
SAGE Open Medicine

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons  
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, 

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open 
Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://doi.org/10.1177/2050312121991246

SAGE Open Medicine
Volume 9: 1–8

© The Author(s) 2021
Article reuse guidelines: 

sagepub.com/journals-permissions
DOI: 10.1177/2050312121991246

journals.sagepub.com/home/smo

Deficiency of antioxidants and increased 
oxidative stress in COVID-19 patients:  
A cross-sectional comparative study in 
Jigawa, Northwestern Nigeria

Yahaya Muhammad1 , Yamuna Aminu Kani2, Sani Iliya3 ,  
Jafaru Bunza Muhammad4, Abubakar Binji5,  
Abdurrahman El-Fulaty Ahmad6 , Muhd Bashir Kabir7,  
Kabir Umar Bindawa6 and Armaya’u Yelwa Ahmed8

Abstract
Introduction: The COVID-19 is a pandemic caused by SARS-CoV-2 which has infected over 74 million people, killing 
more than 1,600,000 million people around the world as of 17th December 2020. Accumulation of free radicals coupled by 
weakened antioxidant system leads to oxidative stress, which will further worsen respiratory diseases, COVID-19 inclusive. 
This study aimed to examine the levels of some antioxidants and oxidative stress markers in COVID-19 patients.
Methods: This was a cross-sectional comparative study in which 50 COVID-19 symptomatic patients who were on admission 
at the COVID-19 isolation center in Jigawa, Northwestern Nigeria, were recruited. Twenty one (21) apparently healthy 
individuals were included as controls. Levels of antioxidant trace elements (Se, Zn, Mg, Cu and Cr), 8-isoprostaglandin 
F2 alpha and malondialdehyde in the plasma and erythrocytes activity of glutathione, glutathione peroxidase, superoxide 
dismutase and catalase were determined.
Results: The plasma concentrations of vitamins A, C and E were significantly lower (p < 0.001) in COVID-19 patients 
than controls. Activities of glutathione, glutathione peroxidase, catalase and superoxide dismutase were lower in COVID-19 
subjects than controls (p < 0.001). The concentrations of Se, Zn, Mg and Cu were significantly lower (p < 0.001; p = 0.039;  
p < 0.001; and p < 0.001), respectively, in COVID-19 patients than controls, while chromium showed no significant difference 
(p = 0.605). Oxidative stress marker, 8-isoprostaglandin F2 alpha, was significantly higher (p = 0.049), while malondialdehyde 
was lower (p < 0.001) in COVID-19 patients than controls.
Conclusion: In conclusion, COVID-19 patients are prone to depleted levels of antioxidant substances due to their increase 
utilization in counterbalancing the negative effect of free radicals. Furthermore, COVID-19 infection with other comorbidities, 
such as malaria, hypertension and diabetes, are at higher risk of developing oxidative stress.
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Introduction

The COVID-19 is a pandemic caused by SARS-CoV-2 
which has infected over 74 million people, killing more 
than 1,600,000 million people globally as of 17th 
December 2020.1 Movement restrictions imposed by 
countries in order to flatten this curve has also pushed the 
world economy into a great depression, with an estimated 
heavy downturn of 5.2% in global gross domestic product 
(GDP), which is the biggest contraction since 1870, many 
countries are facing massive uncertainty and the likeli-
hood of some of them going into recession.2 The disease, 
which emanate from China in 2019, is caused by the 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a positive-sense single-stranded RNA virus3–5 
and is taxonomically a member of the Betacoronavirus 
genus.4 Patients typically present with fever and cough;6 
gastrointestinal tract manifestations such as diarrhea, 
vomiting and abdominal pain;7 and more recently, obesity 
is also shown to contribute to the increased morbidity in 
COVID-19 infections Other compounding factors are 
dyspnea, lymphopenia and higher plasma levels of 
cytokines (IL2, IL7 and IL10), GSCF, IP10, MCP1, 
MIP1A and interferon alpha (TNF-α).6,8

Antioxidants prevent or slow the damage to the cells 
caused by free radicals reactions. The neutralization activ-
ity of radical molecules by antioxidants is achieved 
through their scavenging power by stopping chain reac-
tions, peroxide decomposition, metal-chelating and induc-
tion of antioxidant enzymes.9 Considerable interest has 
risen in the idea that oxidative stress (Os) is instrumental 
in the etiology of numerous human diseases. Os can arise 
through the increased production of reactive oxygen spe-
cies (ROS) and/or because of a deficiency of antioxidant 
defenses and this may further worsen respiratory diseases 
(COVID-19 inclusive), especially when the level free rad-
icals are high.9

Free radicals are natural by-product of aerobic cell metab-
olism that the body can normally handle, but in the presence 
of a secondary condition, such as COVID-19, the abnor-
mally excessive level of radicals may contribute in the pro-
gression and pathogenesis of the disease due to depletion of 
antioxidants.10,11

As a general discussion to the issues and possible defi-
ciency of antioxidants in COVID-19 patients, researchers 
ought to look at where there could be correlation between 
certain essential elements such as TEs, selenium (Se), zinc 
(Zn), copper (Cu) and manganese (Mn) in fighting COVID-
19 or as dietary components or as supplementation in 
COVID-19 parenteral nutrition.12 Trace elements including 
Zn, Mn, Se and Cu play important roles in supporting the 
immune systems by acting as cofactors of antioxidant 
enzymes that protect the body from Os, also serving as 
component of many viral enzymes, proteases and polymer-
ases that aid in viral infection prevention.12

This informed the need of assessing levels of antioxi-
dants substances, trace elements, antioxidant enzymes as 
well as Os markers among the COVID-19 patients so that 
the result could incur a rather more robust and holistic 
approach in the fight against the devastating disease. This 
research, therefore, reports levels of antioxidants and Os 
markers among the COVID-19 patients managed in isola-
tion center dedicated for COVID-19 patients in Jigawa, 
Northwestern region in Nigeria.

Materials and methods

Study design

This was a cross-sectional comparative study conducted in 
one of the isolation centers dedicated for COVID-19 patients 
in Jigawa, Northwestern Nigeria.

Study subjects

Study population comprises 50 consecutive patients who 
were diagnosed and admitted due to COVID-19 with or 
without comorbidity and 21 apparently healthy individuals. 
Only symptomatic patients were included and those on any 
antioxidant supplements were excluded.

Specimen collection

Five milliliters of blood were collected from the participants; 
3 mL was delivered in lithium heparin container and the 
serum was obtained after centrifuging at 15,000 r/min for 5 
min, remaining 2 mL of the blood was preserved in Eppendorf 
tube at −20°C for determination of Se, Zn, Mg, Cu and Cr, 
while the erythrocyte part was washed and centrifuged at 
2000g for 15 min for assessment of glutathione (GSH) and 
glutathione peroxidase (GPx).

Molecular detection of COVID-19: SARS COV-2 N 
and ORF1ab genes were selected as amplification target 
regions. Specific primers and fluorescent probes were 
designed for the detection of 2019 Novel Coronavirus 
RNA in the specimens. The extraction of RNA was per-
formed using Life River extraction kits and the protocols 
were observed accordingly. The RNA templates sus-
pended in 1.5 mL DNase/RNase-free tube were used for 
the detection of N and ORF1ab genes. The master mix 
was prepared according to the manufacturer’s (DAAN 
gene) instruction as follows: 17 µL of solution A (ORF1a/N 
PCR reaction) and 3 µL of solution B (ORF1a/N PCR 
reaction).

Body mass index

Body mass index (BMI) was calculated by dividing weight 
in kg by the square of the height in meters of the participants 
(weight (kg) (m2)).
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Analysis of antioxidant vitamins

Serum vitamins A, C and E levels were colorimetrically 
determined in accordance with method of Bassey et  al.,13 
Roe and Kuether,14 and Nield and Pearson,15 respectively.

Antioxidant enzymes determination

Serum levels of superoxide dismutase (SOD) and catalase 
were determined using enzyme-linked immunoassay (ELISA) 
purchased from Elabscience (14780 Memorial Drive Suite 
216, Houston, Texas), while erythrocyte GPx activity was 
measured by commercial RANSEL kits (Randox Laboratories, 
Crumlin, Northern Ireland, UK) and erythrocyte-reduced 
GSH levels were assayed in accordance with method described 
by Beutler et al.16

Determination of trace elements

Serum zinc and selenium were colorimetrically determined 
according to the method of Johnson et  al.17 and Gardiner 
et al.,18 respectively, while copper levels were measured using 
the Randox kit purchased from Randox Laboratories, Crumlin, 
Northern Ireland, UK—colorimetric copper (CU2340). The 
method of Ginder et al.19 was used accordingly for the assess-
ment of manganese in the study subjects.

Determination of Os markers

ELISA technique and thiobarbituric acid (TBA) according to 
Nadigaret al.20 was used in the determination of 8-isoprosta-
glandin F2 alpha (8-iso-PGF2α) and malondialdehyde 
(MDA), respectively. For 8-iso-PGF2α assay, an antibody to 
8-iso-PGF2α was incubated in pre-coated microtiter plate 
wells, treated samples and standards were mixed with an 8-iso 
PGF2α-horseradish peroxidase (HRP) conjugate and simulta-
neously added to the wells. Free 8-iso-PGF2α and 8-iso-
PGF2α-HRP conjugate compete for binding to the antibody 
bound to the plate; the HRP activity resulted in color develop-
ment after subsequent incubation and washing; and the color 
formed is proportional to the amount of 8-iso-PGF2α conju-
gate bound to the plate and inversely proportional to the 
amount of free 8-iso-PGF2α in the samples or standards.

Statistical analysis

The summary data were analyzed using IBM SPSS version 
26. The results were presented as mean ± standard deviation. 
Student’s t-test was used to determine the differences in 
means between COVID-19 patients and control group; abnor-
mally distributed data were analyzed using Mann–Whitney U 
test. Significance in difference was set at p < 0.05.

Duration of the study

The study lasted for about 3 months from April 2020 to June 
2020.

Results

Socio-demographic characteristics

The mean (±standard deviation (SD)) age of COVID-19 
patients and the control group in this study were 43.8 ± 13.8 
and 35.8 ± 6.8 years, respectively. Male-to-female ratio of 
COVID-19 infected and control group were 2.33:1 and 1.1:1, 
respectively, and this constituted about 70% males and 30% 
females in COVID-19 infected subjects and 51% males and 
49% females in controls group. BMIs of two groups were 
within normal limits. Majority (64%) of the COVID-19 
patients had mild symptoms and ten (20%) patients presented 
with moderate symptoms, while eight (16%) patients were 
classified as severe cases. Comorbidities were present in 38% 
of patients, with malaria (24%) being the most common, fol-
lowed by hypertension (8%) and diabetes (6%) (Table 1).

An elevated antioxidant parameters with 
increased Os markers

Antioxidant vitamins A, C and E were determined among the 
study subjects and the values of those infected with COVID-19 
are statistically lower than the controls. It was further noted 
that 74% and 64% of COVID-19 patients were deficient with 
vitamins C and E, respectively, while 58% deficiency of vita-
min A was noted. Antioxidant enzymes measured in this study 
included GSH, GPx, SOD and catalase; the results showed that 
their serum levels were significantly different between COVID-
19 and controls subjects. Accordingly, all the trace elements 
assayed, with the exception of chromium, were significantly 
lower when compared between two groups. MDA and 8-iso-
PGF2α levels were measured as markers of free radicals pro-
duction in COVID-19 patients and controls, both were 
significantly different (p = 0.049 and p < 0.0001), respec-
tively (Table 2).

Table 1.  Socio-demographic characteristics of the study 
subjects.

Parameters Participants

  COVID-19 (n = 50) Controls (n = 21)

Mean age (year) 43.8 ± 13.8 35.8 ± 6.8
Gender
  Males 35 (70%) 11 (52.4%)
  Females 15 (30%) 10 (47.6%)
  BMI (kg/m2) 21.9 ± 2.2 21.1 ± 1.1
Symptoms
  Mild 32 (64%) 0 (0%)
  Moderate 10 (20%) 0 (0%)
  Severe 08 (16%) 0 (0%)
Comorbidities
  None 31 (62%) 0 (0%)
  Hypertension 06 (12%) 0 (0%)
  Diabetes 04 (8%) 0 (0%)
  Malaria 09 (18%) 0 (0%)

BMI: body mass index; NA: not applicable; n: number of subjects.
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Negative correlation with most antioxidants 
against Os marker 8-iso-PGF2α in COVID-19 
patients

A Pearson product-moment correlation was conducted to 
examine the relationships between plasma levels of 8-iso-
PGF2α and all the antioxidant parameters among COVID-
19. The results revealed moderate negative correlation for 
vitamin A (r = −0.405, n = 50, p = 0.004), vitamin C (r = 
−0.605, n = 50, p = 0.004) and vitamin E (r = −0.486,  
n = 50, p < 0.001). Other moderate negative association 
between 8-iso-PGF2α in COVID-19 noted are zinc, SOD, 
catalase, Mn, Se and Cu. However, MDA was positively 
correlated (r = 0.488, n = 50, p = 0.341) with 8-iso-PGF2α 
(Table 3).

Decreased concentrations of antioxidant vitamins 
with higher levels of 8-iso-PGF2α in COVID-19 
co-infected group compared with COVID-19 
naïve

Lower levels of antioxidant parameters (vitamins A, C and 
E) was noted among COVID-19 co-infected with malaria, 
hypertension and diabetes compared with COVID-19 
naïve. However, higher values of 8-iso-PGF2α were 
recorded in co-infected group compared with COVID-19 
naïve (Table 4).

Receiver operating characteristics to predict the 
sensitivity of some markers

Receiver operating characteristics (ROC) curves of vitamin 
E, SOD and zinc was determined to predict the specificity 
and sensitivity of these variables for deficiency of antioxi-
dants and increased Os among COVID-19. This was done by 
plotting sensitivity (x-axis) against 1-specificity (y-axis). 
Accordingly, the area under the ROC curve (AUC) calcu-
lated for vitamin E, SOD and zinc are 0.840, 0.765 and 
0.853, respectively (Figure 1).

Discussion

This study examined the levels of antioxidants vitamins (vita-
mins A, C and E), enzymes (GSH, GPx SOD and Catalase), 
trace elements (manganese, zinc, selenium, cupper and chro-
mium) and some Os markers (PGF2α and MDA) in COVID-
19 patients and apparently healthy controls.

The effect of COVID 19 on plasma levels of vitamins 
A, C and E has been investigated by the current study. 
Vitamins C and E were significantly lower in COVID 19 

Table 2.  Plasma levels of antioxidants and oxidative stress markers among COVID-19 and control groups.

Parameters Participants p value

  COVID-19 (n = 50) Controls (n = 21)  

Antioxidant vitamins Vitamin A (µg/dL) 26.5 ± 2.3 28.0 ± 1.1 <0.001
  Vitamin C (mg/dL) 0.33 ± 0.43 0.44 ± 0.32 <0.001
  Vitamin E (mg/dL) 0.63 ± 0.05 0.87 ± 0.06 <0.001
Antioxidant enzymes GSH (mg/gHb) 2.1 ± 0.39 2.7 ± 0.24 <0.001
  GPx (U/gHb) 32.5 ± 2.3 38.5 ± 2.8 <0.001
  SOD (U/mL) 1.73 ± 0.39 2.84 ± 0.38 <0.001
  Catalase (MU/L) 112.5 ± 3.0 109.0 ± 4.3 <0.001
Antioxidant elements Manganese (mg/dL) 1.64 ± 0.36 2.10 ± 0.35 <0.001
  Zinc (µg/dL) 58.1 ± 7.0 64.9 ± 6.2 0.390
  Selenium (ng/dL) 25.3 ± 2.4 29.1 ± 1.9 0.000
  Copper (µg/dL) 128.3 ± 7.7 136.5 ± 5.3 <0.001
  Chromium (mg/L) 2.2 ± 0.40 2.2 ± 0.59 0.605
Oxidative stress markers 8-iso-PGF2α (pg/mL) 83.2 ± 7.2 54.6 ± 5.9 0.049
  MDA (mmol/L) 4.9 ± 0.50 3.40 ± 0.21 <0.001

MDA: malondialdehyde; GSH: glutathione; SOD: superoxide dismutase.

Table 3.  Pearson correlation coefficient test of antioxidants 
against 8-iso-PGF2α in COVID-19 patients.

Parameters Correlation (r) p value

Vitamin A (µg/dL) −0.405** 0.004
Vitamin C (mg/dL) −0.605** 0.004
Vitamin E (mg/dL) −0.486** 0.001
GSH (mg/gHb) 0.044 0.763
GPx (U/gHb) −0.093 0.522
SOD (U/mL) −0.143* 0.322
Catalase (MU/L) −0.464** 0.001
Manganese (mg/dL) −0.315** 0.026
Zinc (µg/dL) −0.391** 0.005
Selenium (ng/dL) −0.011 0.448
Copper (µg/dL) −0.154 0.285
Chromium(mg/L) 0.188 0.190
MDA (mmol/L) 0.488 0.341

GSH: glutathione; SOD: superoxide dismutase
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patients when compared with healthy control. Vitamin A, 
however, only showed a slight decrease in COVID 19 
patients compared to controls. These findings are similar 
to that of Care et al.,21 who reported extremely low levels 
of vitamin C in COVID-19 patients. This study also sup-
ports the report of Chris22 that antioxidants vitamins levels 
are reduced in SARS-COV-2 infection due to their scav-
enging effect on ROS. Shakoor et  al.23 also reported the 
low levels of antioxidant vitamins in COVID 19 patients, 
and hence suggested that strategies aimed at improving the 
levels of these vitamins may be useful in these patients. 
These observed lower values of antioxidant vitamins in 
COVID 19 subjects may be due overproduction of ROS 
and a deprived antioxidant system. It is well recognized 
that infections increase Os by typically activating phago-
cytes which produce ROS.24 Vitamins C and E being 
renowned antioxidants and to some extent vitamin A scav-
enge for these ROS and counteract their effects. In this 
process of scavenging, the level of these vitamins in the 
plasma becomes depleted.25 Vitamins C and E are found to 
be helpful in cytokine storms and cellular injury which are 
the outcomes of SARS-COV-2 and other viral infections. 

Vitamins C and E act as strong antioxidants and help to 
scavenge the ROS, which is why Jan et al.26 regarded these 
vitamins as helpful in SARS-Cov-2 and other viral infec-
tions. The reduced level of these vitamins observed in this 
study is owing to their role in scavenging ROS as they are 
being used up in the process.

This study also assesses the levels of erythrocyte reduced 
GSH, erythrocytes GPx, plasma SOD and catalase activities 
in COVID-19 patients and controls. The levels of erythro-
cytes GSH, GPx catalase and plasma SOD were observed to 
be lower in COVID-19 patients when compared with con-
trols. In a similar study conducted by Dworzanski et al.27 on 
patients with Epstein–Barr virus, decreased activities of 
SOD and GPx were reported. Strycharz-Dudziak28 also 
reported similar decreases in the activities of these antioxi-
dant vitamins in patients with viral disease; however, our 
findings contradicts Strycharz-Dudziak28 report with higher 
levels of catalase in COVID-19 compared to control group. 
The study has also demonstrated that partial reduction of O2 
in oxidative processes generates superoxide which is acted 
upon by SOD converting it to hydrogen peroxide (H2O2) 
which may subsequently react forming hydroxyls (OH) 
through the Fenton reaction. GSH/GPX and CAT are impor-
tant antioxidant components in neutralizing these oxidative 
processes. Qin et al.29 reported that SARS-COV-2 infection 
activates the phagocytic cells which cause ROS to be exces-
sively produced, while the antioxidant enzymes are insuffi-
ciently present leading to a weakened antioxidant system in 
the face of increased ROS production. The GPx/reductase 
system allows reduced GSH to bind to free radicals giving 
oxidized GSH which is regenerated into GSH through this 
system.22 Studies conducted by Derouiche30 and Strycharz-
Dudziak28 suggested that SARS-COV-2, similar to other 
RNA viruses, can trigger an Os leading to a weakened anti-
oxidant system. People who are elderly and those inflicted 
with hypertension, diabetes mellitus and cardiovascular dis-
eases are known to be in a state of Os; infection with COVID-
19 in these population leads to heightened Os overwhelming 
the body’s antioxidant mechanisms as shown by the 
decreased levels of SOD, GSH and GPx in this study.

The plasma concentrations of manganese, zinc, selenium, 
copper and chromium were also investigated in this study. The 
plasma concentrations of these antioxidant trace elements 
(manganese, zinc, selenium and copper) were significantly 

Table 4.  Plasma levels of antioxidants and oxidative stress markers among COVID-19 and control groups.

Analytes Comorbidities

  Malaria Hypertension Diabetes None

Vitamin A (µg/dL) 24.04 ± 1.40 24.65 ± 1.40 24.33 ± 0.83 27.90 ± 1.63
Vitamin C (mg/dL) 28.97 ± 2.55 27.58 ± 2.42 29.10 ± 1.82 35.88 ± 2.78
Vitamin E (mg/dL) 0.60 ± 0.05 0.59 ± 0.03 0.56 ± 0.05 0.65 ± 0.05
8-iso-PGF2α (pg/mL) 88.00 ± 8.25 92.75 ± 5.13 90.80 ± 4.00 79.53 ± 4.24

8-iso-PGF2α: 8-isoprostaglandin F2 alpha; none: COVID-19 naïve.

Figure 1.  Receiver operating characteristics (ROC) curves of 
vitamin E, SOD and zinc among COVID-19 patients.
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lower in COVID-19 patients compared to controls. The con-
centration of chromium, however, in COVID-19 patients were 
similar to that of controls. It is well established that zinc, mag-
nesium, selenium and copper have important roles in support-
ing the innate and adaptive immune systems. In the study by 
Taheri et al.,31 the low plasma zinc level observed in this study 
is similar to the report of Yasui et al.,32 who worked on the 
relationship between serum zinc level and critical illness of 
COVID-19 in Japan. Zinc is reported32 to be a vital mineral 
during COVID-19 infection because of its immunomodula-
tory, antioxidant and antiviral properties. Kardos et al.33 noted 
that, being an important cofactor in the activity of ZnCu-SOD, 
zinc is a vital component of antioxidant defense system, low 
levels of which affects the system and increase the Os. 
Barazzoni et  al.34 also noted low plasma levels of zinc in 
COVID-19 patients and reported that the severity of the dis-
ease is aggravated by zinc deficiency which reduces lympho-
cyte counts and impairs their function. It is therefore suggested 
by Barazzoni et al.34 that strategies aimed at improving plasma 
zinc level can also interfere with viral replication, protein syn-
thesis and Os, providing beneficial and therapeutic effects 
against COVID-19. In a similar note, the plasma lower con-
centration of selenium found in this study may be supported 
by the work of Zhang et al.,35 who showed selenium level to 
be low in infections related to RNA viruses such as 
Coxsackievirus B3 and influenza A due to weakened host’s 
antioxidant system that was incapable of producing sufficient 
antioxidant seleno-proteins for its own protection. From the 
above, we can deduce that infection with SARS-COV-2, being 
an RNA virus, is capable of eliciting such weakened antioxi-
dant response and rendering the virus more virulence. Kardos 
et al.33 reported that the deficiency in selenium in viral infec-
tions unmakes the immune system of the host and also causes 
Os that increases the risk of mutation in the viral genome mak-
ing it more virulence. These studies (Kardos et al.,33 Jinsong 
et al.,36 Taheri et al.31 and Zhang et al.35) in conjunction with 
this study lead us to assume that there is an association between 
selenium concentration and COVID-19 outcome. It has been 
observed that the death rate of patients with COVID-19 in low 
selenium population is higher than in those with high selenium 
in China.36 In this study, we observed lower plasma Mn in 
COVID-19 patient compared to control. There is limited data 
regarding the level and relationship between COVID-19 and 
Mn. It is, however, suggested by Saleh37 that decreased serum 
Mn concentrations may weaken the antioxidant mechanism 
by reducing the activity of Mn-SOD, leading to more Os. Mn 
is an essential element required for several metalloenzymes, 
such as SOD and pyruvate decarboxylase, which are con-
cerned with antioxidant defense system and energy produc-
tion.37 From the above, it may be safe to assume that there 
exist a relationship between COVID-19 and Mn concentration 
and that this induces increased Os in these patients as observed 
by this study. This study observed the decrease in plasma Cu 
level in COVID-19 patients compared to controls. Taheri 
et  al.31 reported that the level of serum Cu in COVID-19 

patients has not been established. However, Cu is an essential 
trace element in the body and it is needed for protecting DNA 
from Os.38,39 Cu is required for enzymes such as CuZn-SOD 
which is the main part of antioxidant defense system.38 Since 
COVID-19 is demonstrated to alter and weaken the body’s 
antioxidant system from the current study, we can deduce that 
the associated increase in Os affects the serum Cu level. 
Kardos et  al.33 reported that the human immune system 
response is weak when Cu is deficient. Low serum Cu, as 
observed in this study, has been associated with altered 
immune responses and an increased frequency of infections 
coupled with increased Os.31 Mechanistically, Zabetakis 
et al.40 reported that Cu deficiency can occur following chronic 
TNF-α-induced inflammation of the lungs. COVID-19 being 
a disease associated with spike in the levels of inflammatory 
cytokines which lead to inflammation of the lungs, can cause 
Cu deficiency. So, it seems that in managing critically ill 
COVID-19 patients, physicians should consider copper insuf-
ficiency.38 Chromium levels in this study were found to be 
similar in COVID-19 patients with controls. This finding dif-
fers with that of the studies of Zeng et  al.,41 who reported 
higher levels of chromium in severe and deceased patients 
with COVID-19. This difference with this study, however, 
may be related to the fact that the population examined by 
Zeng et al.41 also suffered the comorbidity of diabetes and the 
immune dysfunction in COVID-19. So from our study, chro-
mium level is unaffected by COVID-19 and here we advocate 
for more research since there is paucity of data to ascertain the 
relationship between chromium and COVID-19.

This study also investigated the plasma level of Os mark-
ers, PGF2α and MDA, in COVID-19 patients and controls. 
PGF2α concentration in the plasma of COVID-19 patients 
was significantly higher than that of controls. MDA, however, 
in COVID-19 patients, was significantly lower than in con-
trols. As reported in this study, COVID-19 is associated with 
increased oxidative processes. The increased Os causes 
increased lipid peroxidation30 with subsequent release of 
intermediates, 8-iso-PGF2α.42 This agrees with the earlier 
work of Muhammad et al.43 which reported an elevated 8-iso-
PGF2α and decreased Alphatocopherol in COVID-19 sub-
jects co-infected with malaria. Malaria is one of the leading 
causes of morbidity and mortality in Nigeria, and co-infection 
with COVID-19 will negatively impact the disease outcome. 
This study also revealed that COVID-19 co-infected with 
malaria was the highest comorbidity recorded; this may be 
due to malaria being pandemic in the region coupled with 
fragile healthcare delivery and poor malaria control programs. 
In another study on factors which increase production of ROS 
such as malaria, Nour Eldin et al.44 reported increased lipid 
peroxidation and elevated level of 8-iso-PGF2α. Similarly, 
our research revealed significantly increased levels of 8-iso-
PGF2α in COVID-19 co-infected with malaria compared to 
COVID-19 subjects without co-infection, lower levels of anti-
oxidant vitamins were also noted among the co-infected  
group compared to COVID-19 naïve. Muhammad et  al.43 
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documented overproduction of proinflammatory cytokines 
due to sequestration of malaria parasite in vital organs may be 
responsible for the depletion of antioxidant parameters and 
consequent increase in Os markers. Angel et  al.45 and 
Aninagyei et al.46 documented that isoprostanes are produced 
from arachidonic acid metabolism bound to the cell mem-
brane when attacked by free radical or ROS activity. Among 
the isoprostanes, 8-iso-PGF2α is a very useful analytical tool 
for the assessment of endogenous lipid peroxidation. Elevated 
levels of MDA in COVID-19 patients compared to control 
group reported in the present research suggest overproduction 
of free radicals which in turn destroys lipid membranes with 
subsequent formation of MDA and 8-iso-PGF2α as by-prod-
ucts. This study is limited by its small sample size of control 
group compared to COVID-19; however, it was due to lack of 
apparently healthy subjects willing to participate in the 
research as at the time of data collection and this may not give 
actual relationship between the variables, same issues tran-
spired as such our study was not age and sex-matched. 
Furthermore, the calculated sample size was not applied due 
to the fact that only 50 positive COVID-19 patients were pre-
sent in the isolation center all of which consented to partici-
pate. Therefore, larger cohort study in the region or Nigeria at 
large concerning subject matter can be used for consensus 
statements if the findings correspond to our results. Finally, 
lack of funds limit the number of important investigation such 
as nutritional assessments, which should have been done.

Conclusion

In conclusion, this present research evaluated plasma levels 
of antioxidant vitamins, enzymes and trace elements among 
COVID-19 patients compared with control group. From our 
findings, we can conclude that COVID-19 patients are prone 
to depleted levels of antioxidant substances due to their 
increased utilization in counterbalancing the negative effect 
of free radicals. Furthermore, COVID-19 infection with other 
comorbidities, such as malaria, hypertension and diabetes, 
are at higher risk of developing Os. In addition to the defi-
ciency of antioxidants and increased Os in COVID-19, there 
is also a gap in understanding specific micronutrient deficient 
in COVID-19, which can distort body’s immune function 
while increasing susceptibility to other infectious disease.
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