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Background: Tumour necrosis factor-o (TNF-a), interleukin-1f (IL-1f), and monocyte chemoattractant protein-1 (MCP-1) are early
phase cytokines often encountered when the body is exposed to severe acute respiratory syndrome-associated-coronavirus-2. TNF-a,
IL-1B, and MCP-1 are pro-inflammatory cytokines critical in the defence response against systemic infection and injury. Therefore,
TNF-o, IL-1B, and MCP-1 are the most aggressive responses to viral infections in the acute phase, so they can be used to determine the
survival of coronavirus disease 2019 (COVID-19) patients.

Purpose: The study aimed to determine the levels of TNF-a, IL-1B, and MCP-1 as predictors of survival for COVID-19 patients.
Patients and Methods: A prospective cohort study was conducted on confirmed COVID-19 by a reverse-transcriptase-polymerase-
chain-reaction (RT-PCR) in 84 adults admitted to the hospital in Indonesia. TNF-a, IL-1p, and MCP-1 level were measured from
serum subjects using the enzyme-linked immunosorbent assay.

Results: The results from logistic regression modelling of the survival status of COVID-19 patients based on TNF-a, IL-1pB, and
MCP-1 levels were significant (p-value=0.024). The predictors of all cytokines had P Wald <0.05, so the three cytokines could be used
simultaneously to predict the survival status of COVID-19 patients. MCP-1 has the most dominant risk relative value (2.76; 95% CI;
2.53-4.68) compared to TNF-a and IL-1p in predicting patient survival.

Conclusion: TNF-a, IL-1, and MCP-1 as markers of acute systemic inflammatory cytokines can be measured at the beginning of
hospitalisation of COVID-19 patients for early diagnosis of disease severity so that healthcare professionals can determine clinical
guidance needs for therapeutic programs.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic is a global health crisis with very high morbidity and mortality rates in
a short time. Activation of innate and adaptive immune responses by coronavirus infection causes an uncontrolled
inflammatory response resulting in a cytokine storm in severe COVID-19 patients.' Crosstalk between immune cells and
endothelial cells during coronavirus infection impacts the activation of several inflammatory cascades, causing hyperproduc-
tion of pro-inflammatory cytokines. Cytokine storms have been shown to cause manifestations of acute respiratory distress
syndrome and thromboembolism leading to vascular occlusions, such as in cases of acute ischemic stroke, myocardial
infarction, encephalitis, acute kidney injury, vasculitis and sudden death.® Significantly elevated pro-inflammatory
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cytokines suggest a poor prognosis in COVID-19 patients. Research shows that patients with severe COVID-19 tend to have
higher concentrations of pro-inflammatory cytokines (such as Tumour Necrosis Factor-a (TNF-a), Interleukin-13 (IL-1p),
and Monocyte Chemoattractant Protein-1 (MCP-1) than those with mild or moderate illness.* This phenomenon shows
a very close relationship between the severity of COVID-19 and the production of pro-inflammatory cytokines. Therefore,
predicting the survival of COVID-19 patients using the three pro-inflammatory cytokines will allow clinicians to take prompt
and appropriate treatment to prevent the severity of COVID-19 from reducing mortality.

Cytokines are now in the spotlight in various countries because of their essential roles in the pathogenesis of
COVID-19. Proinflammatory cytokines such as IL1p, IL-2, IL-4, IL-6, IL-8, TNFa, IL-2, IL-4, IP-10 and MCP-1 are
associated with an increased risk of mortality from acute respiratory distress syndrome (ARDS). Huang (2020) research
stated that COVID-19 patients treated in the ICU had higher IL2, IL7, IL10, GSCF, IP10, MCP1, MIP1A, and TNFa
than patients not admitted to the ICU.® Meanwhile, a prospective cohort study in 24 COVID-19 patients revealed that
levels of IL-4, IL-6, IL-8, IL-10, FGF, IP-10, MCP-1, and TNF correlated with 30-day mortality.7 In addition, Chen et al
found that the levels of IP-10, MCP-1, and IL-6 were significantly higher in COVID-19 critically Ill patients.® MCP-1
and IL-10 were not significantly associated with mortality but were associated with high levels of d-dimer associated
with mortality.

Many studies have reported that acute respiratory distress syndrome (ARDS) is one of the leading causes of death
related to COVID-19. ARDS is triggered by a cytokine storm that directly damages the respiratory epithelium, liver,
heart, and kidneys, including TNF-a.” The soluble form of TNF-o and the membrane protein form are active forms
with different affinities for the TNF receptor. When it binds to the TNF receptor, TNF- will cause a pleiotropic effect
or stimulate the secretion of other systemic cytokines, so TNF-a is known as an early-phase cytokine.'®!!

Interleukin 1B is released by macrophages via inflammasomes and contributes to the cytokine storm as the most
aggressive response to COVID-19.'? IL-1p is known to play a role in immunological dysregulation in severe patients
with respiratory failure,'® which in cytokine storm of ARDS correlates with disease severity, also may be associated with
organ failure.'*'> Yang et al (2020) found that increased IL-1 receptor antagonist as a marker of increased viral load and
risk of death in 14 severe COVID-19 patients.'® Therefore, IL-1p is part of the cytokine storm generated by coronavirus
infection.!” IL-1 functions after binding to the IL-1 receptor (IL-1R) and is known to transduce and activate one of the
well-known inflammatory pathways, the NFkB pathway.'®

MCP-1 is a potent monocyte chemotactic factor constitutively produced or induced by oxidative stress, cytokines, or
growth factors.'” MCP-1 was associated with high levels of d-dimer associated with death.® Furthermore, it has been
reported that MCP-1 expression increases rapidly in the early phase of acute infection and then progressively decreases
with disease progression.”’

IL-1B, and MCP-1 are pro-inflammatory cytokines critical in the defence response against systemic infection and
injury.'”! IL-1p and MCP-1 respond as an emergent cytokine by initiating acute-phase protein synthesis. In addition to
TNF-a, IL-1B and Monocyte Chemoattractant Protein-1 (MCP-1) are early phase cytokines often encountered when the
body is exposed to coronavirus.**' Although there have been studies using similar cytokines to predict the survival of
COVID-19 patients in various countries, there has been no reporting in Indonesia in the period of Delta variants of
SARS-CoV-2. So, this study wants to confirm the research results on the survival of COVID-19 patients in Indonesia
with various other countries.

Materials and Methods
Study Design and Setting

A prospective cohort study confirmed COVID-19 in adults admitted to the public hospitals to refer coronavirus disease
patients in Indonesia. The grouping of patients as a risk factor for predicting the survival of COVID-19 patients is based
on the severity level: mild, moderate, severe, and critically ill. The grouping of COVID-19 patients is divided into

asymptomatic, mild, moderate, severe and critical.**
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1. Mild: Patients with symptoms without evidence of viral pneumonia or hypoxia. Symptoms include fever, cough,
fatigue, anorexia, shortness of breath, myalgia, nasal congestion, headache, diarrhoea, nausea and vomiting, loss of smell
(anosmia), or loss of taste (ageusia).

2. Moderate: patients with clinical signs of pneumonia (fever, cough, shortness of breath, rapid breathing) but no
signs of severe pneumonia, including SpO, > 93% in room temperature, and no signs of severe pneumonia.

3. Severe/Severe Pneumonia: patients with clinical signs of pneumonia (fever, cough, shortness of breath, rapid
breathing), with the addition of one of the following symptoms: respiratory rate > 30 times/minute, severe respiratory
distress, or SpO2 < 93% on room air respiratory rate > 30 times/minute, severe respiratory distress, or SpO2 < 93% in
room temperature.

4. Critically ill: Patients with ARDS, sepsis, and or septic shock.

Each group was then observed to determine the research’s outcome: survival or non-survival. There are three general
hospitals in this study: Saiful Anwar Hospital Malang, Soetomo General Hospital Surabaya, and Hasan Sadikin General
Hospital Bandung.

Study Subject and Data Collection

The subjects of this study were 84 inpatients at the three hospitals who were diagnosed as confirmed COVID-19, proven
by a Reverse-Transcriptase—Polymerase-Chain-Reaction (RT-PCR) method. The inclusion criteria for this research
subject are: patients who confirmed COVID-19 by the RT-PCR (nasopharyngeal or oropharyngeal swab); ages 17—-60
years; and have onset time 14 days from the first time the patient has symptoms until confirmed as Covid-19 patient. This
study’s subject exclusion criteria are pregnant or breastfeeding women, having a coagulation disorder before being
diagnosed as COVID-19, and co-morbidities such as cancer, hepatitis, or HIV/AIDS.

Cytokine levels of TNF-a (ng/mL), IL-1B (pg/mL), and MCP-1 (ng/mL) were measured from serum subjects using
the Enzyme-Linked Immunosorbent Assay (ELISA) examination procedure. The ELISA procedure was carried out
according to the manual protocol of the Human IL-1B Bioassay Technology Laboratory (BT-Lab) ELISA kit (Cat. No.
E0143Hu) and Human TNF-o BT-Lab ELISA Kit (Cat. No. EO082Hu) and, and Human MCP-1 BT-Lab ELISA Kit (Cat.
No. E0124Hu). The ELISA procedure was carried out by adding 40uL of a serum sample to the sample well. After that,
it added 50pL of streptavidin-HRP to the sample wells and standard wells. Covered well and incubated for 60 minutes at
37°C, then washed with Wash Buffer five times. First, S0uL of substrate solution. Then was attached to each well, and
then 50puL of substrate solution B was added to each well. Next, it was incubated in the dark for 10 minutes at 37°C.
After that, S0uL of Stop Solution was summed for each well. Each optical density (OD) value was appropriately read
using a microplate reader at a wavelength of 450 nm within 10 minutes after adding the stop solution.

Ethical Clearance

The institutional ethics committee of University of Brawijaya approved the study (No. 209/EC/KEPK/07/2021) and also
ethical committee of Saiful Anwar General Hospital (No. 4000/011/K.3/302/2021). All of the patients participate in this
study provided informed consent that has been accordanced with the Declaration of Helsinki.

Data Analysis

The authors conducted the Mann—Whitney U-test to examine differences in TNF-a, IL-1B, and MCP-1 levels between
survivors and non-survivors. The association between levels of TNF-a, IL-1B, and MCP-1 with survival status was
multivariate analysed using logistic regression. In addition, the authors calculated values of the diagnostic test (sensi-
tivity, specificity, positive predictive value, negative predictive value) and accuracy of the test (the area under Receiver
Operator Characteristic curve) to describe TNF-a, IL-1B, and MCP-1 levels to predict mortality of COVID-19 patient.
All statistical analyses were conducted with IBM® Statistical Product and Service Solution™ for Windows version 25.0
with p-value <0.05 as a statistical significance level.
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Table | Characteristics of the Study Population

Characteristics Group of COVID-19 Patient p-value
Survivors (n=47; %) Non-Survivors (n=37; %)

Age (x+SD)* 56.1 £ 11.5 588 + 3.4 0.325

Sex (n (%))"

Male 40.4 378 0.809

Female 59.6 62.2

Comorbid (n (%))* 83.0 86.5 0.659

Hypertension? 298 27.0

STEMI? 43 0.0

Chronic Kidney Disease 43 29.7

Diabetes Mellitus 58.5 415

Cerebrovascular Accident 66.7 333

Overweight 53.8 46.2

Malignancy 8.5 2.7

HIV/AIDS 2.1 27

Cirrhosis of the Liver 0.0 2.7

Severity® 0.004*

Mild 12.8 2.7%

Moderate 388 16.2%

Severe 29.8 27.0%

Critically ill 9.1 54.1%

Notes: “Independent t-test; "Chi-square test; *Considered significance at p-value<0.05.

Results

Baseline Characteristic of the Research Subject

This study found 84 COVID-19 patients according to the inclusion and exclusion criteria from June 2020 to March 2021.
There were 47 (55.9%) survivors of COVID-19 and 37 (44.1%) of COVID-19 patients who were died (non-survivors).
Table 1 presents the characteristics of research subjects based on patient outcomes, namely survivors and non-survivors.

TNF-a, IL-1B, and MCP-1 Levels in Survivors and Non-Survivors in COVID-19

Patients

Measurement of TNF-a, IL-1B, and MCP-1 levels in the serum of COVID-19 patients was carried out on the first day of
hospitalisation (Table 2). The median levels of TNF-o, IL-1f, and MCP-1 in the non-survivor group of COVID-19
patients were significantly higher than those of COVID-19 survivors.

Meanwhile, Table 3 shows logistic regression modelling of the survival status of COVID-19 patients based on TNF-a,
IL-1pB, and MCP-1 levels were significant (p-value=0.024). The predictors of all cytokines had P Wald <0.05, so the three
cytokines could be used simultaneously to predict the survival status of COVID-19 patients. MCP-1 has the most
dominant relative risk (RR) value compared to TNF-a and IL-1f in predicting patient survival.

Table 2 Levels of TNF- and IL-1§ in the Survivors and Non-Survivors of COVID-19

Cytokine Group of COVID-19 Patient p-value**

Survivors (n=47)

Non-Survivors (n=37)

TNF-a (ng/L)

IL-1B (pg/L)
MCP-| (ng/L)

28.03 (15.30-50.76)*
665.36 (440.49-813.53)*
4127 (31.12-68.46)*

53.97 (18.16-98.49)*
939.0 (468.76-2185.82)*
86.13 (68.50-94.82)*

0.007
0.035
0.004

Notes: *Median (min-max) **Based on Mann—Whitney U-Test with o 5%.
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Table 3 Results of Multivariate Logistic Regression Analysis Between TNF-q, IL-13, and MCP-1 Level
with Survival Status Among COVID-19 Patients

Variables B P Wald Relative Risk (RR) 95% Confidence Interval
TNF-a 239 0.018 2.15 1.98-2.98

IL-1B 12.83 0.042 1.12 1.03-2.04

MCP-1 9.68 0.006 2.76 2.53-4.68
Constant —2.51 0.003

Notes: —2 Log Likelihood = 64.718; Goodness of Fit = 28.83; p-value = 0.024.

The accuracy of the three cytokines tests in predicting the death of COVID-19 patients can be seen in the following
description.

The Ability of TNF-a as a Predictor of Mortality of COVID-19 Patients

ROC curve analysis of TNF-a levels was carried out to determine the ability of this biomarker as a predictor of mortality.
The analysis results show that the area under the curve (AUC) is 0.685 with p-value=0.007 (Figure 1). Thus, the cut-off
value of TNF- a to predict patient mortality is 37.88 ng/L, with a sensitivity of 62.07%, specificity 68.89%, positive
predictive value (PPV) 56.25% and negative predictive value (NPV) 73.81%.

The Ability of IL-1P as a Predictor of Mortality of COVID-19 Patients

The ability of IL-1B was determined as a predictor of COVID-19 patient’s mortality, an analysis of the ROC curve of IL-
1B levels was carried out on the mortality of COVID-19 patients (Figure 2). The analysis results show that the area under
the curve (AUC) is 0.645, with a significance value of p=0.035. Furthermore, the analysis results show that the area
under the curve (AUC) is 0.645, with p-value=0.035. Thus, IL-1p levels predict the death of COVID-19 patients at the
cut-off point of 761.54 pg/L with a sensitivity of 59.46%, specificity 70.59%, PPV 68.75% and NPV 61.54%.

ROC Curve
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Figure 1 ROC curve of TNF-a levels on death of COVID-19 patients.
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Figure 2 ROC curve of IL-1B levels on death of COVID-19 patients.

The Ability of MCP-1 as a Predictor of Mortality of COVID-19 Patients

MCP-1 ability as a predictor of mortality in COVID-19 patients, an analysis of the ROC curve of MCP-1 levels on the
mortality of COVID-19 patients was carried out (Figure 3). The analysis results show that the area under the curve
(AUC) is 0.702 with a significance value of p=0.004. Therefore, MCP-1 levels predict the death of COVID-19 patients
with a cut-off value of 51.31 PPV 52.9% and NPV of 71.1%.

Discussion
Cytokine dysregulation has been identified as one of the major factors for poor prognosis in COVID-19.?® This cytokine
storm produces an exaggerated inflammatory response, particularly in the lungs, leading to ARDS, pulmonary oedema,
and multi-organ failure. Thus, pro-inflammatory factors play a central role in the severity of COVID-19, especially in
patients with co-morbidities.”**> An overactive and untreated immune response can be lethal in these situations,
suggesting that death in COVID-19 cases is likely due to this virus-driven hyper inflammation.*®

TNF-a is one of the cytokines that promote inflammation, including during SARS-CoV-2 infection. Of the 41 patients
suffering from COVID-19, 13 were admitted to the ICU due to severe COVID-19. The patients treated in the ICU had
higher IL2, IL7, IL10, GSCF, IP10, MCP-1, MIP1A, and TNF than non-ICU patients.>’ According to a cohort study
conducted by Del Valle et al, 1484 COVID-19 patients were followed up to 41 days after admission with a median of 8
days.”® They found that high serum levels of IL-6, IL-8 and TNF-a at the time of hospitalisation were strong and
independent predictors of patient survival. In addition, the investigators obtained a cut-off of 35 ng/L, where values
above the cut-off value had a high mortality rate.?®

We followed the patient’s condition for up to 28 days so that we got the patient outcomes in the form of survivors and
non-survivors. TNF-o was calculated on the first day the patient was admitted. The optimal cut-off value of TNF-a
obtained statistically was 37.88 ng/L. This cut-off value becomes a reference for calculating sensitivity, specificity,
positive and negative predictive values, and relative risk in the TNF-a examination. In this study, the median TNF-a in
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Figure 3 ROC curve of MCP-1 levels on death of COVID-19 patients.

non-survivor patients was higher than in survivors. The increase in TNF-a levels in non-survivor patients in this study
supports the results of a study conducted by Huang et al and Valle et al, where high levels of TNF-a were found in both
ICU-treated and deceased COVID-19 patients. In addition, TNF-a can also be an independent predictor of severity in
COVID-19 patients.**2°

Cytokine storm is positively correlated with disease severity. Cytokine storm conditions in COVID-19 patients have
been shown to increase the severity of COVID-19 disease so that it can increase the risk of death in COVID-19.%°
However, few studies prove the relationship of IL-1p with the death of COVID-19 patients. In this study, the mean levels
of IL-1PB were higher in the non-survivor group of COVID-19 patients than in the survivor group, which is consistent
with previous studies. The study by Nile et al on 27 severe COVID-19 patients analysed nine biomarkers (IL-1p, IL-2R,
IL-6, IL-8, IL-10, TNF-, CRP, Ferritin) and lymphocytes as pro-inflammatory biomarkers in COVID-19.%" This study
found that pro-inflammatory cytokines were increased in patients with severe COVID-19.

In addition, a study by Shang et al in 55 COVID-19 (mild-severe) patients admitted to the general ward and ICU
showed an increase in IL-1B levels.** The increase in IL-1p is significant and correlates with worsening the patient’s
condition, namely damage to lung tissue, respiratory failure, and death.?” Thus, an increase in IL-1 levels in COVID-19
patients can potentially be a predictor of death, wherein this study, IL-1p levels 761.54 pg/L had a sensitivity of 59.46%,
specificity 70.59%, positive predictive value 68.75%, a negative predictive value of 61.54% for death and an increase in
IL-1B levels of 1.12 times can increase the risk of death of COVID-19 patients.

Cytokine storm conditions in COVID-19 patients have been shown to increase the severity of COVID-19 disease so
that it can increase the risk of death in COVID-19.%*** However, few studies have proven the relationship between MCP-
1 and the mortality of COVID-19 patients. In this study, the mean MCP-1 level was higher in the non-survivor group of
COVID-19 patients than in the survivor group, consistent with previous studies. A study by Abers et al, on 175 COVID-
19 patients (mild-critical) analysed 66 soluble biomarkers with the severity of symptoms and mortality in COVID-19.%
CCL2/MCP-1 as a biomarker associated with monocyte/macrophage activation and NF«kB signalling increased COVID-
19 mortality compared to moderate-critical cases and healthy controls, and increased MCP-1 was associated with
mortality independently. In addition, a study by Anderberg et al, on 24 confirmed COVID-19 patients admitted to the
ICU showed that MCP-1 levels were correlated with the occurrence of respiratory failure, acute renal failure and death.”
Thus, an increase in MCP-1 levels can predict death in COVID-19, wherein this study, MCP-1 levels 51.31 ng/L had
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a sensitivity of 62.1%, specificity 62.8%, the positive predictive value of 52.9%, a negative predictive value of 71.1% for
mortality and an increase in MCP-1 levels 2.71 times increased the risk of death of COVID-19 patients. This study found
that the significant difference was obtained from the level of severity, not based on the risk factors and morbidity in
COVID-19 patients.

Conclusion

The levels of TNF-a, IL-1, and MCP-1 showed significant differences between survivors and non-survivors in COVID-
19 patients. Therefore, the levels of all three have strong potential as predictors of outcome for COVID-19 patients. In
addition, TNF-a, IL-1B, and MCP-1 as markers of acute systemic inflammatory cytokines can be measured at the
beginning of hospitalisation of COVID-19 patients for early diagnosis of disease severity so that healthcare professionals
can determine clinical guidance needs for therapeutic programs. Finally, the recovery of COVID-19 patients is expected
to increase.
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