and

. establishing standards for ICU and/or hospitalaste
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For discovery pf possible biomarkers, the in-deptmowledge of the
pathophysiology of COVID-19 disease is paramouht TOVID-19 iliness spectrum
is varied, and age and the existence of co-morbilitions affect how the disease
manifests. Early suspicion, diagnosis, monitoriaugd detection of problems, as well
as patient care and disposition, all depend heastilybiomarkers. Each of these
elements alone may have significant effects onaith@inistrative structure and the
healthcare system, directly affecting patient cérgoes without saying that clinical
assessment will be crucial at every stage, andidedkecision-making will need to
significantly include biomarkers. Instead of usiagsingle biomarker, you could
choose to use a biomarker panel. You cannot distedjfficulties with availability
and price. The large amount of data that is cotigtéseing added to the COVID-19
literature makes it hard for doctors to compile amidically analyse it in order to
extract information that is practically beneficifr patients. It is crucial to have
national or regional policies that adapt the infation accessible to the needs of the
local communit{#*4,

Previous studies:

Butler-Laporte et al., 20211**% conducted a post hoc analysis of 2 studies to sisses
the genomic relationship between ACE levels in CDXIP patientsThe ORIGIN
study included 4147 patients and GWAS study inau@60.186 patientsAmong
these cohorts, between 18 and 37 percent of thatwer in ACE levels can be
attributed to genetic variations. In the ORIGIN a@WAS studies, hospitalization,
severe illness did not have effect on genetic sqiguskty of ACE levels in COVID

19 patients. The outcomes of many sensitivity swsidwere comparable. The
susceptibility to or severity of COVID-19 illnesseve not related to genetically

reduced serum ACE levels. These findings imply fiedple taking ACE inhibitors
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shouldn't stop their medication during the COVID-Epidemic. The authors
concluded that genetic polymorphisms highly relatéth ACE levels that were close
to the ACE gene.

In a study byWang et al., 2020,*1€1138 hospitalized NCIP patients were
evaluated. The median age of the patients was Z8syand 54% were men.
Hospitalized patients (29%) and afflicted healtkoaorkers (29%) were suspected of
contracting the virus through hospital-associatadgmission (12.3%). Most common
reported symptoms were fever (99%), tiredness (7@ dry cough (59%). The
reported laboratory changes were as follows: Eigdatifents had prolonged median
prothrombin time of 13 seconds, 55 patients hadagdel median LDH levels of 261
U/L and 97 patients had lymphopenia. On computedoggraphy examination, all
patients had bilateral patchy appearance resemgliognd glass opacity suggestive
of COVID-19. Most common treatment regimens inctlidseltamivir, antimicrobial
therapy and glucocorticoid therapy. Frequency ofege COVID-19 cases requiring
ICU treatment was 26%. Common reasons for ICU aslons were ARDS,
arrhythmia and shock. The median time from onsetsyiptoms to dyspnea,
hospitalization and ICU admission were 5, 7 andag@sd respectively. Compared to
the - patients, ICU admitted patients were olded kinderlying comorbidities and
severe symptoms including dyspnea and anorexia.n§nhf@U admitted patients, 17
patients needed invasive ventilation, 15 patieetyuired non-invasive ventilation
while 4 patients were treated with high flow oxygen

Whereas]Liang et al.,2020], **8concluded that, it is quite concerning that
individuals with the new coronavirus disease of 2GCOVID-19) have suddenly
deteriorated into serious illness. Early detectadnthese patients is essential. We

demonstrate that based on clinical variables ugbnission, a deep learning-based
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survival model can predict the likelihood that COW19 patients would experience a
critical illness. We produce this model, employadataset of 1590 patients from 575
medical facilities and a concordance index of 0.8 internal validation. Using
three different cohorts, we further verify the mbd&onsisting of 1393 patients with
concordance from the provinces of Wuhan, Hubei, @odngdong 0.890, 0.852, and
0.967, correspondingly, indices. This model is usedievelop an online tool for
calculation that is intended for patient triagedmission in order to identify patients
at risk of severe illness, ensuring that patiebtgreatest risk of severe illness receive
appropriate care as soon as possible, and enadfiiective allocation of healthcare
resources.

[Zhu et al.,2020] 19 said that, the 16 severe patients out of the a@®&iduals with
confirmed COVID-19 were older, had a higher bodyssnandex (BMI), and had a
greater percentage of hypertension than the 12@evene patients. The baseline
serum ACE activity of participants in the severeuyr and non-severe group were
lower than those of normal controls, with the sevgroup having the lowest level.
There were no appreciable changes between theesgveup, nonsevere group, or
normal control group throughout the recovery peribdwever the serum ACE
activity rose during this time. Since low serum AG@Etivity was related with the
severity of COVID-19 at baseline and the activibge with the illness's remission, it
might be employed as a marker to represent thecalistatus of the disease.
Kragstrup et al., 2021 2% conducted a larger longitudinal stusith data from
MGH Emergency Department. The study was divided @OVID 19 positive and
negative cohorts with 306 and 78 patients, respalgti Following baseline data
collection, patients were prospectively followed tgr 28 days to evaluate the

COVID-19 outcome. Olink® Explore 1536 platform wased to quantify the ACE2
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protein levels. Patients with elevated plasma AGE2Is had higher odds of severe
disease in 28 days (OR [95% CI]: 1.8[1.4-2.3]; p80D. ACE2 levels were
significantly higher among COVID-19 patients withrepxisting hypertension
(p=0.0045), patients with renal disease (p=0.0368)) @rdiac disorders (p=0.0303)
as compared to COVID-19 patients without comoriditThe authors concluded that
plasma ACE2 levels will be beneficial in predictinGOVID-19 outcome.
Furthermore, ACE2 levels are significantly correthtwith comorbidities and
COVID-19 outcome.

In another study done 4Zhen et al., 2021J*?*120 patients with confirmed
COVID-19 who underwent serum ACE detection uporryemiere retrospectively
included. During hospitalisation, clinical traitsnda laboratory results were
dynamically assessed to uncover possible risk fadtr illness development. It was
shown that one of the independent risk variableA@E level. In comparison to
patients with ACE level [33.5 U/L, those with ACEvEl B 33.5 U/L displayed
greater cumulative viral RNA detection rates, rdidevels of pro-inflammatory
mediators, lower lymphocyte counts, and decreagRISSCoV-2-specific antibodies.
The development of COVID-19 is influenced by lowserum ACE levels in
connection to delayed virus eradication, hyperinfization, and reduced host
antiviral immune responses.

Fagyas et al., 202#?? conducted a study to comparatively evaluate theiogiship
between ACEZ2, inflammatory biomarkers and comotigsliwith clinical outcome
among patients with severe sepsis with or witho@WD-19. Baseline ACE2
activity was significantly higher amon critically COVID 19 patients as compared to
severe COVID 19 patients and COVID-19 negativeguasi (54 mU/L vs 35 mU/L vs

41 mU/L; p-0.0260). These results were independEntcomorbidities. Among
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critically ill patients, there was a positive rédaiship between serum ACE2 levels
with inflammatory biomarkers. At an AUC of 0.7, lbéise ACE2 levels were
considered an independent predictor of COVID-1®88v(p<0.0001). At the time of
hospitalization, non-survivors had greater serumEAQctivity than survivors (P<
0.0001). Furthermore, increased ACE2 activity (4m4/L) indicated a greater risk
for 30-day mortality (65 vs. 37 %; p<0.0001). Thehers concluded that baseline
Serum ACE2 levels predict the COVID-19 severity asatcome in COVID-19

patients.
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MATERIALS AND METHODS

Study designA Cross-Sectional study

Study period- 1st October 2020 to 31st September 2021
Sample size- 101"

Calculated using formula

Formula used for sample size calculation is,

p (100 — p)Z?
"= Er

where n is the sample size required, p is the pé&xge occurrence of a state or
condition (proportion or prevalence), E is the patage maximum error required, Z
is the value corresponding to level of confiderexguired.

The hospital-based prevalence was observed to % T®&nsidering this at
95% confidence level and 12% of prevalence as mamxirerror (i.e., E=8.76), the
sample size is given by,

_ 73x(100 — 73) x 1.962
n= 8.762

n= 98.67123 = 99
Hence, the minimum sample size required is 99. #wpde size increases,

accuracy of result also increases. Here, sampteisiaken to be 101.

Inclusion criteria

All covid-19 adult patients > 18 years of age cagnin casualty with RT-

PCR positive status and / or Rapid Antigen Tesitipes
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Exclusion criteria
» Hyperthyroidism
* Hypothyroidism
» Miliary tuberculosis
* Asthma
« COPD
» Sarcoidosis

* Chronic liver disease

Methodology
. Patients admitted in KLES hospital fulfilling prewnal diagnosis of covid-19
infection were included in the study.
. Informed consent was obtained.

Institutional ethical clearance was obtained.

. A detailed history, clinical findings were noted.

. Samples are processed in spectrophotometry- etizyfeabstrate fapgg)

. Other relevant investigations like Complete Bloodu6t, Mini Renal, LFT,
D-DIMER, Ferritin, CRP, LDH, IL-6 levels HRCT thotgCT severity score) etc.
were recorded.
. Clinical improvement of patient will be observeddamsults was formulated.

. Data was analyzed and tabulated.
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STATISTICAL METHODS

Data is analysed using statistical software R werst.2.1 and Microsoft
Excel. Categorical variables given in the form oéguency tables. Continuous
variables given in Mean + SD / Median (Min, Maxyrfa Chi square test is used
check the association between categorical variablesmality of variable is checked
by Shapiro Wilk test and QQ plot. Two sample t iestised to compare means of
variables over outcome. Mann Whitney U test is usedompare the distribution of
variables over outcome. Applicability of serum degels to predict outcome is
checked by Logistic regression. Kruskal Wallis test used to compare the
distribution of variables over CT severity scorpe&man’s rank correlation test is
used to check the correlation of different variabhéth serum ace levels. P-value less

than or equal to 0.05 indicates statistical sigatifice.
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RESULTS

Data contains measurement on 101 subjects whoseaages from 19 to 88
years with mean age of 52.28 + 14.55 years. Thdegenatio is 2.16:1. The following
table gives the distribution of subjects accordimgutcome.

Table 1: Distribution of subjects according to outome.

Outcome Number of subjects (%)
Expired 15 (14.85%)
Improved 86 (85.15%)

Out of 101 subjects with COVID, improvement waseaied in 86 (85.15%) subjects

while 15 (14.85%) subjects expired.

] Expired
14.85%

Improved

85.15%

Figure 9: Distribution of subjects according to outome.
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The following table gives the distribution of denmaghic variables over outcome.

Table 2: Distribution of demographic variables overoutcome.

Outcome
Variables Sub Category Total p-value
Expired Improved
Mean £ SD 59.67 £ 16.19 50.99 + 13.95| 52.28 + 14.55
Age (years) 0.0324
Median (Min, Max)| 60 (35,88) | 52(19,78) | 54 (19, 88)
Female 6 (40%) 26 (30.23%) 32 (31.68%)
Gender 05862AC
Male 9 (60%) 60 (69.77%)| 69 (68.32%

Abbreviation: t — Two sample t test, MC — Chi sguist with Monte Carlo

simulation, * indicates statistical significance.

From two sample t test, it is observed that, tiesgnificant difference in the
mean age over outcome. Further, it can be noteédhibanean age of expired subjects

is more than those who improved.

From Chi square test, it is observed that, theraadssignificant difference in the

distribution of gender over groups.

Mean Age

Expired

Qutcome

Figure 10: Mean plot of age over outcome.
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In mean plot of age over outcome, the bars do wetl@ap on each other indicating

that there is significant difference in distributiof age over outcome.
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Figure 11: Distribution of gender over outcome.

Out of 15 subjects who didn’'t survive, 9 (60%) werales and 6 (40%) were
females. Out of 86 subjects whose condition gotrawgd, 60 (69.77%) were males

and 26 (30.23%) were females.
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The following table gives the association of cliemplaints over outcome.

Table 3: Association of chief complaints over outaue.

Chief complaints Outcome Total p-value
Expired Improved
Breathlessness 10 (66.67%) 31 (36.05%) 41 (40.59%)0.025%*
Cough 4 (26.67%) 27 (31.4%) 31 (30.69%) 0.7%26
Fever 6 (40%) 53 (61.63% 59 (58.42%) 0.1968
Headache 1 (6.67%) 3 (3.49%) 4 (3.96%) MCq
Giddiness 0 1 (1.16%) 1 (0.99%) MG
Hemoptysis 0 1(1.16%) 1 (0.99%) MG
Generalized Weakness 2 (13.33%) 7 (8.14%) 9 (8.91%) 0.6202'¢
Myalgia 0 1 (1.16%) 1 (0.99%) Mg

Abbreviation: C — Chi square test, MC — Chi squiest with Monte Carlo

simulation, * indicates statistical significance.

From Chi square test, it is observed that, theresignificant association of
breathlessness with outcome. The odds of death3&484 (95% CI: 1.1121 -

11.3220) times more for subjects with breathlessmesnpared to those who don’t

have breathlessness. There is no significant assmtiof other complaints with

outcome.

MYALGIA

GENERALIZED WEAKNESS

HEMOPTYSIS

GIDDINESS

HEADACHE

FEVER

COUGH

BREATHLESSNESS

] 1.16%

8.14%
13.33%

Olmproved 0 Expired

| 1.16%
] 1.16%
3.49%
6.67%
| 61.63%
| 40%
| 31.40%
| 26.67%
| 36.05%
66.67%

Figure 12: Distribution of chief complaints over oucome.
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The following table gives the association of pastdry over outcome.

Table 4: Association of past history over outcome.

Outcome Total p-value
Past history
Expired Improved
T2DM 3 (20%) 10 (11.63%)| 13 (12.87%) 0.4%83
Hypertension 4 (26.67% 7 (8.14%) 11 (10.89%) 0366
Thyroid Disorder 0 3 (3.49%) 3 (2.97%) Mg
Lymphoma 0 1 (1.16%) 1 (0.99%) Mg

Abbreviation: MC — Chi square test with Monte Caslmulation.

From Chi square test, it is observed that, themdisignificant association of any past

history with outcome.
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Figure 13: Distribution of past history over outcore.
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The following table gives the comparison of difierearameters over outcome.

Table 5: Comparison of different parameters over otcome.

] Outcome Total p-value
Variables i
Expired Improved
99.87 + 16.36 89.5 £15.89 91.04 £ 16.3
Pulse rate (bpm) 0.021 W
104 (66, 126) 88 (24, 136) 88 (24, 136)
128.67 + 20.46 119.48 + 17.58 120.84 + 18.22
SBP 0.0713w
130 (88, 180) 120 (80, 200) 120 (80, 200)
74.67 £ 11.25 76.12 £ 9.45 75.9 £ 9.69
DBP 0.7168"W
70 (50, 90) 80 (50, 106) 80 (50, 106)
77.6 £ 25.68 86.34 + 10.71 85.04 £+ 14.13
SPO2 0.785Mw
90 (24, 100) 90 (54, 99) 90 (24, 100)
) 11.65+2.04 12.88 +1.83 12.69+1.9
Haemoglobin 0.020%*
11.5 (8.7, 15) 13.2 (8.4, 16.6) 13 (8.4, 16.6)
Total Leucocyte 11406.67 £ 4535.96 | 10098.84 + 4672.61) 10293.07 + 4653.74 0.2699W
count 11100 (4600, 21500)| 9450 (2400, 22600)| 9700 (2400, 22600)
218333.3 £ 63552.75| 210697.7 £ 83671.07 211831.7 £ 80768.94
Platelet Count 218000 (128000, 201500 (22000, 205000 (22000, 0.6194'W
337000) 479000) 479000)
Erythrocyte
42.73 £ 29.26 33.86 £ 20.22 35.18 £ 21.85
Sedimentation Rate 0.3616"
49 (6, 87) 31 (6, 91) 31 (6, 91)
(ESR)
) 2751.8 £ 2929.56 1110.18 £+ 1471.83| 1353.99 +1840.4
D-dimer < 0.00MW=
1329 (522, 10524) 551 (84, 7155) 593 (84, 10524)
. 256.39 £ 433.36 90.23 + 145.5 114.9 + 218.66
Interleukin - 6 0.0068MW*
121.6 (1.5, 1714) 36.5 (1.5, 700) 45 (1.5, 1714)
Hs- Reactive 160.57 £ 73.19 98.97 £+ 74.16 108.12 + 76.88
_ 0.0039"W=*
Protein 176.1 (36.6, 292) 86.2 (1.5, 307.1) 90 (1.5, 307.1)
18.33 £ 8.67 18.33+12.33 18.33+11.83
Serum Ace levels 0.4526"
19 (5, 36) 16 (5, 69) 16 (5, 69)
O 0.49 £0.18 0.56 £ 0.4 0.55 +0.38
Total Bilirubin 0.6918"W
0.45 (0.23, 0.87) 0.42 (0.11,2.11) | 0.42(0.11, 2.11)
_ o 0.26 +0.2 0.33+0.31 0.32+0.3
Direct Bilirubin 0.43"W
0.18 (0.1, 0.86) 0.21 (0.06, 2) 0.2 (0.06, 2)
67 £ 45 63.7 £118.62 64.19 + 110.65
SGOT 0.9158™W
51 (17, 173) 33(0.19, 767) 36 (0.19, 767)
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44,33 + 32.45 55.71 +108.94 54.02 £ 101.25
SGPT 0.3618"W
42 (10, 139) 29 (9, 630) 30 (9, 630)
Alkaline 111.93+97.14 105.83 + 44.19 106.73 + 54.64
0.343 MW
Phosphatase 90 (38, 453) 100 (19, 280) 100 (19, 453)
) 3.4+045 3.78 £ 0.45 3.73+0.47
Serum Albumin 0.005 MW=
3.3 (2.6, 4) 3.85 (2.5, 4.62) 3.8 (2.5, 4.62)
62.17 + 45.82 41.05 + 24.82 44.18 + 29.57
Urea 0.0612wW
41 (11.5, 183) 35.5 (10, 168) 39 (10, 183)
- 1.94 +2.65 1+0.88 1.14 +1.32
Creatinine 0.0772wW

0.98 (0.47, 10.89)

0.81 (0.15, 6.6)

0.82 (0.15, 10.89)

Abbreviation: MW — Mann Whitney U test, t — Two gl test, * indicates

statistical significance.

From Mann Whitney U test, it is observed that, éhisr significant difference in the

distribution of pulse rate, D-dimer, Interleukin-Bls-Reactive protein and serum

albumin over outcome. There is no significant défece in the distribution of systolic

blood pressure, diastolic blood pressure, SPO2,, Rlatelet count, ESR, serum ace

level, total bilirubin, direct bilirubin, SGOT, SGP alkaline phosphatase, urea and

creatinine over outcome.

From two sample t test, it is observed that, themggnificant difference in mean HB

over outcome.
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105

Mean Pulse rate

Expired Improved
Outcome

Figure 14: Mean plot of pulse rate over outcome.
In mean plot of pulse rate over outcome, the barsnot overlap on each other
indicating that there is significant difference dstribution of pulse rate over

outcome.

Mean systolic blood pressure

Expired Improved
Outcome

Figure 15: Mean plot of SBP over outcome
In mean plot of SBP over outcome, the bars ovestapach other indicating that

there is no significant difference in distributiohSBP over outcome.
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Mean diastolic blood pressure

Expired Improved
Outcome

Figure 16: Mean plot of DBP over outcome.
In mean plot of DBP over outcome, the bars ovedapeach other indicating that

there is no significant difference in distributiohDBP over outcome.

Mean SPO2

Expired Impraved
Outcome

Figure 17: Mean plot of SPO2 over outcome.
In mean plot of SPO2 over outcome, the bars oveslagach other indicating that

there is no significant difference in distributiohSPO2 over outcome.
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Mean Hemoglobin

Expired Improved
Outcome

Figure 18: Mean plot of Haemoglobin over outcome.
In mean plot of Haemoglobin over outcome, the lBrsnot overlap on each other
indicating that there is significant difference distribution of Haemoglobin over

outcome.
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Figure 19: Mean plot of Total Leucocyte count oveputcome.
In mean plot of Total Leucocyte count over outcothe, bars overlap on each other

indicating that there is no significant differennedistribution of TLC over outcome.
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2400001

Mean Platelet count

Expired Improved
Outcome

Figure 20: Mean plot of Platelet Count over outcome
In mean plot of Platelet Count over outcome, the loaerlap on each other indicating

that there is no significant difference in disttion of Haemoglobin over outcome.
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Figure 21: Mean plot of Erythrocyte Sedimentation Rite (ESR) over outcome.
In mean plot of Erythrocyte Sedimentation Rate (E&Fer outcome, the bars overlap
on each other indicating that there is no significdifference in distribution of
Erythrocyte Sedimentation Rate (ESR) over outcome.
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Mean D-dimer
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@
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Figure 22: Mean plot of D-dimer over outcome.
In mean plot of D-dimer over outcome, the bars a@d overlap on each other

indicating that there is significant differencedistribution of D-dimer over outcome.

Mean Interleukin-6

Expired Improved
Outcome

Figure 23: Mean plot of Interleukin — 6 over outcone.
In mean plot of Interleukin — 6 over outcome, tla@sbdo not overlap on each other
indicating that there is significant difference distribution of Interleukin — 6 over

outcome.
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Mean Hs-Reactive protein

Expired Improved
Outcome

Figure 24: Mean plot of Hs- Reactive Protein overatcome.
In mean plot of Hs- Reactive Protein over outcothe,bars do not overlap on each
other indicating that there is significant diffecenn distribution of Hs- Reactive

Protein over outcome.

[

Mean Serum Ace levels

QOutcome

Figure 25: Mean plot of Serum Ace levels over outcoe.
In mean plot of Serum Ace levels over outcome, lihes overlap on each other
indicating that there is no significant differenicedistribution of Serum Ace levels

over outcome.
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Figure 26: Mean plot of Total Bilirubin over outcome.
In mean plot of Total Bilirubin over outcome, tharé overlap on each other
indicating that there is no significant differernpedistribution of Total Bilirubin over

outcome.

040

Mean Direct Bilirubin

Expired Improved
QOutcome

Figure 27: Mean plot of Direct Bilirubin over outcome.
In mean plot of Direct Bilirubin over outcome, thmrs overlap on each other
indicating that there is no significant differenoealistribution of Direct Bilirubin over

outcome.
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Mean SGOT

Expired

Outcome

Figure 28: Mean plot of SGOT over outcome.
In mean plot of SGOT over outcome, the bars oveolagach other indicating that
there is no significant difference in distributiohSGOT over outcome.

@

Mean SGPT
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Qutcome

Figure 29: Mean plot of SGPT over outcome
In mean plot of SGPT over outcome, the bars oveslagach other indicating that
there is no significant difference in distributiohSGPT over outcome.
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Mean Alkaline Phosphatase

Expired Improved
Outcome

Figure 30: Mean plot of Alkaline Phosphatase overutcome.
In mean plot of Alkaline Phosphatase over outcotine,bars overlap on each other
indicating that there is no significant differenge distribution of Alkaline

Phosphatase over outcome.

Mean Serum Albumin

Expired

Outcome

Figure 31: Mean plot of Serum Albumin over outcome.
In mean plot of Serum Albumin over outcome, thesbdw not overlap on each other
indicating that there is significant differencedrstribution of Serum Albumin over

outcome.
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Mean Urea

Expired Improved
Outcome

Figure 32: Mean plot of Urea over outcome.
In mean plot of Urea over outcome, the bars ovestapach other indicating that

there is no significant difference in distributiohUrea over outcome.
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Figure 33: Mean plot of Creatinine over outcome.

In mean plot of Creatinine over outcome, the baeslap on each other indicating

that there is no significant difference in disttibn of Creatinine over outcome.
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The following table gives the comparison of CT s#yescore over outcome.

Table 6: Comparison of CT severity score over outeoe.

Outcome Total p-value
CT Severity score
Expired Improved
Mild 2 (13.33%) 15 (17.44%) 17 (16.83%)
Moderate 9 (60%) 41 (47.67%) 50 (49.5%) | 0.7046'C
Severe 4 (26.67%) 30 (34.88%) 34 (33.66%)
Mean + SD 134 +5.34 13.23+5.16 13.26 +5.16

0.9084

Median (Min, Max) 13 (4, 24) 13 (4, 24) 13 (4, 24)

Abbreviation: MC — Chi square test with Monte Caglmulation, t — Two sample t

test.

From Chi square test, it is observed that, theraadissignificant difference in the

distribution of CT severity score over outcome.

From two sample t test, it is observed that, thenmo significant difference in mean

CT severity score over outcome.
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Figure 34: Distribution of CT severity score over atcome.
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Mean CT Severity Score
L S
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Figure 35: Mean plot of CT severity score over outame.
In mean plot of CT severity score over outcome, ltaes overlap on each other

indicating that there is no significant differenicedistribution of CT severity score

over outcome.
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The following table gives the result of logistigression for predicting outcome.

Table 7: Result of logistic regression for predictig outcome.

Variable Odds Ratio (95% CI) p-value

Serum Ace Levels 1.0001 (0.9474 - 1.043B) 0.9981

From logistic regression, it is observed that, seace level has no significant effect

on mortality (p-value = 0.9981).

Note: The AUC for serum ace level is found to be 0.5@ % CI: 0.3923-0.7294) in
predicting mortality outcome. Hence, it is not adgredictor for mortality outcome.

The following table gives the comparison of serwm evel over CT severity score.

Table 8: Comparison of serum ace level over CT senty score.

) Serum Ace levels
CT Severity score p-value
Mean + SD Median (Min, Max)
Mild 15.47 + 5.62 16 (5, 24)
Moderate 18.6 +12.98 16 (5, 69) 0.943¢&
Severe 19.35+12.36 16 (7, 63)

Abbreviation: K — Kruskal Wallis test.

From Kruskal Wallis test, it is observed that, thex no significant difference in the

distribution of serum ace levels over CT severiyrs.
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Mean Serum Ace Levels

Mild Moderate Severe

CT Severity score

Figure 36: Mean plot of serum ace levels over CT gerity score.

In mean plot of serum ace levels over CT sevelityres the bars overlap on each
other indicating that there is no significant diffece in distribution of serum ace

levels over CT severity score.
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The following table gives the correlation of diféet parameters with serum ace

levels.

Table 9: Correlation of different parameters with serum ace levels.

Variables Correlation coefficient p-valueSF
Pulse rate (bpm) 0.1207 0.2293
SBP 0.0813 0.4192
DBP 0.1337 0.1826
SPO2 0.0090 0.9292
Haemoglobin -0.2366 0.0172*
Total Leucocyte count -0.0883 0.3801
Platelet Count 0.0011 0.9915
Erythrocyte Sedimentation Rate (ESR) 0.0686 0.4952
D-dimer -0.0848 0.399
Interleukin - 6 0.0175 0.8624
Hs- Reactive Protein -0.0940 0.3498
CT severity score 0.0463 0.6457
Total Bilirubin -0.1466 0.1435
Direct Bilirubin -0.0828 0.4104
SGOT -0.0865 0.3896
SGPT -0.1783 0.0745
Alkaline Phosphatase 0.2791 0.0047~*
Serum Albumin 0.1163 0.2468
Urea 0.1237 0.2178
Creatinine 0.0374 0.7107

Abbreviation: SP — Spearman’s rank correlation t&shdicates statistical

significance.

From Spearman’s rank correlation test, it is obseérthat, there is significant low

negative correlation between haemoglobin and sexrcenlevels. There is significant

low positive correlation between alkaline phospbateand serum ace levels.

However, there is no significant correlation betweserum ace levels and other

parameters.
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Serum Ace level
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Figure 37: Scatter plot of SPO2 with serum ace lele

The regression line is a line almost parallel taxis indicating that there is no

significant correlation between SPO2 and serumeaass.
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Figure 38: Scatter plot of Haemoglobin with serum ee levels.

The regression line has downward slope indicatiag) there is negative correlation

between haemoglobin and serum ace levels.
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Serum Ace level
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Figure 39: Scatter plot of Interleukin-6 with serumace levels.
The regression line is a line almost parallel t@xis indicating that there is no
significant correlation between IL-6 and serum levels.
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Figure 40: Scatter plot of Hs-Reactive protein withserum ace levels.
The regression line is a line almost parallel t@xis indicating that there is no

significant correlation between Hs-Reactive prosaid serum ace levels.
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Serum Ace level
10 20 20 40 50 60 70

Alkaline Phosphatase

Figure 41: Scatter plot of alkaline phosphatase wit serum ace levels

The regression line has upward slope indicatindg thare is positive correlation
between alkaline phosphatase and serum ace levels.
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The following table gives the comparison of difi@rearameters over CT severity

score.

Table 10: Comparison of different parameters over @ severity score.

CT severity score p-value
Variables i
Mild Moderate Severe
87.65+7.01 955+17.13 86.18 + 16.91
Pulse rate (bpm) 0.0484&*
88 (78, 100) 90 (66, 136) 88 (24, 126)
120 £ 18.37 122.14 + 16.02 119.35 +21.37
SBP 0.212&
120 (90, 160) 120 (80, 180) 111 (88, 200)
76.47 £ 10.57 76.76 £ 9.91 74.35 + 8.98
DBP 0.319%
80 (60, 90) 80 (50, 106) 70 (50, 100)
85.06 +12.34 87.54 +13.12 81.35 + 15.86
SPO2 0.0700f
92 (60, 95) 92 (27, 100) 87.5 (24, 99)
) 13.06 + 2.1 12.6£1.74 12.65 + 2.07
Haemoglobin 0.602&
13.4 (8.5, 16.1) 12.75 (8.7, 15.8) 13.1 (8.4, 16.6)
Total Leucocyte 10405.88 £ 5914.23 10004 + 4358.34 10661.76 + 4493.43 0.7146
count 7700 (3500, 22600) 9050 (3100, 21500) 11500 (2400, 21600) |
204529.41 + 83635.46 218800 + 72848.18 205235.29 £ 91385.65
Platelet Count 0.443%
200000 (117000, 45200Q) 214000 (33000, 479000) 196000 (22000, 426000
30.71 + 16.16 36.42 + 23.09 35.59 +22.72
ESR 0.823%
25 (6, 66) 32.5 (6, 91) 33.5 (7, 87)
) 1140.71 £ 1530.99 1122.9 + 1443.03 1800.46 + 2392.84
D-dimer 0.074%
518 (159, 5000) 553 (84, 5000) 815.5 (235, 10524)
) 81.87 + 66.88 107.21 + 263.49 142.73 + 195.39
Interleukin - 6 0.341%
68 (10, 223.8) 41 (1.5, 1714) 42.75 (1.5, 700)
Hs- Reactive 108.7 + 84.2 97.64 +74.94 123.24 + 75.69 0.265K
Protein 111.5 (13, 292) 82.75 (1.5, 297) 109 (5.7, 307.1) '
___ 0.78 + 0.56 0.48 +0.27 0.55 + 0.38
Total Bilirubin 0.102%
0.5 (0.19, 2.11) 0.4 (0.11, 1.33) 0.41 (0.15, 1.9)
, - 0.43 +0.46 0.28 +0.22 0.32+0.29
Direct Bilirubin 0.256%
0.27 (0.06, 2) 0.2 (0.06, 1.1) 0.21 (0.06, 1.2)
61.94 + 81.86 61.84 + 108.58 68.76 + 127.73
SGOT 0.665%
31 (12, 339) 33 (0.19, 759) 41 (10, 767)
66.29 + 136.35 50.88 + 87.2 52.5+103.28
SGPT 0.6994
26 (9, 587) 27.5 (10, 600) 32.5 (13, 630)
Alkaline 99.18 +62.4 107.92 +62.51 108.76 + 36.35 0.2084
Phosphatase 95 (38, 280) 98 (19, 453) 100 (52, 198) '
) 3.62+£0.49 3.74 £0.47 3.76 £0.45
Serum Albumin 0.7214&
3.7 (2.5, 4.3) 3.8 (2.8, 4.62) 3.9 (2.5, 4.5)
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39.41 + 25.61 44.3 + 30.13 46.4 + 31.09
Urea 0.570X
31 (14, 102) 38.5 (10, 183) 41 (11.5, 168)
- 0.99+0.72 1.25+1.68 1.07+0.91
Creatinine 0.938%
0.81 (0.46, 3.72) 0.84 (0.15, 10.89) 0.82 (0.47, 5.4)

Abbreviation: K — Kruskal Wallis test, * indicatetatistical significance.

From Kruskal Wallis test, there is significant difénce in the distribution of pulse

rate over CT severity score. Further. From Dunmn, téss observed that, there is

significant difference in pulse rate between mitdl anoderate severity (p-value =

0.0304).

There is no significant difference in the distribatof other parameters over CT

severity score.

Mean Pulse rate

Mild

Moderate

CT Severity score

Severe

Figure 42: Mean plot of pulse rate over CT severitycore.

In mean plot of pulse rate over CT severity sctre,bars of mild and moderate do

not overlap on each other indicating that thergigsificant difference in distribution

of pulse rate of subjects with mild and moderatesty.
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The following table gives the comparison of serwma kevels over Age.

Table 11: Comparison of serum ace levels over Age.

Serum Ace levels
Age (years Median (Min, -value
ge ly ) Mean = SD ( P
Max)
<30 2443 +13.49 20 (6, 48)
30-49 16.59 +11.75 14.5 (5, 69)
0.161%
50-69 19.35+12.44 16 (5, 63)
70-89 15.58 + 7.09 14 (5, 26)

Abbreviation: K — Kruskal Wallis test.
From Kruskal Wallis test, it is observed that, thex no significant difference in the

distribution of serum ace levels over age groups.

Mean serum ace levels
|
|

<30 30-49

50-69 70-89

Age (years)

Figure 43: Mean plot of serum ace levels over age.

In mean plot of serum ace levels over age, the twagdap on each other indicating

that there is no significant difference in disttiba of serum ace levels over age.
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The following table gives the comparison of serwe vels over gender.

Table 12: Comparison of serum ace levels over gerrde

Serum Ace levels
Gender Median (Min, p-value
Mean = SD
Max)
Female 20.69 £12.03 16 (5, 55)
0.212MW
Male 17.23 +11.66 16 (5, 69)

Abbreviation: MW — Mann Whitney U test.

From Mann Whitney U test, it is observed that, ¢hisrno significant difference in the

distribution of serum ace levels over gender.

Mean serum ace levels

15.0 1

Female Male

Gender

Figure 44: Mean plot of serum ace levels over gende

In mean plot of serum ace levels over gender, thes loverlap on each other
indicating that there is no significant differenicedistribution of serum ace levels

over gender.
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DISCUSSION

COVID-19 disease is a rapidly spreading infectialisease with various
disease related complications. It is well knownt tA€E2 is an important host cell
receptor of SARS-CoV-2 that plays a crucial roléha virus entry [1]. While ACE2
are mainly expressed by the epithelial cells ofoter organs, excessive expression is
suggestive of increased susceptibility to infectibarther, ACE2 activity has been
considered as a potential biomarker for cardiaeadiss. Considering higher incidence
of pneumonia and bronchitis in patients with COMIB-having high ACE levels,
recently a correlation between circulating ACE lsvand COVID-19 infection has
been established [2]. In view of this, the presgatly was conducted to evaluate the
serum ACE levels as a possible biomarker in COV@péatients.

Based on the previous studies by Zhou F, et all8] K, et al [4], Huang C,
et al [5], Cao J, et al [6] and Giacomelli A, et[d] Mortality rate of COVID-19
ranges from 11.7% to 28.2%. The variation in madstadates in different studies
could be attributed to factors including heterogggnef study population, time of
consultation, variation in treatment protocols andilability of resources. In our
study, among the 101 patients included in the studprovement was noted in 86
patients while 15 patients succumbed with a maytakte of 14.9%. This is well
within the range reported by previous studies. un gtudy, patients belonged to the
age range of 19 to 88 years. The mean age of patieas 52.28 + 14.55 years. The
age distribution in our study is consistent witleypous reports Wang D, et al [8] and
Baloch S, et al [9]. Previous studies have repareceased mortality with increasing
age which is related to higher incidence of contiti@is and compromised immune

status in elderly patients. In accordance with pinevious studies, mean age of
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expired patients was significantly higher than ioy&d patients (59.67 years vs 50.99
years; p=0.0324).

Prevalence of COVID-19 is higher in males than flemand males are at
higher risk of complications and mortality than fdes [10, 11]. Similarly, 68.3% of
patients in our study were males and 31.7% werealiesnwith a gender ratio of
2.16:1. However, we did not observe a significaiffetknce in the COVID-19
disease outcome between genders (p>0.05). In CQ¥Ipatients, Fever is the most
common clinical manifestation. Other features ideludry cough, myalgia, dyspnea,
diarrhea, abdominal pain, vomiting/nausea. Anossniayposmia and loss of taste are
typical features of COVID-19 and is seen in appmately 80% of patients [12, 13].
Similarly, fever was the most common complaint ur study (58.4%) followed by
breathlessness (40.59%) and cough (30.69%). Freguesf patients with
breathlessness was significantly higher among edppatients as compared to
patients with an improvement (66.7% vs 36.1%; p289). Expired patients had 3.5
times more odds of experiencing breathlessnessgaaents with improvement. No
difference in other clinical features was notedusetn expired and improved patients
(p>0.05).

Presence of comorbidities are associated with pawcome in COVID-19
patients. Reindl-Schwaighofer et al [14] reported a positie@rrelation between
diabetes mellitus and COVID-19 patienits.our study, 12.9% patients had history of
T2DM, 10.9% were hypertensives, 2.97% had thyragkake and 1 patient had
lymphoma. We did not observe any significant efictomorbidities on COVID-19
outcome. This could be related to very low numtdegpaiients with comorbidities in

our study, the lower sample size would have affkthe sub-analysis.
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Pulse rate was significantly higher among expiredients than improved
patients (99.87 beats per minute vs 89.5 beatmpuarte). No difference in the mean
SBP and DBP between expired and improved patiepte woted. SARS-CoV-2 is
primarily a respiratory pathogen which affects blineg and its functions. Decreased
oxygen saturation levels, lower respiratory rate] decreased oxygen saturation and
fraction of inhaled oxygen ratio are indicative difease progression and severity.
[15, 16]. Among these parameters we evaluated xlygem saturation levels in our
study. The mean oxygen saturation levels were loiweexpired patients than
improved (77.6 vs 86.3), however the difference natsstatistically significant.

Laboratory changes in COVID-19 disease which candrsidered indicators
f severity and disease outcome include heamtolbgiakers such as decreased
platelet count, lymphocyte count, hemoglobin, eggiml count and basophil count;
and elevated NLR ratio; Inflammatory markers sushekevated C reactive protein,
erythrocyte sedimentation rate, Serum Ferritin, iDv&, Lactose dehydrogenase,
cytokines and chemokines; Coagulation markers sash increased levels of
thrombin-antithrombin complex, a2-plasmininhibitor-plasmin Complex,
thrombomodulin, t-PA/PAI-1 Complex, prothrombin #m(PT), international
normalized ratio (INR), activated partial thrombastin time (APTT), fibrinogen and
thrombin time (TT); and ibchemical markers such ascreased levels of creatine
kinase, myoglobin, aspartate aminotransferase alt@mhine aminotransferase,
procalcitonin, reduced albumin-globulin ratioactose dehydrogenasglycosuria,
proteinuriaand Creatine phosphokinase levels [17-21].

In accordance with the above literature, we obsksignificantly lower mean
hemoglobin levels among patients who expired tratiepts with improvement (11.6

vs 12.8; p=0.0201). However, the mean platelet tda8R levels were comparable
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between COVID-19 outcomes. Other laboratory indmesh as mean D-dimer levels
(2751.8 vs 1110.18; p<0.001), mean interleukin 66(2 vs 90.2; p=0.0065) and
mean Hs Reactive protein (160.57 vs 98.97; p=0)p0&Xe significantly higher
among expired patients compared to improved patiedn the other hand, mean
serum albumin levels were significantly lower amaxpired patients than improved
patients (3.4 vs 3.78; p=0.0057). Other evaluatdbratory markers such as mean
serum ACE levels, total bilirubin, direct biliruhinSGOT, SGPT, alkaline
phosphatase, urea, creatinine were comparable é&etvexpired and improved
patients (p>0.05).

Severity of COVID-19 can also be assessed basedDrfindings. The
hallmark of COVID-19 is multiple, bilateral, posiar and peripheral ground glass
opacities on chest CTn severe cases these are accompanied by infilyatiadows
[17]. Based on Ct findings COVID-19 can be categguti as mild, moderate and
severe disease [22]. In our study, no significafference in the CT severity score
was observed between expired and improved pati@©wsrall, half the patients were
categorised as moderate severity, one third wetegodsed as severe disease and
only 17% had mild disease. CT severity score wdselated to disease outcome in
our study. We compared the effect of different paeters and CT severity.
Significant difference in the pulse rate betweetigoés with different disease severity
were noted. However, none of the other laboratodicators had an effect on CT
severity categorization.

Previous studies have suggested that monitoring22A&#ild be beneficial in
assessing the disease severity and prognosis ofl@@¥. They reported increased
mortality risk with patients with higher ACE level83]. Fagyas et al [24] reported

higher levels of serum ACE levels with increasingedse severity as compared to
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patients without disease. Mean serum ACE levelsunstudy was 18.33 and was
comparable between patients with improved and egppatients. In our study, the
odds ratio of serum ACE levels at predicting diseastcome was 1.0 suggesting no
effect. Similarly, the AUC for serum ace level @ihd to be 0.5609 (95% CI: 0.3923-
0.7294) in predicting mortality outcome. These hssgonfirmed that serum ACE
levels is not a good predictor for mortality outmmWe further evaluated the
association between CT severity score and serum la@#s and found no significant
association between serum ACE levels and CT sgvakie observed a significant
negative correlation between haemoglobin and sef@& levels and significant
positive correlation between Alkaline phosphatasel @erum ACE levels. No
correlation between other laboratory indicators aedum ACE levels was observed

in our study.
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CONCLUSION

In our study cohort, serum ACE levels between patients with different disease
severities based on CT score and disease outcome were comparable. Further, results
of our study suggested that serum ACE levels is not a good predictor for mortality
outcome. Screening of serum ACE levels may be beneficial in assessing the
susceptibility and severity of COVID-19 patients. We further suggest prospective,
multicenter studies to evauate the relationship between serum ACE levels and

COVID-19 disease severity and clinical outcome.
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SUMMARY

The present cross-sectional study was conduct&dliBS Dr. Prabhakar Kore
Hospital and Medical Research Centre, Belagavi withaim to evaluate whether
serum ACE levels can be used as a possible biomiarkeOVID-19 patients. A total
of 101 adult patients >18 years of age with a cordd diagnosis of COVID-19 were
included in the study. Patients with comorbiditsesh as hyper- and hypothyroidism,
miliary tuberculosis, asthma, COPD, Sarcoidosis ahtbnic liver disease were
excluded.

After obtaining the ethics clearance and patiefarmed consent, data oge,
gender, primary complaints, prior history, wereoreled. Patients were categorised
into severity based on CT severity score. Clinipatameters such as pulse rate,
systolic and diastolic blood pressure, oxygen séditum; Laboratory parameters
including hemoglobin, total leucocyte count, platedount, ESR, D-dimer, IL-6, Hs-
reactive protein, serum ACE levels, total bilirubdirect bilirubin, SGOT, alkaline
phosphatase, Serum albumin, Urea, Creatinine veemded.

Data was analysed usirgiatistical software R version 4.2.1 and Microsoft
Excel. Two sample t test is used to compare means ofblasaver outcome. Mann
Whitney U test is used to compare the distributadnvariables over outcome.
Applicability of serum ace levels to predict oute®nis checked by Logistic
regression. Kruskal Wallis test is used to compheadistribution of variables over
CT severity score. Spearman’s rank correlationigessed to check the correlation of
different variables with serum ace levels. P-vd&ss than or equal to 0.05 indicates
statistical significance.

The study population consisted of 101 patients agh ranging from 19 to 88

years (mean age 52.28 years). 68.3% of patientsiirstudy were males and 31.7%
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were females with a gender ratio of 2.16:1. Overd8.15% patients improved,
14.85% patients succumbed. In our study, mean dgexpired patients was
significantly higher than improved patients (59y&ars vs 50.99 years; p=0.0324).
disease outcome was comparable between gender9%)p>0

Fever was the most common complaint in our stud3/4®) followed by
breathlessness (40.59%) and cough (30.69%). Freguesf patients with
breathlessness was significantly higher among edpwatients vs improved patients
(66.7% vs 36.1%; p=0.0259). No difference in otleénical features was noted
between expired and improved patients (p>0.05)oun study, 12.9% patients had
history of T2DM, 10.9% were hypertensives, 2.97% tigroid disease and 1 patient
had lymphoma. We did not observe any significarfeatf of comorbidities on
COVID-19 outcome.

Pulse rate was significantly higher among expiredignts than improved
patients (99.87 beats per minute vs 89.5 beatsprrte; p=0.0212). No difference in
the mean SBP and DBP between expired and improegdngs were noted. The
mean oxygen saturation levels were lower in exppatients than improved (77.6 vs
86.3; p=0.7851). Mean hemoglobin levels was sigaiftly lower in expired patients
vs improved patients (11.6 vs 12.8; p=0.0201). Hewethe mean platelet count,
ESR levels were comparable between COVID-19 outsqime0.05).

Other laboratory indices such as mean D-dimer $y2751.8 vs 1110.18;
p<0.001), mean interleukin 6 (256.4 vs 90.2; p=63)&nd mean Hs Reactive protein
(160.57 vs 98.97; p=0.0039) were significantly lghamong expired patients
compared to improved patients. Conversely, meamnsealbumin levels were
significantly lower among expired patients than foyed patients (3.4 vs 3.78;

p=0.0057). Other evaluated laboratory markers siscmean serum ACE levels, total
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bilirubin, direct bilirubin, SGOT, SGPT, alkalinehgsphatase, urea, creatinine were
comparable between expired and improved patiep3.0B).

Mean CT severity score was comparable between exkpand improved
patients ( 13.4 vs 13.23; p=0.9084). Overall, 49.»%5e categorised as moderate
severity, 33.6% had severe disease and only 17%nlldddisease. CT severity score
was not related to disease outcome in our studynifBiant difference in the pulse
rate between patients with different disease sgvesre noted (p=0.0484). However,
none of the other laboratory indicators had anceftem CT severity categorization
(p>0.05).

Mean serum ACE levels in our study was 18.33 ansl @snparable between
patients with improved and expired patients. In swudy, the odds ratio of serum
ACE levels at predicting disease outcome was 1g@esting no effect. Similarly, the
AUC for serum ace level is found to be 0.5609 (95P60.3923-0.7294) in predicting
mortality outcome. No significant association betweserum ACE levels and CT
severity. We observed a significant negative catieh between haemoglobin and
serum ACE levels and significant positive corr@atbetween Alkaline phosphatase

and serum ACE levels.
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Limitation Of the Study

Limitations of the study
* Single center study
» Cross sectiona nature of the study with itsinherent limitations

» Relatively smaller sample size

Future per spectives
Although we did not observe a significant relationship between ACE levels with
disease severity based on CT score and disease outcome among COVID-19 patients,

further prospective, multicenter studies are warranted to eval uate this relati onship.
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ANNEXURE |
INFORMED CONSENT

Principal I nvestigator: -
REG NO: BG0120007

Post Graduate Student, Department of General Medicine, JNMC, Belagavi.

Guide: -

Dr.

REGISTRAR

Department of General Medicine, JNMC, Belagavi.

Introduction and Purpose: - The pandemic of coronavirus disease-19 (COVID-

19) has been associated with substantial morbidity and mortality. The causative agent

of COVID-19 hasbeen known to be severe acute respiratory syndrome coronavirus-2

(SARS-CoV-2). It isanovel enveloped ribonucleic acid (RNA) beta-coronavirus. The
disease was first reported in Wuhan, Hubei Province of China, in December 2019,
after a cluster of caseswith unknown causes of pneumonia that did not respond to
usual treatments. By the end of January 2020, the WHO declared the disease as
pandemic. As of May 1, 2020, the disease had spread to 187 countries, affecting 3
crore plus population. *This study may predict the Angiotensin converting enzyme

(ACE) as a possible biomarker topredict severity of covid 19 disease.

You are being asked to enroll yourself in the above said research as you are eligible
for participation in this study being conducted at J N Medica College, KLES Dr.
Prabhakar Kore Charitable Hospital, Belagavi from OCTOBER 2020 to
SEPTEMBER 2021 conducted by REG NO: BG0120007 post graduate student in the

Dept. of Medicine under the guidance of Dr.
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Procedure:
If you agree to be part of the research study, you will be asked the relevant history and
will be subjected to relevant clinical examination and investigations. You will aso

haveto give blood samples for the necessary investigations.

Risk and Benefits:
The only risk and possible discomfort you might get is while taking blood from your
armfor the investigations. It may cause swelling, pain, redness (rarely happens) at the

site from where the blood is drawn.

You may not be benefitted by these investigations but you will be part of this study

whichis going to be useful to othersin the future.

Alternatives:

Taking part in this study is voluntary. Y ou may choose not to take part in this study.

If you decide to take part you can later change your mind and withdraw from the
study. Y our decision will not change the present or future health care or other services
that you receive. The study doctor or sponsor may stop your participation in this study
at any time.If you choose not to take part in the study, you will receive the standard

treatment for patients with your condition.

Privacy and Confidentiality:

All information collected about you during the course of this study will be kept
confidential to the extent permitted by law. The code numbers will identify you in this
research record. Information from this study may be published but your identity will

beconfidential in any publication.
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Institution / Sponsor’s policy:

Does not apply to this research

Financial incentives for participation:

No additional costs shall be incurred upon you for the purpose of this study. It is
purely being done with the idea of research and all the cost of study will be borne by
the investigator. Y ou willnot be paid / offered any gifts /incentives for participating in

the study.

Authorization to publish the results:
The results of the study would be forwarded to the KLE University, Belagavi as part

of requirement towards the completion of MD degree, review and publishing.

In case of the queries during study or in future you may contact following

persons,
REG NO: BG0120007

Post Graduate Student, Department of General Medicine, JNMC, Belagavi.

Dr.
PROFESSOR

DEPT OF GENERAL MEDICNE

JN. MEDICAL COLLEGEBELAGAVI

Dr. HARSHA HEGDE,
CHAIRPERSON, INMC, IEC & Scientist D,ICMR,

National Institute of Traditional Medicine,Belagavi- 9480422500
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CONSENT FORM

I, voluntarily agree to take part in this study by signing below. | may withdraw at any
time. | am not giving up any of my legal rights by signing this form. My signature
below indicates that | have read this consent form, or it has been read to me, this

consent form and have had all the questions answered.

Name of the Participant

Signature of the participant or Left-Hand Thumb impression

Name of Investigator

Signature of investigator or Left-Hand Thumb impression

Name of Witness

Signature of Witnessor Left-Hand Thumb impression

Date:

Place:
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PROFORMA
Patient name:
Age/Sex: DOA:
Religion:
Address:
Phone number: Occupation:
CHIEF COMPLAINTS:
PRESENT HISTORY

PAST HISTORY:
FAMILY HISTORY
PERSONAL HISTORY
TREATMENT HISTORY

EXAMINATION: GENERAL CONDITION: PALLOR- YES/NO
ICTERUS-'YES/NO

LYMPHADENOPATHY-YES/NO CYANOSIS- YES/NO
CLUBBING-YES/NO

EDEMA-YES/NO O/E:

Temperature: Pulse rate: Resp Rate Blood pressure:

SE:

CVS

RS

PA

CNS
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INVESTIGATIONS:

DATE:

INFERENCE:

Hemoglobin

Total leucocyte count

Differentia leucocyte count

Platelet count Serum ACE

levels Hs-reactive protein

Interleukin-6

Erythrocyte sedimentationrate
(ESR)

D dimer

Totd bilirubin

Direct bilirubin

Indirect bilirubin

SGOT

SGPT

Alkaline phosphatase

Serum albumin

Serum globulin

Urea

Creatinine

Blood group

IMAGING HRCT THORAX
(CT severity score)

TREATMENT:

CONCLUSION:
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ALKALIN

AGE IPNO [ SEX DOA CHIEF COMPLAINTS COMORBIDITIES F;ﬂ'_rSEE PR?IIE-SSOJDRE SPOSZAT‘I?B}QAA?(IDON? ez P?)‘;!E’I'(I:\?E HEMOGLOBIN LEJ(?(‘;@#TE P‘E;'erE’\I;_:_ET ESR D dimer INTERI%EUKI N REAl-(lls"I'IVE BI-II:(IDI;I-L’JAéI N BIDLIIT?EJCB-II-N SGOT| SGPT PHCI)ESPH AfEBTJL:/I'\fN UREA | CREATININE
COUNT PROTEIN ATASE

42 6089222 | M | 17.05.21 Breathlessness and Headache T2DM 920 110/70 78% on O2 mask CORADS 5 12/25 Positive 145 14.7 2,30,000 6 550 12.34 534 <5 0.58 0.26 22 49 84 28 27 6.6 Improved
56 1052640 | F | 17.05.21 Breathlessness, cough, fever T2DM 78 130/90 90% on O2 mask CORADS 5 12/25 Positive 124 10 1,56,000 10 300 4.5 73 21 0.11 0.12 25 20 120 38 19 0.58 Improved
55 1051978 | M | 22.05.21 Breathlessness No comorbidities 104 110/70 94% on O2 mask CORADS5 14/25 Positive 14.1 9.7 20,600 32 482 15 1875 15 0.58 0.52 23 37 100 38 20 0.2 Improved
w 1053391 | M | 12.05.21 Breathlessness Hypertension 78 130/80 87% on O2 mask CORADS 5 4/25 Positive 14.6 185 4,52,000 66 553 79 20 <5 164 0.54 339 587 211 32 a7 0.69 Improved
47 1051960 | M | 09.05.21 Cough, Breathlessness No comorbidities 920 120/80 80% on O2 mask CORADS 5 10/25 Positive 158 31 1,00,000 28 448 65.06 90.9 69 0.38 0.68 a7 25 57 38 24 1.06 Improved
69 1028755 | M | 21.11.20 Breathlessness T2DM and Hypertension 121 110/70 92% on O2 mask CORADS 5 20/25 Positive 10.3 20.4 2,74,000 44 506.7 452.3 170.1 63 0.58 0.39 18 13 180 25 168 5.4 Improved
73 1052756 | M | 19.05.21 Cough, Fever No comorbidities 86 160/90 93% on O2 mask CORADS 5 4/5 Positive 13 126 2,24,000 21 302 100 115 10 0.80 0.25 27 26 52 37 25 0.76 Improved
48 1049655 | M | 18.04.21 Fever and headache No comorbidities 136 130/80 97% CORADS 5 10/25 Positive 14.9 12 2,37,000 18 593 4.98 265.8 19 0.90 0.50 73 37 133 32 36 0.8 Improved
64 1048047 | M | 05.04.21 Fever and Cough No comorbidities 88 110/80 92% on O2 mask CORADS 5 10/25 Positive 136 114 2,28,000 7 292 629.41 50.3 <5 0.36 0.17 0.19 21 19 31 9 0.7 Improved
44 1052405 | F | 14.05.21 Fever and Cough No comorbidities 98 110/70 99% CORADS 5 18/25 Positive 10.8 2400 1,563,000 37 548 212.3 88.1 11 0.20 0.10 190 76 70 35 25 0.92 Improved
82 1052719 | M | 18.05.21 Breathless and Cough No comorbidities 108 130/90 27% intubated CORADS 5 12/25 Positive 9.2 11 2,18,000 6 793 78.31 1575 20 0.50 0.10 61 16 100 33 104 3.4 Expired

19 1052769 | F | 19.05.21 Cough, Fever and Breathlessness No comorbidities 130 105/72 90% on O2 mask CORADS 5 12/25 Positive 115 13 3,22,000 20 723 42.6 66 28 0.40 0.12 31 18 116 28 10 0.5 Improved
29 1056833 | M | 15.05.21 Breathless and Cough No comorbidities 108 110/70 84% on O2 mask CORADS5 13/25 Positive 132 111 2,39,000 a2 442 2241 154 6 0.13 0.13 39 26 71 36 39 0.57 Improved
73 1052839 | M | 19.05.21 Giddiness No comorbidities 90 130/90 70% on NIV CORADS 5 9/25 Positive 125 53 1,65,000 40 1065 61.9 45.9 8 0.83 0.46 30 16 54 37 35 141 Improved
65 1052530 | F | 13.05.21 Breathlessness and Fever No comorbidities 82 90/60 62% intubated CORADS 5 8/25 Positive 128 226 1,17,000 15 5000 48.71 269 13 211 2.00 60 29 280 4 94 0.91 Improved
38 1052786 | F | 19.05.21 Body ache and Fever T2DM 96 120/80 90% on O2 mask CORADS 5 14/25 Positive 11 8.6 1,98,000 6 554 82.62 70 32 0.80 0.20 20 36 116 4.2 70 0.9 Improved
58 1052557 | F | 16.05.21 Breathlessness and weakness T2DM, HTN, hypothyroidism 117 130/80 94% on O2 mask CORADS 5 11/25 Positive 10 9 2,63,000 49 351 52.24 16.1 46 0.26 0.14 16 12 70 4.4 34 0.63 Improved
32 1049614 | M | 18.04.21 Fever, Hemoptysis and Breathlessness No comorbidities 88 120/80 95% on O2 mask CORADS 5 10/25 Positive 15.6 8.7 33,000 39 1139 46 110 9 1.28 0.56 140 153 73 36 34 0.85 Improved
67 1052510 | M | 16.05.21 Fever, Cough and Breathlessness Hypertension 120 140/70 98% CORADS 5 10/25 Positive 122 9 2,44,000 49 >5000 1714 222 19 0.85 0.86 173 139 453 31 121 141 Expired

66 1052537 | F | 16.05.21 Fever No comorbidities 86 140/70 92% on O2 mask CORADS 5 12/25 Positive 111 6.7 1,57,000 91 661 116 1435 17 0.25 0.16 20 12 84 36 45 0.81 Improved
55 1052484 | F | 15.05.21 Generalised weakness, cough and fever No comorbidities 130 130/80 98% CORADS 5 10/25 Positive 13 77 1,96,000 24 552 17.26 197.1 18 0.24 0.09 26 25 104 32 59 0.88 Improved
63 1052621 | F | 17.05.21 Cough No comorbidities 90 100/70 84% on O2 mask CORADS5 16/25 Positive 10.2 7.4 2,81,000 62 305 345 138 14 0.33 0.22 29 15 70 37 18 0.75 Improved
8 1035337 | M | 17.01.21 Breathlessness No comorbidities 68 124/68 95% CORADS5 17/25 Positive 13 8.7 1,97,000 65 490 79.48 209.4 9 1.90 120 v 58 52 33 38 0.92 Improved
63 6089201 | M | 17.05.21 Chest and Shoulder pain No comorbidities 67 148/106 97% CORADS 5 11/25 Positive 126 159 2,99,000 16 159 32.02 34.2 <5 0.33 0.20 20 15 96 38 15 0.66 Improved
68 1034502 | M | 31.01.21 Fever No comorbidities 88 126/80 72% on NIV CORADS5 16/25 Positive 145 123 2,33,000 56 529 16 79.6 24 0.33 0.10 31 32 190 35 13 0.78 Improved
58 1052557 | F | 16.05.21 Breathlessness, weakness and Cough Hypothyroidism 120 130/80 95% CORADS 5 13/25 Positive 10 9 2,63,000 49 351 52.24 16.1 43 0.26 0.14 16 12 70 4.4 34 0.63 Improved
59 1052044 | M | 10.05.21 Breathlessness, fever, cough and myalgia Hypertension and lymphoma 88 120/80 88% on O2 mask CORADS5 22/25 Positive 8.4 116 22,000 14 800 135 258 14 0.15 0.10 28 17 180 4 30 0.75 Improved
40 1052466 | F | 15.05.21 Breathlessness, cough and fever No comorbidities 108 126/80 95% CORADS 5 14/25 Positive 14.2 187 3,26,000 12 5000 12.18 438 10 0.32 0.06 33 38 53 38 20 0.5 Improved
55 1052362 | F | 13.05.21 Breathlessness No comorbidities 88 100/70 93% on O2 mask CORADS 5 19/25 Positive 105 118 2,94,000 9 585 5.79 40 16 0.20 0.10 42 44 78 4.1 24 13 Improved
54 1049362 | M | 16.04.21 Fever T2DM 86 100/70 80% on O2 mask CORADS 5 12/25 Positive 11.6 5.4 1,70,000 v 783 24 119.6 16 0.32 0.20 26 14 91 3 57 144 Improved
54 1052404 | M | 14.05.21 Breathlessness No comorbidities 84 108/70 94% CORADS 5 19/25 Positive 16.6 151 2,14,000 25 1370 53.3 176 18 0.75 0.13 21 25 139 36 59 0.7 Improved
30 1051805 | M | 07.05.21 Breathlessness and Fever No comorbidities 78 120/80 95% CORADS5 14/25 Positive 127 9.7 2,07,000 a7 372 209 15 20 0.29 0.20 44 29 180 38 18 1 Improved
51 1051993 | F | 09.05.21 Fever No comorbidities 78 130/90 96% CORADS 5 10/25 Positive 122 39 1,50,000 34 612 5.23 58.2 <5 0.40 0.20 33 25 72 39 23 0.59 Improved
35 1049868 | M | 20.04.21 Breathlessness and Fever T2DM 113 130/80 92% on O2 mask CORADS5 14/25 Positive 135 158 2,72,000 70 736 74.17 83.2 11 0.53 0.22 17 49 68 30 40 0.7 Expired

42 1052335 | M | 03.05.21 Fever and Cough No comorbidities 102 114/70 90% on O2 mask CORADS 5 10/25 Positive 134 6.4 2,92,000 21 387 15 6.7 8 0.36 0.15 209 194 86 4.0 22 0.83 Improved
57 1052120 | F | 11.05.21 Fever No comorbidities 97 120/80 95% CORADS 5 16/25 Positive 115 4.6 1,28,000 27 6743 59.96 119.7 14 0.87 0.47 51 21 9 29 33 0.47 Expired

73 1052511 | M | 16.05.21 Breathlessness No comorbidities 84 88/50 97% CORADS 5 17/25 Positive 132 81 1,95,000 49 537 3511 195.1 14 0.52 0.34 113 62 94 36 43 0.97 Expired
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73 1027390 | M | 07.11.20 Cough T2DM and Hypertension 78 110/70 90% on O2 mask CORADS 5 4/25 Positive 95 137 2,05,000 6 968 1216 292 22 0.42 0.30 48 16 38 26 102 3.72 Expired

33 1049611 | M | 18.04.21 Fever No comorbidities 96 130/80 94% CORADS 5 6/25 Positive 15.2 7.7 2,06,000 32 208 68 145 22 0.77 0.27 19 26 56 4.0 34 0.73 Improved
37 1049618 | M | 18.04.21 Breathlessness and Cough T2DM 72 130/80 92% on O2 mask CORADS 5 13/25 Positive 151 57 1,95,000 16 417 77.95 164 17 0.49 033 70 56 123 39 26 0.64 Improved
46 1049363 | M | 16.04.22 Cough No comorbidities 96 100/60 75% on NIV CORADS 5 6/25 Positive 117 39 1,21,000 19 218 98 55.9 11 0.49 0.20 186 113 46 36 14 1 Improved
65 1050512 | F | 17.04.21 Breathlessness and cough No comorbidities 104 130/70 86% on O2 mask CORADS 5 13/25 Positive 118 95 2,39,000 76 4066 10.19 183.2 36 0.45 0.18 141 59 130 38 39 0.98 Expired

63 1029556 | M | 20.11.20 Breathlessness T2DM and Hypertension 66 130/80 99% CORADS 5 13/25 Positive 9.9 9 2,47,000 79 1329 1443 920 31 0.23 0.13 24 10 80 209 183 10.89 Expired

60 1036428 | M | 24.01.21 Weakness No comorbidities 110 120/70 100% CORADS 5 12/25 Positive 14.4 121 3,37,000 26 1460 246.4 176.1 <5 0.39 0.28 52 26 87 33 52 119 Expired

55 1048958 | M | 12.04.21 Fever and Cough No comorbidities 88 110/80 94% CORADS 5 10/25 Positive 10.7 5.6 1,77,000 31 306 30.88 96.1 23 0.23 0.17 36 25 69 35 63 17 Improved
52 1049596 | M | 17.04.21 Fever, Cough and Breathlessness No comorbidities 86 100/70 60% intubated CORADS 5 6/25 Positive 16.1 17.2 2,11,000 20 363 116.9 186.8 14 0.68 0.40 23 33 95 34 53 0.84 Improved
44 1048743 | M | 10.04.21 Fever No comorbidities 100 120/80 93% on O2 mask CORADS 5 6/25 Positive 14.4 4.4 1,50,000 53 1800 19.17 130 <5 0.42 0.22 50 53 67 4.0 19 12 Improved
34 1049355 | M | 16.04.21 Cough No comorbidities 920 110/80 93% on O2 mask CORADS5 15/25 Positive 135 71 2,10,000 20 680 16 82.3 <5 0.61 0.22 18 22 54 43 21 120 Improved
70 1028572 | M | 20.11.20 Breathlessness T2DM and Hypertension 100 140/80 98% CORADS 5 10/25 Positive 9.2 179 4,79,000 36 957 15 149 20 0.28 0.09 26 16 100 38 60 191 Improved
61 1052858 | F | 20.05.21 Generalised weakness, cough and fever T2DM and Hypertension 112 130/90 97% CORADS 5 12/25 Positive 12 5.6 3,52,000 56 157 25.24 46.1 16 0.50 011 28 45 69 34 50 0.88 Improved
41 1049581 | M | 17.04.21 Cough No comorbidities 88 130/80 95% CORADS 5 6/25 Positive 135 5 1,34,000 38 217 2497 13 16 0.24 0.14 31 23 51 43 17 0.91 Improved
28 1048420 | M | 07.04.21 Cough, Fever Hypothyroidism 80 110/80 95% CORADS 5 6/25 Positive 111 5.9 1,79,000 29 159 20.32 133 20 0.19 0.06 12 9 78 36 14 0.46 Improved
39 1049018 | M | 13.04.21 Breathlessness and Fever No comorbidities 108 180/90 84% on O2 mask CORADS 5 14/25 Positive 15 17.2 1,75,000 15 522 145 1926 9 0.34 0.15 61 50 78 39 31 1.08 Expired

51 1049472 | M | 16.04.21 Breathlessness No comorbidities 68 110/60 78% on O2 mask CORADS 5 19/25 Positive 139 12 1,71,000 63 >5000 480 89.1 10 0.19 0.13 62 31 94 3.4 76 0.75 Improved
40 1049200 | M | 15.04.21 Fever, Cough and Breathlessness No comorbidities 110 130/80 97% CORADS 5 19/25 Positive 139 5.6 1,50,000 44 324 600.9 142.6 18 0.74 0.56 29 22 84 39 25 1.02 Improved
55 1052689 | F | 18.05.21 Breathlessness and weakness Hypertension 100 120/70 92% on O2 mask CORADS 5 4/25 Positive 113 6.5 2,26,000 17 1312 142.3 66.2 24 0.35 0.10 44 42 61 39 28 0.68 Expired

59 1052144 | F | 12.05.21 Breathlessness and Headache No comorbidities 126 112/70 24% intubated CORADS 5 24/25 Positive 11 134 3,34,000 87 10,524 150 184.6 8 0.36 0.11 44 42 73 32 40 0.68 Expired

55 1051814 | M | 07.05.21 Breathlessness No comorbidities 130 110/70 86% on O2 mask CORADS 5 11/25 Positive 128 74 2,18,000 55 1654 9.36 194.6 6 0.51 0.17 62 28 57 32 26 0.85 Improved
19 1049631 | F | 17.04.21 Cough, Fever and Generalised weskness No comorbidities 88 100/60 70% on NIV CORADS5 14/25 Positive 133 5600 1,65,000 14 168 6.46 84 16 0.19 0.09 18 13 92 4.6 13 0.7 Improved
54 1049643 | M | 24.04.21 Headache No comorbidities 100 110/70 87% on O2 mask CORADS5 18/25 Positive 141 15 90,0000 27 235 5.18 182 22 0.54 0.14 17 38 95 3.0 a2 0.63 Improved
38 1036881 | M | 28.01.21 Generalised weskness No comorbidities 68 170/80 90% on O2 mask CORADS 5 18/25 Positive 10.6 13 64,000 71 >5000 480 69 7 0.78 0.30 25 33 73 38 26 1.08 Improved
63 1051643 | M | 06.05.21 Fever No comorbidities 920 110/70 86% on O2 mask CORADS5 18/25 Positive 126 9.2 1,95,000 54 612 37 187.4 9 0.20 0.06 56 40 110 45 114 3.46 Improved
55 1051809 | M | 04.05.21 Cough No comorbidities 78 120/70 80% on O2 mask CORADS 5 24/25 Positive 15.6 126 4,26,000 a7 1403 55.4 59.9 16 130 10 44 39 198 39 48 0.88 Improved
55 1049857 | M | 07.05.21 Fever No comorbidities 88 130/80 88% on O2 mask CORADS5 15/25 Positive 118 10.9 1,21,000 59 1326 104.6 225 13 0.6 0.5 17 34 192 36 39 0.6 Improved
65 1051393 | M | 03.05.21 Fever No comorbidities 88 140/90 92% on O2 mask CORADS 5 5/25 Positive 134 5.6 1,93,000 25 5000 20 1136 18 0.44 0.44 31 19 110 36 39 0.81 Improved
45 1051271 | M | 0205.21 Fever T2DM 88 160/90 54% intubated CORADS5 18/25 Positive 141 57 1,85,000 31 500 19.43 149.9 18 0.48 0.40 57 30 100 36 45 0.71 Improved
35 1051255 | M | 02.05.21 Fever No comorbidities 88 140/60 62% on NIV CORADS 5 13/25 Positive 8.7 215 1,43,000 56 5000 86 135.7 20 0.49 0.40 32 65 118 4.0 64 0.89 Expired

51 1051731 | F | 06.05.21 Fever No comorbidities 80 100/60 78% on NIV CORADS 5 9/25 Positive 14.4 173 2,30,000 9 377 22 110 13 0.67 0.50 65 48 117 45 a7 0.68 Improved
38 1051823 | F | 08.05.21 Fever No comorbidities 80 120/70 75% on NIV CORADS 5 17/25 Positive 14.2 8.6 2,17,000 52 1431 183 131 16 0.40 0.28 59 40 100 4.0 27 0.68 Improved
65 1050836 | F | 22.04.21 Fever No comorbidities 88 110/80 95% CORADS5 16/25 Positive 8.6 4.1 62,000 17 573 20.11 176 43 0.73 0.23 10 31 100 42 20 0.82 Improved
54 1051836 | F | 08.05.21 Fever No comorbidities 96 200/100 57% intubated CORADS 5 16/25 Positive 121 216 2,90,000 12 1378 20 102 19 0.35 0.10 40 15 106 38 73 1.01 Improved
75 1051477 | M | 04.05.21 Breathlessness Hypertension 920 110/70 88% on O2 mask CORADS5 17/25 Positive 122 38 1,13,000 62 1026 23 226 26 0.41 0.40 73 22 108 4.2 81 131 Improved
44 1051522 | F | 05.05.21 Fever No comorbidities 88 130/90 67% on NIV CORADS 5 22/25 Positive 14 131 1,60,000 8 943 45 274 16 0.62 0.12 41 55 110 4.0 115 0.75 Expired

38 1050847 | M | 07.05.21 Breathlessness No comorbidities 24 120/70 73% on NIV CORADS 5 21/25 Positive 134 14 2,32,000 36 1530 300 109 15 0.37 0.37 22 27 118 4.0 a2 0.72 Improved
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43 1051644 | M | 06.05.21 Fever No comorbidities 920 80/50 93% on O2 mask CORADS5 14/25 Positive 145 127 2,67,000 58 1417 22 36.4 18 0.32 0.20 759 600 100 4.62 62 0.15 Improved
60 1051262 | M | 02.05.21 Cough No comorbidities 90 120/70 96% CORADS 5 10/25 Positive 136 4.1 1,61,000 70 327 96 78.8 14 0.31 0.30 51 33 112 4.5 35 0.87 Improved
62 1051304 | M | 03.05.21 Breathlessness No comorbidities 80 140/80 89% on O2 mask CORADS 5 17/25 Positive 15 6.3 1,60,000 10 466 40.5 58 13 0.86 0.50 ” 44 117 4.0 83 0.73 Improved
42 1051193 | M | 01.05.21 Fever No comorbidities 80 130/70 90% on O2 mask CORADS 5 11/25 Positive 13.2 89 2,25,000 26 247 64 195.7 13 0.55 0.25 29 16 160 4.0 38 13 Improved
38 1050453 | M | 23.05.21 Fever No comorbidities 88 110/80 76% on NIV CORADS 5 13/25 Positive 135 101 1,98,000 23 5000 57.34 297 14 0.77 0.55 a7 65 180 4.0 60 0.84 Improved
51 1051196 | M | 01.05.21 Breathlessness No comorbidities 88 90/60 63% on NIV CORADS 5 6/25 Positive 85 156 3,34,000 21 395 223.8 155.4 14 1.68 1.00 21 14 107 38 44 1.01 Improved
37 1051210 | F | 01.05.21 Fever No comorbidities 88 130/80 93% on O2 mask CORADS 5 4/25 Positive 14.1 121 1,24,000 a2 518 221 575 13 125 0.25 17 17 104 25 29 0.75 Improved
52 1051213 | M | 07.05.21 Fever and Breathlessness No comorbidities 76 100/80 88% on O2 mask CORADS 5 18/25 Positive 14.7 72 89,000 7 609 3.65 107 17 110 0.80 55 44 108 39 28 0.73 Improved
38 1050847 | M | 22.04.21 Fever No comorbidities 82 120/70 73% on NIV CORADS5 21/25 Positive 134 14 2,32,000 9 1530 10 109 12 0.37 0.10 22 27 180 34 a2 0.72 Improved
65 1051907 | F | 08.05.21 Fever No comorbidities 70 110/70 70% on NIV CORADS 5 23/25 Positive 9.2 103 2,83,000 10 831 9 307.1 14 0.3 0.14 23 13 100 4.2 62 16 Improved
7 1051910 | M | 08.05.22 Fever No comorbidities 88 110/70 94% on O2 mask CORADS 5 10/25 Positive 138 91 1,50,000 15 >5000 16 146.8 14 133 0.80 35 27 122 39 41 164 Improved
56 1051613 | M | 05.05.21 Breathlessness No comorbidities 70 110/80 92% on O2 mask CORADS 5 15/25 Positive 13.2 105 2,70,000 41 598 40 89.8 18 114 110 57 98 172 4.0 39 0.8 Improved
37 1051596 | M | 05.05.21 Fever No comorbidities 80 120/70 90% on O2 mask CORADS 5 7/25 Positive 129 35 2,00,000 21 217 10 14.2 19 0.77 0.50 69 54 100 39 23 0.75 Improved
46 1051610 | F | 05.05.21 Fever No comorbidities 88 130/90 80% on O2 mask CORADS 5 6/25 Positive 15.8 15 2,40,000 47 1416 46 150 17 0.48 0.22 22 24 100 35 57 0.81 Improved
29 1050024 | M | 20.04.21 Fever No comorbidities 920 120/80 68% on NIV CORADS 5 17/25 Positive 139 114 1,94,000 51 4292 94 114 48 0.27 0.20 65 68 100 45 32 10 Improved
75 1021495 | M | 22.08.21 Cough No comorbidities 920 120/70 88% on O2 mask CORADS 5 13/25 Positive 117 6.6 2,27,000 9 181 156 4.8 20 0.42 0.40 24 22 110 4.1 25 0.62 Improved
65 1019426 | M | 23.06.21 Fever and Cough No comorbidities 88 130/90 92% on O2 mask CORADS 5 6/25 Positive 14.1 72 1,61,000 50 746 32 1115 20 0.50 0.40 54 42 130 4.0 31 0.79 Improved
56 1051866 | F | 08.05.21 Fever No comorbidities 88 110/90 85% on O2 mask CORADS 5 12/25 Positive 11.6 179 2,01,000 33 308 42 140 55 0.33 0.13 58 61 190 4.2 46 0.8 Improved
34 1051807 | M | 07.05.21 Fever No comorbidities 88 110/70 95% CORADS5 16/25 Positive 139 6.4 1,98,000 10 248 6 84.3 12 0.30 0.10 41 47 920 39 22 0.82 Improved
51 1051918 | F | 09.05.21 Fever No comorbidities 88 110/80 89% on O2 mask CORADS 5 13/25 Positive 11.9 6.5 2,78,000 16 384 8 49.8 16 0.45 0.15 25 38 110 39 24 0.65 Improved
57 1051827 | M | 08.05.21 Fever No comorbidities 80 110/70 88% on O2 mask CORADS 5 21/25 Positive 111 129 3,98,000 21 1503 700 57 16 1.06 1.00 767 630 100 34 a7 0.65 Improved
30 1051963 | M | 09.05.21 Fever No comorbidities 88 120/80 60% intubated CORADS 5 22/25 Positive 15.6 10.6 2,74,000 22 1252 36 151 33 0.75 0.25 35 44 100 39 58 0.91 Improved
36 1051952 | M | 09.05.21 Breathlessness No comorbidities 88 110/70 91% on O2 mask CORADS5 24/25 Positive 115 14.2 2,87,000 62 437 84.9 76.6 40 0.21 0.20 33 22 100 39 41 0.93 Improved
88 1051902 | F | 08.05.21 Breathlessness No comorbidities 108 150/80 51% intubated CORADS 5 13/25 Positive 95 6.5 1,52,000 70 1344 626 36.6 26 0.39 0.10 103 13 90 35 41 132 Expired
71 1051280 | F | 05.05.21 Fever No comorbidities 80 110/60 90% on O2 mask CORADS 5 9/25 Positive 124 146 2,02,000 57 84 24 313 13 0.30 0.10 52 17 84.0 4.0 57 0.81 Improved
45 1051068 | M | 30.04.21 Generalised weskness No comorbidities 80 124/80 97% CORADS 5 10/25 Positive 136 51 1,50,000 62 491 62.91 66 24 0.28 0.16 58 39 130 39 31 0.69 Improved
45 1051693 | F | 06.05.21 Fever No comorbidities 88 100/80 84% on O2 mask CORADS 5 23/25 Positive 126 154 1,83,000 9 7155 320 79.2 13 0.27 0.20 41 18 82 45 41 0.85 Improved




