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Objective: The hyperinflammatory response, caused by severe acute respiratory
syndrome-2 (SARS-CoV-2), is the most common cause of death in patients with
coronavirus disease 2019 (COVID-19). The etiopathogenesis of this illness is not
fully understood. Macrophages appear to play a key part in COVID-19's
pathogenic effects. Therefore, this study aims to examine serum inflammatory
cytokines associated with the activation state of macrophages in COVID-19
patients and attempt to find accurate predictive markers for disease severity and
mortality risk in hospital.

Methods: 180 patients with COVID-19 and 90 healthy controls (HCs) participated
in this study. Patients were divided into three different subgroups, mild (n=81),
severe (n=60), and critical groups (n=39). Serum samples were collected and IL
(Interleukin)-10, IL-23, tumor necrosis factor-alpha (TNF-o), interferon-gamma
(IFN-7y), IL-17, monocyte chemoattractant protein-1 (MCP-1) and chemokine
ligand 3 (CCL3) were determined by ELISA. In parallel, myeloperoxidase (MPO)
and C-reactive protein (CRP) were measured using colorimetric and
electrochemiluminescence methods, respectively. Data were collected, and
their associations with disease progression and mortality were assessed using
regression models and receiver operating characteristic (ROC) curves.

Results: Compared to HCs, a significant increase in IL-23, IL-10, TNF-o, IFN-y
and MCP-1, were observed in COVID-19 patients. Serum levels of IL-23, IL-10,
and TNF-o were significantly higher in COVID-19 patients with critical cases
compared to mild and severe cases, and correlated positively with CRP level.
However, non-significant changes were found in serum MPO and CCL3 among
the studied groups. Moreover, significant positive association has been observed
among increased IL-10, IL-23 and TNF-a in serum of COVID-19 patients.
Furthermore, a binary logistic regression model was applied to predict death'’s
independent factors. Results showed that IL-10 alone or in combination with
IL23 and TNF-o are strongly linked with non-survivors in COVID-19 patients.
Finally, ROC curve results uncovered that IL-10, IL-23 and TNF-o were excellent
predictors for prognosing COVID-19.
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Conclusion: The elevations of IL-10, IL-23, and TNF-a. levels were seen in severe
and critical cases of COVID-19 patients and their elevations were linked to the in-
hospital mortality of the disease. A prediction model shows that the
determination of these cytokines upon admission is important and should be
done on COVID-19 patients as a way of evaluating the prognosis of the disease.
COVID-19 Patients with high IL-10, IL-23, and TNF-o. on admission are more
likely to experience a severe form of the disease; therefore, those patients should
be cautionary monitored and treated.
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1 Introduction

Coronavirus disease 2019 (COVID-19) is an infectious acute
respiratory disease caused by a strain of coronavirus known as
SARS-CoV-2. The first case diagnosed with this disease was
reported in Wuhan, China in early December 2019 and
subsequently spread worldwide. Most COVID-19 patients (81%)
experience milder symptoms and recover without supportive
treatment. About 14% of patients develop severe respiratory
distress. Approximately 5% of patients are classified as critical
cases due to the development of rapid respiratory failure that
requires ventilatory support and specialized treatment in intensive
care units. Until May 7, 2022, 516,792,956 people had been infected
with SARS-CoV-2, and 6,249,813 people died. Thus, about 1.21% of
people died after being infected with this virus (1). The exact
molecular mechanisms of disease progression to acute respiratory
distress have not been enlightened. Therefore, identifying
biomarkers associated with disease status and predicting the
severity of the disease in patients with COVID-19 is required.

Along with the decrease in pressure and oxygen saturation,
various biological magnitudes have been used to stratify this
disease’s severity and prognosis. Among them, in the serum of
COVID-19 patients, considerably high amounts of cytokines and
chemokines have been found. TNF-q,, IL-6, IL-1b, IFNY, IL-10, IL-
2, IL-4, IL-12, and IL-17 are cytokines that tend to be elevated in
COVID-19 (2, 3). At the same time, CCL5, CCL2, CCL3, CXCLS,
and CXCL9 are chemokines that their elevations were also recorded
in some cases of COVID-19 (4). Multiple immunological pathways
are activated, resulting in hyperinflammatory reactions and
cytokine storms, manifested as acute respiratory distress
syndrome with consequent respiratory failure (5-8).

Macrophages are the major players in viral infection, which are
supremely located to dictate the innate defense of the airway and
appear to be essential in the pathophysiology of COVID-19 (9).
Single-cell RNA sequencing analysis of bronchoalveolar fluid taken
from participants suffering from mild or severe COVID-19 shows a
disturbed balance of lung macrophage numbers during the
development of severe COVID-19. This was indicated by a
decrease in tissue-resident alveolar macrophages and an increase
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in inflammatory monocyte-derived macrophages in patients with
severe disease (10). Therefore, macrophages might be linked to the
heterogeneity of the disease courses in COVID-19, and analyzing
serological markers of activated macrophages may aid in predicting
disease severity and mortality.

A range of inflammatory factors is produced by macrophages,
such as CCL3, IL-10, MCP-1, MPO, and IL-23 (11-14). It has been
noticed that bronchial macrophages in the critical COVID-19
subgroup, compared to moderate ones, overexpressed the gene
encoding for CCL3 (15). Serum levels of CCL3 were also found to
be associated with the severity of COVID-19 (16). Furthermore,
significant increases in serum IL-10 were found in severe and
critical COVID-19 patients who experienced cytokine storms
(16). Moreover, an increase in serum MPO in COVID-19 patients
was observed, followed by a decrease to a normal level in recovering
patients (17). In addition, patients with more severe COVID-19 had
a higher level of IL-23 in their blood than those with mild COVID-
19 (18).

Although many serum markers have been previously tested as
severity and mortality predictors in COVID-19 patients (19-21),
their exact impacts on respiratory failure and disease progression
remain challenging. In this study, we attempt to assess serum
markers associated with macrophage activation that may predict
disease progression and in-hospital mortality in patients with mild,
severe, and critical COVID-19.

2 Materials and methods
2.1 Patients and study samples

This prospective multi-center observational study was carried
out from May 1 to October 1, 2021, with participants who attended
the emergency departments of the hospitals in the Kurdistan
region-Iraq, including four cities (Erbil, Duhok, Sulaymaniyah,
and Kirkuk).

270 participants were included in this study. These participants
were classified into two groups: COVID-19 positive (n=180) with a
mean age of 43.92 + 0.822 years, and COVID-19 negative (HGC;

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1145840
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Smail et al.

n=90) with a mean age of 41.20 + 1.354 years (Table 1). The
COVID-19-positive patients were confirmed based on molecular
(RT-PCR), laboratory, and radiological findings that followed the
WHO criteria (22); they were further sub-classified into three
groups based on clinical manifestations: mild (n=81), severe
(n=60), and critical (n=39), as the guideline explains it in China
(23). According to this protocol, mild cases either don’t exhibit
pneumonia or exhibit mild pneumonia; severe cases manifest
pneumonia characterized by shortness of breath and their SpO2<
93; critical patients suffer from respiratory failure, septic shock, or
multiple organ failure; they had died during the study (23). All
COVID-19 patients were non-vaccinated; the patients did not
involve in any therapeutic intervention. Regarding the HCs, they
accompanied COVID-19 patients in emergency departments. They
were asymptomatic and had negative RT-PCR. After taking blood

10.3389/fimmu.2023.1145840

samples from all the volunteers on admission to the hospital, their
serums were preserved at -80 °C until use.

The hospital’s data management system obtained demographic
data, medical history, some laboratory data (lymphocyte and
neutrophil) and comorbidities. The comorbidities considered
were multiple comorbidities (31.86%), obesity (30.97%),
hypertension (HTN) (19.47%), diabetes mellitus (DM) (9.735%),
chronic obstructive pulmonary disease (COPD) (1.770%), end-
stage renal disease (ESRD) (1.770%), and other diseases (4.425%).

2.2 Measurement of serum parameters

According to the manufacturers ‘ instructions, serum levels of
IL-10, IL-23, IL-17, CCL3, MCP-1 were measured by Elabscience®

TABLE 1 Clinical and demographic characteristics of HCs and COVID-19 patients.

Parameters HCs Mild Severe Critical p-value
(Mean + SEM) (Mean + SEM) (Mean + SEM) (Mean + SEM)

n 90 81 60 39

Age (years) 4120 + 1.354 43.02 + 1.203 4427 + 1.191 52.67 + 1.160 <0.0001

Gender (m/f) 44/46 45/36 34/26 20/19

BMI (kg/m?) 26.81 + 0.488 26.79 + 0.474 30.54 + 0.776 29.96 + 0915 <0.0001

CRP (mg/l) 0.780 + 0.093 5.200 + 1.523 67.20 + 7.417 65.82 + 4.841 <0.0001

Lymphocyte (10A3/uL) 2.091 + 0.063 1.320 + 0.058 1.483 + 0.057 0.964 + 0.092 <0.0001

Neutrophil (10A3/uL) 4229 +0.117 8.274 + 0.426 6.805 + 0.342 15.08 + 0.935 <0.0001

NLR 2.123 + 0.074 7.444 + 0.543 5.269 + 0.464 20.02 + 1.742 <0.0001

IL-10 (pg/ml) 1.465 + 0.128 2.433 +0.177 6.479 + 0.262 10.87 + 0.800 <0.0001

IL-23 (pg/ml) 49.37 + 2,590 107.7 + 5.567 156.6 + 10.19 238.7 + 12.56 <0.0001

TNF-0. (pg/ml) 6.312 + 0.284 11.94 + 0916 9.566 + 0.814 20.66 + 1.135 <0.0001

IFN-y (pg/ml) 25.22 + 0.280 22.62 + 0.773 21.82 + 1.140 30.49 + 1.229 <0.0001

IL-17 (pg/ml) 35.16 + 1.017 38.49 + 2,978 46.23 + 1.468 45.78 + 2921 0.0005

MCP-1 (pg/ml) 16.38 + 0.768 20.25 + 0.938 22.32 + 1.291 24.40 + 0.627 <0.0001

CCL3 (pg/ml) 106.5 + 3.362 105.2 + 3.105 109.2 + 3.752 99.91 + 3.632 0.474

MPO (U/T) 56.73 + 3.009 51.09 + 3.487 59.07 + 3.012 61.17 + 2.402 0.176

Co-morbidities

HTN 0 10 5 7

DM 0 5 2 4

ESRD 0 0 1 1

Multiple Co-morbidities 0 10 16 10

Obesity 0 13 16 6

COPD 0 0 1 1

Others 0 2 1 2

One-way ANOV A was used for the comparison of parameters. Tukey test was used as post-hoc test for multiple comparisons. BMI, body mass index; CCL3, chemokine ligand 3; COPD, chronic
obstructive pulmonary disease, CRP, C-reactive protein; DM, diabetes mellitus; ESRD, end-stage renal disease; f, female; HCs, healthy controls; HTN, hypertension; IFN-y, interferon-gamma; IL,
interleukins, m, male; MCP-1, monocyte chemoattractant protein-1; MPO, myeloperoxidase; NLR, neutrophil-to-lymphocyte ratio; n, number of participants and TNF-o, tumor necrosis factor-
alpha. Data were presented as mean =+ standard error of the mean (SEM), Probability (p)-value less than 0.05 was considered significant.
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ELISA kits (Elabscience Company, USA), whereas levels of TNF-o.
and IFN-y were measured using MyBioSource® ELISA Kits
(Mybiosource, USA). Immunoturbidimetry has been performed
to measure the CRP concentration using Cobas c311 (Cobas,
Roche Diagnostic, Mannheim, Germany). According to the
manufacturers’ instructions, the serum level of MPO was
determined by MPO assay kits (Elabscience Company, USA).

2.3 Statistical analysis

All the data fulfilled the criteria of parametric tests since they
passed normality tests (Kolmogorov-Smirnov, Shapiro-Wilk, and
D’Agostino tests). The chi-square test and one-way ANOVA test
were used to analyze demographic and clinical characteristics. The
one-way ANOVA test was applied to compare laboratory
parameters between groups and Tukey test was used as post-hoc
test for multiple comparisons. A Pearson correlation was used to
explore the correlations between different parameters. Binary
logistic regression was applied to find the impact of independent
factors in predicting the non-survival probability of COVID-19
patients. The predictive significance of the biomarkers was
calculated using ROC analysis as a plot of the sensitivity of the
respective test against the false-positive rate for possible cut-off
levels. A combination of IL-10 and IL-23 for ROC curved was found
via the probability of binary logistic regression in SPSS. The
optimum cut-off was found via the Youden index method (24) in
MedCalc. The area under the curve (AUC), positive predictive value
(PPV), negative predictive value (NPV), and their confidence
intervals (CI) were obtained by ROC curve analysis.

For doing statistical analysis, the following programs were
utilized: The statistical package for social sciences 27 (SPSS 27,
IBM, USA), MedCalc 20 (MedCalc software Ltd., Belgium), and
GraphPad 9 (GraphPad Software Inc., USA). A P-value of less than
0.05 was considered statistically significant.

3 Results
3.1 Patients and study samples

In total 270 participants were enrolled in this study, 180
(66.67%) were COVID-19 positive, and 90 (33.33%) were HCs.
Among the positive patients, 81 (45%) developed the mild disease,
60 (33.33%) with severe, and 39 (21.67%) were critical cases, based
on clinical guidelines in China (23). In the last group, all patients
(n=39) died in the hospital during the study.

The demographic characteristics and the associated
comorbidities and the comparison of these variables among the
groups of COVID-19 patients and HCs are shown in Table 1. The
mean age of HCs was 41.20 + 1.354 years; 44 (48.89%) were male,
while 46 (51.11%) of them were female. The mean age of COVID-
positive patients was 43.92 + 0.822 years, 99 (55%) were male, and
81 (45%) were female. There was a non-significant difference in the
age between HCs and COVID-19 (p-value=0.072).
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In comparison to HCs, a significant difference (p-value<0.0001)
was observed in the age of critical groups of COVID-19 patients.
There was no significant difference in the mean age of mild and
severe COVID-19 patients compared to HCs.

Significant differences were recorded for BMI between HCs
(26.81 + 0.488) with each of the severe and critical groups of
COVID-19 patients (mean of BMI=30.54 + 0.776 and 29.96 + 0.915
for severe and critical groups, respectively) with a p-value<0.0001.
There was a non-significant difference between mild (26.79 + 0.474)
and HCs (26.81 + 0.488).

Regarding CRP, non-significant differences were documented
between HC and mild groups (p-value=0.777); Severe and critical
groups (p-value=0.996). On the other hand, between other groups,
there were considerable differences with their p-value<0.0001. In
terms of hematological parameters, all COVID-19 groups exhibited
a significant increase in lymphocyte and neutrophil counts (p-value
< 0.0001) with a significant decrease in the neutrophil-to-
lymphocyte ratio (NLR) when compared to the HCs (Table 1).

3.2 Elevated levels of IL-10, IL-23, TNF-a
and IFN-y in serum samples of COVID-19
patients with critical cases compared to
mild and severe cases

Serum concentrations of IL-10, IL-23, TNF-o, IFN-y, IL-17, CCL3,
MCP-1 and MPO of patients and HCs were measured. Serum levels of
IL-10 showed a significant increase (p-value <0.0001) in both critical
(10.87 + 0.800) and severe groups (6.479 * 0.262) compared to HCs
(Figure 1A). On the other hand, there was also an observable difference
in IL-10 between the mild group (2.433 + 0.177) and HCs (1.465
+ 0.128) (Figure 1A). Levels of IL-10 were significantly higher in
critical cases compared to both severe and mild cases.

Similar results were found for serum IL-23 (Figure 1B). Serum
IL-23 was significantly higher in all groups of COVID-19 patients
compared to HCs. As shown in Figure 1B, serum levels of IL-23
were markedly higher (p-value < 0.0001) in the critical (238.7
+ 12.56) and severe groups (156.6 + 10.19) compared to the mild
group (107.7 + 5.567).

Furthermore, serum levels of TNF-c, IFN-y were significantly
elevated in COVID-19 patients with critical case compared to mild
and severe stage (Figures 1C, D). TNF-o was significantly higher in
all patients’ groups in comparison to HCs, whereas IFN-y was found
to be significantly decreased in the mild and severe COVID-19
groups, but significantly increased in the critical COVID-19 group
compared to the HCs.

IL-17 level was also increased in COVID-19 patients with severe
and critical stages compared to HCs, however, no significant
differences were observed among the 3 patient groups (Figure 1E).
Similarly, serum level of MCP-1 was significantly elevated in all
patient groups compared to HCs, whereas no differences were
observed among patient groups except a slight increase in patients
with critical case compared to mild stage (Figure 1F). Moreover, no
changes in serum levels of both CCL3 and MPO were detected;
neither between groups of COVID-19 patients and HCs nor between
the patient groups (Figures 1G, H).
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Comparison of serum markers on admission between groups of COVID-19 patients and HCs. One-way ANOVA was used for the comparison of

(A) IL-10; (B) IL-23; (C) TNF-0o; (D) IFN-v; (E) IL-17; (F) MCP-1; (G) CCL3; and (H) MPO. Tukey test was used as post-hoc test for multiple comparisons.
CCL3, chemokine ligand 3; CRP, C-reactive protein; HC, healthy control; IFN-y, interferon-gamma; IL-10, interleukin-10; IL-23, interleukin-23; IL-17,
interleukin-17; MCP-1, monocyte chemoattractant protein-1; MPO, myeloperoxidase and TNF-a, tumor necrosis factor-alpha. Probability (p)-value less
than 0.05 was considered significant. *p-value < 0.05,**p-value < 0.01, ***p-value < 0.001 and ****p-value < 0.0001; ns, not significant.

3.3 Significant positive interplay among
increased IL-10, IL-23, and TNF-o
in serum of COVID-19 patients

To gain insight into the key immunological responses and
inflammation, we correlated the levels of IL-10, IL-23, TNF-o,
and IFN-y with CRP (Figures 2A-D). It can clearly seen that IL-10,
IL-23 and TNF-a showed the strong significant positive

correlations with CRP, and the degree of their associations were
(r=0.491, p-value<0.0001), (r=0.518, p-value<0.0001), and (r=0.247,
p-value<0.0001), respectively (Figures 2A-C). In contrast, IFN-y
witnessed a non-significant correlation with CRP (r=0.071,
p-value=0.247) (Figures 2D).

Next, we assessed the mutual relationships among IL-10, IL-23
and TNF-o. As shown in Figures 2E-G, significant positive
association has been noticed between IL-10 and IL-23 (r=0.600,
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Correlation of serum markers on admission with each other. A Pearson correlation test was used for the association between (A) CRP and IL-10;

(B) CRP and IL-23; (C) CRP and TNF-a; (D) CRP and IFN-y; (E) IL-10 and IL-23; (F) IL-10 and TNF-a (G) TNF-o and IL-23 and (H) IL-17 and IL-23. CRP,
C-reactive protein; IFN-v, interferon-gamma; IL-10, interleukin-10; IL-23, interleukin-23; IL-17, interleukin-17 and TNF-o, tumor necrosis factor-alpha.
Probability (p)-value less than 0.05 was considered significant, and the correlation coefficient (r) shows the degree of correlation.
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p-value<0.0001); IL-10 and TNF-o. (r=0.381, p-value<0.0001), and
IL-23 and TNF-o (r=0.467, p-value<0.0001). With regards to the
association of IL-23 in polarizing Th17 and the release of IL-17, we
observed non-significant correlation between IL-23 and IL-17
(r=0.114, p-value=0.06) (Figure 2H).

3.4 IL-10, IL-23 and TNF-a as putative
markers for predicting mortality in
COVID-19 illness

To assess the prognostic usefulness of laboratory markers for
predicting mortality in patients with potential COVID-19, ROC
curves were drawn for 180 patients with COVID-19. The
significance of the IL-23 concentration in terms of detecting
COVID-19 mortality is 76.92% sensitivity and 85.11% specificity.
The cut-off value from which mortality can be assumed is 191.4, and
the AUC is 0.855. The calculation of the NPV turned out to be 93%.
The PPV is 58.8% (Table 2; Figure 3A).

The ROC curve of IL-10 for prognosing COVID-19 was also
analyzed. Its results revealed that the AUC of IL-10 for predicting
mortality was 0.916 (95% CI 0.866-0.952), with a cut-off value of
6.07. It had a sensitivity of 92.31% and a specificity of 77.30%, with
NPV and PPV of 97.3% and 52.9%, respectively (Table 2;
Figure 3A). AUCs and cut-off value were also found for TNF-o,
with values of 0.824 and 15.43, respectively (Table 2; Figure 3A).

10.3389/fimmu.2023.1145840

The result also showed that the AUCs with the best performance in
predicting mortality were IL-10, IL-23, and TNF-o. The
combination of IL-10, IL-23 and TNF-o achieves much higher
AUC values (0.965) than the other inflammatory markers
concerning mortality prediction. The NPV and PPV of this
combination were 98.4% and 66.1%, respectively. The details of
the ROC curve characteristics for other measured proteins indicates
their useless values in predicting mortality as shown in
Table 2; Figure 3B.

Next, multivariate binary logistic regression was performed to
predict mortality risk in COVID-19 patients. After adjusting for
age, IL-10, IL-23, TNF-0,, IFN-v, IL-17, CCL3, MCP-1 and MPO
was used in the model as prognostic factors to predict mortality and
death, and to discriminate the non-survivor patients from the
survivors. Forward conditional analysis showed that three
incremental degrees of adjustment in multivariate binary logistic
regression models were significantly associated with death. We
documented that IL-10 (p-value<0.0001, OR= 1.813) in model 1;
IL-10 (p-value<0.0001, OR= 1.887), and TNF-o. (p-value<0.0001,
OR= 1.173) in model 2 and IL-10 (p-value<0.0001, OR= 1.836), IL-
23 (p-value=0.01, OR= 1.002) and TNF-o (p-value<0.0001, OR=
1.173) in model 3 were significantly linked with mortality in
COVID-19 patients. The lack of improvement in explanatory
power by other parameters such as MPO, IFN-vy, IL-17, CCL3,
MCP-1, and CRP led to their exclusion from the forward
conditional analysis, as shown in Table 3.

TABLE 2 ROC curve analysis of serum laboratory markers to predict mortality of SARS-CoV-2 infection.

Variables AUC  95% Cl Sensitivity 95% Cl  Specificity = 95% Cl 95% Cl 95% Cl

0.795 - 60.7 - 78.1 - 48.2 - 88.2 -

IL-23 0.855 <0.0001  >191.4 76.92 85.11 58.8 93.0
0.903 88.9 90.5 68.7 96.0
0.866- 79.1 - 69.5 - 450 - 924 -

IL-10 0916 <0.0001  >6.07 92.31 77.30 52.9 97.3
0.952 98.4 83.9 60.7 99.1
0.761 - 66.5 - 726 - 443 - 89.1 -

TNF-o 0.824 <0.0001  >15.43 82.05 80.14 533 94.2
0.877 925 86.4 622 96.9
IL-10+IL-23+ 0.926 - 82.7 - 79.8 - 56.0 - 94.0 -

} <0.0001 132 4.87 52 1 4
TNF-o. 0965 0.986 0.000 >0.13 918 99.4 865 91.7 66 749 %8 99.6
0.713 - 472 - 814 - 470 - 853 -

IFN-y 0.781 <0.0001  >29.52 64.10 87.94 59.5 89.9
0.839 78.8 92.8 70.9 93.1
0.620 - 79.1 - 46.0 - 315 - 89.5 -

IL-17 0.693 <0.0001  >37.72 92.31 5461 36.0 96.2
0.759 98.4 63.0 40.8 98.7
0.533 - 60.7 - 488 - 279 - 83.3 -

CCL3 0.608 0.016 <95.56 76.92 57.45 333 90.0
0.680 88.9 65.7 393 942
MCP-1 0.636 0-562 - 0.0007  >22.56 82.05 663 - 58.87 203 - 356 301 - 92.2 857 -
’ 0.707 : i ’ 925 i 67.1 ’ 414 ’ 959
0.475 - 726 - 404 - 279 - 85.7 -

MPO 0.551 0.229 >43.93 87.18 48.94 32.1 932
0.625 95.7 575 36.6 97.0
0.731- 79.1 - 61.9 - 39.6 - 91.7 -

CRP 0.798 <0.0001  >33.68 92.31 70.21 46.2 97.1
0.854 98.4 77.6 52.9 99.0

ROC curve analysis was done by MedCalc 20. The COVID-19 patients were divided into survived and non-survived considering as status in the ROC curve analysis. AUC, area under curve;
CCL3, chemokine ligand 3; CI, confidence interval; CRP, C-reactive protein; IFN-y, interferon-gamma; IL-10, interleukin-10; IL-23, interleukin-23; IL-17, interleukin-17; MCP-1, monocyte
chemoattractant protein-1; MPO, myeloperoxidase; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic curve and TNF-o., tumor necrosis

factor- alpha. Probability (p)-value less than 0.05 was considered significant.
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FIGURE 3

ROC curve analysis of (A) CRP, IL-10, IL-23, TNF-0, and IL-10+IL-23
+TNF-0, and (B) IFN-v, IL-17, CCL3, MCP-1, MPO and CRP to predict
mortality in SARS-CoV-2 infection. The ROC curve figure was created
by MedCalc20. The COVID-19 patients were divided into survived and
non-survived groups considering as status in the ROC curve analysis.
CCL3, chemokine ligand 3; CRP, C-reactive protein; IFN-y, interferon-
gamma; IL-10, interleukin-10; IL-23, interleukin-23; IL-17, interleukin-17;
MCP-1, monocyte chemoattractant protein-1; MPO, myeloperoxidase;
ROC, receiver operating characteristic curve and TNF-o, tumor necrosis
factor-alpha.

4 Discussion

Excessive pulmonary macrophages and cytokine storm are
dominant in COVID-19 patients (25) and may contribute to lung
fibrosis and tissue damage. It is believed that SARS-CoV-2 bind to
the ACE2 receptor on macrophages (M1 subtype) and induces the
release of inflammatory factors including IL-23, CCL3, and MPO
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(11, 12, 14). On the other hand, M2 (a subtype of macrophage)
releases IL10 as a negative feedback mechanism to control
inflammation (26). A dysregulated balance of M1 and M2
macrophage subtypes in the lungs of COVID-19 patients has
been confirmed during the progression of severe COVID-19.
Therefore, assessment of serological markers associated with
activated macrophages may aid in predicting disease severity and
mortality. In this study, we demonstrated an increase in IL-10, IL-
23 and TNF-a in serum samples of COVID-19 patients during mild
disease and continue to increase in the severe stage and reach the
highest level in the critical phase of the disease. Importantly, the
combination of serum levels of IL-10, IL-23 and TNF-o. were
strongly linked with non-survivors in COVID-19 patients.
Therefore, monitoring changes in the serum levels of IL-10, IL-
23, and TNF-o may help in the early identification and prediction
of COVID-19 disease progression.

The higher serum concentration of IL-10 in the severe and
critical group of COVID-19 patients has been noticed in this study.
Increased serum levels of IL-10 has been previously demonstrated
as a prognostic factor in COVID-19 patients (16, 27, 28). This
increase in IL-10 remains elusive since IL-10 is a classical anti-
inflammatory cytokine. Elevation in IL-10 in COVID-19 patients
can be justified as an effort to moderate hyper-inflammation and
prevent tissue damage, but it fails to suppress the inflammation. It is
highly unlikely that increased IL-10 expression is attributed to
regulatory T cells (Treg), as these Treg cells were shown to be
decreased in moderate and severe cases of COVID-19 (29).
Therefore, the elevated level of serum IL-10 in critical cases of
COVID-19 may be related to activated monocytes and
macrophages, which are the primary producers of this cytokine
(30). On the other hand, IL-10 may have pro-inflammatory
properties. Indeed, high-dose IL-10 treatment in patients with
endotoxemia or Crohn’s disease was associated with undesired
pro-inflammatory effects by enhancing the production of other
pro-inflammatory cytokines, such as IFN-y (31). It was shown that
IL-10 potentiated the lipopolysaccharide (LPS) and encouraged a
rise in IFN-y. Thus, it is possible that this also occurs in patients
with COVID-19, in which the combination of high-dose IL-10 and
bacterial products drives an inflammatory cascade in COVID-19
patients. To support this hypothesis, our results confirmed that the
concentration of IL-10 was directly associated with both CRP and
the pro-inflammatory cytokines IL-23 and TNF-o in COVID-19
patients. It seems that IL-10 is involved in the up-regulation of
inflammatory reactions in COVID-19 and might be implicated in a
cytokine storm. We have shown that the serum level of IL-10 has a
good predictive value of disease progression in COVID-19. In line
with our findings, other researchers also considered IL-10 as a
prognostic factor for expecting the severity of COVID-19 (28, 32).

In addition to elevated IL-10 levels, TNF-o and IL-23 were also
increased in serum of COVID-19 patients and correlated positively
with CRP levels. It has been previously investigated that CRP can
induce TNF-o and IL-23 production by monocytes (33, 34), so the
elevation of TNF-o and IL-23 in COVID-19 patients might be
related to CRP-induced monocytes. IL-23, in turn, can promote
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TABLE 3 Binary logistic regression of serum markers to predict COVID-19 mortality (Adjusting for age).

Variables B p-value OR 95% Cl for OR
Model 1 IL-10 0.595 <0.0001 1.813 1.501 2.189
IL-10 0.635 <0.0001 1.887 1.505 2.367
Model 2
TNF-0, 0.159 <0.0001 1173 1.094 1.258
IL-10 0.607 <0.0001 1.836 1.438 2343
Model 3 IL-23 0.009 0.01 1.009 1.002 1.017
TNF-0, 0.159 <0.0001 1173 1.079 1.275

Binary logistic regression was done by SPSS 27. The COVID-19 patients were divided into survived and non-survived considered as dependent variables (dichotomous variables), it was adjusted
for age. In forward conditional binary logistic regression, model 1 (IL-10) and model 2 (IL-10 and TNF-ot) and model 3 (IL-10, IL-23 and TNF-ot) were considered predictors for mortality in
COVID-19. B, regression coefficient; CI, confidence interval; IL-10, interleukin-10; IL-23, interleukin-23; OR, odd ratio and TNF-a,, tumor necrosis factor- alpha. Probability (p)-value less than

0.05 was considered significant.

Th17 proliferation and differentiation, which releases the pro-
inflammatory cytokine IL-17 and enhances inflammation (35).
However, no significant correlation was observed between the IL-
23 and IL-17 levels in our patients cohort. Regarding TNF-q, it has
been well established that it is a risk factor for death in COVID-19
patients with severe or critical disease (36).

In our study, we observed a significant positive correlation
between increased serum levels of IL-10, IL-23 and TNF-o in
COVID-19 patients. This suggests that these three cytokines may
be produced from a single cell source, such as monocytes, which are
known to release all these cytokines when activated. Interestingly,
we found that IL-10, IL-23, and TNF-o were strongly associated
with COVID-19 mortality, as demonstrated by ROC curve and
multivariate regression analysis. Hospitalized patients with higher
serum concentrations of IL-10, IL-23, and TNF-o. had a noticeably
higher risk of death. Therefore, assessment of serum levels of these
three cytokines may serve as an early indicator of disease
progression and may help make decisions related to treatment to
prevent disease complications and death.

This study is not free from limitations. First, a small sample size is
one of the limitations that might increase the standard error of
variables. Second, blood was only drawn from patients at the time of
admission. The result would have been more meaningful if the blood
had been retaken at regular intervals and the biomarkers re-assessed.
Third, the time elapsed between the onset of symptoms and the taking
of the sample in the emergency department was not considered since
this information was not available for most COVID-19 patients.
Fourth, only 39 critical COVID-19 patients (deaths) were recruited
in this study, and the causes of death were not corroborated by autopsy
in any of the cases. Fifth, the lack of monocyte count, which plays an
important role in the immune response to infections, may be seen as
another limitation of our study. Last, multisystem inflammatory
syndrome (MAS) in COVID-19 patients was not evaluated. This is
because the diagnosis of MAS requires strict criteria that involve a
combination of laboratory, radiological, and clinical findings. As a
result, the findings of this study may not be generalizable to patients
with COVID-19 who develop MAS.

Frontiers in Immunology

5 Conclusion

Measurement of IL-10, IL-23, and TNF-o. are the best markers
for predicting in-hospital mortality in COVID-19; they have
potential prognostic values in SARS-CoV-2 infection. In addition,
determination of these cytokines in COVID-19 patients at hospital
admission may help save their lives because they are bad prognostic
variables. Those three cytokine levels may be used to predict
whether patients are at risk for respiratory failure, organ damage,
and death. Early in the illness, a prediction model based on cytokine
levels might help guide healthcare allocation and priority for those
most at risk. The predictive usefulness of these cytokines may also
aid therapeutic intervention. Future studies with larger sample sizes
must be warranted to confirm the finding of our cross-sectional
study. Dynamic analysis of IL-10, IL-23, and TNF-o should be done
through consecutive samples taken at several time points to get
insights into their kinetics.
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