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ABSTRACT 
SARS-CoV-2 stands for severe acute respiratory syndrome coronavirus 2. Matrix 

metalloproteinases- 9 (MMP-9) performs a crucial physiological role. In addition to its role in 

the molecular basis of lung fibrosis, this enzyme may also play a part in the "cytokine storm," 

which may represent one of the potential scenarios during coronavirus infection. Tissue 

inhibitors of metalloproteinase (TIMPs) are well-known for their ability to regulate MMP 

activity during remodeling of the extracellular matrix. As cytokines, they are also thought of 

as signaling molecules that impact on a wide range of biological processes. This study aimed 

to investigate the link between each of MMP-9 and TIMP-1, and COVID19 disease. A total of 

58 COVID-19 patients and 30 apparently healthy adults enrolled in this study. The ORF1ab, E 

and N genes of SARS-CoV-2 were detected using multiplex real-time PCR, while the ELISA 

technique was used to estimate the level of serum MMP-9, TIMP-1, and C-reactive protein 

(CRP). The study results demonstrated higher concentrations of MMP-9 in COVID-19 patients 

(2810 ± 1160 pg/ml) compared to controls (2110 ± 850 pg/ml), with non-significant differences 

(p=0.002). Unlike, TIMP-1, showed considerably higher levels in the patient’s group (541.53 ± 

201.42 pg/ml) than in controls (276.33 ± 67.26 pg/ml) with high significant differences (p ≤ 

0.001). Considering this study, TIMP-1 in COVID patients most likely play an important role 

in inflammatory response. Its clinical utility as a biomarker may be insufficient, but it 

provides a useful data in the diagnosis of COVID‐19. 

  

 

 

 

 

 

 

 

 INTRODUCTION 

An infectious disease emerged in March 2020 as a pandemic, triggers acute respiratory 

tract diseases in humans, later identified as SARS disease corona virus-2 and is 

abbreviated by SARS-CoV-2 [1]. This virus, along with Middle East respiratory 

syndrome coronavirus (MERS-CoV) and severe acute respiratory syndrome 

coronavirus (SARS-CoV), can lead to aggressive respiratory consequences [2]. The viral 

nucleic acid test is the most used diagnostic test for SARS-CoV-2. The structural 

proteins of SARS are spike (S), envelope (E), nucleocapsid (N) proteins, and membrane 

glycoprotein (M). The SARS-CoV-2 spike protein attaches to the receptor angiotensin-

converting enzyme 2 (ACE2), allowing the virus to enter the host cell [3]. Mutations 

may alter this adhesion ability that the (M) protein and (S) protein undergo, as evidence 

suggests that some proteinases (especially MMPs) control those processes [4]. MMP-9 is 

a member of MMPs, a large family of 23 calcium-dependent, zinc-containing 

endoproteinases. These endoproteinases also degrade and remodel the extracellular 

matrix [5] and participate in several physiological functions, including wound healing, 

embryogenesis, reproduction, and tissue remodeling [6]. This enzyme may play a role 

in the "cytokine storm" that is one of the coronavirus infections features and in lung 

fibrosis-associated molecular mechanisms [7]. MMP9 is not expressed in healthy lung 
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tissue but is released in case of inflammation like infections and neoplastic diseases; 

neutrophils, lymphocytes, macrophages, and mast cells are the common producing 

cells [8]. Since overexpression may be part of the pathology, which can lead to tissue 

damage and a set of pulmonary diseases, it is crucial to keep the balance between 

MMPs and TIMPs.  TIMPs can down-regulate MMPs activities by covalently binding to 

the pre-or active forms of MMPs at molar equivalence [9]. They have both MMP-

dependent and independent biological functions [10]. TIMPs can be indirectly regulate 

MMP-mediated processes such as cytokines processing, degradation of growth factor 

binding proteins, as well as the liberation of ECM-bound growth factors [11]. This 

regulation plays a vital role in balancing MMPs and TIMPs. Several pathologies may 

occur in case of any disturbance in their ratio [12]. TIMP-1 is one of the four 

investigated mammalian TIMPs, considered a soluble protein that can be secreted and 

vastly expressed upon inflammatory stimuli [13]. Through studying TIMP-1’s cytokine-

like function, several studies have recognized complex regulatory networks that 

include a specific surface receptor and successive signaling pathways which eventually 

control the cell's fate and behavior [14]. Recently, minimal data was provided about the 

diagnostic/therapeutic role of MMPs/ TIMPs in COVID-19 [15]. The objective of the 

present study was to evaluate the association between MMP-9, tissue inhibitor of 

metalloproteinase (TIMP-1), and COVID-19, as well as the diagnostic potential of these 

markers. 

 

METHODS AND MATERIALS 

Study subjects 

SARS CoV-2 infected patients participated in this study. Blood samples were collected 

from patients admitted to several hospitals in Baghdad city. The Bioethics Committee 

approved the study (University of Baghdad- College of science- dept. of Biology Ref. no. 

CSEC/0222/0007). Fifty-eight COVID-19 patients who had a positive nasopharyngeal 

swab were selected. The control group included 30 healthy people whose 

nasopharyngeal was negative and matched in age and gender. Exclusion criteria 

included any healthy person who had a history of autoimmune disease, allergic 

reactions or was a pregnant woman. 

 

Specimen collection and processing 

The oropharyngeal swabs were taken and placed in a disposable viral sample tube with 

virus preservation solution. Specimens can be frozen and thawed up to five times for 24 

hours at 2°C-8°C or three months at -70°C.  

For virus inactivation, the water bath was preheated to 56°C, and the sealed package 

containing the specimen was sprayed with 75% ethanol in a biosafety cabinet for 30 

minutes prior to placing it in the water bath. The specimen was gently mixed for 10 

minutes to keep the collecting tube from floating.  

An assay is carried out in the following manner. The qRT-PCR mix was made 

according to the instructions in Table 1. Two liters of internal control per test were 

transported to the negative control, positive control, and specimen for nucleic acid 

extraction. 
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Table 1. qRT-PCR mix preparation 

Name Reagent Volume\test No.\test 

qRT-PCR mix qRT-PCR reaction mix 17 µL N = n + 2 

 qRT-PCR enzyme mix 3 µL  

N = n + 2 denotes the number of tests, with n denoting the number of samples to be tested and 2 denoting the negative and positive 

controls. 

 

SARS-CoV-2 detection using multiplex PCR 

SARS-CoV-2 is detected using a multiplex real-time polymerase chain reaction (RT-

PCR) method that targets the virus's ORF1ab, E, and N genes using particular primers 

and fluorescent probes. Fluorescence intensity is used to detect virus nucleic acid in 

real-time. Internal controls are implemented to ensure no PCR inhibitors are present in 

the samples, preventing false-negative results (Chengdu, China-based Maccura 

Biotechnology Co., Ltd.). 

 

PCR analysis of the specimens 

In a PCR reaction tube containing qRT-PCR mix, 40 L of RNA templates (nucleic acid 

isolated from the negative control, positive control, and specimen) were added. The 

plate's lid was promptly fastened to avoid contamination. 

Amplification through PCR (polymerase chain reaction): The negative control, positive 

control, and test specimen were all placed in the correct order, and the PCR reaction 

tube was inserted into the machine. 

Deciding on a fluorescence route: The detection channels are FAM (Reporter: FAM, 

Quencher, None) and ROX (Reporter: ROX, Quencher, None); the internal control 

channels are HEX or VIC (Reporter, HEX\VIC, Quencher: None). 

The reaction volume is 40 μl. Table 2 shows the cycling protocol. Once the first run was 

completed, the findings were kept. Set the baseline threshold level, start value, and end 

value for each channel manually: Set the start and end values to 3-15 and 5-20, 

respectively. The negative control (NG) should be higher than the fluorescence 

background. The NC's NG, FAM, ROX, and CY5 amplification curves should be 

horizontal or lower than the threshold level, depending on the fluorescence 

background. The "analyze" button was pressed, and the results were displayed on the 

report screen (Maccura Biotechnology Co., Ltd.). 

Table 2. PCR amplification protocol 

 Step  Temperature  Time  Cycles  

1 Reverse transcription  55 °C 15 min 1 

2 Tag polymerase activation, pre-denaturing 95 °C 2 min 1 

3 Denaturation 95 °C 15 sec 40 

4 Annealing, extension, fluorescence 

acquisition 

58 °C 35 sec 40 

5 Instrument cooling 40 °C 10 sec 1 

 

Detection of MMP-3, TIMP-2, and CRP using ELISA 

Serum levels of MMP-9 (Catalogue No. SL 1157Hu), TIMP-1 (Catalogue No. SL 

1711Hu), and CRP (Catalogue No. SL0535Hu) were determined using the Enzyme-
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linked immunosorbent assay (ELISA), this ELISA kit uses Sandwich-ELISA as the 

method (SunLong Biotech Co., LTD). 

 

Hematological and biochemical analysis 

Fresh whole blood samples were used for WBC count. Hemoglobin concentration and 

platelets counting was performed using the D-Cell 60 DIGON Ltd (Europe/Hungary) as 

a fully automated haematology analyzing device. 

Erythrocyte sedimentation rate (ESR): 1.5 mL of blood preserved in an EDTA vial was 

added to 0.5 mL of sodium citrate solution, and the diluted blood was mixed well and 

then carefully drawn into a Westergren tube, and then the tube was placed in a 

Westergren rack in a vertical position for 1 h. Afterward, the distance in millimeters 

from the bottom of the surface meniscus to the top of the sedimented red blood cells 

was read. The result was read in millimeters per h. 

Serum specimens were used for glucose levels measurement using Glucose – Cobas 

c501/ Roche/Hitachi Cobas c systems as a fully automated device. It is an UV test using 

enzymatic reference method with hexokinase. Hexokinase catalyzes the 

phosphorylation of glucose to glucose-6-phosphate by ATP. Glucose-6-phosphate 

dehydrogenase oxidizes glucose-6-phosphate in the presence of NADP to gluconate-6-

phosphate. No other carbohydrate is oxidized. The rate of NADPH formation during 

the reaction is directly proportional to the glucose concentration and is measured 

photometrically. 

Body mass index (BMI) is a calculation of the relationship between weight and height, 

measuring the weight in kilograms divided by the height square in meters (kg/m). BMI 

is an indicator of body fatness. Studies show a link among body fat, BMI, and the health 

risk features; thus it is important detecting in BMI for evaluating the health risks and 

obesity [16]. 

 

Statistical analysis 

SPSS version 24.0 software was used for the statistical analysis. Normality tests were 

conducted for data measurement where normal data was represented as mean and 

standard deviation [16], while a t-test was used for comparison between two groups to 

compare the differences in serum MMP-9 and TIMP-1 levels between the two groups. 

Correlations between MMP-9 and TIMP-1 were estimated by Pearson correlation 

analysis. A two-sided p < 0.05 are considered statistically significant. 

 

RESULTS 

Level of MMP-9 in SARS-CoV-2 infection  

The MMP-9 serum levels in the patients and control group are shown in Figure 1. The 

mean level of MMP-9 was 2810±1160 pg/ml in the patient group and 2110 ± 850 pg/ml 

in the control group, with non-significant differences between the two groups (p=0.002). 
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Figure 1. The mean level of MMP-9 (pg\ml) in COVID-19 patients (2810±1160 pg/ml) and the control group 

(2110±850 pg/ml) with non-significant differences between the two groups (p=0.002). 

 

Level of TIMP-1 in SARS-CoV-2 infection  

The mean level of TIMP-1 was 541.53 ± 201.42 pg/ml and 276.33 ± 67.26 pg/ml in the 

patients and controls, respectively. The variation was highly significant between these 

two groups (p ≤ 0.001), as shown in Figure 2. 

 

 

Figure 2. The mean level of TIMP-1 (pg\ml) in COVID-19 patients (541.53±201.42 pg/ml) and control group 

(276.33±67.26 pg/ml) with highly significant variations between the two groups (p≤0.001). 

 

Correlation of MMP-9 and TIMP-1 in SARS-CoV-2 infection 

Pearson correlation analysis demonstrated that serum levels of MMP-9 were 

significantly (p = 0.001) and positively correlated with serum TIMP-1(Figure 3).  

  

Figure 3. Pearson correlation analysis of serum MMP-9 versus serum TIMP-1 (r = 0.424, p = 0.001). 

 

http://www.bsmiab.org/jabet


40 

 

www.bsmiab.org/jabet 

 

Ismael et al., J Adv Biotechnol Exp Ther. 2023 Jan; 6(1): 35-43 

 

Hematological and biochemical parameters in SARS-CoV-2 infection 

Regarding CRP, the results showed a notable elevation in patients than the controls, 

with highly significant differences between the two groups (p < 0.001) (45.12 ± 10.11 pg/ 

ml and 2.5 ± 0.59 pg/ ml, respectively) as shown in Figure 4.  

 

Figure 4. The mean level of CRP (pg/ml) in COVID-19 patients (45.12 ± 10.11 pg/ml) and control group (2.5 ± 

0.59 pg/ml) with highly significant variations between the two groups (p≤0.001). 

 

Table 3 illustrates the hematological biochemical parameters examined in the 

laboratory. COVID-19 patients had a higher WBC count (12.11 ± 5.14) than the control 

group (5.75±1.67). The random blood sugar (RBS) and erythrocyte sedimentation rate 

(ESR) values of patients were significantly higher than the controls. In contrast, no 

significant differences in hemoglobin (Hb), platelet number, or body mass index (BMI) 

were detected between the two groups.  

Table 3.  Hematological and biochemical parameters of COVID-19 patients and healthy groups. 

parameter Control (N=30) COVID-19patients (N=58) p-Value 

WBC (cmm) 5.75±1.67 12.11±5.14 <0.001** 

Hb (g/dl) 15.53±2.44 15.21±12.9 0.89 NS 

Platelets (cmm) 286.30±102.23 282.19±136.67 0.89 NS 

ESR (mm/hr) 10.4±6.1 59.02±27.99 <0.001** 

RBS (mg/dl) 94.7±12.85 226.2±116.58 <0.001** 

BMI (kg/m2) 28.51±12.38 28.03±9.24 0.71 NS 

** Highly significant=less than 0.01, NS: Non-significant. 

 

DISCUSSION 

The present study investigated MMP-9 and TIMP-1 levels in serum during SARS-CoV-

2 infection. Our study enrolled 58 adult hospitalized patients. Although the MMP-9 

level was higher in patients, it did not change remarkably compared to the control 

group (p = 0.002). The concentration of MMP-9 in normal lung tissue is at the minimum 

level and starts to increase with various lung illnesses such as fibrosis, chronic 

obstructive pulmonary disease (COPD), and asthma. Yet, the role of MMP-9 during 

lung inflammation is not well understood [17]. In addition, the MMP-9 gene is up-

regulated, and the protein contributes to cytokine recruitment in lung tissue of COVID-

19 patients [18]. Moreover, it is induced by WBCs like neutrophils and monocytes, 

which may be parallel to our findings of a notable increase in total patient’s WBC count. 

MMP-9 production may be disease-stage related, as a recent study found that the 

release of MMP-9 during COVID-19 is not an early event in 18 patients of the WHO 3 

subgroup compared to controls. All WHO subgroups had higher MMP-9 serum levels 
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after a week of hospitalization compared to admission. Moreover, increased levels of 

MMP-9 were recorded after one month of admission in most of the patients [19]. MMP-

9 levels may affect the progression of recovery from a disease. This study has some 

limitations. All the studied parameters were tested without making follow-up after 

patient admission, so no correlation between serum levels of studied biomarkers and 

the disease stage was assessed. Similarly, in 39 COVID-19 patients, an early increase of 

plasma MMP-9 was recorded, which also did not evaluate the correlation with the 

disease [20]. Another study on 175 patients reported a gradual increase of serum MMP-

9 with the severity of COVID-19 [21]. These controversial levels of MMP-9s might 

depend on the sample type, whether serum or plasma. Therefore, higher levels of 

MMP-9 have been noted in sera samples as it is released during blood coagulation. 

Further studies with larger sample sizes and categorizing according to disease severity 

are required.  

So far, the recognized four TIMP molecules (TIMP-1, -2, -3, and -4) were found to 

inhibit all known MMPs. TIMPs bind reversibly in a 1:1 stoichiometric ratio to the 

catalytic subunit of MMPs, consequently inhibiting their function. A member of the 

same β-coronavirus genus as SARS-CoV-2, murine hepatitis virus (MHV; m-β-CoV) 

was used in a recent study. It was demonstrated that during acute infection following 

MHV infection, TIMP-1 induction could serve as an antiviral host response to modulate 

MMP activities [22]. While TIMP-1 mRNA expression has been linked to viral virulence 

and load in earlier investigations [23]. In accordance with our study results, TIMP-1 is 

significantly increased in COVID-19 patients; this may add further information in 

understanding the role of TIMP-1 as its elevation could be part of a fundamental host 

defense mechanism against virus-induced metalloproteases [24]. MMPs substrate has 

expanded over time to include growth factors, chemokines, and hormones [25]. MMPs 

work on cytokines or chemokines that have been immobilized on ECM or cell surface. 

It was found that MMPs can release soluble effector molecules for successful 

inflammatory signaling like tumor necrosis factor (TNF) and interleukine-1 (IL-1). In 

pulmonary infection, MMPs induce the various cytokine and chemokine signals by host 

immune cells [26-29]. 

Changes in other blood parameters were noticed as COVID-19 individuals showed an 

increased level of CRP, which is considered a critical measure that turns obviously 

during infection [30]. Moreover, an elevated count of white blood cells was recorded 

[31], which was consistent with the current findings. A recent study found patients 

with increased WBC levels have a higher risk of death [32]. Furthermore, the SARS 

coronavirus infiltrates pancreatic islets and kills them, resulting in acute hyperglycemia 

[33].  

 

CONCLUSION 

The elevation tendency of TIMP-1 in COVID‐19 patients may refer to its importance as 

an advantage in disease identification. Consequently, this may pave the way for 

adopting TIMP-1 as a useful biological marker in diagnosing COVID‐19.  
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