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Abstract

Background: SARS-CoV-2 predominantly affects the lungs, leading to severe acute
respiratory syndrome (ARDS). The lack of specific biomarkers underscores the urgent need
for novel indicators for early diagnosis and severity assessment of COVID-19. Specific
Background: Matrix metalloproteinase-3 (MMP-3) is implicated in various inflammatory
diseases, particularly viral infections, while homocysteine (Hcy) plays a crucial role in
maintaining cell homeostasis and regulating inflammatory responses. Knowledge Gap:
Despite their relevance in inflammation, the potential of MMP-3 and Hcy as biomarkers for
COVID-19 remains underexplored. Aims: This study aimed to evaluate the serum levels of
MMP-3 and Hcy in COVID-19 patients and assess their utility in diagnosis and severity
prediction. Results: A study analyzing 90 serum samples from 60 ICU patients and 30 healthy
controls found elevated CRP levels, higher Hcy and MMP-3 levels in the moderate group, but
lowerin the ICU group, with a significant correlation between MMP-3 activity and Hcy levels.
Novelty: This research highlights the potential role of MMP-3 and Hcy as valuable
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biomarkers for COVID-19 diagnosis. Implications: While MMP-3 and homocysteine may aid
in the diagnostic process, they could not be reliably used to predict severity outcomes in
COVID-19 patients. Further studies are warranted to clarify the clinical implications of these
biomarkers in the context of COVID-19.

Highlights:

MMP-3 and homocysteine identified as potential COVID-19 biomarkers.
N& correlation found between biomarkers and disease severity.
Farther research needed for clinical utility assessment.
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Introduction

Since December 2019, the covid-19 disease 2019 (COVID-19) in Wuhan, China outbreak has since become a
pandemic. Most cases are mild or moderate and can be managed easily; however, severe cases may cause extensive
alveolar damage and progressive respiratory failure that is called acute respiratory distress syndrome (ARDS),
leading to mortality (1). According to the World Health Organization (WHO) report, about 15% of COVID-19
patients are severe, and nearly 5% are critical (2).

In terms of clinical symptoms, COVID-19 has shown a wide spectrum, ranging from asymptomatic or mild forms to
severe ARDS, multiorgan and systemic failure (3). The virus agent SARS-CoV-2 enters cells through the angiotensin-
converting enzyme-2 (ACE-2) receptor. Because the ACE-2 receptor is present in different types of cells, it can
affect various organs such as the lung and liver, intestine heart, testis bladder kidney as well as brain and causing
gastrointestinal symptoms respiratory liver heart or neurological manifestations in addition to fever (4).

Hypertension, diabetes, cardiovascular diseases (CVD), obesity, and chronic lung diseases are the major variables
that worsen COVID-19 severity (5, 6). The usual initiation of COVID-19 clinical signs is five to seven days post-
infection. Fever, coughing, weakness, fatigue, headache as well as diarrhea and vomiting are among the signs (2).

Currently, CT imaging and reverse transcription-polymerase chain reaction to the real-time quantitative detection
(7) constitute major techniques in the diagnosis of SARS-CoV-2 infection. Also unspecific in confirming the disease
at early stages but other laboratory findings are: ESR elevation, high-sensitivity serum C-reactive protein, IL-6 and
IL-1B bioactivity, lymphopenia, lactate dehydrogenase; (8) additionally to these insufficiency in specificity for early
detection of the disease other markers reflecting severity of COVID-19 are not common for a routine setting test
and therefore their design would have to inspire sharpness as well on account of showing this disease's course duly
and timely.

Matrix metalloproteinases constitute a large family of zinc (Zn)-dependent enzymes engaged in a wide variety of
physiological activities and breaking down and remodeling components of the extracellular matrix (ECM). One of
the major MMP constituents is MMP-3, often referred to as stromelysin-1. It contributes to several physiological
processes: immunomodulation, control of an inflammatory response, and activation of other members belonging to
the MMP family. According to previous studies, MMP-3 can be used as a tracking marker for immunological
response, inflammation, and activators in inflammatory disease development with rheumatoid arthritis (RA).
Besides that, important results were obtained showing the contribution of MMP-3 to maintain proper healing
processes by lung tissue damage during respiration pathologies such as airway fibrosis, ARDS, or acute lung injury
(ALID).

In COVID-19 patients' sera, MMP-3 was clearly associating with IL-6 and IL-1p based on a new study; this may
imply the likely involvement of MMP-3 in SARS-CoV-2 infection via mechanisms such as cell entry (9). Another
research found a high correlation between pneumonia and increased MMP-3 in COVID-19 patients (13). Therefore,
MMP-3 might be a good biomarker for assessing the severity of the disease in COVID-19.

Methionine (Met) is demethylated in cells to homocysteine, an S-containing amino acid as a metabolic intermediate
(14). Homocysteine (Hcy) plays a role in cellular homeostasis maintenance and control of the cell cycle (15). High
plasma levels of homocysteine (> 15 pmol/L) indicate hyperhomocysteinemia (HHcy), a systemic pathological
condition (16). Among many others, such as cancer, cardiovascular disease, thrombosis, and neurodegenerative
disorders, HHcy is associated with the pathogenesis of these diseases (17). Homocysteine also increases during
viral infections, for example by hepatitis C or human papillomavirus and HIV viruses (18, 19) which cause infection.

Homocysteine measurement is currently applied in clinical laboratories. According to one study, measurement of
homocysteine levels together with monocyte lymphocyte ratio (MLR) might serve as a good indicator for COVID-19
disease severity (20). The study showed a relationship between increased COVID-19 disease severity and MLR as
well as HHcy (20). Another research has it that Homocysteine could be a predictive marker for severity of
COVID-19 among in-patients setting (21).

Yet another study that evaluated serum levels of liver enzymes found that a significant number of SARS-
CoV-2-infected patients portray disordered liver function, this being related to a positive correlation with long
hospitalization periods (22). Therefore, the assessment of these variables might reflect the relationship with
COVID-19's severity (need for ICU and mechanical ventilation).

Early enough diagnosis and proper treatment, more research on these biomarkers and knowing their role in
different stages of the COVID-19 disease appears to be necessary. Therefore, a research aim is to ascertain
physiological, biochemical, and immunologic factors regarding the pathogenesis of COVID-19.

Methods
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Subjects

From 1 Nov to 30 Dec 2021, 60 patients (30 male and 30 girl, elderly 18-85 years) engaged in this research. These
people' COVID-19 became confirmed by CT scans and RT-qPCR. Exclusion from the trial changed into granted to
contributors with negative RT-gPCR effects, underlying scientific conditions, or personal dissatisfaction.
Additionally, 30 healthy individuals signed as much as serve as the observe's manipulate group. A peripheral blood
sample of 20 milliliters turned into received by means of the individuals for you to check inflammatory markers in
the serum. This have a look at protocol (IRMUMS.MEDICAL.REC.1401.006) has been normal with the aid of the
ethics committee of Mashhad University of Medical Sciences. COVID-19 patients are divided into two categories:
slight and ICU, in line with WHO suggestions.

Homocysteine and MMP-3 assay

Blood samples were taken, centrifuged for 10 minutes at 1500 g, and saved at -20°C until the homocysteine and
MMP-3 analysis. Homocysteine degrees in serum were measured using the direct enzyme-linked immunosorbent
check (ELISA). Based on company procedure, a direct ELISA homocysteine assay (Human homocysteine ELISA
package, ZellBio GmbH, Germany). 2.5 and 80 nmol/ml, respectively, have been the lowest and maximum
detection limits. Before the immunoassay, the protein-sure hydroxycysteine (Hcy) is reduced to free Hcy and then
enzymatically transformed to S-adenosyl-L-homocysteine (SAH). Additionally, MMP-three in serum turned into
assessed via ELISA using the Human MMP-three ELISA Kit from ZellBio GmbH in Germany. Every operation turned
into executed according with business exercise, and OD became measured at 450 nm. 0.4 to 12.8 ng/mL turned into
the decrease and higher detection limits, respectively..

Biochemical and inflammatory factors

The BioSystems BA400 scientific chemistry analyzer changed into used to evaluate the ranges of alkaline
phosphatase (ALP), lactate dehydrogenase (LDH), alanine transaminase (SGPT-ALT), aspartate transaminase
(SGOT-ASP), and excessive-sensitive C-reactive protein (hsCRP) within the blood of COVID-19 participants..

Statistical analysis

All variable records, whether non-stop or express, are shown as percentages, imply, wellknown mistakes (SE), and
preferred deviation (SD). The statistics's normality turned into assessed the usage of the Kolmogorov-Smirnov test
and the unbiased-samples T-test/Mann-Whitney U take a look at and specific/Chi-rectangular Fisher's exams had
been used to evaluate the categorical and quantitative variables. The correlation coefficient among the non-stop
variables became shown the usage of Pearson and Spearman's rho. A statistically good sized end result was
described as a p-value of much less than zero.05.

Result and Discussion

Demographic findings:

Table 1 affords the demographic information for 30 controls and 60 COVID-19 patients, categorized in keeping with
the World Health Organization (WHO) degree. Age differences between the controls and the instances have been
not statistically sizeable..

Biochemical findings:

Data evaluation revealed that ICU sufferers had a extensively higher CRP degree (128.61+17.80) than the manage
group (6.82+0.5) and moderate organization (73.49+10.98) (p<0.001). Moreover, ALT tiers inside the slight group
(45.37£6.45) and ICU (128.89%+11.06) have been greater than the ones inside the control organization
(20.67+3.04) (p<0.05); likewise, AST stages inside the mild organization (40.56%+4.15) and ICU (47.3%+6.81) one
had been better than the ones within the manipulate organization (17.25+2.38) (p<0.01). Regarding the extent of
ALP, there were no sizeable differences discovered most of the manipulate group (198.25+19.92), mild
organization (208.12+19.71), and ICU institution (203.58+17.21).

The homocysteine tiers inside the control and COVID-19 patient subgroups, which consist of the mild and ICU
corporations, are proven in Figure 1. The interquartile variety is shown through containers; the median fee is
proven via strains inside the containers; the 5th and ninety fifth percentiles are shown by way of whiskers. The
homocysteine stages inside the moderate group have been substantially higher (p<0.0001) than those within the
manipulate organization, according to the statistics. Additionally, there was a large difference (p<0.01) inside the
homocysteine levels among the ICU and mild businesses.

The MMP-3 level inside the control participants and the mild and ICU affected person subgroups of COVID-19 is
shown in Figure 2. The interquartile range is shown via boxes; the median cost is proven with the aid of traces
within the containers; the fifth and 95th percentiles are shown with the aid of whiskers. Figure 2 shows that the
homocysteine degrees had been drastically higher (p<0.001) inside the slight organization compared to the control
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institution. Moreover, the levels of MMP-3 within the ICU organization have been lower than inside the moderate
organization (p<0.05).

Based on desk 2, the affiliation between the CT severity factors and CRP, LDH, ALT, AST, ALP, homocysteine, and
MMP3 changed into tested the use of Pearson's correlation evaluation. The findings of the 2-tailed Pearson
correlation check and Friedman analysis in repeated corporations confirmed a considerable association between
CRP stages and AST (r=0.308, p=0.031) and MMP3 pastime (r=-0.29, p=0.1/2). There exists a noteworthy
affiliation among the stages of LDH enzyme interest and ALT (r=0.365, p=0.04), AST (r=0.465, p=0.009), and the
severity rating on the CT test report (r=0.733, p<0.001).

Furthermore, a significant association (r=0.480, p<0.001) was found among the MMP3 enzyme hobby and
homocysteine; however, no giant correlation become seen among MMP3 interest and the score acquired from the
CT scan file.

Discussion:

Patients with moderate and severe COVID-19 phases were covered in our studies. MMP-three serum stages had
been plenty extra in COVID-19 patients than in a healthful assessment organization. In addition, ICU sufferers'
MMP-3 levels have been decrease than the ones of the moderate group. MMP-3's position in the pathogenesis of
lung contamination at some stage in irritation and the ensuing tissue regeneration is but unknown (23). However,
it's also broadly recognized that endothelial harm is a end result of intense COVID-19 contamination and other
issues, and that this harm might have an effect on pulmonary cells.

Furthermore, the principle resources of MMP-3 production are endothelial cells, and cytokines will enhance their
secretion (24, 25). Furthermore, it's far widely known that cytokine typhoon and hyper inflammatory reactions,
which result in the improvement of COVID-19-related severities, are some of the most not unusual effects in the
course of COVID-19 (26). Therefore, it stands to motive that expanded cytokines may be the purpose of more
MMP-3 stages in COVID-19 patients. It has formerly been suggested that in COVID-19, serum stages of MMP3 rose.

According to latest reports, sixty two COVID-19 patients in a studies exhibited better blood MMP3 ranges than the
manipulate group (nine). Furthermore, it has been shown that MMP-3 tiers upward push during COVID-19, which
may be linked to the deterioration of the basement membranes of lung cells (12, 27).

Not long ago, homocysteine was brought forth as a likely predictive biomarker in the continuum of COVID- 19
infection (28). In our study, we observed that homocysteine levels in COVID-19 patients were higher when
compared to non-infected persons.

It is now well established that COVID-19 leads to coagulopathy, thrombosis, and CVD with it that increases the
rates of severity and death (29-31). Moreover, it indicated that cardiovascular disease can be caused by
homocystinuria where there is characterized high plasma homocysteine levels in an 32. On the other hand there is
much controversy surrounding weak association between slightly elevated homocysteine levels and cardiovascular
diseases (CVD). Refsum et al.'s (33) research involved more than 18,000 subjects and confirmed a relationship with
hyperhomocysteinemia increased chances for hospital treatment. Van der Meer et al.'s study also established links
between high levels of homocysteine development venous thrombosis (34). These results bring hope that
parameters such as homocysteine levels— especially among those who have several diseases—could serve as a
useful predictor in the course of COVID-19.

Homocysteine, according to some research, is a proper indicator regarding COVID-19 and its severity (20, 35).
Moreover, several other research papers have found this factor to be a biomarker for predicting COVID-19-related
cardiovascular problems (28, 36, 37). Therefore, the lower homocysteine values in ICU patients than in moderate
patients in our study may indicate a higher risk of cardiovascular disease developing in these patients. Also,
evidence has been produced that increased activity of MMP3 and higher levels of homocysteine are factors causing
the development of heart diseases (38); our study results thus showed a correlative prevalence concerning high
levels of MMP3 and elevated homocysteine.

Several research has shown that CRP could be used in determining the severity of COVID-19 and as well as
prognostic indicators (39, 40). In our research, hsCRP levels showed a significant difference between the COVID-19
patient group and the control group. Additionally, a progression of COVID-19 will lead to an increase in hsCRP
levels. Our results agree with other studies that have shown a very high relationship with blood hsCRP levels and
severity of COVID-19 (41, 42).

Elevated hs-CRP efficiently discriminates COVID-19 suspects from other fever clinic patients with an onset similar
to the first symptoms of COVID-19. This may be useful in setting up triage protocols in an epidemic area when
COVID-19 and other respiratory diseases are very common and when there is a lack of medical resources available
for RT-gPCR and CT scan examination. Examples may include:

In line with our findings, another research has shown a strong correlation with COVID-19 and an increase in MMP3
levels (44). Also, it proved that MMP3 levels decrease with increased periods of hospitalization (44), similarly to our
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results showing negative relationships between CRP and MMP3 and indicating higher MMP3 for ICU compared to
moderate patients.

Liver function tests were another parameter checked in this study. The problem of impaired liver functioning as a
possible consequence of COVID-19 disease is known (45-47). According to our results, activity levels of ALT and
AST in COVID-19 patients show much higher values than in the control group. Several research papers have shown
elevated LFTS at various levels during COVID-19, which have been related to how severe the infection is (48-50).

It is speculated that in patients with COVID-19, SARS-CoV-2 probably directly caused the liver damage (51). In
addition, liver damage may be related to diarrhea and blood in the stool in subjects with COVID-19 (47, 52, 53). The
dysregulation of the innate immune response might be a major contributory component to this COVID-19 hepatitis.
In other words, hypoxia as a result of lung damage and immune-mediated inflammation (such as cytokine storm)
are two potential processes implicated in the damage to the liver of patients with COVID-19 (47).

Some other studies have shown abnormal liver enzymes in COVID-19 patients, which might indicate severe disease
and the likelihood of death (54-56). our findings of an adverse relationship between ALT, AST, ALP, LDH with
COVID-19 agrees with these studies. More research is needed to determine the relationship between abnormal
liver chemistries and COVID-19 mortality.

The enzyme lactate dehydrogenase (LDH) catalyzes the conversion of lactate to pyruvate intracellularly (52). There
are five isozymes of this enzyme. LDH-3 is for pneumocytes, and LDH-5 is for the liver (53). Some other researchers
have discovered that LDH can be a good indicator for bad outcomes in COVID-19 patients (54, 55). Therefore, our
findings confirm some earlier investigations (56, 57) about an unfavorable relationship between levels of LDH and
severity in chest CT. These findings indicate that LDH could be a useful marker for COVID-19 severity; however,
more studies are needed in this regard.

In general, this research showed that the levels of many biochemical variables were much higher among COVID-19
patients, such as homocysteine MMP-3, ALT, AST, and hsCRP than it is among those in the control group. This
research also indicated that the levels of these biochemistry factors among COVID-19 patients vary based on how ill
they are. Therefore, it seems that more research in this area is needed.

Conclusion

In conclusion, our study has shown that MMP-3 and homocysteine levels may be useful indicators for COVID-19
diagnosis. A better prognosis for COVID-19 patients may depend on using biochemical parameters for monitoring.
However, homocysteine levels and MMP-3 could not be used in this investigation to predict the severity of the
result. To establish the MMP-3 and homocysteine alterations' particular benefits or drawbacks for COVID-19
results, further research is needed.
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