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: ABSTRACT

Background: Researchers have already reported a high level of interleukin (IL)-6 in patients affected
. by Coronavirus Disease 2019 (COVID-19). In this study, we investigated the surge of IL-6 level and
Article info: its association with the clinical and paraclinical markers in these patients.

Received: 10 Apr 2020 . Materials and Methods: The $study sample comprised 205 confirmed hospitalized patients with
Accepted: 12 Jun 2020 :  Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) and 70 healthy volunteer
Available Online: 01 Jul 2020 :  individuals. Routine laboratory examinations, including hematology, biochemistry, and hormone
*  analysis, as well as IL-6 level measurement, were conducted. The patients grouped into 5 based on
their IL-6 levels. Then, they were compared with regard to their need for mechanical ventilator and

clinical laboratory routine tests.

Results: IL-6 levels were significantly higher in hospitalized patients compared with healthy
individuals (P<0.001). The IL-6 level was approximately 10-fold of the normal range in 22.9%
of the patients. Also, more than 56.1% of them signify IL-6 over 3-fold of the normal range. IL-6
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raised level was crucially associated with the need for a mechanical ventilator. The values of high-
density lipoproteins, low-density lipoproteins, very low-density lipoproteins, red blood cells, platelets,
lymphocytes, monocytes, and eosinophils showed an indirect linear trend and the levels of low-density
lipoproteins, serum glutamic oxaloacetic transaminase, serum glutamic pyruvic transaminase, creatine
phosphokinase, ferritin, C-reactive protein, white blood cells, and neutrophil demonstrated a direct
linear trend with elevating rate of IL-6.

Conclusion: Elevated levels of IL-6 probably threaten the vital factors and have a crucial role in
immune-mediated acute lung injury in CIOVID-19 patients. Some routine clinical laboratory tests are
a proper alternative for determining the amount of IL-6 in these patients.

Introduction

evere Acute Respiratory Syndrome Corona-

virus 2 (SARS-CoV-2) with a zoonotic origin

appeared in late 2019 and led to the Corona-

virus Disease 2019 (COVID-19) [1-3]. The

ongoing outbreak of this virus is so fast that

the World Health Organization announced it
a pandemic just after three months. SARS-CoV-2 mainly
infects the lower respiratory tract and results in atopic
pneumonia. In some patients with severe complications,
the pathogen causes Acute Respiratory Distress Syndrome
(ARDS) that needs particular management at Intensive
Care Units (ICUs) [4, 5]. It is also reported that the cause
of death is mainly a respiratory failure, circulatory failure,
or both of them and a few by unknown rote [6].

It has been suggested that one of the possible mecha-
nisms for rapid disease progression and mortality is the
cytokine storm. Cytokines have key roles in regulating
immunological and inflammatory responses. Among
them, IL-6 is of major importance because of its pleio-
tropic activity, the involvement of several organs, and
the pathogenesis of diseases. This cytokine affects most,
if not all, major biological systems of the body, which
make it a good candidate as a diagnostic indicator, dis-
ease biomarker, and therapeutic target.

Numerous studies have shown an increase in the level
of IL-6 in COVID-19 hospitalized patients and its asso-
ciation with the severity of the disease and mortality. As
a result, suggestions for continuous measurement of the
IL-6 level have been proposed [7, 8]. Today, few labo-
ratories can measure cytokines, but routine biochemical
tests can be measured everywhere. In this paper, we aim
to investigate the relationship between different levels of
IL-6 and the clinical and the routine clinical the routine
clinical laboratory factors to determine the amount of
this cytokine and predict the severity of the disease.

Materials and Methods

Study protocol

Lactat Dehydrogenas (LDH) A total of 205 hospital-
ized patients with COVID-19 (based on the comprehen-
sive national guideline to the diagnosis and treatment of
COVID-19, sixth version) were enrolled in this study.

Regarding the guideline, the nasopharyngeal swab
for COVID-19 RT-PCR was obtained from all patients.
Also, a chest CT scan was taken from all patients. The
inclusion criteria include respiratory rate >30 breaths per
minute, peripheral capillary oxygen saturation <93%,
pulmonary infiltration on chest CT, and clinical judg-
ment by an infectious disease specialist and a pulmon-
ologist. However, if the patient did not need hospital-
ization but was eligible for outpatient medication, the
patient would receive medication and be excluded from
the study. Based on these criteria, 205 patients were in-
cluded with a history of PCR positive test (73.7%) or
with a negative test but confirmed by pulmonologist and
radiologist based on chest CT scan (26.3%).

They were admitted to Imam Khomeini Hospital Com-
plex in Tehran, Iran, a tertiary referral teaching hospital.
A total of 70 clinically healthy volunteer subjects who
were also living in Tehran were recruited as the control
group for this study using the cluster sampling method.
Consent was obtained from the case and control subjects
before entering the study. The patients were all tested for
complete blood count, serum biochemical tests such as
lipid profile, fasting blood sugar, renal, liver, and thyroid
function tests, as well as serum inflammatory markers.
Serum levels of IL-6 were measured by Euroimmun Kit
using the IMMULITE 2000 Immunoassay System.

Statistical analysis

The obtained data are presented as median, mean, and
standard deviation. A comparison of IL-6 levels be-
tween study groups was made with the non-parametric
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Mann-Whitney test. IL-6 levels as the categorical vari-
ables were compared via the Chi-square test. We used
the Analysis Of Variance (ANOVA) to compare the
laboratory variables with IL-6 levels. Also, the linear
trend of laboratory variables with different IL-6 levels
was examined. In this analysis, the null hypothesis of
pl<p2<p3<p4 was tested by the Analysis Of Variance
(ANOVA) contrast, where pi was the mean of a quantita-
tive routine clinical laboratory test and i was the level of
IL-6 (1: >6, 2: 6-20, 3: 20-60 and 4: >60). All tests were
done in SPSS version 24 (IBM SPSS Co, Armonk, NY).
P values less than 0.05 were considered significant.

Results

The study sample comprised 205 confirmed hospital-
ized patients with SARS-CoV-2 with the Mean+SD age of
59.3+14.2 years, including 142 males with the Mean+SD
age of 62.0+14.0 and 63 females with the Mean+SD age
of 55.3+£12.4 years. Also, 70 healthy individuals with the
Mean+SD age of 52.6+11.6 years, including 53 males
(51.7£11.7) and 17 females (55.6+11.5). There was no
significant difference in terms of gender proportion and
the age between the study groups.

Different serum levels of IL-6 in COVID-19 pa-
tients

To assay the expression of inflammatory cytokine in
response to SARS-CoV-2 infection, serum levels of IL-6
were measured in patients with confirmed COVID-19
(Table 1).

We found that IL-6 was significantly higher in hospital-
ized patients group compared with the healthy individu-
als (median: 23.90 vs 3.22 pg/mL, P<0.001). As shown
in Table 2, we introduced a cut-off point for the serum
concentration of IL-6 (6.6 pg/ml) in Iran. As a result,
94.3% of the healthy group had an IL-6 level of lower
than 6.6 pg/mL, while 86.8% of hospitalized COVID-19
patients had IL-6 levels of higher than 6.6 pg/mL. In ad-
dition, when we grouped IL-6 concentration to sequen-

Table 1. Serum levels of IL-6 in COVID-19 patients
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tial 5 levels, we found that 12.2% of the patients (n=25)
had lower than 6 pg/mL, 31.7% (n=65) between 6 to 20
pg/mL, 33.2% (n=68) between 21 and 60 pg/mL, 12.2%
(n=25) between 61 and 200 pg/ml, and 10.7% (n=22)
more than 200 pg/ml IL-6 in their serum samples.

Association of serum levels of IL-6 with the need
for a mechanical ventilator

As shown in Table 3, patients were categorized into
five groups based on their serum levels of IL-6. The per-
centage of patients needed mechanical ventilation were
compared between them. The finding demonstrated that
the patients with a high level of IL-6 required a mechani-
cal ventilator more than those with lower levels.

Association of serum levels of IL-6 with routine
clinical laboratory tests

As IL-6 is a pleiotropic cytokine and has several func-
tions to maintain homeostasis, we evaluated the associa-
tion of serum levels of IL-6 with routine clinical labora-
tory tests, and compare the results between the patients
with different levels of IL-6. The comparison was per-
formed using the ANOVA. Furthermore, the direction
of changes between the groups was analyzed through
the linear trend (Figure 1, Figure 2). According to the
results, 5 groups were significantly different regarding
the levels of most of these factors. The values of High-
Density Lipoprotein (HDL), Low-Density Lipoprotein
(LDL), Very-Low-Density Lipoprotein (VLDL), RBC,
platelets, lymphocytes, monocytes, and eosinophils
showed an indirect linear trend and the levels of Lactate
Dehydrogenase (LDH), Serum Glutamic Oxaloacetic
Transaminase ( SGOT), Serum Glutamic Pyruvic Trans-
aminase ( SGPT), Creatine Phosphokinase (CPK), fer-
ritin, C-reactive protein, white blood cells and neutrophil
demonstrated a direct linear trend with elevating rate of
IL-6 (Figure 1, Figure 2).

IL-6 (pg/mL)
Study Groups P
No. MeanzSD Median
Control 70 3.82+2.02 3.22
<0.001
COVID-19 Hospitalized 205 87.55+182.96 23.90

IL-6: interleukin-6; COVID-19: Coronavirus Disease 2019; SD: Standard Deviation
The statistical analysis was done using the Mann-Whitney test.

P: Shows significant differences with P<0.05.

IvviuNoREGULATION
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Table 2. Percentage of COVID-19 patients with high serum levels of IL-6
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Serum Levels of IL-6

No. (%)

Groups

Healthy Control COVID-19 Patients
<6.6 66 (94.3) 27 (13.2)
>6.6 4(5.7) 178 (86.8)
<6 61(87.1) 25(12.2)
IL-6 (pg/ml) 6-20 9(12.9) 65 (31.7)
20-60 0(0.0) 68 (33.2)
60-200 0(0.0) 25(12.2)
>200 0(0.0) 22 (10.7)
IL-6: Interleukin 6; COVID-19: Coronavirus Disease- 2019
Table 3. The comparison of ventilator requirement between COVID-19 patients based on IL-6 levels IvovoRecuLsTIoN
No. (%)
Serum Levels of IL-6 Mechanical Ventilator (Intubation)
Intubation Not-Intubation P
<6 2(11.1) 16 (88.9)
6-20 9(20.5) 35(79.5)
IL-6 (pg/ml) 20-60 10 (29.4) 24 (70.6) 0.007*
60-200 8(57.1) 6(42.9)
>200 5(62.5) 3(37.5)

IL-6: Interleukin 6; COVID-19: Coronavirus Disease-2019; NO: Number

*P<(.05
Discussion

Dysregulation of immune responses plays a critical
role in the pathogenesis of several diseases, including vi-
rus infections. Cytokine storm-the high and uncontrolled
levels of cytokines- is a systemic inflammatory response
that can be triggered by a variety of factors such as infec-
tions and contribute to tissue injuries [9-11]. Recently,
some studies reported high levels of IL-6 in COVID-19
affected patients with severe complications [6, 12, 13].
In this study, we also showed that the elevated levels of
IL-6 mostly found in patients with severe clinical fea-
tures. Herein, also the relationship of serum different
levels of IL-6 with routine clinical laboratory markers
was investigated.

Our results demonstrated high levels of IL-6 in 86.8%
of hospitalized COVID-19 patients, of whom, 22.9%
showed more than a 10-fold increase in the normal level
of IL-6. This result is consistent with a study from Wu-
han, China reporting the increased level of IL-6 in 52%
0f 99 hospitalized COVID-19 patients [12]. The percent-
age of our patients with high levels of IL-6 was more
than the Wuhan study, probably because our work was

[ViMUNOREGULATION

focused on severe and critical patients. Another study
found that plasma levels of IL-6 were high only in CO-
VID-19 patients who needed ICU care compared with
healthy individuals. Still, the levels of this cytokine were
comparable between patients who needed ICU care and
those who did not [13]. Also, in our study,there was an
increase in the need for intubation in patients whose I11-6
was higher than 60pg/ml.

Two reasons could be suggested for the high levels
of IL-6 in COVID-19 patients: viral infection [14, 15]
and Angiotensin (Ang) II receptors’ stimulation [16]. In
Kuba ka study, it was reported that mice infected with
SARS-COV expressed the lower level of ACE2 in the
lungs [17], and since ACE2 regulates Ang II levels

by converting it to a heptapeptide [18], reduction of
ACE2 and elevation of Ang II could drive

IL-6 expression.

IL-6 has a protective role against viral infections. IL-6
deficiency suppresses innate and adaptive immunity, and
impaired IL-6 activity can lead to recurrent infections of
the skin, lung, and gut [14, 15, 19]. On the other hand,

Rostamian A, et al. IL-6 in COVID-19 patients in Iran. Immunoregulation. 2020; 3(1):29-36.



http://immunoreg.shahed.ac.ir/

IMMUNOREGULATION

Summer & Autumn 2020. Volume 3. Number 1

A. 140 4 difference P-value <0.001 B. 100 qdifference P-value =0.045
120 - trend P-value < 0.001 g0 Jtrend P-value =0.009
80 A
100 A 20
- —
S 80 - § 60 1
= — 50 A
3 1 & 40
a a
40 A 30
j o]
20 A1
10 -
0 - 0 -
<6 6-20 20-60 >6| <6 6-20 20-60 >60
Serum IL-6 level (pg/mL) Serum IL-6 level (pg/mL)
C. 700 1 gifference P-value < 0.001 D. 1600 1 difference P-value <0.001
600 4 trend P-value <0.001 1400 q trend P-value < 0.001
1200 -+
500 A
- T 1000 4
S 400 - S
= ;E 800 -
>
300 A
S 3 600 |
200 1 400 -
100 A 200 -
0 - 0 -
<6 6-20 20-60 >60 6-20 20-60 >6
Serum IL-6 level (pg/mL) Serum IL-6 level (pg/mL)
E. 1600 qgifference P-value < 0.001 F. difference P-value <0.001
1400 {trend P-value < 0.001 35 7 trend P-value < 0.001
—. 1200 30 1
-
£ 1000 - 25 1
@ =
= 1 S 20
c 800 =)
T 600 - & 15 1
q) U
Y- 400 A 10 A
200 5
0 - 0 -
6-20 20-60 >60 6-20 20-60 >6l
Serum IL-6 level (pg/mL) Serum IL-6 level (pg/mL)
Figure 1. Trend of Routine clinical laboratory test during levels of serum interleukin 6. DvNoREGULATION

A. SGOT; B. SGPT; C. CPK; D. LDH; E. Ferritin; and E. CRP.

These clinical laboratory test was significantly difference and had an increasing trend during levels of IL-6.

overexpression of IL-6 results in pathological disorders.
In transgenic mice, pulmonary fibrosis and hypertension
are observed when IL-6 is overexpressed in the lungs

[20, 21]. Our findings demonstrated that 62.5% of CO-
VID-19 patients with 200 pg/ml of IL-6 required a me-
chanical ventilator.
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Figure 2. WBC and cells type count of hospitalized covid-19 patients in Tehran.
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In cell types (left axis) percentage of neutrophil was significantly increased with a positive trend during levels of serum IL-6.
Count of WBC (right axis) also had an increasing trend during levels of serum IL-6.

IL-6 has various effects on immune and non-immune
cells and often exhibits hormone-like features with
impacts on homeostatic processes. In addition to pro-
inflammatory activity, IL-6 has anti-inflammatory prop-
erties and modulates several aspects of the immune
system, including hematopoiesis, accumulation of neu-
trophils, expression of the adhesion molecules, expres-
sion of chemokines and their receptors [22-26]. Dienz et
al. reported that IL-6 limits the inflammation responses
due to influenza virus infection and has a protective role
against deadly lung pathology [14]. Also IL-6 signaling
regulates essential homeostatic processes such as the
acute-phase response, glucose and lipids metabolism,
and hematopoiesis [14, 27, 28].

Due to the predictive importance of IL-6 for disease se-
verity, its continuous measurement has been suggested.
Because routine testing is much easier and more, we also
examined which biochemical routine tests were most
consistent with interleukin-6 levels.

The protective function of IL-6 limits neutrophils re-
cruitment and replacement of mononuclear cells [18].
However, our results revealed that neutrophil count was
upward and monocyte count was downward in correla-
tion to the level of IL-6 in COVID-19 patients. These
data show that IL-6 could not play its protective and reg-
ulatory roles on cellular patterns in the innate immunity
of these patients and the continuation of the acute phase
and neutrophil accumulation lead to tissue damage. El-
evated levels of SGOT, SGPT, and LDH also probably
indicate liver damage in these patients.

In conclusion, we found that IL-6 level was higher than
the normal cut-off point in 85.6% of the COVID-19 pa-
tients with severe clinical complications and it is more than
10 times higher in 22% of these patients. Therefore, IL-6 is
a potential predictor marker for the severity of respiratory
involvement in COVID-19 patients. Also, IL-6 assessment
may be critical to find an appropriate therapeutic protocol
in COVID-19 patients with respiratory involvement.

In addition, it should be noted that the level of IL-6
is consistent with the level of some routine tests in the
clinical laboratory, and their level can be predictive in
determining the amount of IL-6 and subsequent deterio-
ration of the disease. it can lead to the selection of an
appropriate and effective treatment protocol.
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