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ABSTRACT

Introduction: The severity of COVID-19 relies on several factors, but the overproduction of pro-inflammatory cy-
tokines remains a central mechanism. The aim of this study was to investigate the predictive utility of interleukin
(IL)-6, IL-8, IL-10, IL-12, tumor necrosis factor alpha (TNF-a), and interferon gamma (IFN-y) measurement in patients
with COVID-19. Material and Methods: We prospectively enrolled 181 adult patients with COVID-19 admitted to the
1st Infectious Disease County Hospital Targu Mures from December 2020 to September 2021. Serum cytokine levels
were measured and correlated with disease severity, need for oxygen therapy, intensive care unit (ICU) transfer, and
outcome. Results: We found significantly higher serum levels of IL-6, IL-8, and IL-10 in patients with severe COVID-19
and in those with a fatal outcome. The logistic regression analysis showed a significant predictive value for IL-8 re-
garding disease severity, and for IL6 and IL-10 regarding ICU transfer and fatal outcome. Conclusions: Serum levels
of IL-6, IL-8, and IL-10 were significantly increased in patients with COVID-19, but their predictive value regarding
disease severity and the need for oxygen therapy was poor. We found IL-6 and IL-10 to have a good predictive perfor-

mance regarding ICU transfer and fatal outcome.
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B INTRODUCTION

COVID-19 has quickly spread across the globe, affect-
ing over 600 million people with more than 6.4 million
deaths worldwide [1, 2]. Most SARS-CoV-2-infected
patients develop only a mild, self-limiting disease.
However, approximately 15-20% of COVID-19 pa-
tients develop severe pneumonia, and 5-10% need in-
tensive care treatment [3-5].

Severe COVID-19 induces a broad range of im-
munological events, leading to the overproduction
of pro-inflammatory cytokines and the alteration of
normal antiviral immune responses [6]. This patho-
logical state triggered by the SARS-CoV-2 virus,
termed cytokine release syndrome (CRS), is charac-
terized by the rapid and prolonged elevation in the

serum levels of more than 20 inflammatory cytokines
and chemokines [7]. CRS often induces acute respira-
tory distress syndrome (ARDS) and secondary he-
mophagocytic lymphohistiocytosis, which can lead
to extensive tissue damage, multi-organ failure, and
death [8,9]. Pro-inflammatory cytokines and hyper-
inflammation are believed to be key factors in this
abnormal systemic immune response, which can be
associated with significant morbidity and even death
[9]. CRS may also be caused by a complex cellular
immune dysregulation that is associated with lym-
phopenia, decreased numbers of circulating T, B, and
NK cells, and drastic changes in myeloid cell lines
[10-12]. Identifying the biomarkers produced during
this state of hyperinflammation could be very help-
ful for understanding and early identification of this
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phenomenon, for outcome prediction and appropri-
ate management [7,13].

Studies have shown that serum levels of interleukin
(IL)-1b, IL-1RA, IL-2, IL-6, IL-7, IL-8, IL-9, IL-10, IL-
17, IL-18, tumor necrosis factor alpha (TNF-a), and
interferon gamma (IFN-y) are significantly increased
in COVID-19 [9,14-16], and some of them (IL-6, IL-8,
and TNEF-a) are independently correlated with disease
severity [4].

IL-6 is a critical cytokine in COVID-19 associated
with CRS [8]. This glycoprotein, secreted by mac-
rophages, is a pro-inflammatory cytokine with an im-
portant role in the regulation of homeostasis [8,17].
CRS seems to be associated with IL-6 dysregulation,
elevated IL-6 levels being associated with respiratory
failure and poor prognosis [18,19]. Another study
showed that IL-6 and C-reactive protein levels on the
first day of admission were predictors of mortality in
severe COVID-19 [20].

Another pro-inflammatory cytokine is IL-8, a potent
chemotactic factor that attracts neutrophils, basophils,
and T-cells during the inflammatory process. IL-8 is re-
leased from several cell types in response to inflamma-
tion [21-23], and it is believed to serve as a biomarker
to indicate the prognosis of COVID-19 [22]. It was also
demonstrated that in severe COVID-19 with ARDS,
IL-8 may contribute to the formation of neutrophil ex-
tracellular traps, which were found in postmortem pul-
monary specimens of patients with COVID-19 [23,24].

IL-10 is traditionally classified as an anti-inflamma-
tory and immunosuppressive cytokine, produced by
various myeloid- and lymphoid-derived immune cells.
Studies suggest that it may also have prognostic utility
regarding COVID-19 outcomes [1,25]. Other studies
revealed that elevated serum IL-10 levels in patients
with COVID-19 can be both an anti-inflammatory
mechanism and an immunosuppressive biomarker
[26,27]. In COVID-19, a higher level of IL-10 was
found to be associated with a more severe disease [28].

A study that analyzed cytokine levels in patients with
COVID-19 found that the serum levels of IL-6, IL-8,
and IL-10 were significantly higher in patients with a
more severe form of the disease. Furthermore, a score
combining the levels of these three cytokines was high-
ly predictive of progression to severe COVID-19 [29].

The aim of this study was to investigate the relation-
ship between the serum levels of a panel of pro-inflam-
matory cytokines consisting of IL-6, IL-8, IL-10, IL-12,
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TNF-a, IFN-y and disease severity, need for oxygen
therapy, ICU transfer and fatal outcome in patients
with confirmed COVID-19.

B MATERIALS AND METHODS

Study design

We performed a single-center prospective cohort study
including 181 adult patients admitted to the 1st Infec-
tious Diseases County Hospital of Targu Mures, Roma-
nia between December 2020 and September 2021. All
patients were diagnosed with COVID-19, confirmed
by positive real-time polymerase chain reaction (RT-
PCR). Patients under the age of 18 years, pregnant
women, patients with HIV infection or AIDS, different
types of cancer, or connective tissue disorders, trans-
plant recipients and patients with incomplete or miss-
ing data were excluded from the study.

For each patient, clinical and demographical param-
eters (sex and age) were obtained from the medical
records and introduced into a database. We collected
data on comorbidities, serum cytokine levels, clinical
severity of COVID-19, need for oxygen therapy, length
of stay, ICU transfer and outcome. Cytokine (IL-6, IL-
8, IL-10, IL-12, TNF-a and IFN-y) serum levels were
measured in the first 1-3 days of admission. The blood
samples were collected in the first 24 h after hospitali-
zation and, where appropriate, in the first 24 h after re-
classification into another severity group, at any time
during hospitalization. In the statistical analysis we
used the blood samples collected in the first 24 hours
after admission.

Patients were split into two age groups: <60 years old
and older 60.

We compared cytokine serum levels between cases
with COVID-19 of different severities to evaluate their
predictive value of in relation to the disease severity,
need for oxygen therapy, ICU transfer and outcome.
We also compared serum cytokine levels according to
sex, age, comorbidities and length of stay.

COVID-19 severity classification

The severity of COVID-19 was defined based on the
World Health Organization’s guidance on the clinical
management of COVID-19 published on November 23,
2021. Accordingly, ‘mild stage’ was defined as a disease
with few symptoms (low fever, cough, fatigue, anorex-
ia, shortness of breath, and myalgias), without evidence
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of viral pneumonia or hypoxia. ‘Moderate stage’ was
defined as a disease with fever and respiratory symp-
toms, associated with pulmonary imaging findings but
no signs of severe pneumonia and an oxygen saturation
(SpO,) of 294% on room air. ‘Severe stage’ was defined
as the presence of severe pneumonia, plus one of the
following: respiratory rate of >30 breaths/min, severe
respiratory distress, or SpO, <94% on room air. Based
on this classification, study cases were divided into two
categories: 1) non-severe (mild and moderate stage); 2)
severe (severe stage).

Sample collection and cytokine measurement

The blood samples were collected by venous puncture
into vacuum collectors with clot accelerator, were cen-
trifuged and the serum was cryopreserved until analysis
at —20 °C. The samples were transported to the Labo-
ratory of Humoral Immunology of the Center for Ad-
vanced Medical and Pharmaceutical Research, where
serum cytokine levels were measured using xMAP
technology with a customized Human Magnetic beads
panel for cytokine detection (EMD Millipore Corpora-
tion) on a Flexmap 3D analyzer. The laboratory pro-
cedures were performed following the manufacturers’
recommendations. For all cytokines, the measuring
intervals ranged between 0.64 and 10,000 pg/ml, and
the intra-assay coefficient of variation was below 3.5%.

Statistical analysis

We performed a descriptive analysis, expressing cat-
egorical variables with numbers and percentages; nu-
merical variables with mean, median, range and inter-
quartile range (IQR). The distribution of the data was
assessed using the Kolmogorov-Smirnov test and ana-
lyzed using the non-parametric Mann-Whitney U test.
Each parameter was estimated using a 95% confidence
interval (95% CI). Multivariate logistic regression anal-
ysis was performed for disease severity, ICU transfer
and outcome. The predictive ability of the studied pa-
rameters regarding ICU transfer and outcome was esti-
mated using the receiver operating characteristic curve
(ROCQC) and the area under the curve (AUC), where an
AUC 0.5 indicated no predictive ability, a value of 0.8
was considered good, and a value of 1.0 was considered
perfect. All statistical analyses were performed using
IBM SPSS Statistics for Windows version 26 (Armonk,
NY: IBM Corp). A p value <0.05 was considered statis-
tically significant.
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Hospital (19038/21.12.2020). Written informed con-
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and full anonymity was preserved for all participants.

B RESULTS

Baseline characteristics

A total of 181 hospitalized patients were enrolled in the
study. At admission, 87 (48.06%) patients had severe
COVID-19, and 48 (26.51%) were reclassified from
moderate to severe COVID-19 during hospital stay.
The clinical and demographic characteristics of the pa-
tients are presented in Table 1.

Age and sex distribution of the patients

The mean age of the patients was 64 years (range
21-90). There were 57 severe and 57 non-severe cas-
es among patients above 60 years; 30 severe and 37
non-severe cases among patients below 60 years (p =
0.3). We found no correlation between age and dis-
ease severity (r = 0.042; p = 0.229). In total, 114 out
of 181 (62.98%) patients were above 60 years, and we
found significantly higher serum levels of IL-6 (p =
0.015), IL-8 (p = 0.06), IL-10 (p = 0.006), and TNF-a (p
<0.0001) in these patients.

We found a significant difference in the distribution
of sexes between patients above and below 60 years,
with a male predominance among younger patients (p
= 0.003). We found no correlation between sex and se-
rum cytokine levels.

Ethnicity

Population distribution by ethnicity: 177 (97,7%) white
patients and 4 (2,2%) Indo-Aryan (gipsy). We found
no correlation between ethnicity and disease severity,
outcome or ICU transfer requirement.

Comorbidities

The patients’ comorbidities included arterial hyperten-
sion, diabetes mellitus, chronic obstructive pulmonary
disease (COPD), asthma, pulmonary fibrosis, hyper-
lipidemia, obesity and chronic renal and liver disease.
IL-6 (p = 0.035), IL-8 (p <0.0001), IL-10 (p = 0.009),
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Table 1. Clinical and demographic characteristics of the cohort, grouped by disease severity

Parameter Non-severe (n = 94) Severe (n = 87) p value
Female sex 35 0.229

Male sex 52

Age (median) 64 (21-86) 64 (24-90) 0.575

Length of stay (days) 12 (1-32) 14 (4-36) <0.001
Hypoxemia requiring oxygen therapy 49 (52.12%) 85 (97.7%) <0.001
Comorbidities

Arterial hypertension 56 (59.57%) 54 (62%) 0.424

Cardiovascular diseases 22 (23.4%) 18 (20.68%) 0.398

Insulin-dependent diabetes 6 (6.38%) 15 (17.24%) 0.230

Non-insulin-dependent diabetes 14 (14.89%) 11 (12.64%) 0.413

COPD 3(3.19%) 2 (2.29%) 0.537

Asthma 4 (4.25%) 4 (4.59%) 0.596

Hyperlipidemia 30(31.91%) 25 (28.73%) 0.381

Obesity 25 (26.59%) 38 (43.67%) 0.012

Chronic renal disease 3(3.19%) 8 (9.19%) 0.083

ICU transfer 8 (8.51%) 27 (31.03%) <0.001
Outcome

Discharged 87 (92.55%) 70 (80.45%) 0.014

Died 7 (7.44%) 17 (19.54%)

COPD= chronic obstructive pulmonary disease; ICU=intensive care unit.

and TNF-a (p <0.0001) serum levels were significantly
higher in patients with arterial hypertension. We found
no statistically significant differences when comparing
serum cytokine levels according to the presence of obe-
sity, COPD, asthma and chronic renal disease.

Length of stay

The average length of hospital stay was 13 days, with
an equal distribution between sexes. Hospital stay was
significantly longer in patients over 60 years (p = 0.016)
(mean 13.5 days, range 5-36) than in patients below 60
years (mean 11.9 days, range 1-32 days). The length of
stay was not significantly associated with outcome (p =
0.244). A longer hospital stay was also found in patients
who required ICU transfer (p <0.0001), and the length
of stay was significantly influenced by the presence of
respiratory failure (p <0.0001). Furthermore, a positive
correlation was found between the length of stay and
serum levels of IL-10 (r = 0.273, p = 0.0002), IL-6 (r =
0.217, p = 0.003) and IL-8 (r = 0.187, p = 0.011).

Disease severity

With the exception of IL-12 (p = 0.341) and IFN-y (p =
0.926), the serum levels of all other cytokines showed
significant differences between cases with severe (n
= 87) and non-severe (n = 94) COVID-19. We found
significantly higher levels of IL-6 (p = 0.002), IL-8 (p

= 0.002), IL-10 (p = 0.006) and TNF-a (p = 0.039) in
severe COVID-19.

Need for oxygen therapy

In total, 134 out of 181 (74.03%) patients needed oxy-
gen therapy, 90 (67.16%) of which were over 60 years.
We found a positive correlation between the need for
oxygen therapy and age (r =0.163; p = 0.038). Patients
who needed oxygen therapy presented significantly
higher serum levels of IL-6 (p = 0.016), IL-8 (p = 0.001),
IL-10 (p <0.0001) and TNF-a (p = 0.002). Furthermore,
we found a negative correlation between serum levels
of IL-6 (r = -0.278; p = 0.0002), IL-10 (r = -0.262; p =
0.0004), TNF-a (r = -0.175; p = 0.018) and SpO, meas-
ured on admission.

ICU transfer

In total, 35 (19.33%) patients required ICU transfer, 25
(71.42%) from the >60 age group and 10 (28.58%) from
the <60 age group. The average length of ICU stay was 9
days (range 1-24 days). IL-6, IL-8 and IL-10 serum lev-
els were significantly higher in patients who required
ICU transfer (Table 2).

Outcome

Of the 114 patients over 60 years, 94 (82.46%) were
discharged and 20 (17.54%) have died, while of the 67
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Table 2. Serum cytokine levels in patients with COVID-19 according to the need for ICU transfer

ICU transfer (n = 35)

IFN-y (pg/ml) 0.78 (0.64—2.98)
IL-6 (pg/ml) 29.08 (4.69-189.1)
IL-8 (pg/ml) 11.99 (2.41-37.81)
IL-10 (pg/ml) 30.45 (13.16-70.25)
IL-12 (pg/ml) 0.64 (0.55-1.48)
TNF-a (pg/ml) 21.72 (15.47-33.69)

No ICU transfer (n = 146)

0.64 (0.64—1.84) 0.403
0.64 (0.64-7.7) <0.0001
1.15 (0.64-5.54) <0.0001
6.29 (1.16-23.78) <0.0001

0.64 (0.61-1.21) 0.591

19.73 (11.78-30.77) 0.147

ICU=intensive care unit, IFN-y=interferon gamma, IL=interleukin, TNF=tumor necrosis factor

patients below 60 years, 63 (94.03%) were discharged
and 4 (5.97%) have died (p = 0.02). A total of 24
(13.25%) patients died during hospital stay, of which
13 (54.16%) were female and 11 (45.84%) were male.
With the exception of IFN-y and IL-12, all the other
studied cytokines showed significantly higher serum
levels in non-survivors. We observed a similar trend
for IL-12, but the results did not reach the significance
level (Table 3).

Predictive utility of cytokines

We performed a multivariate regression analysis, in
which the dependent variables were represented by
severity (non-severe vs. severe), survival (deceased vs.
alive), and ICU transfer (transferred to the ICU vs. not
transferred to the ICU) and the independent variables
were represented by the different interleukins. The aim
of the multivariate regression analysis was to assess the
prognostic utility of interleukins based on the depend-
ent variables. An estimated risk value of >1, expressed
through the odds ratio (OR), signifies a risk or unfa-
vorable prognosis.

Table 3. Serum cytokine levels in survivors vs. non-survivors

The results of the multivariate regression analysis
showed that depending on the ‘severity’ variable, IL-8
had a prognostic value for disease severity, increased
levels being associated with severe forms (Table 4).

Depending on the ‘survival variable, IL-8, IL-6 and
IL-10 had prognostic value, increased levels being as-
sociated with death. Of note, these three interleukins
had higher values in deceased patients even at the bi-
variate analysis (Table 5).

Depending on the ‘ICU transfer’ variable, IL-8, IL-6
and IL-10 had prognostic value, increased levels be-
ing observed in those transferred to the ICU. Similarly,
to the ‘survival’ variable, these three interleukins had
higher levels in those transferred to the ICU even at the
bivariate analysis (Table 6).

ROC curve analysis for IL-8 regarding disease severity
yielded an AUC 0f0.632 (95% CI 0.550-0.714; p = 0.002),
with a cut-off level of 5.36 pg/ml. The analysis showed
a good predictive ability for IL-6 (AUC 0.801; 95% CI
0.713-0.889; p <0.001) and IL-10 (AUC 0.763; 95% CI
0.684-0.842; p <0.001) regarding ICU transfer (Figure 1).

Survivor (n = 157)

Non-survivor (n = 24)

IFN-y (pg/ml) 0.64 (0.64-1.87) 0.94 (0.57-2.97) 0.662
IL-6 (pg/ml) 0.64 (0.64—7.85) 38.56 (15.24-714.3) <0.0001
IL-8 (pg/ml) 1.1 (0.64-5.41) 18.89 (7.49-54.89) <0.0001
IL-10 (pg/ml) 6.76 (0.64-23.82) 42.45 (27.19-80.85) <0.0001
IL-12 (pg/ml) 0.64 (0.59-1) 0.93 (0.57-2.54) 0.054
TNF-a (pg/ml) 18.98 (12.29-29.47) 25.8 (18.65-35.97) 0.013
Table 4. Results of the logistic regression analysis regarding the disease severity
X Disease severity
Variable Odds Ratio 95% ClI p value
IFN-y 0.9505 0.8830to 1.0232 0.1769
IL-10 1.0070 0.9980t0 1.0161 0.1297
IL-12 1.0395 0.9661t01.1184 0.2995
IL-6 0.9994 0.9974 to 1.0015 0.5799
IL-8 1.0364 1.0008 to 1.0743 0.0414
TNF-a 1.0072 0.9797 to 1.0355 0.6103
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Table 5. Results of the logistic regression analysis regarding the outcome

Variable Outcome

Odds Ratio 95% CI p value
IFN-y 0.8594 0.7494 to 0.9856 0.0302
IL-10 1.0122 1.0026 to 1.0219 0.0126
IL-12 1.0513 0.9849 t0 1.1223 0.1330
IL-6 1.0046 1.0008 to 1.0093 0.0399
IL-8 1.0430 1.0175 to 1.0693 0.0009
TNF-a 1.0054 0.9626 to 1.0501 0.8085

Table 6. Results of the logistic regression analysis regarding ICU transfer

ICU transfer

variable 0dds Ratio 95% C|

IFN-y 0.9212 0.8257 t0 1.0278 0.1419
IL-10 1.0114 1.0018 to 1.0210 0.0196
IL-12 0.9977 0.9287 to 1.0719 0.9503
IL-6 1.0080 1.0006 to 1.0164 0.0409
IL-8 1.0353 1.0121 to 1.0590 0.0026
TNF-a 0.9871 0.9508 to 1.0248 0.4959

ROC curve analysis also showed a good predictive =~ EDISCUSSION

ability for IL-6 (AUC 0.853; 95% CI 0.759-0.946; p
<0.001) and IL-10 (AUC 0.831; 95% CI 0.756-0.906; p
<0.001) regarding outcome (Figure 2).

Cut-off levels and AUC values for IL-6 and IL-10 re-
garding patient outcome are shown in Table 7.

Outcome prediction for the appropriate management
of patients with COVID-19 is a serious challenge. The
severity of COVID-19 depends on several factors, but
the pathogenesis of CRS and hyperinflammation re-
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Fig. 1. Receiver Operating Characteristic curve (ROC) analysis for IL-6 and IL-10 regarding the ICU transfer
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Fig. 2. Receiver Operating Characteristic curve (ROC) analysis for IL-6 and IL-10 regarding the outcome prediction

Table 7. Cut-off values and ROC analysis for biomarkers with statistical significance in predicting outcome in COVID-19

patients

Cut-off value

Parameter

AUC (95% Cl)

IL-6 20.14 pg/ml
IL-10 18.00 pg/ml

0.853 (0.793-0.901)
0.831 (0.768-0.882)

p value Sensitivity (%) Specificity (%)
<0.0001 75.00 87.26
<0.0001 91.67 70.70

mains in center of the interest. In these settings, a bio-
marker with high sensitivity and specificity can guide
the clinician to identify high-risk patients for close
follow-up and appropriate management.

Hormonal differences between men and women may
cause differences in ACE-2 expression and the produc-
tion of cytokines, and may also affect mortality [30,31].
In women, estrogen has a protective effect on the im-
mune system [31]. In a retrospective study conducted
on 548 inpatients with COVID-19, Qin et al. found
higher levels of IL-10 and TNF-a in male patients [32].
Although there were more men in our study group, we
found no connection between the patients’ sex and se-
rum cytokine levels.

Studies have shown that age may be the most impor-
tant risk factor for severe COVID-19 and its complica-
tions [31,33]. Furthermore, older patients can have an
increased production of pro-inflammatory cytokines,
which can lead to CRS [34]. Although in our study IL-
6, IL-8, IL-10 and TNF-a serum levels were significant-

ly higher in subjects >60 years, we found no correlation
between age and disease severity.

Comorbidities, such as hypertension and diabetes,
can also affect the production of pro-inflammatory cy-
tokines including IL-2R, IL-10 and TNF-a [32]. Our
findings are in agreement with these reports, as serum
levels of IL-6, IL-8, IL-10, TNFa were significantly el-
evated in patients with arterial hypertension.

Studies suggest that obesity-induced inflammation
can modify innate and adaptive immune responses, re-
sulting in a greater vulnerability to infection [35,36]. In
our study, we found a significant association between
obesity and disease severity (p = 0.012).

Hypoxemia, longer hospital stays and ICU transfer
were significantly associated with severe COVID-19.
However, there were no significant differences between
patients with severe and non-severe disease regarding
hypertension and diabetes mellitus.

A longer hospital stay was associated with the pres-
ence of respiratory failure and ICU transfer, and serum
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levels of IL-6, IL-8, and IL-10 were higher in these pa-
tients.

Guo et al. identified 11 cytokines with a predic-
tive role in severe COVID-19 including granulocyte
colony-stimulating factor (G-CSF), hepatocyte growth
factor (HGF), IL-6, IL-7, IL-8, IL-10, IL-18, interferon
gamma-induced protein 10 (IP-10), macrophage colo-
ny-stimulating factor (M-CSF), monokine induced by
interferon-gamma (MIG) and stem cell growth factor-
beta (SCGF-p) [37]. Of these, IL-6, IL-8 and IL-10 were
found to have with poor predictive value regarding dis-
ease severity [38].

In our study, elevated IL-6, IL-8, and IL-10 serum
levels were correlated with the presence of respiratory
failure. An injured lung can be a major source of IL-6
production, which may explain correlations observed
between cytokine serum levels and the need for oxy-
gen therapy [4,39]. TNF-a is linked to bronchial hy-
perresponsiveness and is involved in the deterioration
of respiratory epithelium by cytokines [8]. We found
TNF-a serum levels to be correlated with the presence
of hypoxemia. However, our results suggest that cy-
tokines have a poor predictive value regarding the need
for oxygen therapy.

Studies suggest there is a positive correlation be-
tween ICU transfer and elevated serum levels of IL-6,
IL-8 and TNF-a. Also, higher TNF-a levels are associ-
ated with a longer ICU stay in men [13,18]. We found
significantly increased serum levels of IL-6, IL-8, IL-10
and TNEF-a in patients who required ICU transfer.

In previous studies, increased TNF-a, IL-1Ra, IL-6,
IL-8,IL-15 and IL-10 serum levels were associated with
higher mortality in COVID-19 [14]. Furthermore, IL-
1, IL-6 and TNF-a produced by macrophages have
been reported as pathogenic factors in the excessive in-
flammatory response in COVID-19. Research suggests
that the inflammatory cascade and increased secretion
of pro-inflammatory cytokines in the lower airways
may be responsible for tissue destruction in various
organs [18,40,41]. In this study, we found elevated
IL-6, IL-8, IL-10 and TNF-a serum levels in patients
with fatal outcome and who required oxygen therapy.
Of the studied cytokines, IL-6 had the best predictive
ability for outcome (AUC 0.853; 95% CI 0.759-0.946;
p<0.001).

IL-6 is reported to have a unique role in the cytokine
storm related to COVID-19. Increased IL-6 serum
levels can modulate the activity of natural killer cells
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and were found to be associated with other immune
dysregulations. Previous studies have explored its pre-
dictive value regarding disease severity, ICU transfer
and outcome [1,3,42]. In this study, IL-6 had a good
predictive ability for ICU transfer (AUC = 0.801) and
outcome (AUC = 0.853).

IL-8 is involved in the activation and recruitment of
neutrophils in COVID-19, and studies suggest that it
may be a biomarker of ARDS [14,43]. In our study, IL-8
demonstrated a poor predictive ability for outcome,
ICU transfer or the need for oxygen therapy. These
findings suggest that compared to the other cytokines
we studied, IL-8 is a poor predictor of COVID-19 se-
verity.

IL-10, an anti-inflammatory cytokine, amplifies viral
sepsis in severe COVID-19, probably through overac-
tivation and proliferation [14,44]. Some studies have
found that IL-10 can be used to predict poor outcome
in COVID-19 [1,13]. Our study confirms these find-
ings, as IL-10 showed a good predictive capacity for
outcome.

Similarly, to our study, Zhou et al. reported an op-
timal IL-6 cut-oft value of 26.09 pg/ml for the predic-
tion of outcome [45]. In another study, the cut-oft value
was established at 101.64 pg/ml [20]. We found a cut-
off value of 20.14 pg/ml with a sensitivity of 75.0% and
a specificity of 87.2%, which may be explained by the
different cohort type, comorbidities and distribution of
severe cases.

B CONCLUSIONS

Our findings indicate that IL-6, IL-8, and IL-10 serum
levels are significantly increased in COVID-19 but are
associated with poor predictive ability regarding dis-
ease severity and the need for oxygen therapy. From
the studied cytokines, IL-6 and IL-10 seem to be inde-
pendent predictors for ICU transfer and outcome, with
IL-6 having a better predictive performance. A limita-
tion of the study is the small number of patients and a
rather limited level of originality when addressing the
cytokine role in the COVID-19 severity. We believe
though that by diversifying the endpoints it provides a
useful addition to the literature on this subject.

B CONFLICT OF INTEREST

None to declare.



216 « The Journal of Critical Care Medicine 2023;9(4)
B AUTHOR CONTRIBUTIONS

Conceptualization, AVA, AH and AMV; methodol-
ogy, AVA; software, EJS; validation, AVA, AH and
AMYV; formal analysis, EJS, NV; resources, AVA, NV;
data curation, NV, AVA, EJS; writing—original draft
preparation, AVA; writing—review and editing, AMV;
AH revision of the manuscript, cytokine analysis, data
interpretation, visualization, AVA; supervision, AH,
AMYV; funding acquisition, AH. All authors have read
and agreed to the published version of the manuscript.

B FUNDING

This research was funded by the George Emil Pal-
ade University of Medicine, Pharmacy, Science, and
Technology of Targu Mures, Romania, grant number
10126/1/17.12.2020.

HINSTITUTIONAL REVIEW BOARD STATE-
MENT

The study was conducted in accordance with the
Declaration of Helsinki, and approved by the Institu-
tional Review Board (or Ethics Committee) of George
Emil Palade University of Medicine, Pharmacy, Sci-
ence, and Technology of Targu Mures, Romania,
n0.19038/21.12.2020.

B INFORMED CONSENT STATEMENT

Informed consent was obtained from all subjects in-
volved in the study. Written informed consent has been
obtained from the patient(s) to publish this paper.

B ACKNOWLEDGMENTS

This scientific research is part of the doctoral thesis
within IOSUD of George Emil Palade University of
Medicine, Pharmacy, Science, and Technology of Targu
Mures Doctoral School.

B REFERENCES

1. Dhar SK, KV, Damodar S, Gujar S, Das M. IL-6 and IL-10 as
predictors of disease severity in COVID-19 patients: results
from meta-analysis and regression. Heliyon. 2021;7(2):e06155.

2. Worldometer. Coronavirus statistics. Available from: https://
www.worldometers.info/coronavirus/ [Accessed 31 August
2022]

10.

11.

12.

13.

14.

15.

16.

17.

18.

Available online at: www.jccm.ro

Sabaka P, Kos¢alova A, Straka |, et al. Role of interleukin 6 as a
predictive factor for a severe course of Covid-19: retrospective
data analysis of patients from a long-term care facility during
Covid-19 outbreak. BMC Infect Dis. 2021;21(1):308.

Santa Cruz A, Mendes-Frias A, Oliveira Al, et al. Interleukin-6
Is a Biomarker for the Development of Fatal Severe Acute
Respiratory Syndrome Coronavirus 2 Pneumonia.
Immunol. 2021;12.613422.

Front

Oi Y, Ogawa F, Yamashiro T, et al. Prediction of prognosis in
patients with severe COVID-19 pneumonia using CT score by
emergency physicians: a single-center retrospective study. Sci
Rep. 2023;13(1):4045.

Pons MJ, Ymafia B, Mayanga-Herrera A, Saenz Y, Alvarez-Erviti
L, Tapia-Rojas S, et al. Cytokine Profiles Associated With Worse
Prognosis in a Hospitalized Peruvian COVID-19 Cohort. Front
Immunol. 2021;12:700921.

Lu L, Zhang H, Dauphars DJ, He YW. A Potential Role of
Interleukin 10in COVID-19 Pathogenesis. Trends in Immunology.
2021;42:3-5.

Montazersaheb S, Hosseiniyan Khatibi SM, Hejazi MS, et al.
COVID-19 infection: an overview on cytokine storm and related
interventions. Virol J. 2022;19(1):92.

Basheer M, Saad E, Assy N. The Cytokine Storm in COVID-19:
The Strongest Link to Morbidity and Mortality in the Current
Epidemic. COVID. 2022;2(5):540-52.

Bonnet B, Cosme J, Dupuis C, et al. Severe COVID-19 is
characterized by the co-occurrence of moderate cytokine
inflammation and  severe  monocyte  dysregulation.
EBioMedicine. 2021;73:103622.

Kuri-Cervantes L, Pampena MB, Meng W, et al. Comprehensive
mapping of immune perturbations associated with severe
COVID-19. Sci Immunol. 2020;5(49).eabd7114.

Schulte-Schrepping J, Reusch N, Paclik D, et al. Severe COVID-19
Is Marked by a Dysregulated Myeloid Cell Compartment. Cell.
2020;182(6):1419-40.

Li J, Rong L, Cui R, et al. Dynamic changes in serum IL-6, IL-
8, and IL-10 predict the outcome of ICU patients with severe
COVID-19. Ann Palliat Med. 2021;10(4):3706-14.

Pons MJ, Ymafia B, Mayanga-Herrera A, et al. Cytokine Profiles
Associated With Worse Prognosis in a Hospitalized Peruvian
COVID-19 Cohort. Front Immunol. 2021;12:700921.

del Valle-Mendoza J, Tarazona-Castro Y, Merino-Luna A, et al.
Comparison of cytokines levels among COVID-19 patients living
at sea level and high altitude. BMC Infect Dis. 2022;22:96.

Ramasamy S, Subbian S. Critical Determinants of Cytokine Storm
and Type | Interferon Response in COVID-19 Pathogenesis. Clin
Microbiol Rev. 2021;34(3):e00299-20.

Shekhawat J, Gauba K, Gupta S, et al. Interleukin-6 Perpetrator
of the COVID-19 Cytokine Storm. Indian J Clin Biochem.
2021:36(4):440-50.

Mazaheri T, Ranasinghe R, Al-Hasani W, et al. A cytokine
panel and procalcitonin in COVID-19, a comparison between



Available online at: www.jccm.ro

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

intensive care and non-intensive care patients. PLoS One.
2022;17(5):e0266652.

Lampart M, Zellweger N, Bassetti S, et al. Clinical utility of
inflammatory biomarkers in COVID-19 in direct comparison to
other respiratory infections—A prospective cohort study. PLoS
One. 2022;17(5):e0269005.

Rahayu R, Winarto W, Nasihun T. Interleukin-6 and C-reactive
Protein on Admission as Predictor of Mortality in Severe
COVID-19 Patients: A Retrospective Cohort Study. Open Access
Maced J Med Sci. 2022;10(B):227-31.

Brennan K, Zheng J. Interleukin 8. In Enna SJ, Bylund DB
(eds): xPharm: The Comprehensive Pharmacology Reference.
Amsterdam: Elsevier. 2007, p. 1-4.

Li L, Li J, Gao M, et al. Interleukin-8 as a Biomarker for Disease
Prognosis of Coronavirus Disease-2019 Patients. Front
Immunol. 2021;11:602395.

Cesta MC, Zippoli M, Marsiglia C, et al. The Role of
Interleukin-8 in Lung Inflammation and Injury: Implications
for the Management of COVID-19 and Hyperinflammatory
Acute Respiratory Distress Syndrome. Front Pharmacol.
2022;12:808797.

Barnes BJ, Adrover JM, Baxter-Stoltzfus A, et al. Targeting
potential drivers of COVID-19: Neutrophil extracellular traps. J
Exp Med. 2020;217(6):20200652.

Islam H, Chamberlain TC, Mui AL, Little JP. Elevated
Interleukin-10 Levels in COVID-19: Potentiation of Pro-
Inflammatory Responses or Impaired Anti-Inflammatory
Action? Front Immunol. 2021;12:677008.

Diao B, Wang C, Tan Y, et al. Reduction and Functional
Exhaustion of T Cells in Patients with Coronavirus Disease 2019
(COVID-19). Front Immunol. 2020;11:827.

Hasanvand A. COVID-19 and the role of cytokines in this
disease. Inflammopharmacology. 2022;30(3):789-98.

Han H, Ma Q, Li C, et al. Profiling serum cytokines in COVID-19
patients reveals IL-6 and IL-10 are disease severity predictors.
Emerg Microbes Infect. 2020;9(1):1123-30.

Nagant C, Ponthieux F, Smet J, et al. A score combining early
detection of cytokines accurately predicts COVID-19 severity
and intensive care unit transfer. Int J Infect Dis. 2020;101:342—
5.

Gotluru C, Roach A, Cherry SH, Runowicz CD. Sex, Hormones,
Immune Functions, and Susceptibility to Coronavirus Disease
2019 (COVID-19)-Related  Morbidity. Obstet  Gynecol.
2021;137(3):423-9.

Bigdelou B, Sepand MR, Najafikhoshnoo S, et al. COVID-19
and Preexisting Comorbidities: Risks, Synergies, and Clinical

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

The Journal of Critical Care Medicine 2023;9(4) « 217
Outcomes. Front Immunol. 2022;13:890517.

Qin L, Li X, Shi J, et al. Gendered effects on inflammation
reaction and outcome of COVID-19 patients in Wuhan. J Med
Virol. 2020;92(11):2684-92.

Queiroz MAF, Neves PFM das, Lima SS, et al. Cytokine
Profiles Associated With Acute COVID-19 and Long COVID-19
Syndrome. Front Cell Infect Microbiol. 2022;12:922422.

Bajaj V, Gadi N, Spihlman AP, Wu SC, Choi CH, Moulton VR.
Aging, Immunity, and COVID-19: How Age Influences the Host
Immune Response to Coronavirus Infections? Front Physiol.
2021;11:571416.

Dhurandhar NV, Bailey D, Thomas D. Interaction of obesity and
infections. Obesity Reviews. 2015;16(12):1017-29.

Kim J, Bajaj M. Normal Adipose Tissue Biology: Adipocytokines
and Inflammation. In McManus LM, Mitchell R (eds):
Pathobiology of Human Disease: A Dynamic Encyclopedia of
Disease Mechanisms. Amsterdam: Elsevier. 2014, p. 488-97.

Guo J, Wang S, Xia H, et al. Cytokine Signature Associated With
Disease Severity in COVID-19. Front Immunol. 2021;12:681516.

LiuQQ, Cheng A, Wang Y, et al. Cytokines and their relationship
with the severity and prognosis of coronavirus disease
2019 (COVID-19): a retrospective cohort study. BMJ Open.
2020;10(11):e041471.

Hadjadj J, Yatim N, Barnabei L, et al. Impaired type | interferon
activity and inflammatory responses in severe COVID-19
patients. Science. 2020;369(6504):718-24.

Ragab D, Salah Eldin H, Taeimah M, Khattab R, Salem R. The
COVID-19 Cytokine Storm; What We Know So Far. Front
Immunol. 2020;11:1446.

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS,
Manson JJ. COVID-19: consider cytokine storm syndromes and
immunosuppression. Lancet. 2020;395(10229):1033-4.

Cifaldi L, Prencipe G, Caiello I, et al. Inhibition of natural
killer cell cytotoxicity by interleukin-6: Implications for the
pathogenesis of macrophage activation syndrome. Arthritis
Rheumatol. 2015;67(11):3037-46.

Isabel Garcia-Laorden M, Lorente JA, Flores C, Slutsky AS, Villar
J. Biomarkers for the acute respiratory distress syndrome:
how to make the diagnosis more precise. Ann Transl Med.
2017:5(14):283.

Li H, Liu L, Zhang D, et al. SARS-CoV-2 and viral sepsis:
observations and hypotheses. Lancet. 2020;395(10235):1517-
20.

Zhou J, He W, Liang J, et al. Association of Interleukin-6 Levels
with Morbidity and Mortality in Patients with Coronavirus
Disease 2019 (COVID-19). Jpn J Infect Dis 2021;74(4):293-8.



