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promising to monitor Cu/Zn ratio along with other prog-
nostic indicators.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2, previously 2019-nCoV), first time detected in China, 
is severely contagious. The pathophysiology of COVID-19 
is less studied [1, 2]. The virus invades type 2 alveolar epi-
thelial cells, releases several cytokines and inflammatory 
markers. This ‘cytokine storm’ along with neutrophils, CD4 
helper T cells and CD8 cytotoxic T cells cause lung inflam-
mation [3].

Decreased bronchial wall elasticity of the bronchial wall 
associated with extracellular matrix (ECM) degradation, is 
reported earlier in COVID-19 [4]. Matrix metalloprotein-
ases (MMP), the major ECM degrading enzymes, help in 
normal remodeling and repair processes of the lungs. The 
regulation of MMPs activity is mainly in balance with sev-
eral tissue inhibitors of matrix metalloproteinases (TIMP). 
These proteases are over-expressed and cause lung tissue 
damage in several respiratory diseases. Particularly the role 
MMP-2, 9 and TIMPs in chronic obstructive lung disease is 
discussed earlier by our group [5, 6]. Similarly, there is only 
one study reported so far to cite MMP-9 as an early indica-
tor of respiratory failure in COVID-19 patients [7]. Airway 
modeling usually involves increased MMPs action induced 
by pro-inflammatory cytokines. Reactive oxygen species 
(ROS) is shown to activate MMPs and inactivate TIMPs 
[5]. Cytokines such as IL-1, IL-6, and TNF-α are shown to 
upregulate MMPs, which can affect inflammation [8].

Zn cations are shown to inhibit SARS-coronavirus RNA 
polymerase activity by decreasing its replication. Higher 
mortality among COVID-19 patients is reported to be 

Abstract
The interrelationship between matrix degradation, oxida-
tive stress, inflammation and trace elements can be spec-
ulated in COVID-19. The objective of the study was to 
evaluate the oxidative stress, inflammation and matrix 
degradation markers and trace elements in COVID-19 
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positive patients (n = 30) along with COVID-19 negative 
patients (n = 30) with similar symptoms were included. 
Both group of patients were assessed for oxidative stress 
markers, inflammatory cytokines, matrix metalloproteinase 
(MMP)s and their inhibitors along with trace elements in 
blood. All the data were subjected to univariate as well as 
multivariate analysis including PCA, PLS-DA, OPLS-DA. 
Diagnostic accuracy was tested by ROC curve analysis. 
Further relationship with Neutrophil/ lymphocyte (N/L) 
ratio was established if any. Increased oxidative stress, 
inflammation and matrix degradation is evidenced by sig-
nificant rise in oxidative markers, inflammatory cytokines 
and MMP9/TIMP-1 ratio. Decreased Cu/Zn ratio is also 
observed in COVID-19 positive patients. Multivariate 
analysis identified SOD, Cu/Zn ratio, IL-6 and TOS, as 
effective discriminant among the two groups of patients. 
Further, accuracy was confirmed by ROC curves. Neutro-
phil/ lymphocyte (N/L) ratio, shows significant negative 
association with SOD (r= -0.75, p < 0.005) and Cu/Zn ratio 
(r = -0.88, p < 0.005). These data suggest the attributes of 
these biomarkers in disease severity. The potential use of 
these blood-based laboratory markers in disease progno-
sis seems promising and warrants further attention. Given 
by the symptoms and severity of the disease, it will be 
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associated with low Zn level [9]. Similarly, role of copper 
(Cu) in COVID-19 is published elsewhere [10]. The bal-
ance between Zn and Cu is very vital as Zn neutralizes 
the inflammatory effect of Cu. Magnesium (Mg), another 
mineral having anti-inflammation, anti-oxidant property, is 
reported to have therapeutic beneficial effect in other lung 
diseases including COVID-19 [11, 12]. Neutrophil lym-
phocyte (N/L) ratio, a potential prognostic biomarker in 
COVID-19. might aid early detection of severe COVID-19 
cases, thereby reducing the overall mortality [13, 14].

Although the interrelationship between matrix degrada-
tion, oxidative stress, inflammation and trace elements can 
be speculated in COVID-19, not much data is available till 
date. MMP-9/TIMP-1 ratio, a marker for airway severity is 
reported earlier to be associated with total oxidative stress in 
chronic obstructive pulmonary disease (COPD) [5], hence it 
would be tempting to see its role in COVID-19.

Multivariate statistical method effectively identifies the 
interactions between the potential biomarkers and ensures 
diagnostic and prognostic performances in terms of specific-
ity, sensitivity and reliability. Principal Component Analysis 
(PCA), Partial Least-Squares Discriminant Analysis (PLS-
DA) and Variable Importance in Projection (VIP) score is 
used to discriminate inflammatory biomarkers in several 
diseases [5, 15].

The present study is aimed to observe the changes in 
oxidative stress, matrix degradation, inflammation, trace 
elements in COVID-19 confirmed patients. The study also 
highlights the most useful potential marker (s) to discrimi-
nate the COVID-19 positive patients from COVID-19 nega-
tive cases using multivariate analysis followed by receiver 
operator characteristic (ROC) curve analysis. Further asso-
ciation with N/L ratio is also established, if any.

Materials and methods

Patient selection

The study screened all male patients (Jun 2020 to Sep 2020), 
reported at cough clinic of a tertiary care institute in India. 
Out of them 103 patients presented with symptoms of fever, 
cough, fatigue, headache or suspected to be infected with 
COVID-19, were randomly selected. The laboratory con-
firmation was done by real-time reverse transcriptase-poly-
merase chain reaction based positive SARS-CoV-2 RNA 
with throat swab samples (Genes2Me Pvt Ltd, India). Apart 
from patient history with fever or any respiratory illness, 
CT image finding for viral pneumonia, RT-PCR positivity 
for SARS-CoV-2 RNA, any one of the conditions such as 
shortness of breath, RR ≥ 30 times/min, (2) Oxygen satu-
ration (Resting state) ≤ 93%, (3) PaO2/FiO2 ≤ 300 mmHg 

were the characteristics for severe patients. The details are 
given in flow-chart (Fig. 1). The institutional ethical permis-
sion was taken prior to the study and informed consent was 
taken from the patients.

Sample collection and preparation

Early morning overnight fasting venous EDTA and serum 
sample was collected. Complete blood cell count blood cell 
count was performed using an electronic cell counter (XT 
2000i; Sysmex, Kobe, Japan). The plasma was used for 
measuring oxidative markers, cytokines and MMPs. Like-
wise, the serum was used to measure Cu, Zn and Mg.

Biochemical assay of plasma oxidative stress 
parameters

Malondialdehyde (MDA) in plasma was measured as per 
method suggested by Buege et al. (1978) [16]. Total oxida-
tive stress (TOS) levels in plasma were based on the prin-
ciple of ferrous ion oxidation to ferric ion [17]. Nitrate and 
nitrite (NOx) in plasma was measured by Griess reaction in 
which a deep purple azo compound was formed by Griess 
Reagent converting nitrate to nitrite by nitrate reductase. 
Similarly, plasma peroxynitrite was measured as described 
by VanUffelen and colleagues [18]. Uric acid under the 
enzymatic action of uricase is converted to allantoin and 
measured at 293 and 700 nm. Total bilirubin in plasma was 
estimated using Doumas reference method [19] (Siemens 
Healthcare, India). Glutathione S-transferases (GST) activ-
ity in plasma was assayed at 340 nm using substrates such 
as (1-chloro-2, 4-dinitrobenzene) and reduced glutathione 
(GSH), as described earlier [20, 21]. The activity of gluta-
thione peroxidase (GSH-Px) was analyzed by Buege et al. 
(1978) and expressed in µmol/min/ml [16]. Plasma Super-
oxide dismutase (SOD) was measured by enzyme linked 
immunosorbent assay (ELISA) (Thermofischer, USA) 
(Thermofisher Scientific, USA), as per the instructions 
by manufacturer. The analytical sensitivity of the assay is 
0.044 U/ml. The intra- and inter assay sensitivities CV were 
< 10%.

Assessment of inflammatory cytokines

Quantification of tumour necrosis factor (TNF)-α, IL-6 and 
IL-10 in plasma samples was done by ELISA (Thermofisher 
Scientific, USA), as per the instructions by manufacturer. 
The assay sensitivities were as follows: IL-1 β, 0.09 pg/ml; 
IL-6, 0.07 pg/ml; TNF-α, <3pg/ml; IL-10, 0.09 pg/ml.
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Analysis of the MMP-9, MMP-2, MMP-12, TIMP-1, 
TIMP-2 expression levels

ELISA commercial kits (Quantikine ELISA Kit; R&D Sys-
tems, USA) were used to measure MMP- 2,9,12 and TIMP-
1&2 levels in plasma. The assay sensitivities for MMP-9, 
MMP-2, MMP-12, TIMP-1 and TIMP-2 were 0.15 ng/
ml, 0.28 ng/ml, < 10 pg/ ml, < 0.08 ng/ml and 0.10 ng/ml 
respectively.

Assessment of trace elements (Cu, Zn) and mg

Serum copper and zinc was estimated by kit method (Randox, 
UK). Zinc forms a chelation with 5-Br-PAPS 2-(5-bromo-
2-pyridylazo)-5-(N-propyl-N-sulfopropylamino)-phenol 
and copper reacts with a specific color reagent, 3.5-Di-Br-
PAESA 4-(3,5-Dibromo-2-pyridylazo)-N-Ethyl-N-(3-sul-
phopropyl) aniline, to form a stable, colored chelate. Mg 
was estimated by the end point calorimetric method using 
xylidyl blue.

Fig. 1 Flow chart for subject selec-
tion and study design
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PCA score plots. Further class separation was maximized 
using supervised classification models including PLS-DA 
and OPLS-DA. The goodness of fit and predictive ability in 
the PLS-DA and OPLS-DA models is quantitatively mea-
sured by the parameter R2, and Q2 respectively. Both the 
values usually vary within 0 and 1; with a perfect fit (R2) 
and (Q2) corresponding to 1 indicates 100% goodness of fit 
and predictive ability. The VIP score of a variable is calcu-
lated as a weighted sum of the squared correlations between 
the PLS-DA components and the original variable. A cut-
off of VIP score > 1.5 was considered as the threshold for 
selection of the most significant variables that best corre-
lated with the discriminative scores of PLS-DA. The cross-
validation of PLS-DA model was done by permutation of 
the best two components and compared with 100 different 
permutated models. The accuracy of diagnostic model was 
also used to evaluate ROC curve. The sensitivity and speci-
ficity and AUC of the selected parameters were determined 
using this curve.

Results

The baseline characteristics of the patients and healthy vol-
unteers are summarized in Table 1. No significant change 
was noticed for age and BMI of the patients. Whereas, 
absolute neutrophil count (ANC), absolute leukocyte count 
(ALC), N/L ratio, platelet count, international normalized 
ratio (INR) was found to be significantly changed (p < 0.005) 
in COVID-19 patients.

Oxidative stress markers

Figure 2 illustrates the plasma oxidative stress parameters 
for both groups of patients. A significant increase in oxida-
tive parameters such as TOS (p < 0.0001), NOx (p < 0.05), 
MDA (p < 0.0001) and peroxynitrate (p < 0.005) was seen 
in COVID-19 positive patients. A significant decrease in 
antioxidant defence markers including GSH-PX (p < 0.05), 
GSH (p < 0.05), GST (p < 0.05), is also observed. No signifi-
cant change for plasma uric acid and bilirubin is observed 
in these patients.

Plasma cytokines

The plasma cytokine levels in both groups of patients are 
illustrated in Fig. 2. A significant increase in IL-6, TNF-α 
levels was observed in COVID-19 positive patients (TNF-
α; p < 0.05, IL-6; p < 0.0001). No statistical change was 
observed for plasma IL-10 level.

Statistical analysis

Univariate analysis:
The results were presented as a mean ± standard devia-

tion (SD). To analyze the statistical differences between 
patients and control, Mann-Whitney U test was carried out 
using GraphPad Prism (v.6.04 GraphPad software). Spear-
man’s Rank Correlation was used for correlation analysis. 
Statistical significance was achieved when the p value was 
less than 0.05.

Multivariate analysis.
In order to reduce possible concentration differences 

between samples, normalization (by sum) and scaling by 
mean-centering was done. All the data sets, were subjected 
to multivariate statistics such as unsupervised classification 
modeling by PCA along with PLS-DA and orthogonal pro-
jection to latent structure with discriminant analysis (OPLS-
DA), using metaboanalyst [22]. Separation of classes, 
pattern observation and outliers were identified from the 

Table 1 Baseline characteristics of the patients
Parameters COVID-19 

positive 
patients
(n = 30)

COVID-19 
negative 
patients
(n = 30)

p value

Age (yrs) ± SD 63 ± 8.3 61.3 ± 9.5 NS
Gender Male Male Not 

applicable
Body mass index (BMI) 
kg/m2

21.43 ± 1.62 21.35 ± 1.64 NS

Comorbidities None − 11 
(36%)
Hypertension 
8 (26%)
Diabetes 9 
(30%)
Osteoarthritis 
2 (6%)

None − 16 
(53%)
Hypertension 
7 (23%)
Diabetes 7 
(23%)

-

Total leucocyte count 
(TLC) 1 × 103/µL, 
median (IQR)

10,765 (5780) 14,312 (3700) p < 0.005

Haemoglobin (Hb) (g/
dl), median (IQR)

12.07 (2.5) 9.85 (1.12) p < 0.005

Absolute neutrophil 
count (ANC), median 
(IQR)

7280 (4130) 4320 (3125) p < 0.005

Absolute leukocyte 
count (ALC), median 
(IQR)

1070 (630) 990 (540) p < 0.005

Neutrophil/lymphocyte 
(N/L) ratio, median 
(IQR)

7.1 (6.2) 6.8 (4.3) p < 0.005

Platelet count 
1 × 103/µL) median 
(IQR)

159.5(128) 210 (94) p < 0.005

INR, median (IQR) 1.11 (0.27) 0.87 (0.12) p < 0.005
Mann-Whitney U test is used to test the significance; p < 0.05 (signifi-
cant); NS- not significant
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Q2 (predictive ability) were used to assess the robustness of 
the PLSDA model. The values of R2 (0.91) and Q2 (0.89) 
for PLS-DA and OPLS-DA (R2 = 0.89; Q2 = O.87) indicate 
that the model has good fit and can satisfactorily differen-
tiate the COVID-19 positive from the negative patients. 
The effective key parameters found to discriminate the two 
groups of patients, were identified using their VIP values. 
Variables with VIP scores > 1.5 were considered to be sig-
nificant for class separation (Fig. 4). With a VIP score cut-
off value of 1.5, a total of four parameters such SOD, Cu/
Zn ratio, IL-6 and TOS were found to be dysregulated out of 
which SOD, Cu/Zn ratio were significantly down-regulated 
along with upregulated IL-6 and TOS levels in COVID-19 
patients (Fig. 4).

Further, the generated ROC curves for these altered 
markers indicate these parameters have the highest accuracy 
in predicting COVID-19 affected patients (Fig. 5). The diag-
nostic potential of SOD was found to have 90% sensitivity 
(true positive) and 86.7% specificity (true negative) with 

Plasma MMP-9, 2, 12, TIMP-1 and 2

The levels of MMP-9/TIMP-1, TIMP-2, MMP-2 and MMP-
12 in both the groups are shown in Fig. 2. The MMP-9/
TIMP-1 ratio, MMP-2 and MMP-12 levels are increased 
significantly in COVID-19 positive patients as compared 
to COVID-19 negative patients. No change is observed for 
TIMP-2 levels.

Multivariate statistical analysis

PCA obtained from both group of patients indicate unbiased 
clustering (Fig. 3a). A clear separation is seen between the 
two groups of patients by PCA scores scatter plot. Even the 
PLS-DA (Fig. 3b) signify enhanced class separation.

The validation of predictive capability of PLS-DA was 
achieved using permutation tests (Fig. 3c). The permutation 
tests indicate higher R2 and Q2 values of true model hence 
far better than permutated models. R2 (goodness of fit) and 

Fig. 2 Bar plot comparing oxidative, inflammatory, matrix degradative markers and minerals between COVID-19 positive and negative patients. 
Mann-Whitney U test is used to test the significance. A p value < 0.05 is considered to be statistically significant
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Discussion

The inter-association between oxidative stress and viral 
infections associated with respiratory diseases is reported 
earlier. SARS-CoV2 like other RNA viruses seems to 
activate oxidative stress [23]. Several inflammatory cells 
such as monocytes and macrophages release a set of pro-
inflammatory cytokines such as IL-1β, IL-6, TNF, IL-8, 
thereby, play a vital role in COVID-19 infection [24, 25]. 
These inflammatory cytokines might play an important role 
in airway remodeling by inducing the MMPs action and 
causing MMP over-expression and activity [5, 26]. Zinc, an 

criterion < 10.9. Cu/Zn ratio and TOS were having 93.3% 
and 96.7% of sensitivity with criterion < 1.96 and > 11.12 
respectively along with 86.7% specificity each. Similarly, 
IL-6 was having 83.3% specificity and 76.7% sensitivity 
with criterion value of > 1.87 (Fig. 5).

Further correlation with N/L ratio, indicates significant 
association with SOD (r= -0.75, p < 0.005) and Cu/Zn (r = 
-0.88, p < 0.005) (Fig. 6) unlike TOS and IL-6.

Fig. 3 Multivariate analysis; Score scatter plot (a) principal component analysis (PCA) shows discrimination among (a) COVID-19 positive and 
negative patients (b) Partial least square (PLS) - discriminant analysis (DA) model shows improved discrimination among both group of patients 
with R2 = 0.91 and Q2 = 0.89 (c) Permutation test statistics for the PLS-DA models indicate that the true model has much higher R2 and Q2 values, 
and thus is far better than 100 permutated models
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importance of IL-6 and other inflammatory cytokines in 
COVID-19 [36].

Although the role of proteases such as MMP-2, 9, 12 
and TIMP-1 are evidenced in several lung diseases [5, 37, 
38], very few data are on COVID patients. Our study shows 
increase in MMP-9/TIMP-1 ratio, MMP-2 and 12 (Fig. 2). 
Recently, MMP-9 is reported as an early indicator of respi-
ratory failure in COVID-19 patients [8]. MMP-19 is also 
hypothesized as possible therapeutic target of chloroquine 
and melatonin in COVID-19 [39]. The suitability of explor-
ing MMPs as therapeutic targets in COVID-19 is reported 
recently [40]. The positive association between the MMP 
activity and oxidative stress in COPD is documented by our 
group recently [5].

Our study finds decreased Cu/Zn ratio in COVID-19 
patients (Fig. 2) which is in accordance with the report pub-
lished by Muhammad et al. (2021) [30]. As these elements 
are known to be cofactors of SOD, an antioxidant enzyme, 
hence decreased ratio triggers oxidative stress [41]. Several 
other studies also recently show decrease in Zn levels in 
COVID-19 patients [34, 44]. Although mechanism is not 
clear, surge in inflammatory cytokines seem to cause Cu 
deficiency [41]. The negative association between Cu/Zn 
ratio and N/L ratio (Fig. 6.b) narrates the role of trace ele-
ments in severity of the disease.

Using univariate analysis, significant role of several 
indicators related to oxidative stress, inflammation, matrix 
degradation process, trace elements is observed among 
COVID-19 patients. Similarly, multivariate approach 
including VIP score, is able to identify best cut-off dysregu-
lated parameters such as SOD, Cu/Zn ratio, IL-6 and TOS. 
ROC curves interpret the significant accuracy of the model 
in terms of sensitivity, specificity. The 90%, 93%, 96.7% 
sensitivity and 86.7% specificity in respect of parameters 
such as SOD, Cu/Zn ratio and TOS might enable them to 
be used as additional laboratory markers for COVID-19. A 
panel of biomarkers is reported to be preferred over single 
marker as far as diagnostic utility is concerned [42], which 
holds good in our finding. Further, significant negative asso-
ciation of SOD and Cu/Zn ratio, with N/L ratio, establishes 
their role in severity of disease.

Conclusions

Although, there is no in-depth explanation to identify the 
exact mechanism or pathway involving all these parameters 
simultaneously during the course of disease, but our find-
ing clearly observes the association among oxidative stress, 
inflammation, matrix degradation and trace element changes 
in COVID-19 affected patients. Hence it will be significant 
to include such parameters in routine lab investigation. 

important trace element, regulates proliferation and function 
of inflammatory cells such as macrophages, neutrophils, T 
and B cells along with cytokine action [27]. Similarly, Cu, 
another essential trace element is reported to protect DNA 
from oxidative stress [28].

ROS, H2O2 are known to produce inflammatory cyto-
kines by triggering NF-κB pathway. This might cause cyto-
kine storm thereby deteriorating prognosis of COVID-19 
infection [29]. Our study finds significant increase in total 
oxidative stress and decrease in antioxidant enzymes These 
findings are in accordance with the work of Muhammad et 
al. (2021) [30]. Decreased activities of SOD and GPx are 
reported in other viral infection [31, 32]. Earlier studies 
show the role of circulating NOx levels, in lung diseases 
such as COPD [5] and pulmonary artery hypertension 
[33]. Our study reports increased NOx and peroxynitrate 
in COVID-19 patients. This is supported by a prospective 
observation study conducted by Lorente et al. (2020), which 
indicates the potential association between high serum 
nitrate levels and mortality in COVID-19 patients [34]. 
Similarly, an inverse association between SOD enzyme and 
N/L ratio (Fig. 6), interprets the relationship between dis-
ease severity and antioxidant imbalance.

Increased IL-6, TNF- α in COVID-19 patients (Fig. 2) 
is also in good agreement with Del Valle et al. (2020) who 
report them as strong predictors of disease severity and 
survival [35]. A systematic review intensely describes the 

Fig. 4 Significantly dysregulated metabolites with variance impor-
tance in projection (VIP) scores > 1.5
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suitable for diagnostic accuracy, a larger group of patient’s 
data can validate the finding.

The study is not without limitations. First, the study 
includes only severe COVID-19 patients. It would be better 
to investigate in mild cases and healthy controls too. Sec-
ond, to understand the role of biomarkers we need to have 
a follow-up post treatment group, which was not possible 
in the study. Third, N/L ratio, a proposed ideal prognostic 
marker as per literature survey, was selected to compare 
with others. Any other relevant clinical parameter assessing 
the disease progression would be better indicated to assess 
the interrelationship. Fourth, although the results appeared 

Recent data reports partial improvements in clinical param-
eters and attenuation of cytokine storm among COVID-19 
patients supplemented antioxidants orally. It can be specu-
lated that our finding which includes oxidative and inflam-
matory markers can be helpful for clinicians during follow 
up of the COVID-19 patients. Given by the symptoms and 
severity of the disease, it will be promising to monitor blood 
Cu/Zn ratio along with other prognostic indicators. Four 
identified parameters such as SOD, Cu/Zn ratio, IL-6 and 
TOS were found to discriminate the COVID-19 positive 
patients from the negative ones. Although these were also 

Fig. 5 ROC analysis shows area under the curve for SOD, Cu/Zn ratio, TOS, IL-6 to be 0.873, 0.954, 0.974 and 0.838 respectively
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VIP  Variable Importance in Projection.
MDA  malondialdehyde.
TOS  total oxidative stress.
GST  Glutathione S-transferases.
GSH-Px  Glutathione peroxidase.
SOD  Superoxide dismutase.
TNF  tumour necrosis factor.
OPLS-DA  orthogonal projection to latent structure with 

discriminant analysis.
ANC  absolute neutrophil count.
ALC  absolute leukocyte count.
INR  international normalized ratio.
ROC  Receiver Operator Characteristic.
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