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ABSTRACT

Background: The number of COVID-19 cases in Indonesia has continually increased since
the first cases appeared in March 2020. This disease is due to SARS-CoV-2 virus infection in
the respiratory system that induces an immune response. The innate and adaptive immune
response triggered the secretion of an excessive pro-inflammatory cytokine-caused cytokine
storm that became one of the mechanisms of acute respiratory distress (ARDS). The anti-
inflammatory cytokines (IL-10, IL-13, and IL-4) were secreted as the immune response in the
ARDS condition. Purposes: This study aims to determine the ratio of the IL-6/1L-10 profile as
basic information for the therapeutic approach to prevent ARDS. Methods: This cross-
sectional study used stored biological material in plasma form from COVID-19 patients in
Jakarta Islamic Hospital — Pondok Kopi and Dr. M. Goenawan Partowidigdo Hospital, Cisarua.
The plasmas were from severe (n=20) patients and mild to moderate severity (n=25). The
negative control sample was collected from 13 healthy subjects. Assessment of IL-10 levels in
plasma using ELISA technique. Results: Our analysis showed that 1L-10 has no statistical
difference between negative control, mild to moderate, and severe categories (p=0.629).
Meanwhile, the ratio IL-6/I1L-10 presented statistical differences between mild to moderate and
severe categories (p=0.011). The average ratio of IL-6/IL-10 in severe categories is two-fold
higher than in mild-moderate categories. Conclusion: We conclude that there is a cytokine
storm condition in severe COVID-19 patients with an imbalance ratio of pro-and anti-
inflammatory cytokines and could be used as basic information for drug development in
cytokine storm conditions to prevent ARDS.
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INTRODUCTION

Corona Virus Disease-19 (COVID-19) is an infectious disease in the human respiratory
system caused by the SARS-CoV-2 (Severe Acute Respiratory Syndrome Corona Virus-2)
virus / known as novel coronavirus. SARS-CoV-2 is a single-stranded RNA virus belonging to
a beta-corona family member and has genetic similarities with SARS-CoV and MERS (1).

Submitted: 10/17/2023; Accepted: 12/05/2023; Published: 03/31/2024. DOI: 10.24853/mmj.5.1.1-8 | 1


mailto:mmjfkk@umj.ac.id

Vol. 5 No. 1 Year 2024
jurnal.umj.ac.id/index.php/MMJ
mmjfkk@umj.ac.id

e-issn: 2721-317X

MM

IAMMADIYAH MEDICAL JOURNAL

——

Muhammadiyah Medical Journal

These viruses are transmitted from human to human and spread mainly from respiratory
droplets of infected persons in confined places to the oral cavity and mucosal epithelial cells in
the upper respiratory tract (2). The clinical symptoms of SARS-CoV-2 infection, such as fever,
dry cough, fatigue, anosmia, and shortness of breath, appear within two days - 14 days after
exposure (3). COVID-19 cases can be classified into four levels of severity: asymptomatic,
mild, moderate, and severe. The virus enters the nasal system by exhalation of respiratory
droplets from an infected individual or direct contact with a contaminated object. The virus
will propagate in the nasal system, increasing viral load and inducing an innate immune
response.

Furthermore, the virus migrates to the respiratory tract, and clinical symptoms such as
fever, cough, nausea, and other acute upper respiratory symptoms appear. This condition is
known as the mild category. Along with the mild and moderate phases, an innate and adaptive
immune response will induce the elimination of the virus and prevent worsening illness. An
impaired immune response to the virus may worsen the condition (4).

Migration of the SARS-CoV-2 virus from the upper respiratory to the lower respiratory
system may induce the progression of severity. The presence of Angiotensin-Converting
Enzyme 2 (ACE2) as the receptor for the SARS-CoV-2 virus in some system organs will result
in the binding between the virus and ACE2 (5). This binding causes infiltration into the cell
target, destruction of the cell, and clinical symptoms according to the organ target. This
condition triggers an adaptive immune response to recruiting macrophages, monocytes, and T
cells in response to infection. Suppose the immune response cannot resolve this infection. In
that case, the immune cell (macrophage and T cell) will secrete an excessive pro-inflammatory
cytokine (TNF-a, IL-6, IL-1, IL-8), causing ARDS and multi-organ failure (6). Some studies
showed that elevated IL-6 levels are related to the severity of COVID-19 and increased risk of
death (7-9). Age and various comorbid conditions, such as hypertension, asthma, diabetes,
vascular disease, and cancer, could role as risk factors in the progression of COVID-19 (10,11).

Pro-inflammatory cytokine or viral infection induced another immune response to release
an anti-inflammatory cytokine (IL-4, IL-10, TGF-b) by macrophages and T cells. The anti-
inflammatory cytokines suppress inflammation and neoplastic processes by activating specific
antigen T cells and inhibiting IFN-y production. However, severe complications could occur
in many infections due to excessive immune activation (12). Interleukin-10 (IL-10) is one of
the anti-inflammatory cytokine systems that regulate and suppress the expression of pro-
inflammatory cytokines during the infection recovery phase and consequently mitigate the
damage caused by pro-inflammatory cytokines (13). The dynamics of pro-and anti-
inflammatory cytokine levels may affect the degree of inflammation (14).

The dynamics in the immunological response to COVID-19 could be characterized by
two cytokines, IL-6 and IL-10, that move the balance of patients from non-severe to severe,
and hence evaluation of both markers is required to determine the line of diagnosis (15).
Measuring the IL-6/1L-10 ratio will be crucial in identifying individuals more likely to undergo
the progression of severity and taking the required precautions. Therefore, this study aims to
result in a pro-and anti-inflammatory cytokine profile in COVID-19 patients with different
severity that can be used to determine the specific treatment and as basic information for a
therapeutic approach to prevent the ARDS and worsening condition.
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METHODS

Study Design

This study design was an observational-analytical study, using samples of stored biological
material in the form of plasma samples from COVID-19 patients. The samples were from
COVID-19 patients in Islamic Pondok Kopi Hospital and DR. Goenawan Partowidigdo
Hospital. The whole blood samples were collected in the previous study, and separated plasma
was kept as stored biological material. In the last study, blood samples were collected on the
first day of hospitalization or during the period of hospital treatment. The plasma sample was
separated on the same day as the collected blood sample.

The plasma samples were from mild to moderate (n=25) and severe (n=20) patients.
The negative control sample was from healthy subjects (n=13). The severity of patients was
assessed on the first day of hospitalization or classified during the period of hospital treatment
following the patient's current condition. The severity classification is as follows: Mild severity
was a patient confirmed COVID-19 with upper respiratory system infection symptoms such as
cough, fever, nausea, and fatigue, with or without anosmia. In moderate severity, the patient
confirmed COVID-19 with clinical symptoms of pneumonia (fever, cough, shortness of breath,
quick breath) and used nasal oxygen as breathing support. The severe severity was the patient
confirmed COVID-19 with a lower respiratory infection with shortness of breath, pneumonia
profile, and using a ventilator as breathing support.

The inclusion criteria were adult-geriatric COVID-19 hospitalized patients who
consented to the blood collecting. The blood samples were collected on the first day of
hospitalization, and the plasma sample was separated on the same day as the collected blood
sample. The exclusion criteria were people who confirmed COVID-19 with PCR tests and were
not hospitalized, pediatric COVID-19 hospitalized patients, and an adult—geriatric COVID-19
hospitalized patient who did not consent to the blood sampling. The Ethics Committee
University of Muhammadiyah Prof. DR. HAMKA approved this study (KEPKK
/FK/001/08/2020).

Assessment of 1L-10 in Plasma

The ELISA technique measured IL-10 in the plasma samples, based on literature measuring
the anti-inflammatory cytokines in plasma (13,14,16). The measurement procedure followed
the ELISA Kit insert package manual (Fine Test™/® ELISA kit).

Statistical Analysis

Study results were analyzed statistically by IBM SPSS-22 software. The Kolmogorov-Smirnov
test assessed the normality data results. The IL-10 data results were compared among severity
groups and analyzed using the Kruskal-Wallis test. The IL-6/IL-10 ratio among groups was
analyzed using a one-way ANOVA test. The comparison between mild to moderate severity
was analyzed using an independent t-test and a Tukey test. Values of p<0.05 are shown as
significant statistically.
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RESULTS
IL-10 Levels

Figure 1 shows the distribution of IL-10 levels in the various levels of severity of
COVID-19. The average IL-10 levels in the negative control, mild to moderate, and severe
groups were 116.625 pg/mL, 108.325 pg/mL, and 87.313 pg/mL. The IL-10 levels were not
distributed normally by the Kolmogorov-Smirnov normality test. This study results show that
the difference in IL-10 levels between severity groups was not statistically significant (p=
0.579) based on the Kruskal-Wallis test. The highest IL-10 level in the mild to moderate group
was 2-fold from the highest IL-10 level in the severe group. In addition, the average I1L-10
levels in the severe group are lower than in the mild to moderate group and negative controls.
Statistical analysis showed a negative correlation between the IL-10 levels and severity with
the r count (-0.068) < r table (0.254). The IL-10 levels decreased insignificantly with increasing
levels of severity. The decrease of IL-10 levels may be associated with elevated IL-6 levels,
resulting in elevated pro-and anti-inflammatory cytokine ratios and a cytokine storm.
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Figure 1. Distribution of the IL-10 levels in the negative control, mild to moderate, and severe categories.

Ratio of IL-6/1L-10

The IL-6/1L-10 ratio profile could become one predictor of disease progression. The average
IL-6/IL-10 ratio in the negative control, mild to moderate, and severe categories were 1.53,
1.63, and 3.4, respectively (Figure 2). Statistical analysis showed that the IL-6/1L-10 ratio was
distributed normally. In addition, one-way ANOVA analysis showed significant differences in
the IL-6/I1L-10 ratio among groups (p=0.009). Meanwhile, there were no significant differences
in the IL-6/I1L-10 ratio between the negative control and the mild to moderate group. Moreover,
this study showed a significant difference in the IL/6/IL-10 ratio between mild to moderate and
severe categories (p<0.05) based on independent t-test analysis and the Tukey test. The high
level of IL-10 caused the smallest ratio of IL-6/IL-10 in the negative control category. Another
clinical condition of the subject can cause these results. In addition, some samples in the mild
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to moderate category resulted in an IL-6/1L-10 ratio of more than one. It showed that the IL-6
levels in those samples were higher than the IL-10 levels.
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Figure 2. The ratio of IL-6/IL-10 in the negative control, mild to moderate, and severe categories.

Study results showed that 41 samples had an IL-6/IL-10 ratio higher than 1. In the mild
to moderate group, 18 (72%) samples showed IL-6/IL-10 ratio > 1. Furthermore, 15 samples
(75%) in the severe group presented IL-6/1L-10 ratio > 1. It shows that the IL-6 level and IL-
10 level ratio are increased. The higher IL-6 levels than IL-10 levels could predict clinical
outcomes in COVID-19 patients. Meanwhile, only one sample has an IL-6/IL-10 ratio close to
1. These findings indicate that those patients may have a lower risk of experiencing worsening
conditions based on the balance of IL-6 and IL-10 levels.

DISCUSSION

SARS-CoV-2 virus infection triggered an innate and adaptive immune response by its
cytopathic nature. An innate immune response may cause disease in patients with
asymptomatic and mild severity. The innate immune response is the primary guard in
recognizing and fighting infection after viral entry (17). Moreover, an effective adaptive
immune response could develop 2 — 3 weeks after virus exposure and be able to eliminate the
virus. This immune response activation depends on the ability to recognize antigens by
antibodies and or T-cells. In patients with severe conditions, the progression of an adaptive
immune response may disrupt the first-line defense mechanisms. The virus-induced cell
damage in infected tissues caused inflammation and secreted cytokines pro-inflammatory such
as IL-6, IL-1b, TNF-a, and IL-1 (17). Another immune response secreted an anti-inflammatory
cytokine in response to inflammation. I1L-10 is an anti-inflammatory cytokine that suppresses
Th-1 responses (18). The IL-10 function has many different and sometimes contradictory
effects, such as suppressing and promoting inflammation and innate and adaptive immune
responses.
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This study shows that IL-10 levels are highly expressed in the mild to moderate group
than in the severe group. The IL-10 exerts potent anti-inflammatory responsible for controlling
the immune system's homeostatic balance. Impairment of IL-10 concentration may affect the
immune response and severity of patients. A study by de Brito et al. showed the same result as
ours, with the I1L-10 levels in the severe group being lower than in the mild to moderate group
(9). Merza et al.'s studies also showed that the IL-10 levels in the severe group were lower than
in the moderate and control group (19). The IL-10 results in this study may be different from
others' studies. Contrary to Han et al., Huang et al., and Zhao et al., studies showed elevated
IL-10 levels in serum in severe patients (8,20,21). Lu et al. study also stated that IL-10 is a pro-
inflammatory cytokine based on the serum levels in critical patients (22). These different
results may show the contradictory function of IL-10 in COVID-19 patients.

Mortality in COVID-10 patients is caused by severe pneumonia and cellular damage
mediated by proinflammatory mediators (23). Therefore, the IL-6 and IL-10 concentrations are
frequently associated with the mortality of COVID-19 patients. The IL-10 is secreted during
prolonged infection to maintain the homeostasis of the immune response. Considering the
dynamics of pro-and anti-inflammatory cytokines in the role of an immune response, this study
showed the elevated IL-6/IL-10 ratio in severe patients. Azaiz et al.'s study also presented an
elevated IL6/IL-10 ratio in critical COVID-19 patients. These results could be one of the
reasons for the occurrence of cytokine storms in ARDS conditions because of the insufficient
level of anti-inflammatory cytokines in suppressing the proinflammatory cytokines, thus
becoming one of the triggers for the deterioration of the COVID-19 patient's condition.

Data from several studies have revealed the balance between hyperinflammatory
response and anti-inflammatory response role in the course of the disease (20,21,24).
Depending on the IL-6/1L-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 the mild to
moderate group, 72% of the sample presented an IL-6/I1L-10 ratio > 1. These results show an
elevated pro-and anti-inflammatory cytokines ratio. The IL-6 levels were increased with no
enhancement of IL-10 levels. This increase could trigger the progression of the disease to
severe conditions. Previous studies from Sari et al. showed the highest average levels of IL-6
among groups were in a severe category (7). The IL-6/IL-10 ratio could be a marker of the
progression severity of COVID-19 patients. Moreover, IL-10 can be a potential targeted
therapy in COVID-19 patients, especially in cytokine storm conditions, to decrease mortality.
The pro- and anti-inflammatory data results contributed as supporting data for drug
development in cytokine storm conditions. This study's limitation was the lack of other pro-
and anti-inflammatory cytokines data and biochemical data parameters to compare with the
severity. In addition, factors such as age, nutritional status, and comorbidities or physiological
conditions also contributed to increasing cytokine production and need to be considered. This
study defines that the ratio of IL-6/IL-10 in the severe group was abnormal compared to the
negative control group from healthy subjects. To produce a comprehensive result, further
research should be conducted using clinical laboratory parameters, including complete blood
examination and biochemical parameters.
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CONCLUSION

The mild to moderate category had greater IL-10 levels than the severe category, but no
statistically significant difference existed between the groups. The IL-6/IL-10 ratio in the
severe categories was two-fold higher than in the mild to moderate categories. The ratio of pro-
to-anti-inflammatory cytokines increased, which may be utilized as fundamental information
for treatment approaches to avoid ARDS and worsening conditions.

ACKNOWLEDGMENTS

We thank all staff of Jakarta Islamic Hospital, Pondok Kopi, Jakarta, Dr. M Goenawan
Partowidigdo Pulmonary Hospital, Bogor, thank our Dean, Dr. dr. Wawang S Sukarya, Sp.OG,
MARS, MH.Kes who supported this study as well, and also thanks to all those who contributed
to this study.

CONFLICT OF INTEREST
This study has no conflict of interest.

REFERENCES

1. Sanders JM, Monogue ML, Jodlowski TZ, Cutrell JB. Pharmacologic Treatments for
Coronavirus Disease 2019 (COVID-19): A Review. JAMA - J Am Med Assoc.
2020;323(18):1824-36.

2. Funk CD, Laferriere C, Ardakani A. A Snapshot of the Global Race for Vaccines
Targeting SARS-CoV-2 and the COVID-19 Pandemic. Front Pharmacol.
2020;11(June):1-17.

3. Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical and immunological
features of severe and moderate coronavirus disease 2019. J Clin Invest.
2020;130(5):2620-9.

4. Newton AH, Cardani A, Braciale TJ. The host immune response in respiratory virus
infection: balancing virus clearance and immunopathology. Semin Immunopathol.
2016;38(4):471-82.

5. Aleksova A, Gagno G, Sinagra G, Beltrami AP, Janjusevic M, Ippolito G, et al. Effects
of sars-cov-2 on cardiovascular system: The dual role of angiotensin-converting enzyme
2 (ace2) as the virus receptor and homeostasis regulator-review. Int J Mol Sci.
2021;22(9):1-14.

6. Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of COVID-19: immunity,
inflammation and intervention. Nat Rev Immunol. 2020;20(6):363—74.

7. Sari SDP, Mawanti WT, Martalena D, Listiyaningsih E, Avissa R, Latifah R, et al. Pro-
inflammatory cytokine ( IL-6 ) and total count lymphocyte profiles in COVID-19
patients with different severity levels. 2021;53(3):218-25.

8. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet (London, England). 2020
Feb;395(10223):497-506.

9. de Brito R de CCM, Lucena-Silva N, Torres LC, Luna CF, Correia J de B, da Silva GAP.
The balance between the serum levels of IL-6 and IL-10 cytokines discriminates mild

Submitted: 10/17/2023; Accepted: 12/05/2023; Published: 03/31/2024. DOI: 10.24853/mmj.5.1.1-8 | 7


mailto:mmjfkk@umj.ac.id

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Vol. 5 No. 1 Year 2024
jurnal.umj.ac.id/index.php/MMJ
mmjfkk@umj.ac.id

e-issn: 2721-317X

VML

MUHAMMADIYAH MEDICAL JOURNAL
——

Muhammadiyah Medical Journal

and severe acute pneumonia. BMC Pulm Med. 2016;16(1):19-21.

Hussman JP. Cellular and Molecular Pathways of COVID-19 and Potential Points of
Therapeutic Intervention. Front Pharmacol. 2020;11(July):1-17.

Z W, JM M. Characteristics of and important lessons from the coronavirus disease
2019(COVID-19) outbreak in China. Jama. 2020;2019:10.1001/jama.2020.2648.
Catanzaro M, Fagiani F, Racchi M, Corsini E, Govoni S, Lanni C. Immune response in
COVID-19: addressing a pharmacological challenge by targeting pathways triggered by
SARS-CoV-2. Signal Transduct Target Ther. 2020;5(1).

Céardenas DM, Sanchez AC, Rosas DA, Rivero E, Paparoni MD, Cruz MA, et al.
Preliminary analysis of single-nucleotide polymorphisms in IL-10, IL-4, and IL-4Ra
genes and profile of circulating cytokines in patients with gastric Cancer. BMC
Gastroenterol. 2018;18(1):1-13.

Nielsen HG, @ktedalen O, Opstad P-K, Lyberg T. Plasma Cytokine Profiles in Long-
Term Strenuous Exercise. J Sports Med. 2016;2016:1-7.

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

Polz-Dacewicz M, Strycharz-Dudziak M, Dworzanski J, Stec A, Kocot J. Salivary and
serum IL-10, TNF-a, TGF-B, VEGF levels in oropharyngeal squamous cell carcinoma
and correlation with HPV and EBV infections. Infect Agent Cancer. 2016;11(1):1-8.
Makaremi S, Asgarzadeh A, Kianfar H, Mohammadnia A, Asghariazar V, Safarzadeh
E. The role of IL-1 family of cytokines and receptors in pathogenesis of COVID-19.
Inflamm Res. 2022;71(7):923-47.

Nagata K, Nishiyama C. IL-10 in mast cell-mediated immune responses: Anti-
inflammatory and proinflammatory roles. Int J Mol Sci. 2021;22(9).

Merza MY, Hwaiz RA, Hamad BK, Mohammad KA, Hama HA, Karim AY. Analysis
of cytokines in SARS-CoV-2 or COVID-19 patients in Erbil city, Kurdistan Region of
Irag. PL0S One. 2021;16(4 April):1-7.

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

Liu J, Li S, Liu J, Liang B, Wang X, Wang H, et al. Longitudinal characteristics of
lymphocyte responses and cytokine profiles in the peripheral blood of SARS-CoV-2
infected patients. EBioMedicine. 2020 May;55:102763.

Lu L, Zhang H, Zhan M, Jiang J, Yin H, Dauphars DJ, et al. Preventing Mortality in
COVID-19 Patients: Which Cytokine to Target in a Raging Storm? Front Cell Dev Biol.
2020;8(July):1-8.

Lu L, Zhang H, Dauphars DJ, He YW. A Potential Role of Interleukin 10 in COVID-19
Pathogenesis. Trends Immunol. 2021;42(1):3-5.

Azaiz M Ben, Jemaa A Ben, Sellami W, Romdhani C, Ouslati R, Gharsallah H, et al.
Deciphering the balance of IL-6/IL-10 cytokines in severe to critical COVID-19
patients. Immunobiology. 2022 Jul;227(4):152236.

Submitted: 10/17/2023; Accepted: 12/05/2023; Published: 03/31/2024. DOI: 10.24853/mmj.5.1.1-8 | 8


mailto:mmjfkk@umj.ac.id

