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Background: At present, the relationships among COVID-19 disease progression, patient prognosis, and immune status are
unclear. This single-center retrospective study evaluated the correlation between serum interleukin-6 (IL-6) lev-
els at admission with the severity of COVID-19 pneumonia, as determined by admission to the intensive Care
Unit (ICU).

Material/Methods: Patients admitted to The First Affiliated Hospital of Bengbu Medical College in Bengbu City, Anhui Province,
China, in January and February 2020 for COVID-19 pneumonia were enrolled in this study. COVID-19 infection
was confirmed by the detection of SARS-CoV-2 nucleic acid in throat swab samples using real-time fluorescent
reverse transcription PCR. Serum IL-6 concentrations at admission were measured by ELISA. Correlations be-
tween serum IL-6 concentrations and ICU admission due to the development of severe COVID-19 pneumonia
were evaluated.

Results: This study enrolled 68 patients with novel coronavirus pneumonia. IL-6 concentrations were significantly higher
in patients with more severe than less severe COVID-19 pneumonia. Eight of 40 patients with severe COVID-19
pneumonia became critically ill and required ICU admission. IL-6 concentrations were significantly higher in pa-
tients with severe COVID-19 pneumonia who were than who were not treated in the ICU. The area under the
receiver operating characteristic (ROC) curve (AUC) was 0.816 (P<0.01), indicating that IL-6 was prognostic of
disease severity in patients with COVID-19 pneumonia.

Conclusions: Serum IL-6 concentration is closely associated with the severity of COVID-19. Continuous monitoring of IL-6
has clinical value in evaluating patient condition.
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Background

The novel coronavirus, named severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) by the World Health Organization
(WHO), was first observed in Wuhan, China, in December
2019 [1]. This virus belongs to the genus Betacoronavirus in
the family Coronaviridae in the order Nidovirales. SARS-CoV-2
infection in humans causes immune system dysfunction, in-
cluding the rapid release of multiple cytokines into body flu-
ids, resulting in acute respiratory distress syndrome (ARDS)
and multiple organ failure [2,3].

Coronavirus disease-2019 (COVID-19), which is caused by
SARS-CoV-2 infection, has been clinically classified into 4 main
categories: mild, common, severe, and critical [4,5]. Many pa-
tients with severe COVID-19 experience acute respiratory dis-
tress, whereas critically ill patients experience respiratory fail-
ure. Although most cases are mild to moderate and can heal
spontaneously, some patients develop critical illness, character-
ized by respiratory dysfunction and/or multiple organ failure.
Identifying patients at high risk of critical illness is important,
as it can provide these patients with more active treatment
and reduce morbidity and mortality rates.

At present, the relationships among COVID-19 disease progres-
sion, prognosis, and immune status are unclear, and no effec-
tively predictive biomarkers have been proposed. The progres-
sion of novel coronavirus-associated pneumonia to a critical
and life-threatening illness is thought to be associated with the
cytokine storm, defined as the unregulated and excessive re-
lease of pro-inflammatory factors in the body [6,7]. The serum
concentrations of interleukin-6 (IL-6), granulocyte colony-stim-
ulating factor (G-CSF), granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) [8-10], and other cytokines have been
found to be significantly increased in patients with severe in-
fections of viruses such as SARS-CoV and HIN1 influenza vi-
rus [11,12]. These inflammatory factors can recruit and activate
immune cells in the lungs. Many immune system cells and tis-
sue fluids accumulate in the lungs of these patients, blocking
gas exchange between the alveoli and capillaries and leading
to ARDS. Induction of a cytokine storm results in the immune
system destroying large numbers of healthy lung cells while
killing the virus, thus severely damaging the ventilation func-
tion of the lungs. This damage appears on computed tomogra-
phy (CT) images of the lungs as large white areas, called “white
lung” [13,14], and can result in respiratory failure and death.

IL-6 is an important multi-functional pro-inflammatory cyto-
kine [15]. As an acute inflammatory factor, IL-6 mainly stimu-
lates the proliferation and differentiation of cells involved in
immune responses and improves their function, as well as par-
ticipating in inflammatory and fever responses. Several retro-
spective studies have shown that increased levels of IL-6 are
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associated with death in patients with severe COVID-19 infec-
tion [16,17]. Elevated IL-6 is also associated with disease sever-
ity and course, suggesting that this cytokine may be a marker
for disease monitoring in patients with severe COVID-19 [18].
Serum concentrations of IL-6 and C-reactive protein (CRP) can
effectively assess disease severity, suggesting that IL-6 and
CRP may be independent factors predictive of the severity of
COVID-19 [19]. The present study evaluated whether serum
concentration of IL-6 could predict critical illness in patients
with severe COVID-19.

Material and Methods

Patient selection

This study included patients diagnosed with COVID-19 at the
First Affiliated Hospital of Bengbu Medical College from January
to February 2020. In all patients, infection with SARS-CoV-2 was
confirmed by real-time fluorescent reverse transcription PCR
detection of virus-specific nucleic acid in sputum and throat
swab specimens, using commercially available kits specific for
2019-nCoV (Da An Gene Co., Ltd., Guangzhou, China) and an
ABI 7500 thermal cycler.

The clinical severity of COVID-19 was defined according to the
Chinese management guidelines for COVID-19 (version 6.0).
Patients with general COVID-19 were defined as those with fe-
ver and respiratory and other symptoms, with possible pneu-
monia manifestations on imaging. Patients were categorized as
having severe COVID 19 if they had (1) apparent shortness of
breath and a respiratory rate >30 breaths/min, (2) oxygen satu-
ration at rest <93%, or (3) arterial blood oxygen partial pressure
(pO,)/oxygen concentration (Fi0,) <300 mmHg (1 mmHg=133
Pa). At high altitudes (elevation above 1000 m), pO,/FiO, was
corrected using the formula: pO,/FiO_x[atmospheric pressure
(mmHg)/760]. Patients were defined as critically ill if they re-
quired admission to the intensive care unit (ICU) for (1) respi-
ratory failure requiring mechanical ventilation, (2) shock, or
(3) failure of other organs.

Instruments and reagents

Serum concentrations of IL-6 were determined using IL-6 de-
tection kits and the Cobas E601 electrochemiluminescence
(ECL) analyzer (Roche, Basel, Switzerland). All reagents were
within their period of validity, with quality control and calibra-
tion of these reagents meeting manufacturers’ requirements.

Methods

After a 12-h overnight fast, 2-3 mL of venous blood were
drawn in the morning from patients with COVID-19 and healthy
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Table 1. Baseline demographic and clinical characteristics of patients with coronavirus disease-2019 (COVID-19).

No. (%)
Total (N=68)
Sex
"""" Female 31 (456%)
"""" Male 37 (s44%)
A
Comorbidites
"""" Diabetes 2 Q%)
"""" Hypertension 14 (06%)
"""" Cardiovascular disease 1 (L5%)

Interleukin-6

Severe group General group p Value

>0.05

20 11

20 17
59.75+£12.67 52.94+11.11 >0.05
1 1 >0.05
9 5 <0.05
1 >0.05
45.66+72.35 10.63+22.63 <0.01

Table 2. Changes in interleukin-6 (IL-6) levels and time to progression to critical illness in patients with severe coronavirus

disease-2019 (COVID-19).

IL-6 levels at admission

Critically ill patient (No.)

IL-6 levels in critical illness

Time of progression to critical illness

individuals and tested within 2 h. Blood samples were cen-
trifuged at 4000 rpm for 5 min, and serum concentrations of
IL-6 were measured using the ECL method and IL-6 detection
kits. All tests were performed by skilled laboratory authorized
personnel in accordance with the manufacturers’ instructions.
The normal reference range for IL-6 was 0-7 pg/mL.

Statistical analysis

Normally distributed continuous data were expressed as
meanzstandard deviation (SD) and compared by t tests, where-
as non-normally distributed continuous data were expressed as
median (range) and compared by the Wilcoxon rank sum test.
Categorical data were expressed as number (percentage) and
compared by the chi square test. All statistical analyses were
performed using SPSS 21.0 statistical software, with P<0.05
defined as statistically significant.

Results

Baseline characteristics

The study cohort consisted of 68 patients, 37 men and 31 wom-
en, ranging in age from 21 to 83 yr, (mean age 48.63+16.05
yr), who had been diagnosed with PCR-confirmed COVID-19.
Of these 68 patients, 28 had general COVID-19 and 40 had se-
vere COVID-19. Although there were no significant differenc-
es in gender, age, and percentages of patients with diabetes
and coronary heart disease between these 2 groups, the per-
centage of patients with hypertension was significantly high-
er in patients with severe COVID-19 (P<0.05). In addition, se-
rum IL-6 concentrations were significantly higher in patients
with severe than with general COVID-19 (P<0.05; Table 1).
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Table 3. Baseline demographic and clinical characteristics of patients with severe coronavirus disease-2019 (COVID-19).

Noje Severe group A General group B Value
) group group P
Sex >0.05
Female 20  (50%) 17 3
Male 20  (50%) 15 5
Age 57.81+11.66 67.50+£14.36 <0.05
Comorbidities
Diabetes >0.05
Hypertension 1 (2.5%) 1 <0.05
Cardiovascular disease
Interleukin-6 27.84+35.58 117.94+112.70 <0.01
- ROC curve
] 10
1600 p<odi
E 1400
2 1200 084
= 1000~
B 200
5 _ 064
= 100- =
i 704
Mild Severe Severe Severe (ritical
group group group A group B
0.24
Figure 1. Serum interleukin-6 (IL-6) concentrations in patients
with general, severe, severe but not critical, and critical
coronavirus disease-2019 (COVID-19). 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
Clinical characteristics of the progression from severe to

critical illness

Of the 40 patients diagnosed with severe COVID-19 pneumo-
nia, 8 developed critical illness after 2 to 7 days (Tables 2, 3).
Analysis of IL-6 concentrations at admission and at the time of
diagnosis with critical illness in these 8 patients showed that
7 of these patients had elevated IL-6 levels at the time of crit-
ical illness, with a maximum 23-fold increase. In contrast, the
eighth patient had lower IL-6 levels at diagnosis of critical ill-
ness than at admission.

A comparison of the 8 severely ill patients who progressed
to critical illness and the 32 severely ill patients who did not
show further progression showed that sex distribution did
not differ in these 2 groups (P>0.05), whereas older patients
and those with hypertension were more likely to progress to
critical illness (P<0.05). In addition, IL-6 concentrations were

Figure 2. Receiver operating characteristic (ROC) curves of
serum interleukin-6 (IL-6) concentrations in the
prediction of critical illness in patients with coronavirus
disease-2019 (COVID-19).

significantly higher in patients who did than did not progress
to critical illness (P<0.01; Figure 1).

Analysis by receiver operating characteristic curve

Receiver operating characteristic (ROC) curve analysis was per-
formed to identify the optimal IL-6 concentration predicting
COVID-19 intensification. An area under the ROC curve (AUC)
of 0.816 was found to predict whether COVID-19 is complicat-
ed by severe pneumonia (P<0.01). The optimum critical con-
centration of IL- 6 in patients who progressed to critical illness
was 24.3 pg/mL (Figure 2).
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Discussion

To date, approximately 5 million persons worldwide have been
diagnosed with novel coronavirus pneumonia, with a mortal-
ity rate over 6%. This high mortality rate has been closely as-
sociated with the induced inflammatory storm [20]. Following
SARS-CoV-2 infection, the virus can enter immune cells in the
lungs by binding to the angiotensin-converting enzyme-2
(ACE-2) receptor. This can result in the activation of lung im-
mune cells, producing large amounts of inflammatory factors,
which destroy lung tissue and induce respiratory failure [21,22].

IL-6 is a versatile cytokine with a wide range of functions es-
sential for regulating immune and inflammatory responses and
may therefore play a key role in the inflammatory storm [23].
During the acute phase of inflammation, IL-6 mainly stimu-
lates the proliferation, differentiation, and functional improve-
ment of cells involved in immune responses and participates
in inflammatory and fever responses. In clinical settings, IL-6
has been used to diagnose infectious diseases, and it is high-
ly significant in the differential diagnosis of bacterial and vi-
ral infections. Increased IL-6 is also a biomarker for the sever-
ity of hepatitis B virus (HBV) infection [24].

IL-6 may also play a key role in the development and pro-
gression of novel coronavirus pneumonia [19,25]. Circulating
IL-6 concentrations have been closely associated with the
clinical severity of COVID-19. For example, serum IL-6 levels
were found to be significantly higher in severely ill patients
than in those with mild symptoms [26], suggesting that IL-6
levels are closely associated with the occurrence of severe
COVID-19 in adults and could predict the severity of illness
in patients with COVID-19. IL-6 levels were also found to be
significantly elevated in patients with respiratory insufficien-
cy, suggesting that IL-6 plays an important role in lung injury
due to SARS-CoV-2 infection [27]. Severe respiratory distress
in patients with highly pathogenic SARS-CoV-2 was found to
be caused by IL-6 elevation. Increased levels of IL-6 and CRP
were found to be predictive of the need for mechanical venti-
lation, indicating that measurement of IL-6 can guide the es-
calation of treatment in patients with COVID-19 - related hy-
perinflammatory syndrome [28]. Taken together, these findings
suggested that monitoring serum concentrations of IL-6 may
be crucial for identifying disease progression in patients in-
fected with SARS-CoV-2.

CLINICAL RESEARCH

To further understand the relationship between IL-6 and the
progression of novel coronavirus pneumonia, we retrospec-
tively analyzed IL-6 levels in serum samples from 68 infected
patients. We found that IL-6 levels were significantly higher
in patients with severe than with mild COVID-19 symptoms.
Of the 40 severely ill patients, 8 subsequently progressed to
critically ill status and experienced respiratory failure. The
IL-6 levels of these 8 patients were also significantly higher
than those of the other 32 severely ill patients, with IL-6 level
in 1 patient increasing 23-fold after progression to critical ill-
ness. In addition to confirming that IL-6 was closely associat-
ed with the severity of infection, the results suggest that IL-6
plays an important role in COVID-19-associated lung injury.
During COVID-19 infection, IL-6 may rapidly activate patho-
genic T cells, which produce GM-CSF, IL-6, and other factors.
GM-CSF further activates CD14* CD16* inflammatory mono-
cytes, producing higher quantities of IL-6 and forming a posi-
tive feedback loop, resulting in diffuse damage to alveolar and
pulmonary capillary endothelial cells. The large accumulation
of exudates can block the airways, leading to novel coronavi-
rus pneumonia and ARDS [29]. Because IL-6 may play an im-
portant role in the progression of novel coronavirus pneumo-
nia, drugs that target IL-6 receptors may show efficacy in the
treatment of those who are severely ill.

IL-6 is closely associated with the degree of infection of
SARS-CoV-2. We investigated whether monitoring IL-6 levels
in severely ill patients with COVID-19 could predict the devel-
opment of critical illness. ROC curve analysis indicated that
IL-6 was a good predictor of the clinical severity of COVID-19.
Serum IL-6 concentrations >24.3 pg/mL were associated with
a greater likelihood of progression to critical illness status, in-
dicating the need for more active interventions to prevent fur-
ther deterioration to a life-threatening condition.

Conclusions

This study showed that serum IL-6 concentration was closely
associated with the severity of COVID-19, and that a signifi-
cant increase in IL-6 may indicate that the patient’s condition
is worsening and becoming critical. IL-6 levels should be mea-
sured immediately after hospital admission of patients with
COVID-19 and continuously monitored thereafter. IL-6 evident-
ly has clinical value in evaluating patient condition and pre-
dicting its deterioration, indicating the need for active thera-
peutic measures.
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