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Background: In 2019’s December, the new COVID-19 coronavirus induced severe lower respiratory tract syndrome in Wuhan, China.
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) ultimately became responsible for the life-threatening pandemic.
The magnitude and outcome of COVID-19 may be related to the overproduction of pro-inflammatory cytokine called “cytokine
storm.” Cytokine production besides the age of patients, and comorbidities, all influence the length and severity of SARS-CoV-2.
Objectives: This research was performed to investigate how these factors affect patients who have severe COVID-19 in a sample of
Iraqi patients. Materials and Methods: A total of 82 participants were enrolled in this work, confirmed hospitalized COVID-19
patients (n = 60) and healthy control (n = 22) from both sexes of age range 20-67 years. Tumor necrosis factor-alpha (TNF-«) and
interleukin-6 (IL-6) levels in the serum of COVID-19 patients and HC have been evaluated using an ELISA. Results: According
to our findings, sera from COVID-19 patients had considerably higher levels of IL-6 and TNF-« than those of the control group.
Furthermore, most infections were among women (63%), followed by men (37%), the higher number of patients were within 50-59
years, while the lowest number of patients was found in the group 20-29 years. Most COVID-19 patients appeared to be overweight
and obese. Additionally, those who have diabetes mellitus are also at risk of severe COVID-19. Conclusion: Serum levels of TNF-a
and IL-6 were higher in patients than in the control group, suggesting that they could be used as indicators of the severity of COVID-
19 illness. Also, their combined detection provided highest specificity and sensitivity for early prediction of COVID-19 severity,
which has significant clinical values.
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INTRODUCTION were related to up-regulated levels of pro-inflammatory
cytokines, and accordingly, this condition was termed
cytokine release syndrome or cytokine storm. The most
important cytokines in this context are Interleukin-1f3,
Interleukin-6, Interleukin-18, Tumor Necrosis Factor-a
(TNF-a) and Interferon-y (IFN-y).! However, IL-6 a
major inflammatory mediator is the most encountered
cytokine, and it has been found that IL-6 is a key cytokine
linked with a higher risk of severity and death in patients
with COVID-19.0' The anti-inflammatory and the

Coronavirusdisease 2019 (COVID-19), a highly contagious
disease caused by the SARS-CoV-2 coronavirus, was
detected in China, Wuhan (Hubei Province), and
soon spread to other nearby cities and countries.[!
Coronaviruses (CoVs) are single-stranded, positive-strand
RNA viruses that infect the respiratory tracts of domestic
and companion animals, as well as humans, causing mild
to serious respiratory diseases.” Fever, cough, myalgia,
and fatigue have been identified as common confirmed
symptoms in cases. These symptoms, however, are not
specific to COVID-19; they are similar to those of other
virus-infected diseases, such as influenza.?!
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pro-inflammatory cytokines have an important role in
many diseases, [L-10 was meaningfully raised in colorectal
cancer patients, signifying its worth for the diagnosis.
Moreover, 1L-31, which belongs to the IL-6 family,
proved to have a remarkable role in some conditions like
smoking.[®7

Furthermore, the 1L-12 family has important roles in
autoimmunity disorder and serum IL-12 may be a more
critical and predictive marker in rheumatoid arthritis
development.® Similarly, the pro-inflammatory cytokine
tumor necrosis factor-a (TNF-a) levels were shown to be
highest in individuals with severe COVID-19 symptoms
and pneumonia.”

To identify the cellular process behind the pathogenesis
of coronavirus, it is crucial to compare the levels of these
cytokines in COVID-19 patient’s sera to those of healthy
individuals. In this research, TNF-a and IL-6 levels have been
measured using an ELISA in sera from COVID-19 severe
patients compared to a control group of healthy volunteers.
As well as explained their potential correlation with some
demographic parameters. The novelty of this work is the first
that assesses these pro-inflammatory factors in a sample of
Iraqi hospitalized patients in Erbil city, Kurdistan-Iraq.

MaTteriaLs AND METHODS

Study design and subjects

Confirmed COVID-19 hospitalized patients aged from
20 to 67 years of both sexes are eligible for this study in
comparison to age- and sex-matched healthy subjects
randomly selected from healthy Soran city residents to
serve as the control group. Hospitalized patients from both
West Erbil Emergency Hospital and the COVID-19 control
center in Soran/Erbil from September 2021 to October
2021 served as the subjects for this study. All patients in
this study met all inclusion criteria including age, sex,
body mass index (BMI), presence of chronic conditions or
comorbidity (e.g., high blood pressure, diabetic mellitus,
and asthma), serostatus, and ethnicity (Kurdish people).
And no exclusion criteria except for pregnant women due
to no case was found.

Sample collection and serum preparation

Blood samples were taken from sixty hospitalized COVID-
19 patients from both West Erbil Emergency Hospital and
the COVID-19 control center in Soran/Kurdistan from
September to October 2021. Before obtaining the samples,
authorization was acquired from hospital staff, doctors, and
patients. In addition, peripheral blood samples from age- and
gender-matched healthy controls were also collected. Blood
samples in the amount of 3mL were taken from the study
participants and placed in a gel tube for serum separation.

The blood samples were centrifuged at 3000rpm for
I15min. Two aliquots of serum (0.7mL) were kept in
Eppendorf tubes from each sample at —20°C for further

examination. Sera from COVID-19 patients and healthy
controls were used to perform an (ELISA) to measure the
concentrations of interleukin-6 (IL-6) and tumor necrosis
factor-alpha (TNF-a).

Estimation of serum interleukin-6 and tumor necrosis
factor-a levels by ELISA

Interleukin-6 and TNF-a levels in the serum samples
were assessed as described previously. The Human IL-6
and TNF-a ELISA Kits based on the biotin double
antibody sandwich technique (Wuhan Hi-tech Medical
Devices Park, CUSABIO/China, Catalog Number. CSB
E04593h) were used in this study. Standard solutions
and diluted horseradish peroxidase solution (HRP-
avidin) were made and processed following the Kkit’s
manufacturer’s instructions. The optical density of each
well was determined utilizing a microplate reader that
scans at 450nm. The ELISA standard curve was created
by plotting the calibration concentrations (IU/mL) on
the x-axis and the optical density values on the y-axis to
determine the concentration of the tested materials. And
the slope equation was used to calculate the IL-6 and
TNF-a concentrations in the research subjects.

Statistical analysis

A normality test was used to first statistically analyze the
data, and then a non-parametric test (Mann-Whitney
Confidence Interval) was used. All data were created with
the GraphPad Prism version 8.0 (GraphPad Software
Inc., San Diego, CA). The test was considered statistically
significant at <0.05. Pearson correlation was utilized to
analyze the relationships between IL-6 and TNF-a blood
levels and various research individuals’ characteristics such
as age and BMI. Receiver operating characteristic (ROC)
curves were used to assess the predictive discriminatory
capability.

Ethical approval

This work was achieved following the Declaration of
Helsinki. It was carried out with the patient’s relatives’
verbal and written approval before the sample was taken. A
scientific ethics committee reviewed and approved the study
proposal in the Faculty of Science, and the official form
numbered 1/1/178 with the date of November 15, 2021.

ResuLts

Study subject demography

The demographic data of the hospitalized COVID-19 patients
and the healthy control including gender, age, and BMI kg/
m? are presented in Table 1. Regarding the distribution of
sex among COVID-19 patients, the majority of patients with
COVID-19 were women in all age groups (63%), followed
by men (37%). The control group involves (55%) of males
and (45%) were females, as a normal distribution of the
population. The findings revealed that the mean ages of the
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Table 1: Distribution of the research subjects by gender, age, and body mass index (BMI) (Kg/m?)

Age groups years COVID-19 group

Healthy control group

Number Percentage Number Percentage

F M % % F M % %
G 1(20-29) 1 0 2 0 1 0
G2 (30-39) 9 3 15 5 2 0 9
G3 (40-49) 11 3 18 5 1 2 5
G4 (50-59) 8 9 13 15 4 3 18 13
G5 (260) 7 15 12 3 6 13 28
Total 38 22 63 37 10 12 45 55
BMI Categories kg/m? No. % No. %
Normal weight (18.5-24.9) 10 17 12 55
Overweight (25-29.9) 28 47 9 40
Obesity (230) 22 36 1 5
Total 60 100 22 100

F: represents females and M: signifies males

COVID-19 patients and control group were (52.8+2.47)
years and (50.7%1.82) years, respectively. The COVID-19
patients’ age distribution showed that group 4 (50-59) had the
highest percentage of patients, with 17 (28%) patients, while
group | (20-29) had the lowest percentage of patients, with
just 1 (2%). Regarding the BMI, most COVID-19 patients
appeared to be overweight and obese, 10 patients were within
the normal range of BMI, whereas 28 were overweight and
22 were obese as shown in Table 1.

Regarding the comorbidity associated with COVID-19
in hospitalized patients, our present results detected that
patients with comorbidities represented 55% of all cases. The
highest incidence rate was noticed among diabetic patients
12 and 10 of them had hypertension, whereas 5 patients had
cardiovascular disease, 4 patients with asthma, and 2 patients
were suffering from more than one type of disease. Moreover,
45% of the COVID-19 patients included in this study seemed
without comorbidities, as shown in Figure 1.

Serological analysis

Serum IL-6 level estimation

According to the present findings, the COVID-19 patient
group’s IL-6 levels were significantly higher than those
of the healthy control group (P < 0.05), the means were
(59.11£6.94) and (17.43+1.74) pg/mL, respectively, as
illustrated in Figure 2A.

Serum TNF-a level assessment

The present results showed that levels of TNF-a in the
serum were significantly higher in patients with COVID-
19 than in healthy controls (P < 0.05) with means of
(103.84£7.84) and (22.98%£5.17) pg/mL, respectively, as
shown in Figure 2B.

Serum IL-6 and TNF-a levels according to gender
According to gender, the current outcome revealed a
statistically significant increase in serum IL-6 levels of the

COVID-19 Comorbidities

More than one disease B0 3%
Cardiovascular disease N 8%
Asthma B 7%
Diabetes mellitus FE———— 20%
Hypertension a——" 17%

No other diseases NI 45%

% 10% 20 30% 40% 50%

Figure 1: Comorbidities in hospitalized patients with COVID-19

COVID-19 group in comparison to the healthy control
group (P < 0.05). The IL-6 levels were higher in males
than females in the patients group, as shown in Figure
2C. Looking at the TNF-a concentrations, the results of
the current research revealed no significant differences in
TNF-a serum levels among COVID-19 patients according
to their gender, as shown in Figure 2D.

Serum IL-6 and TNF-« levels according to age groups
The current research found that IL-6 levels were significantly
higher in COVID-19 patients than healthy controls across
all age categories (P < 0.05). The G5 group’s sera showed
a high value of IL-6 that corresponded to an age of about
60 years, followed by the G4 group, which had an age range
of 50 to 59 years, as in Figure 3A. Regarding the serum
TNF-a levels according to age groups, the present study’s
findings revealed a significant increase in TNF-« levels in
the sera of COVID-19 patients of G1 and G4 compared to
the healthy control (P < 0.05) [Figure 3B].

Serum IL-6 and TNF-« levels according to BMI
The results of this investigation demonstrated that the
BMI and serum IL-6 levels of COVID-19 patients had not
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Figure 2: (a) Depicts the IL-6 level in COVID-19 patients as contrasted to the healthy control group; The level of IL-6 was considerably elevated in
COVID-19 patients in comparison to healthy control (59.11 +6.94 and 17.43 = 1.74 pg/mL, respectively) evaluated by ELISA (P < 0.05). (b) The
TNF-« level in COVID-19 patients as contrasted to the control group; TNF-« levels were significantly higher in COVID-19 patients compared to healthy
control (103.84 + 7.84 and 22.98 + 5.17 pg/mL, respectively) evaluated by ELISA (P < 0.05). (c) The mean of IL-6 levels according to the gender of
COVID-19 patients and control. And, (d) Shows the mean serum level of TNF-« according to the gender of COVID-19 patients and control

significantly changed (P < 0.05) [Figure 4A]. Similarly,
there were no significant variations among the COVID-19
patients’ sera TNF-a levels according to their BMI (P <
0.05) [Figure 4B].

Serum level of IL-6 and TNF-a according to infection with
other diseases

The current study revealed a significant rise in IL-6 levels
in COVID-19 patients suffering from other diseases (P
< 0.05). High levels of IL-6 were detected in the sera of
patients with diabetes mellitus, followed by patients with
multiple diseases [Figure 4C]. Our research detected
a significant increase in serum TNF-a levels among
COVID-19 patients infected with other diseases (P < 0.05).
The TNF-a levels were shown to be elevated in diabetes
mellitus patients’ sera, followed by patients suffering from
more than one disease [Figure 4D].

Pearson’s correlation between IL-6 levels and certain Study
subject parameters

Figure 5SA and B illustrate the evaluation of the correlation
between IL-6 levels and some parameters. Between serum
levels of IL-6 and the COVID-19 patient’s ages, a non-
significant weak negative connection was found, with
Pearson’s correlation = —0.02. In addition, in COVID-19

patients, a non-significant weak negative correlation
between IL-6 serum levels and BMI was detected, with
Pearson’s correlation = —0.04.

Pearson’s correlation between TNF-a levels and some
Study subjects’ parameters

The correlations between TNF-a levels, age and BMI
of the COVID-19 patients were analyzed as shown in
Figure 6. TNF-a serum levels and COVID-19 patient ages
showed a non-significant weak positive association with
Pearson’s correlation = -0.02. additionally, in COVID-
19 patients, a non-significant weak negative relationship
between TNF-a serum levels and BMI was found with
Pearson’s correlation = —0.003.

The diagnostic performance of IL.-6 and TNF-c in COVID-
19 patients

The diagnostic performance of the cytokines markers in
COVID-19 patients was evaluated using a receiver operator
characteristic (ROC) curve analysis. The best serum
IL-6 cutoff value that can accurately predict COVID-19
diagnosis was 24.38 pg/mL, the sensitivity was 90%, the
specificity was 86.67%, and the area under the curve (AUC)
was 0.937 as illustrated in Figure 7. Regarding TNF-«, the
cutoff value was >48.76 pg/mL with 85% sensitivity, and
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Figure 3: (a) Levels of IL-6 in COVID-19 patients’ serum and healthy control according to age groups. (b) Levels of TNF-« in COVID-19 patients’

serum and healthy control according to age groups

86.36% specificity, and the (AUC) was 0.9106 as shown in
Figure 8.

Discussion

According to the present study’s findings, 63% of females
were infected more frequently than men as 37% and these
differences were statistically significant. This outcome is
similar to the observation of Saeed et al.l' who showed
a higher prevalence of COVID-19 infection in females
(62%) than in males (38%) in Mosul. This differs from
previous studies performed outside of Iraq, such as a study
conducted in Latin America that indicated a greater male-
to-female ratio of disease.'! A study conducted in Diyala,
South Iraq, and Kurdistan revealed that women have less
knowledge about COVID-19 and are less equipped to
combat the disease than males. Coronavirus has a greater
impact on women’s income and livelihoods than men;
15%-30% of women interviewed were economically active
before the pandemic, and most were unable to stop the
epidemic.!'”

Numerous studies show that there are no or very little
differences in the range of infected with COVID-19
between males and females, Hussein er al.l'¥! showed that
the prevalence of SARS-COV-2 infection among males
(49.11%) and females (50.89%) was equal in Kurdistan.

The current study’s findings revealed that the group (50-59
years) of age was the most impacted. This is consistent with
Ad’hiah et al.'" findings which showed that the majority
of cases (48.3%) of patients in Iraq were over the age of
50. These results also agreed with the findings of a study
done by Ma et al.™ who established that older individuals
are more susceptible to severe disease symptoms. The high
infection rate of SARS-COV-2 in old age may be due to
several comorbidities among them, in addition to poor
clinical outcomes.!'*

Although a statistically significant variation was recorded
in our study regarding the normal weight, overweight
and obese individuals in COVID-19 cases compared to
HC, more than 80% of patients were overweight and
obese. This may indicate the risk potential of obesity
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Figure 4: (a) IL-6 levels in COVID-19 patients’ serum according to their body mass index. (b) TNF-« levels in COVID-19 patients’ serum according to
their body mass index. (c) Serum IL-6 levels in COVID-19 patients according to infection with other diseases. (d) Serum TNF-« levels in COVID-19

patients according to infection with other diseases

as a factor included in COVID-19 susceptibility. In a
Chinese study, it has been described that 88% of deceased
COVID-19 patients were overweight and obese, while
among survivors, the frequency was 18%.!'7 The reasons
behind the association of overweight and obesity with the
progression severity of COVID-19 have been subjected
to some speculations. It has been depicted that adipose
tissue in obese patients shows an up-regulated expression
of ACE2 and this may facilitate the virus entry into
host cells.'® According to current research, the ratios of
SARS-COV-2 patients who also had diabetes mellitus,
hypertension, asthma, cardiovascular disease, and
more than one disease were (20%, 17%, 7%, 8%, and
3%, respectively). This finding is consistent with the
outcomes of Huang et al.,” study, which found that less
than half of the (41) SARS-COV-2 patients in Wuhan
City had comorbidities such as diabetes mellitus (20%),
hypertension (15%), and cardiovascular disease (15%).

Some research investigations on the occurrence of
comorbidities found that (20%-51%) of COVID-19
patients at the time of admission had at least one condition,
including (10%-15%) hypertension, (10%-20%) diabetes
mellitus, and (7%-40%) cardiovascular disease.'”) This
might be caused by immunological function, thymus

gland atrophies, and aging-related decreases in thymus
gland functioning, which is a primary lymphoid organ
responsible for producing immunocompetent T-cells.?”

In comparison to the control, IL-6 level was significantly
higher in the patients. This finding is consistent with Chen
et al.,”"" who observed an increase in IL-6 levels among
SARS-COV-2 patients in Wuhan, China. There have been
multiple reports of an increased IL-6 level in severe cases.
More recently, Bello ez al.,*” determined that the severity
and mortality of COVID-19 patients were correlated
with the presence of TNF-a, IL-6, IL-§, and G-CSF. The
clear progression of IL-6 levels throughout the illness,
particularly on days 10-16, was a good indicator of the
development of critical status and mortality and could
guide IL-6 blockade.

According to several studies, there is a clear association
between elevated 1L-6 levels and the development of
respiratory failure in SARS-COV-2 patients.”’) In addition,
TNF-a levels were significantly elevated in COVID-19
patients compared to healthy controls in the current study.
Previous research by Halim ez al.,” found that the mean
levels of TNF-a were considerably higher in patients with
severe COVID-19 compared with non-severe COVID-19

Medical Journal of Babylon | Volume 21 | Issue 2 | April-June 2024 -




SMIAGZIUMIPXZOBBAeATIAEIDVIHSALLIAIPOOAEIEAHIOINI/AOAU

MY TXOMADYOINXYOHISABZIYTC+erNIOITWNOTZTARY HLSHAAYG Aq Aglw/woo mm| sjeulnoly/:dny wouy papeojumoq

¥20¢/5¢/L0 uo

Saeed, et al.: 1L-6 and TNF-a in COVID 19 patients

180
160
140
120
1

IL-6

o B8 88838

LA

[ Person's correlation=-0.02 ]

(]
L] L]
L] iida
[} .
b o
L L]
50 60 70 80 %0
Age (year)

200
180 2
160
140

100

IL-6

o 8 88 8

[ Person's correlation= -0.04 ]

® . .o.
™ e, ™
L ®
a '® o
e ® ®
Y
) o
25 30 35

BMI (kg/m2)

Figure 5: The correlation between COVID-19 patients’ age and the level of IL-6 was weakly negative and non-significant. The correlation between
COVID-19 patients’ BMI and the level of IL-6 was weakly negative and non-significant

patients, providing support to the present study’s findings.
The TNF-a levels rise early in the infection and stay
increased throughout the infection, TNF-o stimulates
HA-synthase-2 (HAS2) in EpCAM+ lung alveolar
epithelium, CD31+ lung alveolar endothelium, and
fibroblasts in COVID-19 patients’ lungs. The fluid influx
in the lung alveoli caused by HA (hyaluronan) is a major
cause of deoxygenation and ventilator admission.?’!

The current findings revealed a statistically significant
rise in the IL-6 serum level of the COVID-19 patient
group as compared to the healthy control group based
on gender. The elevated levels of total serum IL-6 in
COVID-19 patients, particularly in men, are consistent
with earlier studies, including those by Mi et al.,*! So at
this point, the mechanisms behind the observed gender
differences remain unknown. Some assumptions can be
made based on current knowledge of gender differences
in respiratory viral infections. Some lifestyle choices, such

as smoking, are most likely linked to the unfavorable
progression and outcomes of COVID-19 in men.?” While
there were no significant differences in TNF-a serum
levels among COVID-19 patients based on gender, this
observation was in accordance with the results of other
studies conducted by Petrey et al.,?® Also, the current
research found that COVID-19 patients had significantly
higher serum levels of 1L-6 at age (>60) years, followed
by an age range of 50 to 59 years. Another study showed
that serum concentration of IL-6 rises with age and is
unaffected by ethnicity, and a high level of this cytokine
can even indicate higher mortality in the elderly.” In
contrast, the TNF-a serum levels were significantly
increased in the COVID-19 patients in age 20 to 29 years,
followed by the age range 50 to 59 years. Younger patients
had higher levels of TNF-a.B"

The results of this investigation demonstrated that
the COVID-19 patients’ serum IL-6 levels had not
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Figure 6: (A) Correlation between the age of COVID-19 patients and TNF-« level was weakly positive and non-significant. (B) Correlation between
BMI of COVID-19 patients and the level of TNF-o was a weakly negative non-significant

significantly changed concerning their BMI. These
results are in agreement with other studies which
confirmed no association between obesity and IL-6
levels.BY As Guerson-Gil ef al.,*? recorded there was no
clear association between BMI and IL-6 level due to the
number of patients in this group was too small to draw
definite conclusions. The same results for TNF-a levels
in the COVID-19 patient’s serum showed no significant
variations based on their BMI which consistent with
another study demonstrated that (BMI) did not correlate
with TNF-a concentrations.??

According to infection with other diseases, The current
data revealed a significant increase in IL-6 levels in
COVID-19 patients, a high level of IL-6 was detected
in the sera of patients with Diabetes Mellituse. This
finding is consistent with a previous study by Kozakova
et al.,”¥ which found that Diabetes Mellitus patients had
significantly higher levels of inflammatory cytokines.

Serum levels of biomarkers indicate inflammation, such
as IL-6, were considerably higher in patients compared
to controls, suggesting that people with diabetes are
more susceptible to an inflammatory storm that finally
causes COVID-19 to deteriorate rapidly.?s! Additionally,
the current results demonstrated a statistically significant
increase in TNF-a levels in the sera of the diabetes
mellitus patients infected with COVID-19. The findings
of our study are similar to a study done by Randeria
et alB® The increased secretion of IL-1, IL-6, IL-8,
and TNF-indicates that diabetes mellitus increases the
pro-inflammatory cytokine response. The presence of
a cytokine storm, which is caused by persistent low-
grade inflammation in individuals, is highly correlated
with the severity of COVID-19 pneumonia and eventual
mortality.’” Along the same line, a recent study in Iraq
found that patients with comorbidities like hypertension,
diabetes, cardiac diseases, kidney diseases, malignancy,
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Figure 7: The receiver operating characteristic (ROC) curve of IL-6
for critical illness of COVID-19. The area under the curve (AUC) was
0.9375. Standard error of AUC = 0.02158, P value < 0.0001, 95%
Confidence interval = 0.8952%-0.9798%. Cutoff value = 24.38 pg/
mL. Sensitivity was 90%, and specificity was 86.67%
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Figure 8: The receiver operating characteristic (ROC) curve of TNF-a
for critical illness of COVID-19. The area under the curve (AUC) was
0.9106. Standard Error of AUC = 0.03276, P value < 0.0001, 95%
confidence interval = 0.8464%-0.9748%. Cutoff value= 48.76 pg/mL.
Sensitivity was 85%, and specificity was 86.36%

and hepatic diseases are at significant risk for severe
COVID-19.5

In the COVID-19 patients, the correlation between levels
of IL-6 and gender, age, BMI, and infection with other
diseases was analyzed. A weakly negative non-significant
association between serum levels of IL-6 and the ages of
the COVID-19 patients. In addition, it was discovered that
there was a weakly negative non-significant correlation
between IL-6 and BMI in COVID-19 patients. In
disagreement with Xu et al.,?) who showed that IL-6 was
positively correlated with age and BMI.

Besides, the Correlations between TNF-« levels and age,
gender, BMI, and infection with other diseases of the
COVID-19 patients were evaluated. There was a weakly
positive non-significant association between the serum
levels of TNF-a and COVID-19 patients’ ages. Which
in contrast to other studies, confirmed that serum levels
of all cytokines, particularly TNF-«, were significantly
positively correlated with age and that the poor prognosis
of the elderly may be related to this; some of them have
relationships with gender or antibody, the former may be
related to the high level of ACE2 in the male reproductive
system, and which may further elucidate that the severe
inflammatory response is more likely to occur among the
elderly population.®%

A weakly negative non-significant association between
the serum levels of TNF-a and BMI was also found in
COVID-19 patients. This result disagreed with Xu et al.,’”
results who found a positive correlation between BMI
and TNF-a. The ROC analysis specified 90% sensitivity
and 86.67% specificity for IL-6 while for TNF-a 85%
sensitivity, and 86.36% specificity, indicating that IL-6 was
predictive of increasing COVID-19.

CONCLUSION

Both IL-6 and TNF-a serum levels in patients were
elevated compared to those from the control group,
indicating them to be dependent predictors in the COVID-
19 disease. Moreover, serum concentration of IL-6 and
TNF-a may be proposed as an indicator of COVID-
19 severity. In addition, these findings indicate distinct
immunoregulatory events throughout the severity of
SARS-CoV-2, which may aid in gaining an understanding
of the pathogenesis of this disease. Further investigations
need to be conducted to validate these findings.
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