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The severity of COVID-19 is largely determined by the inflammatory response, a “Cytokine storm,” that involves
both pro- and anti-inflammatory cytokines. In the current study we investigated the balance of pro- and anti-
inflammatory status as represented by the levels of IL-6/IL-10 in severe to critical COVID-19 patients. 66
confirmed COVID-19 patients admitted to the ICU were categorized into groups according to the mortality and
respiratory failure. Data were collected retrospectively in ICU, including a peripheral immune cells and infection-
related biomarker CRP. The measurements of cytokine levels were performed by Immulite analyzer for IL-6 and
ELISA sandwich for IL-10. In addition, longitudinal measurement of IL-6 was performed during 5 days post
admission. Longitudinal assays showed that IL-6 was sustained at a medium level within 5 days post admission in
severe cases who survived or not requiring mechanical ventilation, whereas it was sustained at high levels
throughout the disease course in either deceased cases or who developed respiratory failure. The ratio of IL-6/
lymphocytes was positively correlated with the risk of mortality, while IL-10/lymphocytes ratio could predict
respiratory failure in ICU. IL-6/IL-10 profiling revealed that deceased patients have different magnitudes of both
IL-6 and IL-10 cytokine release. Notably, excessive levels of IL-6 concomitant with high levels of IL-10 were more
common in diseased COVID-19 patients. Taking into account the IL-6/IL-10 profiling may help clinicians to
identify the right time of anti-inflammation treatment and select patients who will respond to anti-cytokine
therapies and maintain an adequate inflammatory response for SARS-CoV-2 clearance.

1. Introduction 2021). In order to better understand the pathogenesis of this disease it

will be useful to discover effective biomarkers to distinguish which

Coronavirus Disease 2019 (COVID-19) caused by severe acute res-
piratory syndrome coronavirus 2 (SARS- CoV-2) rapidly spread world-
wide and was declared a pandemic in early 2020 (Ludwig and Zarbock,
2020). Although most SARS-CoV-2 infected patients display mild-to-
moderate symptoms and undergo spontaneous regression, approxi-
mately 10-20% of cases develop severe symptoms. Some patients suffer
from multi-organ dysfunction, including acute respiratory distress syn-
drome (ARDS), vasodilatory shock, acute kidney injury, coagulopathy,
and impaired brain or heart function; which also represent the common
clinical manifestations that characterize sepsis (Scientific Societies,

subgroup(s) of patients should be given priority in ICU admission.

To elucidate the pathophysiological mechanisms underlying this
heterogeneous disease, much attention has been paid to inflammatory
response. Accumulating evidence suggests that a subgroup of patients
with severe COVID-19 might have a disrupted and disproportionate
inflammatory response, particularly exhibiting excessive cytokine pro-
duction leading to a « cytokine storm. » (Chen et al., 2021b; Li et al.,
2021; Liu et al., 2021). A cytokine storm is observed in many pathologies
such as sepsis and also recently in COVID-19 pathology (Fajgenbaum
et al., 2020). It's associated with uncontrolled hyperinflammation
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leading to tissue damage, apoptosis of immune cells, and impaired
cytotoxic function (Jesenak et al.2020, Vabret et al., 2020). Cytokine
storm is amplified by the key pro-inflammatory cytokine IL-6, whereas
anti-inflammatory cytokines such as IL-10 control the pro- inflammatory
response (Belaid et al., 2022). It is widely accepted that pro- and anti-
inflammatory mechanisms should be balanced while maintaining an
adequate inflammatory response for pathogen clearance (Cicchese et al.,
2018). Therefore, we argue that deciphering the balance of pro- and
anti-inflammatory status in COVID-19 patients is a prerequisite for the
development of efficient therapeutics and outcome-prediction tools.

The aim of this study was to investigate the value of IL-6/IL-10
profiling to discriminate balanced from unbalanced inflammatory re-
sponses in a Tunisian cohort of SARS-CoV-2 infected patients with se-
vere to critical disease. In addition, the study explored the IL-6/
lymphocyte ratio and IL-10/lymphocyte ratio as a prognosis tool to
predict the mortality and respiratory failure in severe to critical COVID-
19 patients.

2. Patients and methods
2.1. Patients

A cohort of 66 patients diagnosed with severe pneumonia by SARS-
COV-2 infection upon admission in the intensive care unit (ICU) of
Military Principal Hospital of Tunisia (HPMT) was investigated retro-
spectively from medical records. The period of admission was between
September 16, 2020 and May 29, 2021, corresponding to the 4th wave of
infection, dominated by the delta variant. Patients were tested positive
for SARS-CoV-2 by nasopharyngeal swab or rapid antigenic test and
pneumonia was documented by chest x-ray or computed tomography.
The ages of the patient ranged between 7 and 88 years old.

Disease severity of COVID-19 patients was classified according to the
interim guidelines from the WHO and the National Health Commission
of China (World Health Organization, 2020): (i) The mild disease group
was defined as patients displaying mild, clinical symptoms with no
pneumonia on computerized tomography (CT) imaging. (ii) Patients
with a moderate illness were characterized by fever, respiratory symp-
toms, and a CT imaging indicating the presence of pneumonia. (iii)
Patients belonging to the severe disease group were those who met at
least one of the following criteria: shortness of breath and respiratory
rate > 30 breaths/min; SpO2 < 93% at a rest state; PaO2/Fi02 < 300
mmHg; and/or lung infiltrates > 50% of the lung field within 24-48 h.
(iv) Critical patients were defined as those meeting at least one of the
following conditions: patients with respiratory failure who were in need
of mechanical ventilation; patients displaying signs of cardiovascular
shock; and patients with other organ failures, which required moni-
toring in the intensive care unit. Therefore, the cases enrolled in this
study are severe group (severe to critical).

This study was approved by the Ethics Commission of Military
Principal Hospital of Tunisia (HPMT) (61/2020). Ethical consent was
obtained from the family of patients.

2.2. Data collection

We collected data on age, sex, exposure history, chronic medical
histories (hypertension, diabetes and asthma), symptoms from onset to
hospital admission (fever, cough, dyspnea, headache, asthenia and flu
syndrome), vital signs at ICU admission (heart rate and respiratory rate),
treatment (vitamin therapy, glucocorticoids, antibiotic treatment, anti-
coagulation treatment, oxygen therapy), as well as living status.

Clinical information including clinical laboratory measurements and
computed tomographic (CT) scans were collected at the moment of their
admission in ICU. Initial clinical laboratory investigation included a
complete blood count, serum biochemical test, coagulation profile
(including Troponin, NT-proBNP, Fibrinogen and D-dimer) and
infection-related biomarkers (Procalcitonin, Ferritin and CRP).

Immunobiology 227 (2022) 152236

2.3. IL-6 and IL-10 measurements

Blood samples were processed according to hospital’s standard
procedures, including a blood sample withdrawn into a vacutainer tube
containing coagulant for serum collection. The samples were centri-
fuged for 20 min at 2000 rpm. Serum was then collected and tested
within 4-6 h. All procedures were performed under Biosafety level 3
protection.

Cytokines IL-6 and IL-10 were assessed in serum samples. IL-6 was
assessed in serum samples drawn shortly at each time point by chem-
iluminescence immunoassay (CLIA) performed on a fully automated
analyzer (Immulite (Immulite ®1000,Siemens). IMMULITE 1000 IL-6
kit (#L2K6P2) is a solid-phase enzyme-labeled chemiluminescent
sequential immunometric assay. The concentrations of IL-10 were
measured by ELISA assay (#DE4699) following the manufacturer’s in-
structions (Demeditec Diagnostics GmbH, Kiel, Germany). Quantifica-
tion of the levels of IL-6 and IL-10 were performed on the first day of
admission to ICU. Moreover, longitudinal assay was performed for the
levels of IL-6 during 5 days post admission in ICU.

2.4. Statistical analysis

All statistical analyses were performed by GraphPad Prism software
5 (GraphPad PRISMA 5.0 computer program) and MedCalc® software
(version 20.022, Belgium). Shapiro-Wilk normality test was conducted
to estimate the distribution of the data. Categorical variables were
expressed as frequency rates or percentages and significance was
detected by y2 or Fisher’s exact test. Continuous variables were
expressed as mean and range or medians and interquartile range (IQR)
values. For normally distributed continuous variables, differences be-
tween groups were compared using Unpaired t-test; conversely, the
Mann-Whitney U test was used for continuous variables that were not
normally distributed. Correlations were determined using Spearman
rank correlation analysis. Receiver operating characteristic (ROC) curve
analysis was conducted to evaluate the ability of the immunologic pa-
rameters in predicting severe disease. The optimal cutoff points were
obtained by calculating Youden’s index. Multivariate logistic regression
analysis was used to estimate Odds Ratios of biomarkers. Survival
analysis was performed using Kaplan-Meier method. For all statistical
analysis, P < 0.05 was considered statistically significant.

3. Results

3.1. Clinical characteristics and treatments of severe COVID-19 among
groups of patients

In our study, a total of 66 patients having a severe COVID-19 disease
were admitted in the intensive care unit (ICU). Patients were tested
positive for SARS-CoV-2 by nasopharyngeal swab or rapid antigenic test
and pneumonia was documented by chest x-ray or computed tomogra-
phy. The most common radiological findings were bilateral pulmonary
infiltration, ground glass opacities and consolidations.

The study participant demographics and summary of clinical infor-
mation are shown in Table 1. The mean age of the study population was
62.94 (7-88) years. The most common age group has been > 60 years
with 64% males and 36% females. The mean length of hospital stay was
11 (1-34) days.

More than half of the patients had underlying comorbidities
(Table 1), with hypertension (47%) being the most common comor-
bidity followed by diabetes (35%). The most common symptoms at
disease onset were dyspnea (47%) and fever (45%), followed by cough
(38%). The mean of onset symptoms to admission was 14 days (2-89).

With regard to treatment during course of hospitalization (Table 1),
all patients were given vitamino therapy and most patients were given
antibiotic treatment (94%). Systematic corticosteroid and anti-
coagulation treatment were used in most patients (82% and 83%,
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Table 1
Comparison of demographics, clinical characteristics and treatments between severe COVID-19 patients groups.
All patients (n = Survivors (n = Non-Survivors (n P Non Mechanical Ventilation Mechanical Ventilation P
66) 23) =43) (n = 26) (n = 40)
Demographic
Age, years 62.94 (7-88) 60.61 (37-87) 64.19 (7-88) 0.0066  61.04 (7-88) 64.18 (42-84) 0.1506
<40 years 2 (3.03 %) 1 (4.34%) 1 (2.32%) 0.584 2 (7.69%) 0 (0%) 0.1659
40-60 years 24 (36.36%) 11 (47.82%) 13 (30.23%) 0.232 10 (38.46%) 14 (35%) 0.5163
>60 years 40 (60.6 %) 11 (47.82%) 29 (67.44%) 0.0148 14 (53.84%) 26 (65%) 0.4046
Sex
Female 24 (36.36%) 8 (34.78%) 16 (37.2%) 0.5321 10 (38.46%) 14 (35%) 0.5163
Male 42 (63.63%) 15 (65.21%) 27 (62.79%) 16 (61.53%) 26 (65%)
Comorbidities
Hypertension 31 (46.96%) 5 (21.73%) 26 (60.46%) 0.0012 7 (26.92%) 24 (60%) 0.001
Diabetes 23 (34.84%) 5 (21.73%) 18 (41.86%) 0.0164 6 (23.07%) 17 (42.5%) 0.0493
Asthma 6 (9.09%) 2 (8.69%) 4 (9.3%) 0.4367 2 (7.69%) 4 (10%) 0.4367
Signs and symptoms at disease onset
Fever 30 (45.45%) 12 (52.17%) 18 (41.86%) 0.2512 12 (46.15%) 18 (45%) 0.2512
Cough 25 (37.87%) 6 (26.08%) 19 (44.18%) 0.0268 7 (26.92%) 18 (45%) 0.0572
Headache 3 (4.54%) 1 (4.34%) 2 (4.65%) 0.5952 1 (3.84%) 2 (5%) 0.5952
Asthenia 13 (19.69%) 6 (26.08%) 7 (16.27%) 0.5453 6 (23.07%) 7 (17.5%) 0.5453
Dyspnea 31 (46.96%) 12 (52.17%) 19 (44.18%) 0.2096 14 (53.84%) 17 (42.5%) 0.4133
Flu Syndrome 15 (22.72%) 4 (17.39%) 11 (25.58%) 0.1197 4 (15.38%) 11 (27.5%) 0.1197
Vital signs on admission
Heart rate, bpm 91.02 (52-200) 89.26 (60-200)  91.97 (52-123) 0.5421 90.9 (60-200) 90.09 (52-123) 0.4578
Respiratory rate, per min 27.71 (14-55) 24.28 (14-40) 29.71 (15-55) 0.2782  25.56 (14-53) 28.97 (15-55) 0.3489
Sp02, % 92.81 (76-100) 93.3 (50-100) 91 (60-100) 0.4584  92.91 (50-100) 91.13 (60-100) 0.5415
PaCO2 39.58 (13-95) 38.18 (13-76) 40.31 (20-95) 0.5643 38.16 (13-76) 40.49 (20-95) 0.5643
Pa02 72.45 (36-190) 74.96 (36-190)  71.07 (37-136) 0.4531 74.65 (36-190) 70.97 (37-136) 0.4531
Lung Injury (%) 61 (10-90) 60 (10-90) 62 (10-90) 0.0008 56 (10-90) 64 (15-90) < 0.0001
Oxygen support
Non-invasive ventilation 58 (87.87%) 17 (73.91%) 41 (95.34%) 0.3213 21 (80.76%) 37 (92.5%) 0.0588
Mask oxygen 63 (95.45%) 22 (95.65%) 41 (95.34%) 0.5697 25 (96.15%) 38 (95%) 0.4771
High flow oxygen 35 (53.03%) 12 (52.17%) 23 (53.48%) 0.5674 10 (38.46%) 25 (62.5%) 0.0289
Mechanical ventilation 40 (60.6%) 3 (13.04%) 37 (86.04%) 0.001
(Invasive)
Treatment
Vitaminotherapy 66 (100%) 23 (100%) 43 (100%) 0.5724 26 (100%) 40 (100%) 0.5706
Glucocorticoids 54 (81.81%) 16 (69.56%) 38 (88.37%) 0.3413 19 (73.07%) 35 (87.5%) 0.3888
Antibiotic treatment 62 (93.93%) 21 (91.3%) 41 (95.34%) 0.528 23 (88.46%) 39 (97.5%) 0.4662
Anticoagulation treatment 55 (83.33%) 15 (65.21%) 40 (93.02%) 0.2433 18 (69.23%) 37 (92.5%) 0.01
Onset to admission, days 14 (2-89) 12 (2-74) 15 (2-89) 0.2933 14 (2-89) 15 (2-76) 0.3999
Hospital stay, days 11 (1-34) 9 (1-30) 11 (1-34) 0.3761 9 (1-30) 13 (2-34) 0.183
<14 41 (62.12%) 17 (73.91%) 24 (55.81%) 0.3139 20 (76.92%) 21 (52.5%) 0.2256
14-21 18 (27.27%) 4 (17.39%) 14 (32.55%) 0.2355 4 (15.38%) 14 (35%) 0.0461
>21 7 (33.33%) 2 (8.69%) 5 (11.62%) 0.5488 2 (7.69%) 5 (12.5%) 0.3235
Survivors 23 (34.84%) 21 (80.76%) 2 (5%) 0.0005
Non-Survivors 43 (65.15%) 5 (19.23%) 38 (95%) <0.0001

Data are presented as n (%) or mean (range), where n is the total number of patients with available data. p values comparing survivors and non-survivors or comparing
non-mechanical ventilation and mechanical ventilation severe COVID-19 patients are from y2 or Fisher’s exact test or the Unpaired t-test.

respectively).

Oxygen support was used in all patients (Table 1). 58/66 (88%)
patients used non-invasive ventilator. In total, 40/66 (61%) patients
deteriorated during hospitalization and required mechanical
ventilation.

In total, 23/66 (35%) patients were discharged and 43/66 (65%)
patients died (Table 1). The group of non-survivors were older respect to
discharged patients (64.19 years vs 60.61 years; P = 0.0066), presented
a higher prevalence of hypertension (60.46% vs 21.73%; P = 0.0012),
and also had higher percentage of lung injury (60.46% vs 21.73%; P =
0.0008) respect to the survivors (Table 1). Corticosteroid and anti-
coagulation treatment were used in most deceased patients (88.37% and
93.02, respectively). Among those who expired 86.04% required me-
chanical ventilation, while only 13.04% who recovered needed that.

Table 1 also summarizes clinical characteristics and treatments
among groups of COVID-19 patients requiring mechanical ventilation
(n = 40), or not (n = 26). Among the group of patients who required
intubation the most common age group was >60 years (65%). Most of
patients who required intubation were of male sex (65%); compared to
35 % of females in the same group. The group that requires intubation
were older with respect to the group that did not require intubation
(64.18 years vs 61.04 years; P = 0.1506), presented a higher prevalence

of hypertension (60% vs 26.92%; P = 0.001), and also had higher per-
centage of lung injury (64% vs 56%; P < 0.0001), when compared to the
group that did not require intubation. Anticoagulation treatment was
used in most patients who required intubation compared to those did not
require intubation (92.5% vs 69.23; P = 0.01) (Table 1).

3.2. Laboratory parameters of severe COVID-19 among groups of patients

Laboratory findings in survivors (n = 23) and deceased (n = 43)
severe COVID-19 patients were shown in Table 2. Amongst the patients
admitted in the ICU, there were significant differences in Troponin (P =
0.026), D-dimer (P = 0.0257), Procalcitonin (P = 0.0148) and Ferritin
(P = 0.04) between recovered and deceased patients. Levels of NT-pro
BNP and Fibrinogen were markedly higher than normal range (>300
pg/ml and >4 g/]; respectively) in both groups. In addition, mean serum
levels of C-reactive protein (CRP) tended to be higher in all severe cases
without significant differences between recovered and deceased patients
(136.9 mg/1 vs 154.9 mg/ml; P = 0.055) (Table 2).

Compared with the normal range, the blood counts of patients on
admission showed increased whole blood count (WBC) in most of the
severe cases. WBC was above the upper limit of normal in deceased and
recovered patients (>10x103/ul) (Table 2). Lymphopenia (lymphocyte
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Table 2
Comparison of laboratory results between severe SARS-CoV-2 patients groups.
All patients (n Normal Survivors (n Non-Survivors (n P Non Mechanical Mechanical P
= 66) range =23) =43) Ventilation (n = 26) Ventilation (n = 40)
Blood routine
Mean (range) Hemoglobin 12.03 (6-19) 11.5-16 12.21 (6-19) 11.94 (6.4-19) 0.3155 12.35(10.25-13.75) 12.07 (6-19) 0.4348
(g/dD)
Mean (range) Red blood 4.405 4.5-5.6 4.38 4.27 (1.96-6.38) 0.4278 4.31 (1.96-6.38) 4.31 (3.69-4.75) 0.4991
cell count (x10%/ul) (1.96-6.38) (2.65-6.38)
Mean (range) Platelet 262.6 (7-621) 150-450 266.9 260.2 (7-621) 0.2573 243.8 (7-430) 275.1 (23-621) 0.2984
(x10%/ul) (23-344)
Median (IQR) 11.5 4.5-10 10.1 11.7 (9.3-14.6) 0.2235 10.2 (8.37-14.1) 12 (9.32-14.45) 0.1254
White blood cell count (9.25-14.5) (8.5-13.8)
(x10%/ul)
Median (IQR) Lymphocyte 0.7 (0.54-0.93) 1.125-4 0.8 (0.5-1) 0.7 (0.59-0.9) 0.353 0.7 (0.5-0.94) 0.7 (0.59-0.94) 0.2684
count (x10%/ul)
Median (IQR) Monocyte 0.42 (0.2-0.65) 0.09-0.8 0.5 (0.2-0.7) 0.4 (0.2-0.58) 0.309 0.35 (0.2-0.6) 0.44 (0.3-0.7) 0.071
count (x103/pl)
Median (IQR) Neutrophil 9.22 2.025-7 8.8 (6.5-12.6) 10.18 0.086 8.7 (6.45-12.77) 10.09 (8.13-12.73) 0.2647
count (x10%/ul) (7.82-12.6) (8.1-12.85)
Mean (range) Eosinophil 0.0147 (0-0.25) <0.3 0.015 0.0146 (0-0.25) 0.4523 0.01 (0-0.18) 0.017 (0-0.25) 0.1211
count (x10%/ul) (0-0.18)
Mean (range) Basophil 0.0187 (0-0.2) <0.115 0.014 (0-0.1) 0.02 (0-0.2) 0.3745 0.018 (0-0.2) 0.018 (0-0.14) 0.4987
count (x103/ul)
Median (IQR) Neutrophil to 13.61 12.86 15 (11.51-21.9) 0.0685 15 (9.59-21.6) 13.6 (8.98-21.6) 0.4721
lymphocyte (9.19-20.56) (7.2-18.11)
ratio (NLR)
Median (IQR) Lymphocyte 1.68 1.66 1.71 (1.04-3) 0.3962 1.54 (1.07-2.86) 1.8 (1.11-2.53) 0.2962
to monocyte (1.08-2.61) (1.15-2.55)
ratio (LMR)
Coagulation function
Median (IQR) Troponin 7.5 (1.5-38) <1.5 6 (1.5-17) 8 (2-87) 0.026 12.5 (2-22.5) 5(1.5-84) 0.059
(ng/1)
Median (IQR) NT-proBNB 0.88 (0.05-255) <300 1.25 0.85 0.4324 1.25 (0.15-382.5) 0.85 (0.14-215.8) 0.2724
(pg/ml) (0.17-234) (0.13-290.8)
Mean (range) Fibrinogen 5.92 (1.5-10) 2-4 5.99 5.89 (1.5-10) 0.4781 5.47 (1.5-9.65) 6.23 (2.1-10) 0.075
(g/D (2.7-9.85)
Median (IQR) PT (%) 80 (70-97) >70 86 (69-93) 80 (70.5-97) 0.413 89.5 (73.5-98) 79 (67-97) 0.0807
Median (IQR) INR 1.13 (1.05-1.2) 1-1.3 1.13 1.14 (1.04-1.21) 0.4881 1.08 (1.04-1.18) 1.14 (1.05-1.23) 0.1808
(1.05-1.18)
Median (IQR) 2203 < 500 1693 2307 0.0257 1819 (660-3164) 2300 (1133-5730) 0.0198
D-dimer (ng/ml) (918-3963) (590-3100) (1279-5426)
Infection-related biomarkers
Median (IQR) Procalcitonin 0.29 <0.05 0.16 0.33 (0.19-3.69) 0.0148 0.21 (0.07-0.7) 0.3 (0.17-3.09) 0.1465
(ng/ml) (0.17-1.28) (0.05-0.59)
Mean (range) Ferritin (ng/ 1904 30-280 564.2 2440 (72-13235) 0.04 1312 (93-7086) 2348 (72-13235) <0.0001
ml) (72-13235) (93-934)
Mean (range) C-reactive 148.6 (10-441) <6 136.9 154.9 (10-441) 0.055 146.3 (15-329) 150.2 (10-441) 0.4828
protein (mg/1) (CRP) (15-320)
Blood biochemistry
Mean (range) Hematocrit 36.64 36.96 36.47 0.4169 36.28 (18.3-57.1) 36.89 (26.5-57.1) 0.3645
(%) (18.3-57.1) (20-57.1) (18.3-57.1)
Mean (range) MCV/(fl) 85 (71.8-103.7) 84.01 85.56 0.3246 84.05 (72-95.2) 85.65 (71.8-103.7) 0.165
(72-95.2) (71.8-103.7)
Mean (range) MCH(pg) 28.13 27.75 28.30 0.4534 28.24 (21-32.7) 28.04 (20.4-34.3) 0.5748
(20.4-34.3) (21-31.9) (20.4-34.3)
Mean (range) MCHC (g/dl) 32.84 32.83 32.85 0.4798 33.05 (27-36.3) 32.67 (24.4-35.9) 0.5053
(24.4-36.3) (27-36.3) (24.4-35.9)
Mean (range) Reticulocyte 52.06 54.31 51.18 (23.7-80) 0.4565 47.1 (21.8-86.9) 54.54 (23.7-106) 0.1992
(x10%/D) (21.8-106) (21.8-106)

Data are presented as mean (range) or median (Interquartile range (IQR)). p values comparing survivors and non-survivors or comparing non-mechanical ventilation
and mechanical ventilation severe COVID-19 patients are from Unpaired t-test or the non-parametric Mann-Whitney U test.

count < 1.125x103/ul) was frequent in both survivors and deceased
patients without significant differences between groups (P = 0.353).
Increased neutrophil counts above the upper limit of normal (>7x103/
ul) was observed in both deceased and recovered patients without sig-
nificant differences between groups (P = 0.086) (Table 2).

The laboratory parameters of enrolled individuals who required
intubation (n = 40) and those did not required intubation (n = 26) was
also listed in Table 2. No significant difference of Troponin, NT-proBNP
and Fibrinogen were found among the two groups (P > 0.05). Concen-
trations of serum C-reactive protein (CRP) also showed no significant
difference among two COVID-19 groups (Table 2). Levels of Ferritin (P
< 0.0001) and D-dimer levels (P = 0.0198) were markedly higher in

patients who required mechanical ventilation than those did not
required mechanical ventilation.

Amongst the patients admitted in the ICU, there were no significant
differences in mean hemoglobin (P = 0.4348), total leukocyte count (P
= 0.1254), absolute neutrophil and lymphocyte counts (P > 0.05), ab-
solute monocyte count (P = 0.071), NLR and LMR (P > 0.05), as shown
in Table 2. The requirement of mechanical ventilation was independent
of lymphopenia, increased WBC and neutrophil count (Table 2).
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3.3. IL-6 versus IL-10 and their associations with CRP and circulatory
immune cells in severe COVID-19 patients

Possible associations of relevant cytokines (IL-6 and IL-10) with CRP
and circulatory immune cells were evaluated among severe COVID-19
patients (n = 66). To examine the relationship between serum IL-6
and CRP, we performed Spearman rank correlation analysis, and the
results showed that CRP was significantly positively correlated with IL-6
(r=0.237,P = 0.0052) (Fig. 1A). We further examined the relationship
between serum IL-10 and CRP by performing Spearman rank correlation
analysis, and the results showed no significant difference correlation
between CRP and IL-10 (r = 0.019, P = 0.4383) (Fig. 1B).
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We next examined the correlation between serum IL-6 level and
immune cells in peripheral blood of severe COVID-19 patients. As shown
in Fig. 1C, Positive correlation with IL-6 was found for neutrophil count
(r 0.168, P = 0.0383). Analysis of the correlation between serum IL-10
level and immune cells in peripheral blood of severe COVID-19 pa-
tients demonstrated a positive correlation between IL-10 and total
lymphocytes (r = 0.227, P = 0.0334) (Fig. 1F).

Interestingly, a positive correlation was demonstrated between
serum IL-6 and IL-10 among severe COVID-19 patients admitted to the
ICU (r = 0.315, P = 0.0049) (Figure 1G). To clarify the importance of
this correlation in COVID-19 disease, we examined the ratio of IL-6/IL-
10 in associations with CRP, D-dimer and circulatory immune cells. As
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Fig. 1. Correlation analysis between IL-6 and CRP (A), IL-10 and CRP (B), IL-6 and neutrophils (C), IL-10 and neutrophils (D), IL-6 and lymphocytes (E), IL-10 and
lymphocytes (F), IL-6 and IL-10 (G) quantified in the sera of severe SARS-CoV-2 patients (n = 66). p < 0.05; r = Spearman coefficient.
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shown in Figure 2A, a positive correlation was demonstrated between
IL-6/IL-10 ratio and CRP in severe patients (r = 0.225, P = 0.0404).
Nevertheless, no significant correlation was seen with IL-6/IL-10 ratio
for D-dimer (r = 0.117, P = 0.1858) (Fig. 2B). Importantly, a positive
correlation with IL-6/IL-10 ratio was demonstrated for neutrophils
count (r = 0.32, P = 0.0067) and white blood cells (WBC) count (r =
0.328, P = 0.0049) among all severe COVID-19 patients (Fig. 2C, 2E).

3.4. IL-6 versus IL-10 among recovered and deceased patients

We first compared the levels of IL-6 and IL-10 in serum samples from
survivors (n = 23) and deceased (n = 43) COVID-19 patients. Evaluation
of serum cytokines on admission revealed that level of IL-6 was mark-
edly higher in deceased than in survivor’s cases (P = 0.0311). The me-
dian concentration of IL-6 in the survivor’s group was 14.2 pg/ml (IQR
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4.29-38.2 pg/ml), while that in the deceased group was 35 pg/ml (IQR
6.25-160 pg/ml) (Fig. 3A). Although deceased patients had higher
serum IL-10 level, no difference was reported with respect to the
recovered group (P = 0.1115). The median serum IL-10 concentration in
the survivor’s group was 6.86 pg/ml (IQR 5.43-14 pg/ml), while that in
the deceased group was 10.19 pg/ml (IQR 5.43-21.62 pg/ml) (Fig. 3B).

We next assessed the ratios of IL-6/lymphocytes and IL-10/
lymphocytes among survivors (n = 23) and deceased (43) COVID-19
patients. As shown in Fig. 3E, the IL-6/lymphocyte ratio was markedly
higher in the deceased group compared to those who recovered (P =
0.0293). The median IL-6/lymphocyte ratio in the survivors group was
21.4 (IQR 5-46.4), while that in the deceased group was 40 (IQR
10-223.9) (Fig. 3C). No significant difference has been observed for IL-
10/lymphocyte ratio between recovered and deceased patients (P =
0.0939) (Fig. 3D).
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Fig. 3. Quantification of IL-6 (A) and IL-10 (B) IL-6/Lymphocytes ratio (C) and IL-10/Lymphocytes ratio (D) were compared dividing samples in survivors (n = 23)
and non-survivors (n = 43). Based on respiratory failure, quantification of IL-6 (E) and IL-10 (F) IL-6/Lymphocytes ratio (G) and IL-10/Lymphocytes ratio (H) were
compared. No Mechanical Ventilation (n = 26), Mechanical Ventilation (n = 40). Differences were analyzed with the Mann-Whitney U test at p < 0.05.

3.5. IL-6 versus IL-10 among patients requiring or not mechanical
ventilation

Severe COVID-19 patients were classified as patients requiring me-
chanical ventilation (n = 40) and those who did not require mechanical
ventilation (n = 26) (Table 1, Fig. 3). Analysis of serum IL-6 levels ac-
cording to respiratory failure demonstrated elevated IL-6 with the need
for mechanical ventilation. Nevertheless, no significant difference was
seen for IL-6 serum levels between the two groups (P = 0.0652)
(Fig. 3E). We further examined IL-10 serum levels according to respi-
ratory failure. As shown in Fig. 3F, IL-10 serum levels decreased between
the two groups with no significant difference (P = 0.3348). Next, we

explored the ratios of IL-6/lymphocytes and IL-10/lymphocytes among
patients requiring or not requiring mechanical ventilation. As shown in
Fig. 3G, no difference has been observed in the ratio of IL- 6/lympho-
cytes between the two groups (P = 0.0929). Interestingly, the ratio of IL-
10/lymphocytes decreased significantly between groups of patients who
did not require mechanical ventilation and those requiring mechanical
ventilation (P = 0.0321) (Fig. 3H).

3.6. Longitudinal changes of IL-6 in COVID-19 patients with mortality
and respiratory failure

To further evaluate the longitudinal change of IL-6 with respect to
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mortality, serum IL-6 levels were measured among recovered (n = 23)
and deceased patients (n = 43) during five days of hospitalization from
the day of their admission to the ICU. Serum concentrations of IL-6
during hospitalization were significantly higher in the deceased pa-
tients than in those who recovered (Fig. 4A). More importantly, IL-6
concentration remained high without decrease in deceased patients
during hospitalization, whereas the sustained level of this pro-
inflammatory cytokine was at a median less than 21 pg/ml in the sur-
vivors group during hospitalization (Fig. 4A). The deceased group
showed markedly increased IL-6 levels on hospital day 1, 4 and 5 as
compared to recovered cases (Fig. 4A).

Next, we examined the longitudinal change of IL-6 with respect to
respiratory failure. Serum IL-6 levels were measured among patients
who did not require mechanical ventilation (n = 26) and those requiring
intubation (n = 40) during five days of hospitalization after their
admission in ICU. The level of the pro-inflammatory cytokine IL-6 was
gradually decreased from day 1 to day 3 in patients with respiratory
failure. However, IL-6 concentration was significantly increased at day 4
of hospitalization in patients requiring mechanical ventilation. More
importantly, IL-6 concentration remained high without decrease in pa-
tients requiring mechanical ventilation after five days of hospitalization
(Fig. 4B). As described in Fig. 4B, patients who did not require intuba-
tion showed unchanged IL-6 levels that remained at medium level
(median less than 22 pg/ml) during 5 days of hospitalization.

3.7. Potential immunologic markers to predict mortality and respiratory
failure in ICU

ROC curve and area under ROC curve (AUC) were generated to
evaluate the potential use of age and immunologic markers as prognosis
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Fig. 4. Dynamic profiles of IL-6 serum value were compared dividing samples
in survivors (n = 23) and non-survivors (n = 43) (A) or non-mechanical (n =
26) and mechanical ventilation (n = 40) (B) during 5 days after hospitalization.
Data are expressed as median and interquartile range (IQR). *P < 0.05 indicates
difference between survivor’s patients versus non-survivors patients, # P <
0.05 indicates difference between patients did not requiring mechanical
ventilation versus patients requiring mechanical ventilation. The Mann-
Whitney U test was used to compare groups at p < 0.05.
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tools to predict mortality and respiratory failure in patients admitted in
ICU. As shown in Fig. 5A and Table 3, age, IL-6 levels, IL-6/lymphocyte
ratio and CRP/IL-6 ratio have the highest prognosis efficiency to predict
mortality in ICU.

Multivariate regression analysis showed that age, hypertension, IL-6
levels, IL-6/lymphocyte ratio and CRP/IL-6 ratio were positively
correlated with the risk of mortality. Interestingly, hypertension (OR:
2.8574, P = 0.007), IL-6 > 17.7 pg/ml (OR: 3.1, P = 0.0002) and CRP/
IL-6 ratio < 8.411 (OR: 2.9048, P = 0.0003) are considered independent
prognostic factors for COVID-19 mortality (Table 4).

As shown in Fig. 5B and Table 5, IL-10/lymphocyte ratio and D-
Dimer have the highest prognosis efficiency to predict respiratory failure
in ICU.

Multivariate regression analysis showed that hypertension, IL-10/
lymphocytes ratio and D-Dimer were associated with respiratory fail-
ure. In addition, hypertension (OR: 2.4706, P = 0.0189) and D-Dimer
(OR: 4, P = 0.0001) were considered as independent prognostic factors
for respiratory failure (Table 6).
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Table 3
Predictive power of biomarkers as prognosticator of mortality in ICU.

Immunobiology 227 (2022) 152236

Variable AUC 95% CI Criterion associated with best sensitivity and specificity at Sensitivity ~ Specificity  Significance level P (Area =
Youden index 0.5)
Age (years) 0.644 0.550 to >63 59,76% 66,67% 0.0112
0.730
D-dimer (ng/ml) 0.607 0.511 t0 0.697 >1132 77.5% 47.06% 0.0711
1L-6 (pg/ml) 0.694 0.602 to >17.7 73.17% 62.86% 0.0003
0.775
IL-10 (pg/ml) 0.592 0.464 t0 0.711 >24.28 23.26% 100% 0.1910
IL-6/Lymphocytes 0.695  0.602 to >28.4 66.67% 66.67% 0.0005
0.778
1L-10/ 0.628 0.495 t0 0.749 >35.62 25.64% 100% 0.0773
Lymphocytes
CRP/IL-6 0.663 0.569 to <8.411 75.61% 54.55% 0.0023
0.748
CRP/IL-10 0.548 0.416 t0 0.676 <24.239 76.92% 36.36% 0.5310
IIL-6/IL-10 0.551 0.419t00.679 >2.52 51.28% 72.73% 0.5063
Table 4 the respiratory failure COVID-19 patients with Kaplan-Meier curves
able

Logistic regression multivariate analysis for the prognosis of mortality in ICU.

Variable Odds Ratio 95% confidence interval P
Age (>63 years) 1.0239 0.9902 to 1.0239 0.038
Comorbidities
Hypertension 2.8574 1.1209 to 7.2845 0.007
Diabetes 1.0493 0.4078 to 2. 6996 0.2424
Asthma 1.2893 0.1964 to 8.4636 0.9087
Sex (male) 1.2940 0.5055 to 3.3127 0.9315
IL-6 (>17.7 pg/ml) 3.1 1.7189 to 5.5907 0.0002
IL-6/Lymphocytes (>28.4) 2.037 1.1717 to 3.5414 0.0117
CRP/IL-6 (<8.411) 2.9048 1.6219 to 5.2023 0.0003

3.8. Co-expression of IL-6 and IL-10 among groups of COVID-19 patients

Based on Youden’s index, the optimal cutoff value was 17.7 pg/ml
for IL-6 and 24.28 pg/ml for IL-10 (Table 3). In the light of these data, we
further classified patients depending to high and low levels of each
cytokine as fellow: IL-6 High: >17.7 pg/ml; IL-6 Low: IL-6 < 17.7 pg/ml;
IL-10 High: > 24.28 pg/ml and IL-10 Low: <24.28 pg/ml. In order to
investigate the interplay between IL-6 and IL-10 in severe COVID-19
patients, the study assigned patients into four groups: Group L. (IL-6
High/ IL-10 High), n = 25; Group II: (IL-6 High/ IL-10 Low), n = 19;
Group III: (IL-6 Low/ IL-10 High), n = 6 and Group IV: (IL-6 Low/ IL-10
Low), n = 16 (Fig. 6).

(Fig. 6B). A Kaplan-Meier analysis graphing the percentage of patients
requiring mechanical ventilation showed that the probability of respi-
ratory failure depends of IL-6/IL-10 profile (P = 0.021) (Fig. 6B). Per-
centage of patients with respiratory failure was greater than those not
requiring mechanical ventilation in Group I and Group II. All patients in
Group III had received mechanical ventilation (6/6 (100%)). For the last
Group with (IL-6 Low/ IL-10 Low) profile, the percentage of patients not
requiring mechanical ventilation was greater than those receiving
invasive mechanical ventilation (10/16 (62.5%) and 6/16 (37.5%),
respectively) (Fig. 6B).

4. Discussion

The “cytokine storm” with aberrant inflammatory cytokines IL-6 and
IL-10 is a hallmark of severe SARS-CoV-2 infection (Fajgenbaum et al.,
2020, Tang et al., 2020). Most therapeutic strategies against advanced
COVID-19 disease target the overactive cytokine response with anti-
cytokine therapies or immunomodulators, but this must be balanced
with maintaining an adequate inflammatory response for pathogen

Table 6
Logistic regression multivariate analysis for the prognosis of mechanical venti-
lation in ICU.

Variable Odds Ratio ~ 95% confidence interval P
We first examined the co-expression of IL-6 and IL-10 depending to
the mortality of COVID-19 patients with Kaplan-Meier survival curves 25;(;33 di'fiirs” 1.0189 0.9906 to 1.0479 0.1982
analysis (Fig. 6A). The Kaplan-Meier survival curves revealed that Hypertension 2.4706 1.1608 to 5.2581 0.0189
compared to the patients from the other groups, group I had worse Diabetes 1.1930 0.5639 to 2.5237 0. 6444
survival rates (P = 0.018). In line with these findings, the study found Asthma 1.0929 0.2336 to 5.1131 0.9102
the survival rates of groups I to IV were, respectively: 24%, 42.1%, 50%, Sex (male) 0.8623 0.3997 to 1.8603 0.7057
and 37.5% (Fig. 6A) D-dimer (>1132 ng/ml) 4 1.9898 to 8.0411 0.0001
: : : IL-10/Lymphocytes (<2.033) 1.1667 0.6424 to 2.1187 0.6126
We further explored the co-expression of IL-6 and IL-10 depending to
Table 5
Predictive power of biomarkers as prognosticator of mechanical ventilation in ICU.
Variable AUC 95% CI Criterion associated with best sensitivity and specificity at Sensitivity ~ Specificity ~ Significance level P (Area =
Youden index 0.5)
Age (years) 0.556  0.449t00.663  >61 66.15% 49.06% 0.3087
D-dimer (ng/ml) 0.612 0.517 to >1132 79.37% 41.18% 0.0355
0.702
1L-6 (pg/ml) 0.582 0.487 t0 0.672 >24 64.62% 55.77% 0.1277
IL-10 (pg/ml) 0.532  0.405t00.656  <5.43 35% 84.62% 0.6592
IL-6/Lymphocytes 0.564 0.468 to 0.656 >32.43 64.06% 54% 0.2488
IL-10/ 0.705 0.599 to <2.033 50% 92.31% 0.0002
Lymphocytes 0.796
CRP/IL-6 0.561 0.466 to 0.654 <6.88 69.23% 50% 0.2591
CRP/IL-10 0.540 0.408 to 0.668 >8.8138 66.67% 60% 0.6021
IL-6/IL-10 0.588 0.454t00.712 >0.272 94.44% 28% 0.2643
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Fig. 6. IL-6 and IL-10 subsets depending to clinical outcomes of COVID-19
patients. Kaplan-Meier survival curves (A) and Kaplan-Meier analysis graph-
ing the percentage of patients receiving mechanical ventilation (B) in four
groups of COVID-19 patients. Group I: (IL-6 High/ IL-10 High), n = 25. Group
II: (IL-6 High/ IL-10 Low), n = 19. Group III: (IL-6 Low/ IL-10 High), n = 6.
Group IV: (IL-6 Low/ IL-10 Low), n = 16. Log-rank test shows significant dif-
ference in survival curve among the four IL-6/IL-10 groups. Survivors (n = 23);
Non-survivors (n = 43). Non-mechanical (n = 26); Mechanical ventilation (n =
40). Time = hospitalization once admission to death or discharged. IL-6 High:
>17.7 pg/ml; IL-6 Low: IL-6 < 17.7 pg/ml; IL-10 High: > 24.28 pg/ml and IL-
10 Low: <24.28 pg/ml.

clearance (Tang et al.,2021). Understanding the interplay between IL-6
and IL-10 which reflects the balance between pro- and anti-
inflammatory cytokines is of crucial importance to identify patients
under hyperinflammatory state allowing a better stratification of pa-
tients and will help to rationally determine the best treatment options
for each patient. This study presents cytokine profiling in a cohort of 66
COVID-19 patients requiring ICU care with a particular emphasis on pro-
inflammatory cytokine IL-6 and anti-inflammatory cytokine IL-10.

In line with previous reports, our data showed that the majority of
patients, especially those who developed a severe disease with a fatal
outcome, exhibited a significantly increased concentration of IL-6 (Santa
Cruz et al., 2021). Gorham and colleagues in a retrospective study
evaluated IL-6 concentrations between survivors and non-survivors in
patients admitted to intensive care unit (ICU). The authors noticed a big
gap in IL-6 levels between the two groups, represented by considerably
higher level in non-survivors compared with survivors. They suggested
repeated evaluation of IL-6 as a marker of poor prognosis in critically ill
patients with SARS CoV-2 induced disease (Gorham et al., 2020). Var-
chetta and colleagues also noticed that higher level of serum IL-6 in
deceased versus survivors from SARS CoV-2 induced disease. The pro-
inflammatory activity of this cytokine is linked to the pneumonia
(Varchetta et al.,2021). IL-6 has multiple effects in regulating inflam-
mation. Cifaldi et al. (2015) has reported that elevated IL-6 level was
linked to impaired cytolytic function by overstimulating the immune
system and finally might result in multiple organ failure.

Yang et al., (2021) suggested that IL-6/lymphocyte ratio could serve
as an indicator of poor prognosis of COVID-19. The dynamic changes of
IL-6/lymphocyte ratio in patients showed that the magnitude of the
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immune response dysregulation was related to the severity of COVID-19
patients. In line with these findings, our data revealed that IL-6/
lymphocyte ratio positively correlated with the risk of mortality
among severe COVID-19 patients. Indeed, ROC curve analyses showed
that IL-6/lymphocyte ratio, IL-6 levels and CRP/IL-6 ratio have the
highest prognosis efficiency to predict mortality in ICU. Previous studies
reported that depending on the value of IL-6/lymphocyte ratio the
physicians could identify the specific subpopulations of COVID-19 pa-
tients who were at greater risk for unfavorable outcomes at an early
stage (Yang et al., 2021). Elevated IL-6/lymphocyte ratio in deceased
compared to recovered patients was resulted from the increased IL-6 and
the decreased lymphocyte counts. Recent studies’ results provide some
explanations. Despite uncertainty over the exact pathophysiological,
much evidence indicates that high levels of IL-6 and low lymphocyte
count are biomarkers of cytokine storm and immune response in COVID-
19 patients (Santa Cruz et al., 2021, Chen et al., 2020). As shown in
another study, IL-6 could suppress the T cell activation, which may
explain the decrease of lymphocytes (Belaid et al., 2022). Through
analyzing the immune cells and inflammatory cytokines in the severe
COVID-19 patients, Zhou et al. (2020) noted that the Thl cells
(GMCSF+IFN-y+) and inflammatory monocytes (CD14+CD16+ with
high expression of IL-6) existed particularly in ICU patients. Therefore,
lots of these pathogenic T cells and inflammatory monocytes may get
sequestrated into the pulmonary circulation and arouse inflammatory
storm which probably prevents alveolar gas exchange and contributes to
the high mortality of severe COVID-19 patients and is consistent with
the relative lymphopenia.

Moreover, potential mortality risk factors for COVID-19 were
analyzed by multivariable logistic regression analysis. The results indi-
cated that age, hypertension, IL-6 levels, IL-6/lymphocyte ratio and
CRP/IL-6 ratio were positively correlated with the risk of mortality.
Among the aforementioned parameters, hypertension, IL-6 > 17.7 pg/
ml and CRP/IL-6 ratio < 8.411 seem to better predict fatal outcome than
IL-6/lymphocyte ratio. Furthermore, IL-6 levels, IL-6/lymphocyte ratio
and CRP/IL-6 ratio could not predict respiratory failure. Indeed, no
significant difference was shown for these biomarkers between patients
with respiratory failure and those not requiring mechanical ventilation.
Our findings were in discordance with another study which reported
that IL-6/lymphocytes ratio has the best predictive power and that be-
tween the analyzed biomarkers, it was the only independent risk factor
for mortality and respiratory failure (Yanget al., 2021). Furthermore,
our study identified hypertension and D-Dimer > 1132 ng/ml as two
reliable prognosis indicators that accurately stratify patients into risk
categories and predict COVID-19 respiratory failure. Consistent with the
current findings, it has been reported that elderly COVID-19 patients
had higher mortality than young patients. Higher mortality and respi-
ratory failure were attributed to a higher rate of chronic comorbidities
among elderly patients, such as hypertension which was considered as
an independent risk factor of severity and mortality in COVID-19 adult
patients (Albitar et al., 2020; Chen et al., 2021a). Early descriptions of
COVID-19 demonstrated that increased concentration of D-dimer was
associated with worse clinical outcome. In mechanically ventilated pa-
tients with COVID-19-ARDS, D-dimer value higher than 1880 ng/ml
increased risk of death in ICU (Tonetti et al., 2021).

The information about correlation of longitudinal changes of in-
flammatory parameters with disease severity in COVID-19 patients is
scarce. In this study, the longitudinal assays showed sustained levels of
the pro-inflammatory cytokine IL-6 at medium concentration within 5
days post admission in severe cases requiring mechanical ventilation
who survived or not, whereas it was sustained at high levels throughout
the disease course in either deceased cases and those who developed
respiratory failure. Consistent with those findings, Zeng et al. (2020)
reported that IL-6 was elevated with illness deterioration and was
markedly higher on admission, suggesting that vigilant monitoring and
early intervention aiming to control overactive inflammation may be
useful to prevent the further deterioration of COVID-19 (Zeng et al.,
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2021). IL-6 is widely recognized as an important potent initiator of in-
flammatory responses. IL-6 may promote inflammation by recruiting
immune cells to the lung, which may directly contribute to the patho-
genesis of ARDS (McGonagle et al.,2020). Since deceased patients more
often developed systematic inflammation than did recovered patients, it
seems that IL-6 had a crucial role of exuberant inflammatory responses
in SARS-CoV-2 infection pathogenesis. A surge in the secretion of this
cytokine can promote a state of hyperinflammation that is harmful for
host cells (Huang et al., 2021).

Considering the central role of the pro-inflammatory and anti-
inflammatory balance during the course of SARS-CoV-2 infection (Han
et al., 2020), here the study analyzes the profile of IL-6/IL-10 according
to the mortality and respiratory failure. Based on Youden’s index, the
optimal cutoff value was 17.7 pg/ml for IL-6 and 24.28 pg/ml for IL-10.
Therefore, we identified four (IL-6, IL-10) profiles: (IL-6 High, IL-10
High), (IL-6 High,IL-10 Low), (IL-6 Low,IL-10 High) and (IL-6 Low,IL-
10 Low). A Kaplan-Meier analysis graphing the percentage of patients
requiring mechanical ventilation showed that the probability of respi-
ratory failure depends of IL-6/IL-10 profile. In (IL-6 High, IL-10 High)
and (IL-6 High,IL-10 Low) profiles, more patients with respiratory fail-
ure were observed than among those not requiring mechanical venti-
lation. Nevertheless, all patients with (IL-6 Low, IL-10 High) profile
required mechanical ventilation. In addition, in (IL-6 Low, IL-10 Low)
profile, patients not requiring mechanical ventilation were more
observed than those with respiratory failure.

Interestingly, our study revealed that most deceased patients have
excessive IL-6 levels concomitant with high levels of IL-10. In addition,
COVID-19 patients with the aforementioned profile (IL-6 High, IL-10
High) had worse survival rates compared to COVID-19 patients with
other IL-6/IL-10 profiles. Similar results were documented in other
studies which showed that aberrant inflammatory cytokines IL-6 and IL-
10 associated with cytokine storm are hallmarks of severe SARS-CoV-2
infection resulting in progress with a disease course requiring ICU care
(Tang et al., 2021; Belaid et al., 2022). Similar to our results, Luo et al.
(2020) detected the IL-6 and IL-10 levels above reference ranges in the
serum of COVID-19 patients in ICU. Following the association with
severity, Jiménez-Gastélum et al. (2021) found an association of
increased levels of the IL-6 and the IL-10 with mechanical ventilation
and death. However, Herold et al. (2021) previously reported that IL-6
has been linked to the necessity of mechanical ventilation but IL-10
has not. Plasma and/or bronchoalveolar levels of IL-6 and IL-10 have
been identified as early biomarkers of lung injury and predictive factors
of prolonged mechanical ventilation, organ dysfunctions, morbidity and
mortality in lung diseases. In addition, it was reported that in SARS-
COV-2 infection, IL-6 and IL-10 were highly abundant, especially dur-
ing the adaptive immune response (Han et al., 2020). In this respect,
Diao et al. (2020) reported that the high levels of IL-6 and IL-10,
observed in patients with severe COVID-19, correlate with a decrease
in numbers and function of T helper (Th) 1 and T CD8+ cells promoting
an impaired adaptive response against SARSCoV-2 infection This finding
was recently corroborated by the research of Gil-Etayo et al. (2021) in
which it is also reported that the IL-6 and IL-10 could relate to an
overactivation of the Th2 cell subset leading to disease worsening or
even death.

In line with previous studies, IL-6 along with other cytokines such as
IL-10 is produced in significant quantities during inflammatory epi-
sodes, including SARS-CoV-2 infection (Notz et al., 2020, Chen et al.,
2020, Belaid et al., 2022). The increased levels of IL-10 in the plasma of
COVID-19 patients probably reflect a host response to prevent the
harmful effect of the cytokine storm (Chen et al., 2020, Belaid et al.,
2022). However, the induction of IL-10 expression to dampen the
overexaggerated inflammation seems to be inefficient as the fatal
outcome is associated with the highest levels of IL-6 and IL-10. Similar to
that in MERS-CoV infection, in SARS-CoV-2, IL-10 level was continu-
ously elevated in critically ill patients and deceased cases with COVID-
19, while IL-10 concentration transiently increased during
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hospitalization in severe cases and survivors and then fell to lowest level
before discharge. Therefore, the transient increase of IL-10 level may
reflect a compensatory anti-inflammatory or counter-regulatory reac-
tion in response to a heightened level of pro-inflammatory cytokines,
and sustained elevation of IL-10 is probably correlated with the poor
prognosis (Zeng et al., 2020). Several studies have confirmed the bio-
logical involvement and immuno-regulatory role of IL-10 in patients
with sepsis, where overproduction of IL-10 was shown to be a predictor
of severity and poor outcome (Matsumoto et al., 2018, Li et al., 2015).
However, unregulated increase of IL-10 might induce immunosuppres-
sion which may negatively impact the outcomes (Kumar et al., 2019).
Consistent with these findings, we suggested an immunosuppressive role
of IL-10 in most of deceased COVID-19 patients.

Although IL-6 is an available and attractive therapy targets, blocking
IL-6 may not be beneficial in most of severe COVID-19 patients. In-
hibitors of pro-inflammatory cytokine IL-6 used for controlling hyper-
inflammation may adversely cause immunosuppression. Such
immunosuppression may negatively impact the outcomes (Colaneri
etal., 2020, Kimmig et al., 2020). Based on these findings, we suggested
that targeting IL-6 in severe patients with (IL-6 High, IL-10 High) profile
may contribute to accentuation of immunosuppression environment
generated by overproduction of IL-10 in those patients. Interestingly,
deceased patients have different magnitudes of both IL-6 and IL-10
cytokine release. Indeed, those patients may have excessive IL-6 com-
bined with low IL-10 or low IL-6 combined with high IL-10 or low IL-6
and low IL-10. Therefore, anticytokine therapies or immunomodulators
used to control hyperinflammation must take into account IL-6/IL-10
profiling to maintain an adequate inflammatory response for SARS-
CoV-2 clearance.

Based on IL-6/IL-10 profiling, physicians could identify patients who
are in hyperinflammatory status from those in immunosuppressive sta-
tus before starting anti-inflammation therapy. Supporting this hypoth-
esis, data from several studies have revealed that the balance between
hyperinflammatory response and anti-inflammatory response play a key
role in the course of the disease (Han et al., 2020, Liu et al., 2020).
Depending to the IL-6/IL-10 profiling, severe COVID-19 patients will
respond to blocking IL-6 alone or to both blocking of IL-6 and IL-10 or to
blocking IL- 10 alone. In addition, a timely anti-inflammation treatment
initiated at the right window time is of pivotal importance and should be
tailored in individual patients to achieve the most favorable effects.

This study had some limitations. First, the retrospective design may
cause an unavoidable and inherent selection bias in enrolling diagnosed
participants. Second, our measurements were delayed due to late
admission because of hospital congestion which could underestimate the
level of cytokines.

5. Conclusion

Our study presents here the first description of immunological
characteristics of a cohort of Tunisian patients with COVID-19 that
confirms some data described in previous reports. The study also showed
that the IL-6/lymphocyte ratio could be used as potential immunologic
markers to predict mortality; whereas the IL-10/lymphocyte ratio may
help to predict possible requirements for mechanical ventilation.
Importantly, SARS-CoV-2 infection appears to elicit differential immune
response. Indeed, deceased COVID-19 patients have different magni-
tudes of both IL-6 and IL-10 cytokine release. Interestingly our study
reveals a more common cytokine profile for diseased COVID-19 patients
with excessive levels of IL-6 concomitant with high levels of IL-10.
Nevertheless, severe COVID is still a challenging disease, further pro-
spective investigations of immunological profiles during the course of
the disease are necessary to find the right” biological signature”
reflecting the balance between immune activation and inflammatory
inhibition. It will better enable effective treatment choices to target key
pathogenic molecules and is an adjustable strategy for a personalized
treatment.
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