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Abstract

Background: Recently, Coronavirus Disease 2019 (COVID-19) has been af-
fected by the extreme acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and has developed important global health anxiety. At this time, the treat-
ment options for this disease are only moderately successful. Smoking has
been related to COVID-19 and its mortality, and it has the potential to affect
bacteriological and viral conversion, clinical effects, and treatment outcomes.
Methods: The aim of this study was to determine the relationship between
critical essential trace {zinc (Zn), iron (Fe), and copper (Cu)} and toxic {cad-
mium (Cd) and nickel (Ni)} elements in human biological samples such as
scalp hair, serum, saliva, blood, nasal fluid, and sputum of smoking and
nonsmoking male COVID-19 patients (n = 139, age range 25 - 38 years) from
Hyderabad, Pakistan. For comparative purposes, the biological specimens of
referent persons (n = 83), pulmonary Tuberculosis (T.B) patients (n = 67),
Pneumonia (n = 56) of the same age groups were also be analyzed. Microwave
oven mediated digestion method was employed, and digestion of samples
was carried out with the help of 2:1 mixture solution of HNO,; (65%) and
H,0, (30%). Atomic absorption spectrometry was employed for the determi-
nation of elemental concentrations from the microwave oven employed di-
gested samples. Results: The found average of essential elements (Zn, Fe, and
Cu) in biological specimens of smoker and nonsmoker male COVID-19, T.B,
and Pneumonia patients was found to lower, whilst cadmium and nickel were
found to be higher when compared with samples from referents (p < 0.001).
Conclusions: Improved elemental (Cu, Fe, Zn) concentrations may also de-
crease the risk of bacterial co-infection by enhancing the mucociliary clearance
and respiratory epithelial barrier function, in addition to providing direct
antibacterial effects against S. pneumoniae. Our findings also suggest that
higher Cd and Ni concentrations are linked to cigarette smoking, which could
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lead to COVID-19 and other lung-infected diseased recurrences. However,
further clinical and experimental research is required.
Keywords

COVID-19, Other Lung Infected Diseases, Essential Trace Elements, Toxic
Elements, Biological Samples, Age Ranged 25 - 38 Years

1. Introduction

A story coronavirus (CoV) is another strain of coronavirus. The infirmity achieved
by the novel coronavirus erupted in Wuhan, China, has been named coronavirus
disorder 2019 (COVID-19)—“CO” speaks to crown, “VI” for disease, and “D”
for illness. The COVID-19 contamination is another disease associated with a
comparative gathering of contaminations as Severe Acute Respiratory Syndrome
(SARS) and a couple of sorts of standard infection [1].

The 2019-20 coronavirus pandemic was confirmed to have reached Pakistan
in February 2020. As of 1 April 2020, the number of confirmed cases in the
country is over 2000, with 82 recoveries and 26 deaths. Punjab is currently the
region with the highest number of cases at over 700 (Coronavirus in Pakistan, 1%
April 2020) [1]. Multiple regions across the country have imposed lockdowns
until early April to stem the outbreak (COVID-19 Daily Situation Report—NIH
Pakistan, 1** April 2020) [1]. These include Punjab (CM Punjab Usman Buzdar
announces lockdown in Punjab, 23 March 2020) [1], Sindh outbreak (Sindh
decides to go into COVID-19 lock down, 22" March 2020) [1], Balochistan (Ba-
lochistan goes into lockdown until April 7, 25" March 2020) [1] and Azad
Kashmir (Azad Jammu and Kashmir PM announce three-week lockdown to
combat the virus, 23 March 2020) [1] while Gilgit-Baltistan has imposed lock-
down indefinitely (GB Govt decides to observe lockdown for an indefinite pe-
riod, 23 March 2020) [1].

Pakistan at present has the third-greatest number of avowed cases in Asia,
after India and Iran, the second-greatest number of confirmed cases in South
Asia, coming after India, and the twelfth most elevated number of affirmed cases
on the planet. In spite of this, the quantity of passing in the nation and case ca-
sualty rate has remained generally low contrasted with most different nations on
the planet and Asia, at 2.10% contrasted with the worldwide normal of 4.3%
(starting at 15 July) [2]. On 14 June, day by day new affirmed case numbers
arrived at their top, with 6825 new cases recorded, yet from that point forward,
new case checks and the level of individuals testing positive have inclined down-
wards. In late June, the quantity of dynamic cases in Pakistan settled, and start-
ing in July began demonstrating a huge descending pattern. On 03 July, Pakis-
tan’s recuperations surpassed the quantity of dynamic cases just because 8929
recuperations were recorded, making 51% of affirmed cases recuperations, and

only six days after the fact on 09 July, this figure outperformed 60%. Starting on
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4 August 2020 there have been around 282,000 affirmed cases, 256,000 recupera-
tions, and 6000 passings in the nation. Sindh has recorded the most cases at
around 122,000 and has additionally recorded the most passings due to COVID-
19, around 2200 to date. The country was put under the nation over lock down
until 9 May [2]. Which was begun on the first of April anyway later extended
twice [2]. Later the lockdown was facilitated in phases [3].

Trace elements act as a part of metalloenzymes and contribute to biological
functions such as oxygen transport, free-radical scavenging, structural organiza-
tion of macromolecules, and hormonal activity. These facts make the trace ele-
ments more important. The existence of a balance between different essential
trace elements is obvious in the human body for normal activities. This balance
is important for the proper functioning of several metabolic and physiological
processes [4]. Imbalance in the level of trace elements is related to some patho-
logic circumstances, causing many disorders. Several evidences specified that
various metals act as oxidants in the human environment and are produced in
tissues throughout metabolic and inflammatory processes. They can act at a
number of phases in malignant alteration tempting lasting DNA sequence varia-
tions. A large number of researchers are working on this subject [4].

Zinc (Zn) is a basic metal being associated with an assortment of organic pro-
cedures because of its capacity as a cofactor, flagging particle, and auxiliary
component [4]. The most basic job of zinc is shown for the safe framework.
Quickly, zinc controls the expansion, separation, development, and working of
leukocytes and lymphocytes [5]. Zinc assumes a flagging job engaged with the
tweak of provocative reactions (3). It is likewise a segment of nourishing invul-
nerability [5]. Correspondingly, adjustment of zinc status altogether influences
invulnerable reaction bringing about expanded vulnerability to provocative and
irresistible ailments including AIDS, measles, jungle fever, tuberculosis, and
pneumonia [6]. Copper (Cu) is a fundamental minor component for people [7].
Cu insufficiency indications in human remember inadequacies for white plate-
lets, bone and connective tissue anomalies, and resistant responses [7]. Un-
friendly impacts of lacking Cu on safe capacity show up generally articulated in
newborn children and more seasoned individuals. Babies with hereditary issues
that bring about extreme Cu inadequacy experience the ill effects of incessant
and serious diseases [8]. Dietary Cu insufficiency influences both intrinsic and
versatile resistance [8]. Truth be told, Cu-inadequate people show extraordinary
helplessness to diseases. Additionally, Cu can slaughter a few irresistible infec-
tions, for example, bronchitis infection, poliovirus, human immune deficit infec-
tion type 1 (HIV-1), other single-or twofold abandoned DNA and RNA infec-
tions [8]. Cu induced viral slaughtering might be interceded by means of ROS
[9], and in such manner, Cu+ and H,0, assume the fundamental jobs [10]. The
interaction slaughtering of microbes, infections, and yeasts, on metallic Cu sur-
faces, is very much examined [10].

Iron being an essential component for the development of practically all body

frameworks, is found in the body in an assortment of complex restricting pro-
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teins, for example, transferrin, lactofserrin, and ferritin [11]. Besides, it is like-
wise significant for both parasite and host cells quality consequently microbes
are engaged by high similitude up taking procedures [11]. Iron is a crucial com-
ponent for all creatures since it capacities as a fundamental key factor for meta-
bolic courses and chemical capacity. Cells control iron reactivity, accessibility,
and flimsiness to stop free extreme harm to proteins, ribonucleic acids, and cell
films. Iron is important and iron inadequacy altogether harms cell multiplication
and resistant capacity [12].

Most of the studies have concentrated on the carcinogenesis that is induced by
metals, oxidative stress produced by metals being the most significant mechan-
ism [13]. It is well known that free radicals play important role in the structural
modification of DNA with consequent development of changes, which initiate
the carcinogenesis [11] [12] [13]. Imbalance of trace elements combined with
the structure of enzymes (for antioxidant protection), facilitates these processes.
The particular effect of antioxidant enzymes (glutathion peroxidase and gluta-
thion transferase) is specified considerably by the existence of active selenium
[12] in the active centre structure and the effect of superoxide dismutases is
mostly produced by the existence of Copper, zinc, and manganese [12].

There are some reasons to suppose that sufficient inhibition of deteriorations
of oncological pathology after a surgical involvement and/or radiotherapy
(which provokes generation of free radicals) should be accomplished taking into
account the content of toxic elements (cadium, lead, nickel, arenic) and their
quantity [13]. Exposure to ecological contaminants such as metals counting
nickel, chromium, cadmium, and arsenic is classified in Group 1 category of
carcinogen by the International Agency for Research on Cancer [13]; it also re-
ports lead as a suspected human carcinogen (Group 2A) (International Agency
for Cancer Research, 1993) and also mercury as possibly carcinogenic to humans
(Group 2B) [13].

Coronavirus associated respiratory syndrome spread very quickly in human,
once the novel strain was isolated and identified in December 2019. The novel
Coronavirus was recognized as COVID-19 in Wuhan city of China, which is re-
sponsible for severe life-threatening respiratory syndrome including pneumonia
and death. Since it spread out from an originating place, it has started spreading
very quickly in different countries, the main reason for the current pandemic is
the traveling of COVID-19 carrier individuals across the world. Pakistan also af-
fected by this pandemic state because Pakistan has a large number of exchanged
students, scientist, tourists, and business community, therefore, COVID-19 has
been started infecting Pakistani population, Although the number of infected
individuals is very less as compared to other affected regions, statistics analysis
reveals that there is significant increase pattern in the number of infected posi-
tive with time.

This is the first study to determine the essential trace and toxic elemental level
in the biological samples of COVID-19 smoker and nonsmoker male patients.

This is our primary outcome, because at this time COVID-19 is a pandemic all
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over the world. No one person knows the complete history of this disease. For
the comparison purpose, we have selected two diseases, pulmonary Tuberculosis
and viral Pneumonia, as a secondary outcome. This study is carried out first
time in the world, therefore we can not compare our results with other studies.
In this study, we will discuss the deficiency or efficiency of essential trace met-
als and known carcinogenic hazardous metals in scalp hair, blood, serum, nasal
fluid, sputum and saliva samples of smoker and nonsmoker COVID-19 and
other lung infected diseased (pulmonary Tuberculosis and Pneumonia) patients,
age ranges 25 - 38 years. Although correlations between essential trace and toxic
elemental exposure and COVID-19 patients are not well documented, therefore,
this type of research is needed in order to determine the exact mechanisms of

metal-induced carcinogenesis.

2. Materials and Methods

Recruitment

For the initiation of this study, prior permission was obtained from the ethical
review committee of NCEAC, University of Sindh, Jamshoro, Pakistan.

Study design and pretreatment

For this study, we had tried our best to collect the biological samples of
COVID 19 patients, but due to lockdown of the whole world, we had collected
the biological samples of our relatives, friends and other our family friends bio-
logical samples (N = 139), who were affected by COVID-19 diseases. All these
our affected patients were admitted to different hospitals. We had collected these
samples during the period March 2020-October 2020. This was primary out-
come of our study. For secondary outcome, we had collected the biological sam-
ples of 67 pulmonary TB patients (34 nonsmokers and 33 smokers) and 56 viral
pneumonia patients (289 non smokers and 27 smokers).

The biological samples of one hundred thirty-nine COVID-19 patients (in-
cluding Non-Smokers and Smokers) were collected; all these patients were reg-
istered, during March 2020-October 2020. An oral session was conducted at the
patients’ house for information purposes and the contributors/subjects were
given knowledge about the study need and pattern. A written consent form filled
and signed by the patients was provided before the collection of samples.
Another informational form was filled with information about lifestyle, eating
habits and work history of the patients. All COVID-19 patients lied in age group
of 25 - 38 years. For the comparative study, the COVID-19 was divided into two
groups Le. the smoker and nonsmoker COVID-19 patients. Out of 83 of the
healthy referents, 39 were smokers and 44 were non-smokers. While from
COVID-19 patients, 67 were non-smokers, whereas, 72 were smokers, making a
grand total of 139 patients (Table 1). According to the seventh edition of
COVID-19’s diagnosis and treatment plan issued by the Chinese National
Health Commission, patients with COVID-19 are divided into 3 main types ac-
cording to the following clinical manifestations: 1) mild—with fever, respiratory
or digestive symptoms, and physician-diagnosed pneumonia by chest computed
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Table 1. Demographic information of smoker and non smoker referents and Covid-19 patients.

Non Smokers Smokers
Characteristics Covid-19 patients (n = 67) Covid-19 patients (n = 72)
Referents . Severe Critical Referents Mild Severe Critical
Mld=52"(_1)  (m=09) (n=59) (=100  (n=03)
Signs and Symptoms

Fever  semeeee- 52 11 04 - 59 09 03

Cough e 49 10 04 - 53 07 03

Chest distress ~ -------- 48 09 03 - 45 07 03

Myalgia or fatigue =~ -------- 35 10 03 - 20 05 03

Anorexia = -------- 22 04 03 e 11 05 03

Diarrhea = ----m—-- 20 06 03 - 12 04 03

Dyspnea ~  -----e-- 00 00 03 - 00 00 00

Palpitation =~ -------- 14 00 04 - 09 00 03

Chestpain =~ —--mme- 17 05 04 - 14 05 03

tomography (CT); 2) severe—one of the following conditions: shortness of
breath and respiratory rate > 30 times/minute, oxygen saturation < 93% at rest,
or chest CT imaging showing lesion progression of more than 50% within 24 -
48 hours; 3) critical—meet any of the following rules: respiratory failure and
need for mechanical ventilation, shock, and any other organ failure needing
critical care and treatment.

All these volunteers first went through severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2) RNA detection test. This test was performed through
the Nasopharyngeal/Oropharyngeal Swab through PCR (Qualitative). This test
was followed by clinical examination by the specialist, for confirmation of
COVID-19 and later the sample collection was carried out in the presence of
specialist doctors present at different hospitals of Sindh, Pakistan at the produc-
tion of signed consent form by the COVID-19 patients. At the start, biochemical
data, height, weight and blood pressure data were collected for each volunteer
(Table 2).

For comparison purpose, the biological samples of 67 pulmonary TB patients
(34 nonsmokers and 33 smokers) and 56 viral pneumonia patients (29 non-
smokers and 27 smokers) were collected, which were also registered during
March 2020-October 2020. We had collected the biological samples of 67 pul-
monary TB patients and 56 viral pneumonia patients during March 2020-October
2020. All these patients were registered at Chest Disease Institute (CDI), Kotri.
The biochemical parameters of pulmonary TB patients and viral pneumonia pa-
tients were given in supplementary Table 1. The patients belong to areas that lie
under the poverty line of district Hyderabad of Sindh, Pakistan. An oral session
was conducted at the hospital for information purposes and the contributors/
subjects were given knowledge about the study need and pattern. It was also
elaborated to them for their information that this study will help in finding the
nutritional drawbacks that may be helping hand towards the spread of TB. A
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written consent form filled and signed by the patients was provided before the
collection of samples. Another informational form was filled with information
about lifestyle, eating habits and work history of the patients. All these volun-
teers first went through bacterial tests followed by clinical examination by the
specialist, for confirmation of TB and later the sample collection was carried out
in the presence of specialist doctor present at CDI—Kotri at the production of
signed consent form by the volunteer. All subjects agreed to receive anti-TB
therapy and attend all study visits in CDI, Kotri and sign the informed consent.
At the start, biochemical data, height, weight and blood pressure data were col-
lected for each volunteer (Table 3).

Table 2. Anthropometric information of smoker and non smoker referents and Covid-19 patients.

Non Smokers Smokers
Important biochemical tests
Referents Covid-19 patients Referents Covid-19 patients

BMI (kg/ml) 20.8 +2.46 18.9 + 3.86 199 £2.11 175+ 1.61
Hemoglobin [g/dL] 14.4 £ 0.69 6.15 + 0.53 12.5+0.85 5.84 + 0.62
Leucocyte [103/|,lL] 7250 + 450 8785 + 825 7520 + 490 9090 + 880
ESR (mm/hour) 11.0 £1.09 49.5 £ 3.65 14.2 £1.59 54.9 +2.70
CRP (mg/L) 1.25+0.10 15.6 £2.30 1.38 £0.25 16.9 £ 1.95
Serum cholesterol [mg/dL] 145+ 12.5 118 + 8.45 135 + 6.85 110 £ 7.50
HDL [mg/dL] 47.5+1.82 34,5+ 1.57 44.3 £2.05 31.8 +2.12
O e O n
Triglyceride [mg/dL] 103 £7.55 63.8 +7.55 106 + 6.45 64.5 +5.05
Total Albumin [g/L] 43.5 + 4.82 359+ 3.85 42.5+2.75 329+3.19
Total protein [g/L] 34.8 +3.05 229+1.16 32.7 £ 1.69 19.4 + 0.95
Vitamin D (ng/mL) 26.9 +1.30 6.98 + 0.55 252 +1.05 5.69 +0.42

Table 3. Anthropometric information of smoker and non smoker referents and pulmonary respiratory disease patients.

Important Non Smokers Smokers

biochemical tests Referents T.B patients Pneumonia Referents T.B patients Pneumonia
BMI (kg/mz) 20.8 £ 2.46 18.3 £ 1.52 18.4+0.93 199 +2.11 172 +1.31 15.6 + 1.63
Hemoglobin [g/d L] 14.4 £ 0.69 12.05 £ 0.59 9.92 +1.74 12.5+0.85 11.4+0.75 9.80 + 0.63
Leucocyte [103/|,lL] 7250 + 450 8260 + 245 8530 + 492 7520 + 490 8350 + 362 8650 + 352
ESR (mm/hour) 11.0 £1.09 44.3 £ 2.65 458 £1.95 14.2 £1.59 46.7 £2.35 49.7 £2.02
CRP (mg/L) 1.25+0.10 6.17 £ 0.33 9.52 £ 0.46 1.38 £0.25 8.05 + 0.62 114 +1.25
Serum cholesterol [mg/dL] 145+ 12.5 132 £7.95 126 +7.99 135 + 6.85 129 + 7.65 119 + 8.02
HDL [mg/dL] 47.5+1.82 353+ 1.15 34.0 £ 0.95 44.3 +£2.05 35.0 £ 1.09 32.5+1.32
LDL [mg/dL] 119 £9.75 959 £5.19 85.9 +7.35 126 £ 7.65 105 + 6.84 97.6 + 8.09
Triglyceride [mg/dL] 103 +7.55 82.9 £4.52 734+ 545 106 + 6.45 85.9 + 6.08 74.9 £ 5.66
Total Albumin [g/L] 43.5+4.82 38.7 £ 1.99 37.5+2.50 42.5+2.75 38.2 £2.50 36.0 + 1.44
Total protein [g/L] 34.8 + 3.05 29.8 £1.35 26.2 £0.90 32.7 £ 1.69 27.5+0.84 24.8 +1.74
Vitamin D (ng/mL) 26.9 + 1.30 13.0£0.73 10.9 £ 0.93 25.2 £ 1.05 12.2 £ 0.45 10.5 £ 0.60
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All 67 TB and 56 viral pneumonia volunteers were in the age group of 25 - 38
years; and all patients fell on the selection criteria of acid-fast bacilli sputum test;
radiographic test, clinical test and microscopic test all elaborating pulmonary TB
associated abnormalities in the samples. The inclusion criteria for TB patients
included: age > 16 years, smear-positive case of pulmonary TB, <1 week of anti-
TB medication at the time of sample collection, conformism to take anti-TB me-
dication in Thbilisi, completion of the 72 h summon up instrument at baseline
(week 1) and the serial 22 h recalls during week 2, and a signed informed ap-
proval. The common symptoms of viral pneumonia are Influenza (flu), respira-
tory syncytial virus (RSV) and rhinoviruses (common cold). This viral pneumo-
nia is usually milder and can improve in one to three weeks without treatment.

Selection for healthy referents was done on the basis of: 1) that the referent
had no fever and or any breathing track-based disease/infection at the time of
selection and 2) no known evidence of having TB in the past for at least 2 years
from the time of sample collection. Probability sampling method was used for
healthy individuals’ selection. Medical check-up of all 83 healthy referents was
done by a qualified physician before the collection of biological samples.

All 139 COVID-19 patients were in the age group of 25 - 38 years; and all the
patients fell on the selection criteria of acid-fast bacilli sputum test; radiographic
test, clinical test and microscopic test all elaborating pulmonary TB associated
abnormalities in the samples. The inclusion criteria for COVID-19 patients in-
cluded: age > 25 years, smear-positive case of pulmonary Tuberculosis case and
the COVID-19 patients signed informed approval. Excluded patients were either
being re-treated for the TB and were either suffering from multi-drug resistant
TB and/or had extra Pulmonary TB.

Ethical consideration

An ethical approval was obtained from ethical committee of National Centre
of Excellence in Analytical Chemistry (NCEAC) and verbally consent was taken
by the patient’s relatives and friends, prior to sample collection. For consent col-
lection from volunteers and/or their legal guardians was done by strictly follow-
ing Declaration of Helsinki code. Volunteers were coded with confidential iden-
tifiers to mask the volunteer’s identity. All the data of COVID-19 patients were
kept confidential and was accessible only by the principle investigator of the
project and physician specialist.

Sample collection

Blood sample collection

Aseptically blood was drawn from each volunteers’ veins, with the help of a
syringe. This process of drying blood was performed by a registered male nurse,
with the help of 5 mL sterile—one time use only, syringe. Area of puncture was
cleaned with the help of alcohol swab—containing zero elements, sealed in a
plastic covering. This type of alcohol swab was chosen only to avoid any type of
infection and contamination. BD (Oxford, UK) Vacutainer—(Trace Element

tube with potassium-EDTA) was used for the collection of blood samples to be
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analyzed for trace elements. Before the collection of 5ml of blood sample, each
volunteer was advised to fast overnight. Sample tubes were kept away from di-
rect sunlight and container tubes were folded with Al foil to avoid any possible
sunlight interaction with blood samples. Once travelled to a testing facility, the
blood samples were allowed to sit for 1 hour at room temperature followed by
3000 rpm centrifugation of each sample for 15 minutes to separate out serum
from blood cells. Hemolytic sera were discarded. The collected samples, after
centrifugation, were refrigerated at —20°C for further analysis.

Saliva sample collection

A sterile plastic container, free from any elemental and pathogenic contami-
nation, was provided to each volunteer. The container was pre-labelled with
each volunteers’” confidential identifier number. Every volunteer was directed to
collect the saliva into their mouth cavity and spit into plastic container to reach
the point of 5ml. this approach of saliva collection is termed as direct collection.

Sputum sample collection

Male nurses were advised to direct each volunteering patient and referent to
reach the mark of 5 ml of a sterile plastic container that was provided for each
participation member with pre-labelled volunteers” confidential identifier num-
ber. All the samples were then transported to National centre of Excellence in
Analytical Chemistry (NCEAC), Jamshoro, in protected container to avoid ex-
posure to direct sunlight, for analysis. Sputum collection from healthy partici-
pants was induced with the mediation of nebulized 4.5% hypertonic saline.

Nasal fluid sample collection

Small plastic spoon having dimensions 10 mm x 5 mm X 2 mm was employed
for the collection of nasal fluids. Each sample was centrifuged after the collection
of 1.5 mL of sample into Eppendorf.

Scalp hair sample collection

Stainless steel scissors were used for the collection of hair samples of about 0.5
g (0.5 - 2.0 cm long) from each diseased and healthy participant. The scissors
were thoroughly washed and cleaned with alcohol swab before and after cutting
hair of each participant. Hair samples were collected from the back of the head
and stored in sterile plastic bags. After collection of samples each bag was
marked with confidential identifier number for each participant. These plastic
bags were attached with questioner provided to each volunteer and were stored
for digestion and further analysis.

Apparatus

A Milestone microwave oven (Rotar MPR-300/12S, pressure 35 bar, with
maximum temperature 300°C) was used. Elemental analysis was performed on a
Hitachi (Tokyo) Model 180-50, S.N.5721-2 atomic absorption (AA) spectropho-
tometer equipped with a flame burner, graphite furnace GA-3, and a deuterium
lamp background corrector. Hollow-cathode lamps (Mitorika Company) were
used. Operational parameters, including lamp currents and wavelength, were those,

recommended by the manufacturer. The signals measured were the heights of
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the absorbance peaks for the flame absorption mode, and integrated absorbance
values (peak area) were used for the graphite furnace. The instrumental condi-
tions are reported in Table 4(a), Table 4(b). The Cu, Fe and Zn in scalp hair,
blood and serum samples were measured under optimised operating conditions
using flame atomic absorption spectrometry (FAAS) mode with an air-acetylene
flame, whlist in the saliva, sputum and nasal fluids these samples were deter-
mined through electrothermal atomic absorption spectrometry (ETAAS) mode.
Electrothermal atomic absorption spectrometer (ETAAS) was utilized for cad-
mijum and nickel analysis. The instrument conditions were given in Table 5(a),
Table 5(b). Signals were measured as absorbance peaks in the flame absorption
mode, whereas integrated absorbance values (peak area) were determined in the
graphite furnace. The collected samples were heated/digested by means of do-
mestic microwave oven model Pel (PMO23) which has the heating power of 900
W. Acid washed polytetrafluroethylene (PTFE) vessels/flasks were utilized for
preparation and storage of prepared solutions. Reagents blanks and complex

working standards were run in parallel and corrections were made as required.

Table 4. (a) Measurement conditions for flame ionization (FAAS). (b) Measurement conditions for electrothermal atomization

(ETAAS).

(a)

Parameters Lamp current (mA)

Wave length (nm)  Slit width (nm)  Burner height (mm) Oxidant (Air) L/min Fuel (Acetylene) L/min

Zn 7.5 214 0.2 7.5 17 2
Fe 7.5 248.5 1.3 7.5 17 2
Cu 7.5 324.8 1.3 7.5 17 2
(®)
Parameters Cu Fe Zn Ni Cd
Lamp current (mA) 7.5 10.0 10 10 7.5
Wavelength (nm) 324.8 248.3 213.8 232.0 283.3
Slit- width (nm) 1.3 0.2 1.3 0.2 1.3
Background correction D, D, D, D, D,
cuvette Tube Tube Cup Tube Cup
Carrier gas (mL/minute) 200 200 200 200 200
Sample volume (uL) 10 10 100 100 100

Temperature Program

Dry
Ash
Atomization

Cleaning

300 - 600/15

2500 - 2600/3

2600 - 2700/1

80 - 120/15 80 - 120/15 80 - 120/15 80 - 120/15 80 - 120/15

300 - 600/15 300 - 600/15 300 - 700/15 300 - 600/15

2400 - 2500/3 2000 - 2100/3 2500 - 2600/3 1500 - 1800/3

2500 - 2600/1 2100 - 2200/1 2600 - 2800/1 1800 - 2000/1
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Table 5. (a) Elemental concentrations in certified samples (CRM) by microwave digestion method (MWD); (b) Spike recovery
study in the biological samples (sputum, saliva and nasal fluid) of referent subjects (added Zn/Cu/Fe/Cd/Ni in micrograms per

gram).

(a)
Elements Certified values MWD Tralue % Recovery®
CRM of whole serum (mg/L)
Iron 1.30 £ 0.3 1.286 £ 0.087 (7.65) 0.824 98.9
Copper 1.2+0.2 1.194 £ 0.074 (6.20) 0.855 99.5
Zinc 0.97 £ 0.01 0.965 + 0.019 (1.97) 0.376 99.5
Nickel e e s
Cadmium - e e
CRM of whole blood (mg/L)
Iron 14.2 +3.24 14.15 £ 0.76 (5.37) 0.935 99.6
Copper*® 13.9+27 13.85 £ 0.97 (7.00) 0.910 99.6
Zinc 2.27 £ 0.06 2.24 +0.05 (2.23) 0.304 98.7
Nickel® 7.5+1.8 7.45 + 0.56 (7.51) 0.106 99.3
Cadmium® 1.2+04 1.185 £ 0.105 (8.86) 0.095 98.7
CRM of human hair (pug/g)
Iron 580.0 + 10 ¢ 576.0 + 21.0 (3.64) 0.657 99.3
Copper 110 £5° 109.5 + 4.33 (3.95) 0.838 99.5
Zinc 1995 198.5 £ 10.0 (5.04) 0.872 99.7
Nickel 46.0 + 1.4° 45.82 £ 1.06 2.31) 0.559 99.6
Cadmium 0.52 + 0.024 0.516 + 0.027 (5.23) 0.198 99.2

Key: — “ mg/l, ¢ Informative value, © ug/l, ‘ Indicative value, Values in ( ) are %RSD. APaired t-test between Certified Value and MWD DF = 5, T (critical) at

95% CI = 2.57, p < 0.50, $ % recovery was calculated according to: ((MDM])/([Certified Value]) x 100.

(®)
m?ii:::ll:s::;:lm Sputum % recovery Saliva % recovery Nasal Fluid % recovery
Zinc (ug/L)
0 132 +5.23 --- 357 £6.98 --- 161 + 8.05 ---
10 141.5 +3.85 99.6 366.2 £ 5.00 99.8 170.3 + 6.84 99.6
20 151.2 £ 4.05 99.5 376.5+7.15 99.8 180.5+7.92 99.7
30 160.9 + 6.02 99.3 385.7 £6.33 99.6 190.2 £ 6.91 99.6
Iron (ug/L)
0 1.25+0.21 --- 0.85+0.13 --- 1.14 + 0.15 ---
0.5 1.742 £ 0.15 99.5 1.345 +0.11 99.6 1.632 £ 0.09 99.5
1.0 2.241 £0.26 99.6 1.842 +0.14 99.6 2.135+0.13 99.8
2.0 3.2395+0.19 99.7 2.838 £0.16 99.6 3.129 £0.12 99.6
Copper (ug/L)
0 589 +16.2 --- 162 +£7.09 --- 219 +£13.7 ---
10 598.5+13.5 99.9 171.5 £ 8.01 99.7 228.4+991 99.7
20 608.5 £ 15.6 99.9 181.2 £ 9.65 99.5 238.5 £ 8.66 99.8
30 618.2 £11.9 99.8 190.9 +7.95 99.4 2479 £10.5 99.5
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Continued
Nickel (pg/L)

0 0.023 +0.003 --- 4.05+0.15 --- 0.027 +0.005 ---
0.25 0.2724 + 0.009 99.8 4.292 +2.32 99.8 0.2762 +0.012 99.7
0.50 0.5221 + 0.007 99.8 4.543 +1.95 99.8 0.5262 + 0.03 99.8
1.00 1.022 £ 0.012 99.9 5.041 + 3.65 99.8 1.0261 + 0.028 99.9

Cadmium (ug/L)

0 0.25 £ 0.05 --- 0.034 +0.01 --- 1.31 £0.20 ---
0.25 0.492 +0.09 98.4 0.2835 + 0.043 99.8 1.555 +0.35 99.6
0.50 0.744 = 0.15 99.2 0.5334 +0.037 99.8 1.802 +0.29 99.5
1.00 1.239 +£0.26 99.1 1.0331 + 0.056 99.9 2.298 £0.25 99.4

Reagents and glassware

Water used during processes was ultra-pure transfused through Millipore
(Mili-Q USA). E. Merck, Germany, produces analytical grade chemicals includ-
ing hydrogen per oxide and nitric acid was used. All the samples were tested for
metal contaminations before use. Fluka Kamica (Buchs, Switzerland) certificated
1000 ppm standard solutions of Cu, Fe, Ni, Zn and Cd were used. Serial dilution
of Working standard (stock) solutions were made using HNO; (0.2 mol/L). The
produced solutions were refrigerated at 4°C for further analysis in polyethylene
bottles. To reach sensitive and selective method, certified reference materials
(CRMs) of human hair BCR 397 (Brussels, Belgium), (Germany Munich, Reci-
pe) blood and Clinchek®, Control lypholized human serum were bought. Plastic
materials and apparatus were dipped in 2 mol/L HNO, for twenty-four hours
followed by washing and rinsing with Mili-Q’d water.

Microwave-assisted Acid Digestion Method

Duplicates of each sample were prepared for elemental analysis with the help
of microwave oven-based digestion method. As for the certificated reference
materials (serum and blood), six replicate samples were prepared. Digestion was
done by mixing 200 mg of hair samples and 0.2 mL of nasal fluid, serum, spu-
tum and blood sample with 1 mL of freshly prepared H,O,-HNO, mixture (1:2,
v/v) in PTFE flask, for each sample. This mixture flask the placed in MW oven
followed by 3 minutes exposed to microwaves at the power of 950 MW, until
complete sample digestion was achieved. The flask containing digested samples
was allowed to reach room temperature and diluted with Mili-Q water to reach
final volume mark of 10 mL. These samples were then analyzed for Cd and Zn
using FAAS and ETAAS, respectively. Same procedure was followed for the
preparation of blank samples.

Finally, Cu, Fe and Zn concentrations in standards samples were analyzed by
FAAS. The Cu, Fe and Zn, Cd and Ni in scalp hair, blood and serum samples of
referents and COVID-19 patients were measured through FAAS mode, whilst in

the saliva, sputum and nasal fluids of referents and COVID-19 patients were de-
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termined by ETAAS mode.

Data and Statistical Analyses

Excel X state and Minitab software were used for the statistical analysis of da-
ta. The accuracy of analytical method was performed with certified reference
materials of Hair BCR 397, Clin check blood and serum samples and spiking the
standards of all five metals in a real sample of sputum, saliva and nasal fluid of
referent human subjects. The reliability of method was found to be best in ac-
cord with certified values of Cu, Fe and Zn, Cd and Ni, 98.7% - 99.7% recovery,
whilst in spike methods, the % recovery was found to be in the range of 98.4 -
99.9 (Table 5(a), Table 5(b)). Samples required less than 5 minutes to be di-
gested fully, slight variation of (<1% - 2%) with respect to mean values of each
element was observed with relative standard deviation (RSD) < 2%.

Analytical Figures of Merit

Calibration was performed with a series of Cu, Cd, Fe, Ni and Zn standards.
Sensitivity (m) was the slope value obtained by least-square regression analysis
of calibration curves based on absorbance signals. The equation (n = 5) for the

calibration curves was as follows:
Y=(4.35%107) Cu + 4.25 x 10™, r=0.999
Y= (1:06 x 10™*) Cd + 1.25 x 107, r=0.999
Y=(1.18 x 107) Fe + 1.25 x 107, r=0.999
Y=(2.09x 10™*) Ni + 1.68 x 107, r=0.999
Y=(8.09x107%) Zn + 7.60 x 107, r=0.999

where Yis the integrated absorbance, r is the regression and the concentration
range of Cu, Cd, Fe, Ni and Zn for calibration curve reached from the detection
limits up to 100 pg/L. The limit of detection, equal to 0.005 ng/mg, 0.0003
ng/mg, 0.001 ng/mg, 0.001 ng/mg, and 0.005 ng/mg for Cu, Cd, Fe, Ni and Zn,
respectively, was defined as 3 s/m, “s” being the standard deviation correspond-
ing to ten blank injections and “m” the slope of the calibration graph. The quan-
tification limits, defined as 10 s/m were calculated as: 0.0013, 0.010, 0.003, 0.003

and 0.014 ng/mg for Cd, Cu, Fe, Ni and Zn, respectively.

3. Results

Serum cholesterol, HDL, LDL, Triglyceride, Total Albumin, Total protein, Vi-
tamin D and Hemoglobin were found to be lower in smoker and nonsmoker
Tuberculosis (T.B), viral pneumonia, and COVID-19 patients than referents
whilst Leucocyte, ESR and CRP were found to be higher in T.B, viral pneumo-
nia, and COVID-19 patients than referents (Table 2).

The mean concentrations with SD for essential trace and toxic elements in bi-
ological (serum, scalp hair, saliva, blood, nasal fluid, and sputum) samples are
elaborated in Table 6. The results indicate alterations of the concentrations of
essential trace (Cu, Fe, Zn) and toxic elements (Ni and Cd) in biological samples
(saliva, blood, nasal fluid, and serum) of smoker and non-smoker COVID-19
patients of both genders.
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Table 6. Elemental concentrations in biological samples of referent and Covid-19 patients.

Referents/Patients NS/S Biological samples Zinc Iron Copper Nickel Cadmium
239+164 41.1%+3.33 155+ 1.27 4.25+0.52 1.42 £0.25
Non smokers
230 - 249 40.3 - 42.3 14.8 - 16.2 3.97 - 4.50 1.30 - 1.55
Referents
207 +£19.5 36.4+2.38 13.9 £ 0.85 5.15+£0.32 1.47 £0.20
Smokers
195 - 215 35.0-37.9 134 -14.3 5.04 - 5.39 1.36 - 1.56
Scalp hairs (pg/g)
124 +16.8 30.4+£0.95 13.2+£1.33 5.95 £ 0.61 2.89 £0.35
Non smokers
115-134 29.8 - 30.9 12.5-139 5.62 - 6.32 2.72 - 3.05
COVID 19 Patients
115+20.7 28.6+0.82 12.0 £ 0.68 7.41 £ 0.45 2.93 £0.30
Smokers
105 - 126 28.4-29.1 11.6-124 7.15-7.54 2.78 - 3.10
590 +£0.22 483185 1.09 = 0.05 1.93 £ 0.32 3.57 £0.39
Non smokers
5.83-5.97 474 - 495 1.04 - 1.12 1.76 - 2.10 3.39-3.74
Referents
5.54+0.20 443 t16.2 0.97 £ 0.05 2.10 £0.35 3.62 £0.42
Smokers
Blood (mg/L) 547-565 435-451  092-1.00  1.98-2.23 3.40-3.83
(ng/L) forNi & Cd  415+020 395+12.9 0.79+006 329 +0.41 6.75 +0.32
Non smokers
4.03 - 4.26 389 - 402 0.77 - 0.83 3.02 - 3.45 6.59 - 6.92
COVID 19 Patients
3.79+£0.15 339x114 0.68 = 0.07 3.51 £0.30 6.89 = 0.28
Smokers
3.70 - 3.89 333 - 345 0.65 - 0.72 3.31-4.01 6.75-7.05
1.19+£0.19 3.89 £0.65 0.80 £0.11 115+ 14.1 0.033 £ 0.004
Non smokers
1.10 - 1.28 3.59 -4.19 0.75-0.84 107 - 122 0.032 - 0.034
Referents
1.12+0.15 3.56+0.52 0.72 +0.07 122 £9.52 0.062 + 0.006
Smokers
Serum (mg/L) 1.06-1.17 3.30-3.82  0.69-0.75 115 - 127 0.061 - 0.064

(ug/L) for Ni& Cd  0.68+0.08 2.48+020 0.57+0.10 228 +20.2 0.035 + 0.002
0.63-073 236-259  0.52-0.63 214 -235 0.034 - 0.036

Non smokers

COVID 19 Patients
0.52£0.06 2.15%+0.16 0.50 £ 0.04 299 +12.2 0.065 + 0.008

0.50-0.56 2.07-2.24 0.48-0.53 289 - 309 0.063 - 0.067

Smokers

365+13.5 1.38+0.25 637 £ 105 0.024 +0.004 0.27 +£0.04
357 - 372 1.25-1.52 589 - 702 0.023 - 0.024 0.25-0.29

Non smokers

Referents
335+124 1.27£0.20 598 + 98.5 0.026 £ 0.003 0.29 £ 0.05

Smokers 327-340  120-134  549-645  0.026-0.027  0.26-032

Sputum (ug/L)
162 +18.5 1.12+0.22 468 £85.2  0.058 +0.004 0.76 £ 0.12

151-170 1.01-1.23 445 - 495 0.057 - 0.061 0.69 - 0.81

Non smokers

COVID 19 Patients
151+7.39 0.95+0.15 445 + 65.3 0.071 £ 0.007 0.82 £ 0.05

Smokers
147 - 154 0.89 - 1.03 419 - 479 0.065 - 0.074 0.79 - 0.85

138 £12.7  0.89 £ 0.09 169 £ 13.5 4.15+£0.25 0.034 + 0.005
132 - 145 0.85-0.91 162 - 175 4.05 - 4.29 0.0338 - 0.0352

Non smokers

Referents
126 +9.85 0.83+0.05 96.5+10.5 4.38 £0.19 0.036 + 0.004

Smokers
120 - 132 0.81 - 0.85 90.5 - 102 4.28 - 4.49 0.034 - 0.038

Saliva (ug/L)
724 +9.52  0.65 £ 0.08 152 +11.9 8.58 + 0.19 0.078 £+ 0.008

66.9-77.9  0.59 -0.68 146 - 158 8.47 - 8.70 0.077 - 0.079

Non smokers

COVID 19 Patients
55.7+5.92 0.57 £0.06 82.6 £ 9.57 8.65 £ 0.22 0.080 + 0.004

52.9-58.0 0.54-0.60 75.6 - 87.9 8.55-8.76 0.078 - 0.082

Smokers

167 £20.3 1.21+0.14 227 +19.5 0.028 +0.003 1.40 £0.19
161 -173 1.14-1.29 219 - 240 0.027 - 0.031 1.31-1.50

Non smokers

Referents
160 £17.7 1.12%0.12 205 = 8.55 0.035 £ 0.005 1.49 £0.23

Smokers 153-168 1.05-1.18  200-212  0.034-0.036 1.35 - 1.62

Nasal Fluid (pg/L)
926+9.45 093+0.06 125+11.5 0.074 +0.005 2.75+0.39

87.2-98.0 0.90-0.97 119 -131 0.069 - 0.075 2.57-2.97

Non smokers

COVID 19 Patients
829+£7.20 0.82+0.04 119 + 9.65 0.097 £ 0.009 2.85+0.25

Smokers
78.6-86.3 0.78-0.84 114 - 125 0.089 - 0.099 2.72-2.99
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The Zn contents in scalp hair, blood, serum, sputum, saliva and nasal fluid
samples of male nonsmoker and smoker COVID-19 patients was found to be
lower at 95% confidence interval {[CI 116 - 132] pg/g, [4.05 - 4.25] mg/L, [CI
0.64 - 0.73] mg/L, [150 - 165] pg/L, [CI 67.5 - 78.0] ug/L, and [86.7 - 98.5] ug/L}
and {[CI 106 - 125] pg/g, [3.72 - 3.87] mg/L, [CI 0.49 - 0.55] mg/L, [CI 145 - 152]
pg/L, [CI 52.2 - 58.2] pg/L, and [CI 136 - 145] pg/L}, respectively, as compared
to Zn in scalp hair, blood, serum, sputum, saliva and nasal fluid samples of male
smoker and nonsmoker referents {[CI 231 - 246] pg/g, [CI 5.79 - 6.10] mg/L, [CI
1.08 - 1.30] mg/l, [(CI 358 - 372] ug/L, [CI 133 - 146] ug/L, and [CI 157 - 175]
ug/L)} and {([CI 192 - 215] pg/g, [CI 5.43 - 5.62] mg/L, [CI 1.04 - 1.20] mg/L,
[CI 325 - 338] pug/L, [CI 119 - 131] pg/L, and [CI 152 - 169] pg/L}, respectively
(Table 6). The Zn concentration were found to be significantly lower in the bio-
logical samples of Covid-19, Tuberculosis and viral pneumonia patients as com-
pare to referents (p < 0.001). Whilst the Zn levels in the biological samples of
Tuberculosis and viral pneumonia patients were higher than Covid-19 patients,
difference was not significant (p > 0.032) (Table 7).

Table 7. Elemental concentrations in biological samples of referent and pulmonary respiratory disease patients.

Biological specimens

Scalp hairs (ug/g)

Blood (mg/L)

Serum(mg/L)

Sputum (ug/L)

Saliva (ug/L)

Nasal Fluid (ug/L)

Scalp hairs (ug/g)

Blood (mg/L)

Serum(mg/L)

Sputum (pg/L)

Saliva (ug/L)

Nasal Fluid (ug/L)

Referents

239+ 16.4
230 - 249

5.90 £ 0.22
5.83-5.97

1.19£0.19
1.10 - 1.28

365+ 13.5
357 - 372

138 £12.7
132 - 145

167 +20.3
161 -173

41.1 +£3.33
40.3-42.3

483 + 18.5
474 - 495

3.89 £ 0.65
3.59 -4.19

1.38 £0.25
1.25-1.52

0.89 +0.09
0.85-0.91

1.21 £0.14
1.14-1.29

Non smokers smokers
T.B patients Pneumonia Referents T.B patients Pneumonia
Zinc
145 + 15.2 134 £ 9.35 207 £19.5 143 + 8.02 125+ 7.92
137 - 152 128 - 137 195 - 215 139 - 146 121 - 129
4.60 £ 0.31 4,32 +0.22 5.54 £ 0.20 4.30 £ 0.24 4.10 £ 0.20
4.50 - 4.75 4.25-4.41 5.47 - 5.65 4.19 - 4.42 3.99 -4.20
0.96 + 0.09 0.81 £0.10 1.12 £ 0.15 0.85 + 0.09 0.70 £+ 0.05
0.90 - 1.02 0.75-0.85 1.06 - 1.17 0.79 - 0.89 0.67 - 0.74
230 £7.44 199 £ 9.90 335+ 124 215+ 7.32 182 +7.52
226 - 234 195 - 205 327 - 340 212 - 219 178 - 185
106 £ 12.9 90.0 £ 7.41 126 £ 9.85 89.9 £5.79 72.5+7.75
99.2 - 113 86.7 - 94.0 120 - 132 87.3-93.0 68.9 - 75.2
115+ 7.66 109 + 7.62 160 + 17.7 110 £ 5.90 96.0 £6.22
112 -119 105-114 153 - 168 107 - 113 92.9-99.2
Iron
355+1.91 33.7 £ 1.60 36.4 +2.38 33.5+0.95 31.7 £0.80
329-36.4 32.8-34.9 35.0-37.9 32.9-339 31.2-323
425+ 13.2 415 +9.52 443 + 16.2 399 + 841 369 £ 7.50
419 - 433 409 - 419 435 - 451 394 - 403 364 - 374
2.92 £0.41 2.55+0.35 3.56 £ 0.52 2.69 +0.39 2.42 +0.25
2.73-3.12 2.41-272 3.30-3.82 2.50 -2.92 2.29 -2.55
1.29 £ 0.05 1.20 £ 0.05 1.27 £0.20 1.13 £ 0.05 1.05 £ 0.05
1.21-1.32 1.16 - 1.24 1.20 - 1.34 1.09 - 1.16 1.02 - 1.04
0.72 + 0.05 0.65 + 0.06 0.83 + 0.05 0.67 + 0.05 0.59 + 0.04
0.70 - 0.75 0.63 - 0.68 0.81 - 0.85 0.65-0.70 0.57 - 0.62
1.12 £ 0.02 1.05 = 0.06 1.12 £0.12 1.00 £ 0.08 0.97 £ 0.05
1.09 - 1.13 1.02 - 1.08 1.05-1.18 0.97 - 1.03 0.95-0.99
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Continued
Copper
. 155+1.27 14.2 £0.48 13.7 £ 0.65 13.9 £ 0.85 12.3 £0.30 12.0 £0.24
Scalp hairs (ug/g)
14.8 - 16.2 13.9-14.3 13.5-13.9 13.4-14.3 12.1-12.5 11.8-12.2
1.09 + 0.05 0.98 + 0.06 0.85 +0.07 0.97 £ 0.05 0.82 +0.05 0.75 = 0.05
Blood (mg/L)
1.04-1.12 0.95-1.03 0.82-0.87 0.92 - 1.00 0.80-0.85 0.72-0.77
0.80 = 0.11 0.72 £ 0.05 0.60 + 0.05 0.72 £ 0.07 0.63 + 0.04 0.59 + 0.05
Serum(mg/L)
0.75-0.84 0.69-0.73 0.58 - 0.62 0.69 - 0.75 0.51 - 0.65 0.57 - 0.62
637 £ 105 565 + 60.2 509 +29.4 598 + 98.5 538 +40.5 479 +26.0
Sputum (pg/L)
589 - 702 530 - 595 485 - 526 549 - 645 514 - 555 465 - 495
. 169 £13.5 145 £ 9.40 115+ 7.51 152 £11.9 132 £9.50 114 £7.35
Saliva (ug/L)
162 - 175 139 - 149 110 - 118 146 - 158 128 - 137 109 - 117
227 +19.5 174 £ 6.08 145 £ 5.62 205 + 8.55 167 £8.95 139 £ 6.02
Nasal Fluid (ug/L)
219 - 240 172 -178 142 - 149 200 - 212 162 -172 136 - 141
Nickel
. 4.25+0.52 5.65 £ 0.50 5.85+0.42 5.15+0.32 5.85+0.32 6.43 +£0.47
Scalp hairs (ug/g)
3.97 - 4.50 5.42-593 5.57 -6.01 5.04 - 5.39 5.70 - 6.04 6.23 - 6.70
1.93 +£0.32 2.45+0.22 2.82+0.35 2.10+0.35 2.59 +0.20 3.05+0.21
Blood (pg/L)
1.76 - 2.10 2.37 -2.57 2.67 - 3.00 1.98 -2.23 2.47 - 2.68 2.92-3.12
115+ 14.1 155 +£9.32 182 £9.95 122 £9.52 189 £ 14.5 243 +19.6
Serum (pg/L)
107 - 122 150 - 162 178 - 187 115 - 127 182 - 195 234 - 255
0.024 +0.004 0.034 +0.003 0.045 + 0.004 0.026 = 0.003 0.042 +0.003 0.060 * 0.006
Sputum (ug/L)
0.023 - 0.024 0.031 - 0.035 0.043 - 0.046 0.026 - 0.027 0.040 - 0.044 0.057 - 0.062
. 4.15+0.25 5.95 % 0.50 7.27 +0.42 4.38 +0.19 6.36 + 0.32 7.80 £ 0.26
Saliva (pg/L)
4.05 - 4.29 5.70 - 6.20 7.05 - 7.40 4.28 - 4.49 6.19 - 6.50 7.67 -7.95
. 0.028 = 0.003 0.039 +0.003 0.055 = 0.006 0.035 = 0.005 0.049 + 0.005 0.072 = 0.005
Nasal Fluid (ug/L)
0.027 - 0.031 0.037 - 0.041 0.054 - 0.058 0.034 - 0.036 0.046 - 0.050 0.071 - 0.074
Cadmium
A 1.42 +0.25 1.75 + 0.32 2.452+£0.35 1.47 +0.20 1.95 +0.20 2.64 + 0.49
Scalp hairs (ug/g)
1.30 - 1.55 1.65-1.97 1.24 - 2.60 1.36 - 1.56 1.86 - 2.07 2.49 -2.79
3.57 £0.39 4.95+0.40 5.92 +0.35 3.62 £0.42 5.09 £ 0.42 6.19 £ 0.40
Blood (ug/L)
3.39-3.74 4.79 - 5.18 5.70 - 6.12 3.40-3.83 4.81-5.30 6.95 - 6.30
Serum (ug/L) 0.033 £ 0.004 0.045 + 0.003 0.056 + 0.004 0.035 £ 0.002 0.048 + 0.005 0.062 + 0.007
um tHe. 0.032 - 0.034 0.043 - 0.047 0.054 - 0.059 0.034 - 0.036 0.046 - 0.050 0.057 - 0.063
0.27 £ 0.04 0.48 = 0.09 0.64 + 0.06 0.29 +0.05 0.52 +0.06 0.69 = 0.05
Sputum (pg/L)
0.25-0.29 0.42 - 0.52 0.59 - 0.67 0.26 - 0.32 0.49 - 0.55 0.65-0.71
Saliva (ug/L) 0.034 = 0.005 0.053 = 0.005 0.066 * 0.005 0.036 = 0.004 0.060 * 0.004 0.073 = 0.005
K& 0.0338 - 0.0352 0.050 - 0.055 0.063 - 0.068 0.034 - 0.038 0.058 - 0.061 0.069 - 0.074
1.40 £0.19 2.29+0.25 2.57 +0.40 1.49 +0.23 2.44 + 0.31 2.73+0.34
1 Flui L
Nasal Fluid (ug/L) 1.31-1.50 2.15-2.39 2.36 - 2.74 1.35-1.62 2.29 -2.57 2.58 - 2.86

The Fe contents in scalp hair, blood, serum, sputum, saliva and nasal fluid
samples of male nonsmoker and smoker COVID-19 patients was found to be
lower at 95% confidence interval {[CI 37.8 - 40.5] pg/g, [387 - 400] mg/L, [CI
2.38 - 2.57] mg/L, [1.03 - 1.25] ug/L, [CI 0.60 - 0.67] ug/L, and [CI 0.89 - 0.95]
pg/L)} and {([CI 30.8 - 33.0] pg/g, [334 - 346] mg/L, [CI 2.08 - 2.25] mg/L, [CI
0.87 - 1.02] pg/L, [CI 0.53 - 0.59] pg/L, and [CI 0.79 - 0.84] pg/L}, respectively,
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than Fe in scalp hair, blood, serum, sputum, saliva and nasal fluid samples of
male smoker and nonsmoker referents {[CI 39.6 - 41.9] ug/g, [CI 475 - 492]
mg/L, [CI 3.57 - 4.22] mg/L, [(CI 1.27 - 1.50] pg/L, [CI 0.86 - 0.92] pg/L, and [CI
1.12 - 1.27] pg/L} and {[CI 34.9 - 38.0] pg/g, [CI 436 - 452] mg/L, [CI 3.32 - 3.85]
mg/L, [CI 1.18 - 1.36] pg/L, [CI 0.80 - 0.84] pg/L, and [CI 1.06 - 1.17] ug/L}, re-
spectively (Table 6). The Fe concentration were found to be less significantly
lower in the biological samples of Covid-19, Tuberculosis and viral pneumonia
patients as compare to referents (p < 0.015). Whilst the Fe levels in the biological
samples of Tuberculosis and viral pneumonia patients were higher than Covid-
19 patients, difference was not significant (p > 0.041) (Table 7).

The Cu contents in scalp hair, blood, serum, sputum, saliva and nasal fluid
samples of male nonsmoker and smoker COVID-19 patients was found to be
lower at 95% confidence interval {[CI 12.5 - 13.8] pg/g, [0.75.0.83] mg/L, [CI
0.51 - 0.61] mg/L, [449 - 498] pg/l, [CI 91.0 - 101] pg/L, and [119 - 132] pg/L}
and {[CI 11.7 - 12.3] pg/g, [0.66 - 0.70] mg/L, [CI 0.47 - 0.52] mg/L, [CI 421 -
482] pg/L, [CI 76.0 - 88.2] ug/L, and [CI 115 - 124] ug/L}, respectively, as com-
pared to Cu in scalp hair, blood, serum, sputum, saliva and nasal fluid samples
of male smoker and nonsmoker referents {[CI 14.7 - 16.3] pg/g, [1.02 - 1.12]
mg/L, [CI 0.76 - 0.85] mg/L, [595 - 710] ug/L, [CI 163 - 178] ug/L, and [220 -
238] pg/L))} and {([CI 13.3 - 14.5] ug/g, [CI 0.93 - 0.99] mg/L, [CI 0.68 - 0.73]
mg/L, [CI 550 - 640] pg/L, [CI 145 - 159] ug/L, and [CI 201 - 213] pg/L}, respec-
tively (Table 6). The Cu concentration were found to be less significantly lower
in the biological samples of Covid-19, Tuberculosis and viral pneumonia pa-
tients as compare to referents (p < 0.019). Whilst the Cu levels in the biological
samples of Tuberculosis and viral pneumonia patients were higher than Covid-
19 patients, difference was not significant (p > 0.037) (supplementary Table 2).

The concentrations of Ni in biological samples of biological (scalp hair, blood,
serum, sputum, saliva and nasal fluid) samples of male nonsmoker and smoker
COVID - 19 patients were significantly higher at 95% C.I. {[CI: 5.55 - 6.27] pg/g,
[CI: 3.02 - 3.40] pg/L, [CI: 210 - 240] pg/L, [CI 0.055 - 0.065] pg/L, [CI 8.40 -
9.07] ug/L and [CI 0.065 - 0.078] pg/L} and {[CI 7.12 - 7.62] pg/g, [CI 3.33 -
4.05] pg/L, [CI 285 - 310] pg/L, [CI 0.060 - 0.064] pg/L, [CI 8.52 - 8.71] ug/L and
[CI 0.0848 - 0.095] pg/L} compared with those in male healthy nonsmokers and
smokers subjects {[CI: 3.90 - 4.65] pg/g, [CI: 1.75 - 2.05] pg/L, [CI: 110 - 130]
ug/L, [CI 0.023 - 0.025] ug/L, [CI 4.10 - 4.32] pg/L and [CI 0.025 - 0.030] pg/L)}
and {([CI 5.05 - 5.39] pg/g, [CI 1.95 - 2.20] pg/L, [CI 112 - 124] pg/L, [CI 0.025 -
0.028] pg/L, [CI 4.25 - 4.48] ug/L and [CI 0.033 - 0.037] pg/L} (p < 0.01). Same
trend was seen in female (Table 6). The concentrations of Cd in biological sam-
ples of biological (scalp hair, blood, serum, sputum, saliva and nasal fluid) sam-
ples of male nonsmoker and smoker COVID-19 patients were significantly
higher compared with those in male healthy nonsmokers and smokers subjects.
The toxic elemental levels (Ni and Cd) were found to be significantly higher in

Covid-19, Tuberculosis and viral pneumonia patients as compare to referents (p
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< 0.001). Whilst the Cd and Ni levels in the biological samples of COVID-19 pa-
tients were higher than Tuberculosis and viral pneumonia patients, difference
was not significant (p > 0.065) (Table 7).

Independent student t-test was used to compare the mean values between

smoker and non smoker COVID-19 patients and referent subjects.

4. Discussion

In Pakistan, the first corona case was reported on 26™ Feburary 2020. At this
time, covid 19 is a pandemic disease all over the world. The aim of this study is
to estimate the essential trace (Cu, Fe and Zn) and toxic elemental level in bio-
logical samples of Covid 19 patients and controls with smoking and nonsmoking
habits in urban areas of Sindh, Pakistan (Hyderabad).

Although it is unclear whether declined serum HDL-cholesterol in COVID-19
infection shares the same mechanism as HIV-1 infection, HDL particles and
cholesterol were indicated to be closely related to virus infection. The studies in
vitro showed that cholesterol on lipid rafts was proved to be required for the
early stage of SARS-CoV replication and during the binding stage of SARS-CoV
entering host cells [14]. Furthermore, HDL generally is an anti-inflammatory li-
poprotein [15]. However, inflammation was reported to leads to structural alte-
rations of HDL particles and caused the accumulation of the acute phase protein
serum amyloid A (SAA) within the protein moiety of HDL [16]. Furthermore,
the decrease in serum albumin levels might result from mild diarrhea following
the onset of the disease [16]. Currently, COVID-19 infection-associated dyslipi-
demia had been reported in several clinical studies [17] [18] [19], however, the
underlying mechanism of cholesterol metabolism in COVID-19 infection is still
unknown. Vitamin D has been suggested as possibly protective of COVID-19
infection [20] [21] and if so, could plausibly play a role in ethnic variations in
COVID-19 infection.

In primary outcome, low levels of zinc, copper, and iron were reported in bi-
ological samples of COVID 19 patients as compared to referent subjects. While
in the secondary outcome, we also determined Zn level in biological samples of
pulmonary Tuberculosis and viral pneumonia. But in COVID-19 patients, Zn
level was found to be lower than Tuberculosis and viral pneumonia patients.

Zinc is associated with different cell forms and has an assortment of imme-
diate and aberrant antiviral properties. It was exhibited that Zn inadequacy is
related to diminished counter acting agent creation, influenced capacity of the
intrinsic invulnerable framework (e.g., low normal executioner cell movement),
diminished cytokine creation by monocytes, and the chemotaxis and oxidative
eruption of neutrophil granulocytes [22]. It likewise results in thymic decay,
modified thymic hormones creation, lymphopenia, and damaged cell and coun-
ter acting agent interceded reactions that lead to expanded rates and span of
disease. Specifically, Zn lack diminishes the quantity of fringe and thymic T cells,
their multiplication in light of phytohemagglutinin, and the elements of T part-
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ners and cytotoxic T cells. What’s more, Zn inadequacy acts in a roundabout
way by decreasing the degrees of dynamic serum thymulin, a zinc-subordinate
nonapeptide hormone that controls the separation of juvenile T cells in the
thymus and the capacity to develop fringe T cells [22]. Then again, Zn can in-
fluence a few parts of monocyte signal transduction and emission of favorable to
provocative cytokines, and meddle with the official of leukocyte work related an-
tigen-1 to ICAM-1, accordingly stifling incendiary response [23]. Zinc is asso-
ciated with different cell forms and has an assortment of immediate and aber-
rant antiviral properties. It was exhibited that Zn inadequacy is related to dimi-
nished counter acting agent creation, influenced capacity of the intrinsic invul-
nerable framework (e.g., low normal executioner cell movement), diminished
cytokine creation by monocytes, and the chemotaxis and oxidative eruption of
neutrophil granulocytes [22]. It likewise results in thymic decay, modified
thymic hormones creation, lymphopenia, and damaged cell and counter acting
agent interceded reactions that lead to expanded rates and span of disease. Spe-
cifically, Zn lack diminishes the quantity of fringe and thymic T cells, their mul-
tiplication in light of phytohemagglutinin, and the elements of T partners and
cytotoxic T cells. What’s more, Zn inadequacy acts in a roundabout way by de-
creasing the degrees of dynamic serum thymulin, a zinc-subordinate nonapep-
tide hormone that controls the separation of juvenile T cells in the thymus and
the capacity of developed fringe T cells [22] [23]. Then again, Zn can influence a
few parts of monocyte signal transduction and emission of favorable to provoca-
tive cytokines, and meddle with the official of leukocyte work related antigen-1
to ICAM-1, accordingly stifling incendiary response [22] [23].

Zinc homeostasis may assume a significant job in tweaking the resistant reac-
tion to aggravation, with high groupings of zinc inciting fringe blood monocyte
apoptosis 26 and advancing cytokine creation [23]. Then again, low conver-
gences of zinc may smother monocyte capacity and reduction neutrophil pha-
gocytosis [24]. Zinc may likewise collaborate with the aviation route epithelium
[25]. Zinc was appeared to significantly affect viral contaminations through reg-
ulation of viral molecule section, combination, replication, viral protein inter-
pretation and further delivery for various infections incorporating those asso-
ciated with respiratory framework pathology [22] [25]. In particular, expanding
intracellular Zn levels through thhhe use of Zn ionophores, for example, pyri-
thione and hinokitiol altogether adjust replication of picornavirus, the main
source of regular cold [25]. These discoveries for the most part relate to the pre-
vious signs of the suppressive impact of zinc on rhinovirus replication starting
from the mid-1970s [23]. Also, Zn treatment was appeared to build interferon a
(IFNa) creation by leukocytes [24] and potentiate its antiviral action in rhinovi-
rus-contaminated cells [25].

Zn lack in rodents brought about a huge increment in proinflammatory TNFa
and VCAM-1 articulation and lung tissue renovating, being in part turned

around by Zn supplementation [26]. Zn inadequacy likewise brought about a
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critical adjustment of lung epithelial cell hindrance work through up-guideline
of TNFa, IFN), and FasR flagging and cell apoptosis in vitro [27]. Zn insuffi-
ciency was appeared to up direct intense stage reaction related qualities through
incitement of JAK STAT motioning in lungs under septic conditions [27]. Zinc
and nitric oxide (NO)-metallothioneine (MT)-Zn pathways were appeared to
intervene lung injury because of LPS or hyperoxia [28].

In primary outcome, low levels of Cu and Fe were also reported in biological
samples of COVID-19 patients as compared to referent subjects. While in the
secondary outcome, Cu and Fe levels were found to be lower than Tuberculosis
and viral pneumonia patients.

Iron digestion and anemia may assume a significant job in various organ bro-
kenness conditions in Coronavirus ailment 2019 (COVID-19). Iron is a basic
micronutrient for both living humans and microbes [29]. The inborn resistant
reaction could confine iron accessibility during diseases to deny its microorgan-
ism, a system that would likewise prompt pallor [30].

Iron deficiency, thus, decreases oxygen conveyance to the tissue and may in
this way assume a significant job in the advancement of multi organ disap-
pointment. Hence, it is essential to comprehend the connection between pallor,
iron digestion and movement of COVID-19, and whether these affiliations vary
by age, sex and nearness of interminable conditions. Hemoglobin fixation is one
of the most significant determinants of the oxygen-conveying limit of the blood.
Low hemoglobin in COVID-19 patients, particularly in populaces in danger of
confusions and mortality, could demonstrate that the patients could experience
the ill effects of a diminished ability of hemoglobin to help the expanded fringe
tissue requests for oxygen due to the hypermetabolic states during contamina-
tion [31].

The inborn safe framework arranges authority over iron digestion as a reac-
tion to viral diseases. For viral replication, upgraded cell digestion and ideal iron
levels inside host cells are essential [31]. Along these lines, the natural invulner-
able framework will respond by diminishing the bioavailability of iron to re-
strain the replication of the infection during the intense period of contamina-
tion. In these conditions, through interleukin-6 and Toll-like-receptor-4 ward
pathways, the degrees of the liver-determined iron hormone hepcidin-the ace
controller of iron homoestasis-could increment and square, the movement of the
carrier ferroportin which does iron of the cells, and in this manner decline the
measure of iron assimilated from the eating regimen, causing cell sequestration
of iron (Ze., primarily in hepatocytes, enterocytes, and macrophages) [31]. Ex-
panded intracellular iron sequestration will prompt an upregulation of cytosolic
ferritin which sequesters and stores iron to forestall iron-intervened free extreme
harm [31]. The expanded maintenance and capacity of iron inside ferritin in
macrophages add to the trademark fall in serum iron focuses and an expansion
in serum ferritin fixations as saw in an intense stage reaction [31].

Copper (Cu) has the strong ability to kill irresistible infections, for example,
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bronchitis infection, poliovirus, human immunodeficiency infection type 1 (HIV-
1), and other encompassed or nonenveloped single- or double-stranded DNA and
RNA infections [32]. Cu can upset the lytic pattern of the Coccolithovirus,
EhV86 with the expansion underway of ROS [32]. Cu* particles can inactivate
five wrapped or non enveloped, single or two fold abandoned DNA or RNA in-
fections. The virucidal impact of this Cu is upgraded by the expansion of perox-
ide as the blends of Cu®* particles and peroxide are more proficient than gluta-
raldehyde in actuating Junin and herpes simplex infections [32]. Copper intro-
duction to human coronavirus 229E decimated the viral genomes and irreversi-
bly influenced infection morphology, including breaking down of envelope and
dispersal of surface spikes [32]. Cupric (II) chloride dihydrate demonstrated the
inhibitory impact on the replication of dengue infection, DENV-2 out of a cell
culture study [32]. The Cu surfaces can fundamentally lessen the quantity of ir-
resistible flu infection particles. Cu particles can harm the viral genomic DNA by
authoritative and cross-connecting between and inside strands of the genome [33].
Replication of flu an infection was repressed by Cu by harming the negative-
sense RNA genome [33]. The contact executing of organisms by Cu is interceded
by the debasement of genomic and plasmid DNA of microorganisms [34].

Individuals with debilitated resistant frameworks are consistently at an ex-
panded danger of irresistible infections, and COVID-19 is no special case. A few
reports exhibited that Cu insufficiency debilitates the human invulnerable reac-
tion. In addition, Cu inadequacy can over-initiate neutrophils and cause them to
develop in the liver, which adds to irritation [35]. A few investigations have in-
dicated that lower absolute cholesterol level might be connected to some degree
because of lower Cu level in grown-ups [35]. Disturbance of lipid pontoons by
cholesterol consumption caused an upgrade of infection particles delivered from
tainted cells and abatement in the infectivity of infection particles [35].

We also determined the toxic elements (Cadmium and nickel) in biological
samples of COVID-19, pulmonary Tuberculosis and pneumonia patients. In
primary outcome, higher levels of Cd and Ni were reported in biological samples
of COVID-19 patients as compared to referent subjects. While in thr secondary
outcome, in COVID-19 patients, Cd and Ni levels were found to be higher than
Tuberculosis and viral pneumonia patients.

Our respiratory system can be affected by the higher concentrations of heavy-
metals [36]. Versatile complexes can be formed with the metals, inside the cell
which may affect the cell functions [36]. In recent decades, various technological
innovations have been introduced to the tobacco industry for the improvement
of cigarette taste and design, which involves the application of different elements
[37]. Tobacco plant tends to absorb toxic metals from soil and pesticides etc
[37]. The multi-factorial situations may affect the uptake of toxic elements—
TEs, these factors may include the change in the pH of soil, use of fertilizers,
rains and conc. of metals in irrigation water source [38]. The tobacco burning is

considered to have released around 87 carcinogenic compounds and TEs, to which
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a smoker is exposed while inhaling the cigarette smoke [38]. The Cd is known to
travel through blood, once up-taken by humans, and accumulate in kidneys and
liver [39]. The amount of heavy metal exposure may vary from commercial to-
bacco product to product, since very tobacco company has its own processing
method [39]. The toxic elements ingestion can cause pulmonary tuberculosis,
atherosclerosis and myocardial infarctions associated disorders by increasing
oxidative-stress due to Zn deficiency—an anti-oxidant element [40]. The lack of
essential elements supply may enhance the digestion and accumulation of toxic
metals that can birth TB, heart related diseases and hypertension [40].

Cadmium is one of the dominant toxic and carcinogenic metals detected in
tobacco in higher concentrations [40]. The half life of cadmium in human body
is within the range of 13.6 - 23.5 years. Due to its prolonged natural half life,
cadmium may bioaccumulate as a result of smoking. The increase the Cd levels
in lung tissues have been reported with smoking history and were significantly
higher in five lobes of smokers’ lungs [41].

The Ni is known for its nutritional potential to humans in trace levels, but ac-
cording to JARC Ni is Group 1 Cancer causing agent [42]. Its concentrations in
tobacco are connected immunologically and have been known to cause dermati-
tis inflammations, asthmatic conditions, pulmonary inflammations and epider-
mal sensitizations [42]. If sensitization of various trace metals occurs, the cross
immunological sensitization is observed as they are known for sharing internal
inflammatory activation pathway [42]. The Ni (II) is also known to get attached
to Toll-like receptor 4 (TLR4) and transducing pro-inflammatory signal as the
TLR4 is a natural lipopolysaccharide known for its inflammatory response [42].
An additional mechanism of Ni transduced inflammation was described by Do-
lovich et al in which Cu binding site in human serum albumin is utilized for
producing metal-protein complex [42]. Ni has also a tendency to accumulate in
living bodies as metals do [42].

The increase in the Ni levels in lung tissues have been reported with smoking
history and were significantly higher in five lobes of smokers’ lungs [42]. The Ni
content was higher in the fifth lobe of smokers as compared to nonsmokers, but
difference was not significant [42]. The high concentration of Ni in different bi-
ological samples (blood, body fat, urine) [42] and in amniotic fluid of women
[42], indicate systematic absorption from the lungs. In contrast to other toxic
metals present in tobacco [42], Nickel is readily transmitted to tobacco smoke.
Upon inhalation nickel may find its way into lung tissues and from there it may
be scattered to other tissues [42]. The biological half-life of Ni may last for
couple of decades. As Ni is carcinogenic in nature, its exposure promotes blood,
serum, and urine concentrations and it may induce pro-inflammatory immune
responses. High exposure to Ni is related to different physiological disorders,
such as, reduce lung function (obstructive lung disease and bronchogenic carci-
noma), along with heart disorders, {myocardial infarction (MI), peripheral ar-

terial disease}, different types of cancers (cervical cancer, prostate cancer, pan-
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creatic cancer) and various oral pathologies [40].

5. Conclusions

This is the first study to analyze the essential trace and toxic elemental level in
the biological samples of COVID-19 smoker and nonsmoker male patients. This
is our primary outcome, that in the biological samples of COVID-19 patients,
the level of essential trace elements (Zn, Cu, and Fe) were found to be lower than
the referents and other secondary out of our study (Tuberculosis and viral
pneumonia patients) whilst Higher concentrations of Cd and Ni were found in
the biological samples of COVID-19 (primary outcome) and secondary outcome
(Tuberculosis and viral pneumonia patients). At this time, COVID-19 is a pan-
demic all over the world. No one person knows the complete history of this dis-
ease. This study is carried out for the first time in the world, therefore we cannot
compare our results with other studies.

The outcome of this study revealed that the COVID-19 patients have a con-
tradictory behavior of essential trace metal (zinc, iron, and copper) versus toxic
element (cadmium and nickel) in the biological samples than the referents of
both smoker and nonsmoker subjects. The predominance is more common in
patients with smoking habits. Higher levels of cadmium and nickel with simul-
taneous lower contents of Cu, Fe, and Zn may be correlated positively with the
end results of coronavirus disease 2019. Serum iron deficiency was one of the
features in the patients with COVID-19. The severity and mortality of the dis-
ease were closely correlated with serum iron levels. Replacement of Zinc defi-
ciency by cadmium might result in abnormal physiological disorders, as well as
other factors, thus may have a role in COVID-19 disease. Since Cu and zinc are
seriously consumed from the jejunum through metallothionein, high portions of
zinc (>150 mg/day) can bring about Cu lack in sound people. It is conceivable
that individuals are might be in danger of serious SARS-CoV-2 infection, who
are likewise taking Zn supplements consistently. While high copper levels can be
harmful, destinations that are Cu restricted can bring about pressure reactions
by microorganisms that warrant that the Cu levels must be looked after ideally.
Dietary or remedial Cu supplementations may influence have insusceptible ca-
pacity and digestion of different micronutrients and forestall the seriousness of
the viral contamination. Accordingly, supplementation of minerals (Zn, Fe, and
Cu) and rectification of mineral deficiencies might be advantageous for COVID-

19 patients.
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