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Abstract

Interleukin-6 (IL-6) is a proinflammatory cytokine that plays an important role in hyperinflammation and
cytokine storm in Coronavirus Disease 19 (COVID-19) patients. The neutrophil-lymphocyte ratio (NRL)
describes the innate and adaptive immune responses. Elevated IL-6 and NLR levels usually indicate a severe
clinical condition in COVID-19 patients. Aim of this study was to determine the correlation of IL-6 and NLR
with the severity of illness in COVID-19 hospitalized patients. This was a descriptive correlative observational
study with a cross-sectional design using secondary data from COVID-19 patients treated in Dr. Hasan Sadikin
General Hospital, Bandung, Indonesia, from November 2020 to October 2021. There were 225 subjects who
were classified by the severity and analyzed for IL-6 levels and NLR. Median levels of IL-6 at moderate, severe,
and critical levels were 4.1 pg/mL, 20.4 pg/mL, and 38.8 pg/mL, respectively. The median NLR at moderate,
severe, and critical grades were respectively 4.41, 9.65, and 17.79. The correlation between IL-6, NLR, and
severity was 0.441 (p<0.001) and 0.408 (p<0.001). Meanwhile, the correlation between IL-6 levels and NLR
in COVID-19 was 0.230 (p<0.001). Thus, IL-6 and NRL levels have a moderate positive correlation with the
severity of COVID-19, while IL-6 and NRL have a weak correlation because IL-6 is not the only factor that

affects the NRL.
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Introduction

Coronavirus Disease 19 (COVID-19) is a disease
caused by the Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2). The World Health
Organization (WHO) officially declared COVID-19
as a pandemic in March 2020. The number of
COVID-19 cases has reached 200 million people
with 4 million deaths worldwide in July 2021.
Acute Respiratory Syndrome Coronavirus-2
will infect respiratory epithelial cells through the
ACE-2 receptor. Infected epithelial cells induce
innate immune cells. Antigen presenting cells
(APC) will present viral antigens to T helper cell/
CD4+lymphocytes, thereby activating these cells.
COVID-19 infection will be limited to the lungs
and manifests mildly or even without symptoms
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if the immune response is good, whereas if the
immune response is poor, it can cause a cytokine
storm, causing severe clinical manifestations
that can develop into multiorgan failure (MOF),
Acute respiratory distress syndrome (ARDS),
and have a poor prognosis. Interleukin-6 is a
proinflammatory cytokine that plays a major role
in cytokine storm and clinical manifestations of
COVID-19 patients.>*

IL-6 examination is very necessary, especially
for treatment guidelines, but not all health
services have the examination tool. Interleukin-6
released byimmune cells can cause dysregulation,
fatigue, and apoptosis of lymphocyte cells,
resulting in a decrease in lymphocyte cells.
Interleukin-6 can increase the production and
recruitment of neutrophils and prolong the life
span of neutrophils. An increase in neutrophils
and a decrease in lymphocytes causes an
increase in NLR (Neutrophil lymphocyte ratio).
The routine hematological examination is
simple and can determine NLR which is one of
the markers of inflammation besides IL-6. In
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moderate COVID-19 conditions, IL-6 and NLR
levels will begin to increase, and IL-6 and NLR
levels increase as the disease progresses. This
study aims to examine the correlation of IL-6 and
NLR with the severity of COVID-19 patients. >¢

Methods

This study used secondary data from subjects
with confirmed COVID-19 who were hospitalized
at RSUP Dr. Hasan Sadikin Bandung from
November 2020 to October 31, 2021. This study
received ethical approval from The Research
Ethics Committee of Dr. Hasan Sadikin General
Hospital Bandung. The data taken are clinical
data of research subjects from medical records
and laboratory results from the Laboratory
Information System (LIS). Hasan Sadikin
Bandung. Data on the clinical stage of the patient
was taken from the medical record section of Dr.
RSUP. Hasan Sadikin Bandung. IL-6 examination
and leukocyte count were taken through LIS
at the Clinical Pathology section of Dr. RSUP.
Hasan Sadikin Bandung. Sampling was based on
purposive consecutive sampling. The inclusion
criteria for research subjects were patients
aged >18 years with confirmed COVID-19 who
were examined for IL-6 and leukocyte count
on the same day at the beginning of hospital
admission with moderate, severe, and critical
clinical manifestations. Exclusion criteria
in this study were suffering from or having
malignancy, autoimmune disease, HIV, aplastic
anemia and receiving anti-inflammatory drugs
and/or corticosteroids. The number of subjects
included in this study was 230 subjects. A total
of 3 subjects were excluded because they had a
history of malignancy and 2 subjects excluded
had a history of autoimmune at the time of
recruitment of research subjects. The number of
subjects who met the inclusion criteria and did
not meet the exclusion criteria was 225 subjects.

The design of this study was a descriptive,
correlative cross-sectional study using secondary
data. Statistical analysis was carried out to
determine the significant correlation between
IL-6 levels and NLR values in COVID-19 patients
with moderate, severe, and critical stages. The
research data were analyzed using the Statistical
Package for the Social Science (SPSS) program.
The research data were tested for normality
using the Kolmogorov Smirnov’s test. The levels
of IL-6 and NLR in this study had an abnormal
distribution, so the Spearman Rank correlation
test was carried out. The r coefficient of the
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Spearman Rank correlation test means that if
you get a value of 0.00 - 0.09 then the correlation
can be ignored, the value is 0.10 - 0.39 then the
correlation is weak, the value is 0.40 - 0.69 then
the correlation is moderate, the value is 0.70
-0.89 means a strong correlation, and a value
of 0.90-1.00 means a very strong correlation.
All of these tests used a 95% confidence level
(a=0.05) and a p-value of <0.05 was considered
statistically significant.

Results

The results of the normality test for age,
leukocyte count, neutrophil count, lymphocyte
count, and IL-6 levels were not normally
distributed and presented in the form of the
median and interquartile range (IQR). The data
on the characteristics of the research subjects
can be seen in Table 1.

The number of subjects in this study was 225
people, with a median age of 59 years, 63.6%
male and 36.4% female. The most severity
disease stage was severe (52.0%), and the most
comorbid was hypertension (43.6%).

The correlation between IL-6 levels and the
degree of severity in research subjects was tested
using Spearman’s rank test because the data
for IL-6 levels were not normally distributed.
The results of Spearman’s rank test between
IL-6 levels and the degree of disease severity in
research subjects in tabular form can be seen in
Table 2.

The results in Table 2 show that the median
IL-6 at moderate was 4.1 pg/mL (IQR: 2.7-10.1
pg/mL), then at severe was 20.4 pg/mL (IQR: 8.6
-49.2 pg/mL) and critical was 38.8 pg/mL (IQR:
15.3-123.8 pg/mL).

The correlation between NLR levels and
severity in research subjects was tested using
Spearman’s rank test because the data for NLR
levels were not normally distributed. The results
of Spearman’s rank test between NLR and the
degree of disease severity in research subjects
can be seen in Table 3.

The results in Table 3 show that the median
NLR at moderate was 4.41 (IQR: 3.59-11.17),
severe was 9.65 (IQR: 5.39-18.39), and critical
was 9.65. 17.79 (IQR: 9.47-25.27). The boxplot
graph of the correlation between IL-6 and NLR
with severity can be seen in Figure 1 below

In the bloxspotimage above, there is a positive
correlation with moderate strength between
IL-6 and severity (r=0.441, p<0.001), and there
is a positive correlation with moderates strength
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Table 1 Subject Characteristics

Variable Amount (n=225)
Age (years), median (IQR) 59 (49-67)
Gender, n (%)

Man 143 (63.6)

Woman 82 (36.4)
Severity, n (%)

Moderate 38 (16.9)

Severe 117 (52.0)

Critical 70 (31.1)
Comorbid disease, n (%)

Diabetes mellitus 66 (29.3)

Hypertension 98 (43.6)

Obesity 19 (8.4)

Heart disease 63 (28.0)
Leukocyte Count/uL, median (IQR) 10.780 (6.850-15.675)
Neutrophil Count/uL, median (IQR) 8.600 (5.415-14.480)
Lymphocyte CountL, median (IQR) 820 (545-1.300)
NLR, median (IQR) 10.61 (5.26-20.21)
IL-6 (pg/mL), median (IQR) 20.40 (6.25-55.75)

Note: n=frequency, %=percentage, SD=Standard Deviation, IQR=Interquartile Range

Table 2 Correlation of IL-6 Levels with the Severity of COVID-19

Severity
Variable r coefficient p-value
Moderate Severe Critical
IL-6 Median 4.1 20.4 38.8 "
(IQR) pg/mL (2.7-10.1) (8.6 -49.2) (15.3-123.8) 0441 <0.001

Note: IQR=Interquartile Range data analysis using Spearman’s rank correlation test, r = Spearman correlation coefficient
*p<0.05=significant

Table 3 Correlation of NLR Levels with the Severity of COVID-19

Severity p value
Variable Mod Critical tfici
oderate Severe ritica r coefficient
NLR Median 441 9.65 17.79 "
(IQR) (3.59-11.17) (5.39-18.39) (9.47 - 25.27) 0.408 <0.001

Note: IQR=Interquartile Range data analysis using Spearman’s rank correlation test, r = Spearman correlation coefficient
*p<0.05=significant
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r = 0,441 ; p<0,001
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Figure 1 Boxplot Distribution of IL-6 and NLR by Severity of Disease

between NLR and severity in study subjects
(r=0.408, p <0.001). The increase in IL-6 levels
or NLR values, the more severe the severity of
COVID-19.

The correlation between IL-6 levels and NLR
in research subjects was tested by Spearman’s
rank test because IL-6 and NLR data not normally
distributed. The results of the analysis using
Spearman’s rank correlation showed that there
was a positive correlation with weak strength
between IL-6 and NLR (r=0.230, p<0.001).

Discussion

Median age in this study was 59 years. Research
Silva et al. in Brazil patients treated with
moderate to severe degrees had a median age
of 58.3 years. In this study, 166 subjects (71%)
were older than 50 years. People over 50 years
old tend to experience changes in function and
cellular composition of innate and adaptive
immunity (immunosenescence). Changes in T
and B cell function and an increase in cytokine
production causing people in that age tend
to have more severe symptoms that they
need hospitalized. At that age there is also an
increased risk of developing comorbid diseases
such as hypertension, diabetes mellitus, and
cardiovascular disease.”®

Researchers took the four most common
comorbid diseases causing the risk of
complications and death in COVID-19 based
on previous research, namely hypertension,
diabetes mellitus, cardiovascular and obesity.
This study’s most comorbid subjects were
hypertension (43.6%). According to the study
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of Richardson et al.’ in America and Zhou F et
al.'? in China, patients with hypertension were
the most comorbid in COVID-19 patients. In
hypertensive patients, an imbalance in the renin-
angiotensin system can cause inflammation,
thrombus, and other side effects that aggravate
COVID-19 patients so that COVID-19 patients
with hypertension tend to be treated. In addition,
chronic hypertension can lead to decreased
cardiovascular reserve, arterial wall stiffness,
endothelial dysfunction, and left ventricular
hypertrophy, making these patients susceptible
to complications from COVID-19, such as
myocardial injury, thrombosis, and acute kidney
injury (AKI).>t0

The results of the examination of IL-6 levels in
all study subjects had a median of 20.40 pg/mL.
The researcher divided the subjects into three
categories based on the severity of COVID-19
disease: moderate, severe, and critical. Subjects
with a median grade of 4.1 pg/mL for IL-6 levels,
subjects with severe degrees of IL-6 levels with
a median of 20.4 pg/mL, and subjects with a
critical grade with a median of 38.8 pg/mL. The
results of the correlation analysis between IL-6
levels and severity showed a moderate positive
correlation statistically (r=0.441, p<0.001).
The correlation indicates that the more severe
the severity, the higher the IL-6. The positive
correlation of IL-6 with the severity of COVID-19
patients was similar to the meta-analysis
study of Liu et al.'* 2021 and Andriani et al.'?
in Indonesia. In the research of Liu et al., They
found that the Spearman correlation has a value
of r = 0.709 with p = 0.002 which means it has
a strong correlation, while in this study, there
is a moderate correlation. This study is because
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there are differences in the research of Liu et al."!
The characteristics of the study subjects were
more varied than this study, only dividing the two
groups between severe and not severe and not
excluding the use of anti-inflammatory drugs and
corticosteroids. In the research of Andriani et al'?,
the Spearman correlation value r=0.337 withp =
0.017 means it has a weak correlation compared
to this study. The difference in this study is the
number of subjects. The study from Andriani
et al.’? had 50 subjects, including subjects with
mild degrees, in the analysis, and the use of
anti-inflammatory and corticosteroids was not
excluded. The progression of COVID-19 disease
from severe to critical is thought to be strongly
associated with a cytokine storm. Cytokine
storms not only cause damage to epithelial and
endothelial cells but also cause vascular leakage,
which ultimately leads to ARDS and other severe
conditions. In critically ill COVID-19 patients,
there is abnormal production and regulation of
proinflammatory cytokines. Proinflammatory
cytokines thatplay arolein cytokine stormis IL-6.
Interleukin-6 can induce other proinflammatory
cytokines in immune cells, recruiting leukocytes
and increasing migration from blood to organs,
thereby aggravating the inflammatory state.
Although there was a moderate correlation in
this study, IL-6 is a proinflammatory cytokine
that plays a crucial role during a cytokine storm.
Other factors can influence disease development,
such as other inflammatory cytokines (TNFa,
IFN type 1, and IL-10), the condition of immune
cells, and comorbidities in patients.!!1
Theresults ofthe correlation analysisbetween
NLR and severity showed a moderate positive
correlation which was statistically significant
(r=0.408, p<0.001). The correlation shows that
the more severe the severity, the higher the
NLR value. This study followed the research
of Suartono et al.’® 2021 in Indonesia (r=564,
p<0.001), which states that the NLR value has a
moderate correlation to the severity of COVID-19
patients. The higher neutrophil-lymphocyte
ratio is due to an increase in the number of
neutrophils and a decrease in lymphocytes. The
neutrophil-lymphocyte ratio reflects the balance
between innate immunity (neutrophils) and
adaptive immunity (lymphocytes). A higher NLR
indicates that in severe cases, a dysregulated
immune response indicates an overactive
innate immune tendency in the immune system.
This exaggerated inflammatory response can
exacerbate the cytokine storm and increase
tissue damage. Although neutrophils are part
of innate immunity and lymphocytes are part
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of the adaptive immune system, many other
components of the immune system influence the
state of infection and the severity of COVID-19
patients. The components of innate immunity
consist of epithelial cells, dendritic cells, natural
killer cells, phagocytes, macrophages, and
complement proteins. The main components
of the adaptive immune system consist of
lymphocytes and antibodies.'¢-1

The results of the correlation analysis
between IL-6 and NLR levels showed a weak
positive correlation which was statistically
significant (r=0.230, p<0.001). In this study, there
is a positive correlation following the research of
Garcia-Gordillo et al.’® in Mexico, Sayah et al.?
in Algeria, and Liu et al.'” in China. In the study
of Garcia-Gordillo et al.’ in Mexico (r = 0.485, p
< 0.001) and Sayah et al.?’ in Algeria (r=0.634,
p<0.001) which had a moderate correlation
between IL-6 and NLR while this study it had a
weak correlation, this may be due to differences
in the inclusion and exclusion criteria. According
to research by Liu et al.'’ in China (r=0.359,
p<0.005), IL-6 had a weak correlation with
NLR. Interleukin-6 is known to increase the
production of maturation and activation of
neutrophils and stimulate lymphocyte apoptosis
to increase the value of NLR. Neutrophils are
also one of the producers of IL-6, although not
the main one. The correlation between IL-6 and
NLR is weak because other processes influence
the increase in neutrophils and the decrease
in lymphocytes besides the increase in IL-6.
The production and activation of neutrophils
increased, also influenced by GM-CSE IL-17,
and Th17 cells and the presence of secondary
infection. The reduction of lymphocytes caused
by fatigue and lymphocyte apoptosis is not only
affected by IL-6; other cytokines, such as IL-10
and TNF- can stimulate lymphocyte fatigue and
apoptosis. SARS-CoV-2 that binds directly to
the ACE-2 receptor on lymphocytes may also
interfere with lymphocyte function directly.
Lung damage caused by COVID-19 causes the
accumulation of lactic acid in the body, which can
interfere with lymphocyte function and cause a
decrease in lymphocytes.>17:1920

The limitation of the study is that the
researcher did not know the history of
vaccination and the SARS-CoV-2 variant. The
researcher took the study at one time without
seeing any changes in the severity status of the
study subjects during treatment.

This study concludes that IL-6 levels and NLR
values had a moderately positive correlation with
the severity of COVID-19 while the correlation
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between IL-6 and NLR in COVID-19 patients is
weak because IL-6 is not the only factor affecting
NLR. Interleukin-6 and NLR examinations are
expected to increase clinician awareness in
managing COVID-19.
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