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Abstract 

Background: Cytokine release syndrome (CRS) plays a central role in disease progression, driven 
by pro-inflammatory cytokines such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), as 
well as neuroendocrine stress markers such as copeptin. Perbandingan langsung biomarker 
copeptin, IL-6, dan TNF-α sangat penting untuk mengidentifikasi prediktor hasil COVID-19 yang 
paling andal, terutama pada kasus sedang hingga berat. This retrospective clinical study aimed to 
evaluate the correlation of copeptin, IL-6, and TNF-α levels with the clinical outcomes of patients 
with moderate to severe COVID-19. 

Methods: The study included patients who met the selection criteria and provided written informed 
consent. A sample size of 41 was determined via power analysis to achieve 80% power at a 0.05 
significance level. Consecutive sampling was employed to select participants. The study utilized 
medical records of patients with moderate to severe COVID-19 who underwent copeptin, IL-6, and 
TNF-α testing. Correlation analyses and Bonferroni corrections were performed using SPSS® ver. 
21. 

Results: Results revealed a moderate positive correlation between copeptin levels and patient 
outcomes (Bonferroni correlation=0.597; P<0.001). A weak positive correlation was observed 
between IL-6 levels and outcomes (Bonferroni correlation=0.239; P=0.055), while a negligible 
positive correlation was found for TNF-α levels (Bonferroni correlation=0.140; P=0.177), which was 
not statistically significant. 

Conclusion: Copeptin emerged as a more sensitive biomarker for predicting the outcomes of 
COVID-19 patients. Elevated copeptin levels were associated with a poorer prognosis. 
Furthermore, its stability in serum renders copeptin a more sensitive biomarker than IL-6 and TNF-
α. 
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INTRODUCTION  

 
The COVID-19 severity ranges from 

asymptomatic to life-threatening cases, such as 

acute respiratory distress syndrome (ARDS), which 

affects about 16% of hospitalized patients with 

severe pneumonia and markedly increases 

mortality.1–3 Cytokine release syndrome (CRS), as a 

hyperinflammatory response, plays a central role in 

disease progression, driven by pro-inflammatory 

cytokines such as interleukin-6 (IL-6), tumor necrosis 

factor-alpha (TNF-α), as well as neuroendocrine 

stress markers such as copeptin.4,5 TNF-α, produced 

by monocytes and macrophages, binds to TNFR1 to 

regulate cell death and immune cell recruitment, 

activates NF-κB, and promotes inflammation—

processes that, when excessive, can worsen 

COVID-19 outcomes.6,7 

The inflammatory response in COVID-19, 

including pain and stress, activates the 

hypothalamic-pituitary axis and triggers arginine 

vasopressin (AVP) secretion. Lung damage, 

hypoxia, and cytokines like IL-6 can further elevate 

AVP, impairing cardiac function.6,8 This leads to 

elevated copeptin levels—a stable surrogate marker 

of AVP activity—which have been found to be 

significantly higher in severe COVID-19, indicating its 

prognostic potential.6  

A direct comparison of the biomarkers 

copeptin, IL-6, and TNF-α is crucial for identifying the 

most reliable predictor of COVID-19 outcomes, 

particularly in moderate-to-severe cases. 

Furthermore, evidence regarding the role of 
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inflammatory markers in COVID-19 was growing, but 

research directly comparing copeptin, IL-6, and TNF-

α remains limited. Therefore, this study aimed to 

compare these biomarkers to identify the most 

reliable predictor of outcomes in moderate to severe 

COVID-19 patients and to elucidate the role of TNF-

α in modulating the host immune response to SARS-

CoV-2 infection.  

 

METHODS  
 

This retrospective clinical study was 

conducted at Dr. Moewardi General Hospital, 

Surakarta, between October 2021 and March 2022, 

focusing on COVID-19 patients suspected of 

harboring the Omicron variant. The patient selection 

process was based on symptom severity, age, and 

confirmed COVID-19 diagnosis. Blood samples were 

collected and analyzed at the Clinical Pathology 

Laboratory of Dr. Moewardi General Hospital 

between the 5th and 7th days after symptom onset 

to capture the peak immune response. 

Inclusion criteria for this study were adults 

(≥18 years) with confirmed moderate to severe 

COVID-19. Critically ill patients were directly 

categorized into the severe group. Moderate cases 

presented with pneumonia signs (fever, cough, 

dyspnea, respiratory rate ≥30/min) and SpO2 >93%, 

while severe cases exhibited similar symptoms with 

SpO2 <93% or severe respiratory distress.  

Eleven patients with other infections or 

cytokine-altering conditions were excluded. A total of 

41 patients (23 females, 18 males) met the criteria 

and provided consent. Consecutive sampling was 

applied, and power analysis confirmed that 41 

participants provided 80% power at a 0.05 

significance level. 

Blood samples were separated into serum and 

plasma for analysis. The plasma samples were 

analyzed in the Clinical Pathology Laboratory of Dr. 

Moewardi General Hospital, and the tests were 

performed between the 5th and 7th days after 

symptom onset to ensure that immune responses 

were adequately represented. Nasopharyngeal 

swabs were collected from each participant and 

tested via PCR to confirm the diagnosis of COVID-

19 and the presence of the Omicron variant. All blood 

samples were stored at -80°C until further analysis. 

The copeptin levels were measured using the 

Human Copeptin ELISA Kit (ARG81384), with a 

normal reference range for copeptin being 1.70–

11.25 pmol/L.12 IL-6 levels were assessed using the 

Demeditec Interleukin-6 Human ELISA (DE2132) kit, 

with a normal reference range for IL-6 being 0-43.5 

pg/ml. TNF-α levels were determined using the 

Human TNF-α ELISA Kit (Invitrogen Cat #A35601), 

with a normal reference range for TNF-α of 

approximately 24.47 pg/mL.6 

Data were collected from the hospital’s 

medical records, and all patient data were 

anonymized for analysis. Statistical analysis was 

performed using SPSS® version 21. Descriptive 

statistics, including frequency distributions, means, 

and standard deviations, were used to summarize 

patient characteristics. Correlation analysis was 

performed using Pearson’s or Spearman’s tests as 

appropriate, with multiple comparisons adjusted 

using the Bonferroni correction to control for type I 

errors. Results were presented as narratives, 

frequency tables, and graphs describing the 

relationships between copeptin, IL-6, TNF-α, and 

clinical outcomes (mortality status). The significance 

threshold was set at P<0.05. 

 

RESULTS 

 
The characteristics of the research subjects 

are summarized in Table 1. The study population 

consisted of 23 females (56.1%) and 18 males 

(43.9%). The majority of patients were adults under 

60 years old (73%), with the majority of severity 

classified as moderate in 63% of patients. Of the 41 

patients, 25 (60.9%) survived, while 16 (39.1%) 

passed away during the treatment period. 

Hypertension was the most prevalent comorbidity, 

found in 39.1% of the cohort. 

Figures 1, 2, and 3 show the distribution of 

copeptin, IL-6, and TNF-α levels in patients with 

COVID-19, with confirmed omicron infection. The 

values for each biomarker varied widely among 
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participants. 

 
Table 1. Demographic and Clinical Characteristics of Research 

Subjects 

Variable n (%) 

Age  

Adult (<60 years old) 30 (73.0%) 

Elderly (≥60 years old) 11 (27.0%) 

Gender  

Male 18 (43.9%) 

Female 23 (56.1%) 

Severity  

Moderate 26 (63.0%) 

Severe 15 (37.0%) 

Outcome  

Survived 25 (60.9%) 

Died 16 (39.1%) 

Comorbidity  

Diabetes Mellitus (DM) 10 (23.9%) 

Hypertension 16 (39.1%) 

Cardiovascular 0 (0.0%) 

Chronic Acute Lung Disease 5 (13.0%) 

Malignancy 5 (13.0%) 

Liver Disorders 2 (4.3%) 

Renal Disease 0 (0.0%) 

Pregnancy 0 (0.0%) 

Cerebrovascular 1 (2.2%) 

Fracture 4 (10.9%) 

HIV/AIDS 1 (2.2%) 

Anemia 11 (26.1%) 

Without Comorbid 8 (19.6%) 

 

Copeptin levels ranged from 0.06 pmol/L 

(found in a 50-year-old male, moderate case) to 4.6 

pmol/L (found in a 71-year-old male, critical case). IL-

6 levels ranged from 2 pg/mL (found in a 40-year-old 

male, moderate case) to 456 pg/mL (found in a 61-

year-old male, critical case), while TNF-α levels 

ranged from 3.43 pg/mL (found in a 44-year-old 

male) to 434.03 pg/mL (fpund in a 56-year-old 

female, critical case). Among 41 patients, 25 patients 

(60.9%) survived, and 16 patients (39.1%) died 

during treatment. 

 

 
Figure 1. Copeptin parameters in COVID-19 patients 

Figure 2. IL-6 parameters in COVID-19 patients 
 

 
Figure 3. IL-6 parameters in COVID-19 patients 

 
Correlation analysis demonstrated a 

significant moderate positive correlation between 

copeptin levels and outcomes (r=0.597; P<0.001), a 

weak and non-significant correlation between IL-6 

and outcomes (r=0.239; P=0.055), and a negligible 

and non-significant correlation between TNF-α and 

outcomes (r=0.140; P=0.177). 

 
Table 2. Bonferroni analysis between Copeptin, IL-6, and TNF-α 

in the outcome of COVID-19 patients 

 Copeptin 
(pmol/L) 

IL6 
(pg/ml) 

TNF- α 
(pg/mL) 

Outcome    

Bonferroni 

Correlation 
0.597 0.239 0.140 

P 0.0001* 0.055 0.177 

Copeptin (pmol/L)    

Bonferroni 

Correlation 
--- 0.044 -0.039 

P --- 0.385 0.398 

IL6 (pg/ml)    

Bonferroni 

Correlation 

--- --- 
0.925 

P --- --- 0.0001* 

TNF-α (pg/ml)    

Bonferroni 

Correlation 

--- 
0.925 

--- 

P --- 0.0001* --- 

Note: *significant with P<0.05 
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DISCUSSION 
 

This study evaluated the correlations of IL-6, 

TNF-α, and copeptin with clinical outcomes. 

Multivariate regression was not conducted due to 

limited samples and data constraints. Disease 

severity and outcomes were assessed based on 

cytokine levels, with IL-6 as a key inflammatory 

mediator. COVID-19 patients showed lower IL-6 

levels than those with sepsis, ARDS, or CAR-T CRS. 

IL-6 signaling involves sgp130 (anti-inflammatory) 

and trans-signaling (proinflammatory) pathways. 

Elevated IL-6 and TNF indicate ongoing immune 

activation and persistent inflammation.9–11 

Lowering TNF levels influences IL-6, IL-1, 

adhesion molecules, and VEGF, which are elevated 

in COVID-19 patients.12 IL-6, a key cytokine in 

macrophage activation syndrome (MAS), is 

increased in both mild and severe cases, while TNF 

inhibitors have shown therapeutic potential. VEGF 

and adhesion molecules also contribute to pulmonary 

capillary leakage. Several hormones, including AVP 

and cortisol, mediate stress via the hypothalamic-

pituitary axis; copeptin, a stable AVP precursor, is 

easily measurable.9  

Correlation analysis showed a significant 

relationship between copeptin and outcomes 

(r=0.597; P<0.001), while IL-6 (r=0.239; P=0.055) 

and TNF-α (r=0.140; P=0.177) showed no statistically 

significant correlation. These findings align with 

Hammad et al, identifying a 20 pmol/L copeptin cut-

off (88.2% sensitivity, 64.9% specificity), which 

reinforces its value as a COVID-19 severity 

biomarker.10 Elevated non-osmotic AVP release may 

also explain antidiuretic hormone dysregulation in 

COVID-19 pneumonia.11,13,14 

Multiple studies report elevated absolute 

neutrophil counts (ANC) and reduced circulating T 

cells in severe COVID-19.15,16 Our findings align and 

show higher ANC associated with severe cases, 

likely influenced by IL-6 and TNF-α. Elevated IL-6 

activates the hypothalamic-pituitary axis and 

increases AVP/copeptin and CRH release. Copeptin 

levels are known to rise in acute infections, especially 

pneumonia, and are higher in patients with positive 

blood cultures.17–21 In this study, copeptin correlated 

positively but not significantly with IL-6.  

Besides that, this study found a very low, non-

significant correlation between TNF-α and patient 

outcomes (r=0.140; P=0.177), which is different from 

Al-Salam et al, who identified TNF-α as a significant 

link to COVID-19 severity.22 TNF-α, as a key mediator 

of inflammation and immune regulation, also drives 

cytokine synthesis. Dysregulated TNF-α signaling 

may contribute to cytokine release syndrome (CRS). 

TNF activates tissue factors in monocytes and 

endothelial cells, promoting clotting and increasing 

plasminogen activator inhibitor levels, which 

suppress fibrinolysis. Hence, the frequent need for 

anticoagulants in COVID-19.5,23  

In a study of 54 patients, monocytes 

continuously produced TNF-α and IL-6, so those with 

SARS-CoV-2 pneumonia and SRF showed 

excessive cytokine production and lymphocyte 

dysregulation, including reduced CD4+ T and B cells. 

Elevated TNF-α can worsen viral infections, while 

anti-TNF therapy in mice show reduces inflammation 

and disease severity. TNF-α inhibitors also modulate 

effector and regulatory T cell balance in autoimmune 

diseases such as psoriasis, RA, and IBD.7 

TNF regulates inflammatory proteins beyond 

C-reactive protein and serum amyloid A. TNF-

targeting aptamers have been shown to improve 

LPS-induced acute lung injury by reducing neutrophil 

infiltration, alveolar leakage, and cytokine expression 

while increasing oxygen saturation. Excessive 

inflammation, such as cytokine storms, causes 

severe tissue damage in COVID-19. Combined TNF-

α and IFN-γ activation induces strong cell death via 

the JAK/STAT1/IRF1 pathway, with death rates 

correlating to cytokine levels. Blocking TNF-α–

mediated pathways may help limit inflammatory cell 

death and tissue injury.24 

This study supports previous findings that 

higher copeptin levels correlate with COVID-19 

severity and poor prognosis.25 Copeptin showed a 

stronger correlation with patient outcomes than IL-6 

or TNF-α. Elevated copeptin was linked to worse 

prognosis, while IL-6 showed only a low, near-

significant correlation (r=0.239; P=0.055), differing 
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from Mehta et al., who found IL-6 strongly associated 

with disease severity.26 This study suggests that IL-6 

is a less sensitive biomarker for COVID-19 outcomes 

compared to copeptin, with low correlation strength.  

Copeptin emerged as the strongest biomarker 

in this study due to its in vitro stability, long half-life 

from glycosylation, and multiple epitopes enabling 

reliable immunoassay detection, making it an ideal 

surrogate for vasopressin release.23 Its presence 

indicates an adverse inflammatory response that 

activates the hypothalamic-pituitary axis to secrete 

AVP.6 In contrast, TNF-α and IL-6 are 

proinflammatory mediators regulating cell death and 

immune cell recruitment.27  

Copeptin reflects stress responses and 

correlates with cytokines like IL-6 and TNF-α. It has 

been used to monitor critically ill patients and predict 

outcomes in pneumonia and COPD, outperforming 

traditional indicators.12,25 Adverse COVID-19 

outcomes occur only with excessive or prolonged 

TNF-α and IL-6 signaling. Thus, their elevation alone 

doesn’t always indicate severe infection. Serum 

copeptin can serve as a practical, reliable biomarker 

for predicting poor outcomes in moderate to severe 

COVID-19, aiding prognosis and mortality 

reduction.28 

 

LIMITATION 

 
This study has several limitations, including its 

retrospective design and small sample size (n=41), 

which restrict the generalizability of the findings. 

Additionally, as a single-center study conducted 

solely at Dr. Moewardi General Hospital, the external 

validity of the results may be limited. Unaccounted 

confounding variables may have also influenced the 

observed correlations. Future research should 

prioritize large-scale, prospective, multi-center 

studies involving diverse populations to validate 

these findings and further elucidate the prognostic 

value of copeptin in COVID-19. 

 

CONCLUSION  
 

Copeptin emerged as a superior predictive 

biomarker for clinical outcomes in moderate to 

severe COVID-19 patients compared to IL-6 and 

TNF-α. Elevated copeptin levels were significantly 

associated with poor prognosis. In contrast, IL-6 

exhibited only a weak, non-significant correlation 

with patient outcomes, while TNF-α demonstrated no 

significant association with disease severity. These 

findings highlight copeptin’s potential as a robust 

prognostic marker, supporting its clinical utility in the 

management and risk stratification of COVID-19 

patients. 

 

FUNDING 

 
This research was funded by grants from 

Universitas Sebelas Maret (No 

228/UN27.22/PT.01.03/2023). 

 

REFERENCES 
 
1. Abdelmoaty MM, Yeapuri P, Machhi J, Olson 

KE, Shahjin F, Kumar V, et al. Defining the 

innate immune responses for SARS-CoV-2-

Human macrophage interactions. Front 

Immunol. 2021;12:741502. 

2. Duan K, Liu B, Li C, Zhang H, Yu T, Qu J, et al. 

Effectiveness of convalescent plasma therapy 

in severe COVID-19 patients. Proc Natl Acad 

Sci U S A. 2020;117(17):9490–6. 

3. Guan W jie, Ni Z yi, Hu Y, Liang W hua, Ou C 

quan, He J xing, et al. Clinical characteristics of 

coronavirus disease 2019 in China. N Engl J 

Med. 2020;382(18):1708–20. 

4. Li X, Raventós B, Roel E, Pistillo A, Martinez-

Hernandez E, Delmestri A, et al. Association 

between covid-19 vaccination, SARS-CoV-2 

infection, and risk of immune mediated 

neurological events: Population based cohort 

and self-controlled case series analysis. BMJ. 

2022;376:e068373. 

5. Zawawi ZM, Kalyanasundram J, Mohd Zain R, 

Thayan R, Basri DF, Yap WB. Prospective roles 

of tumor necrosis factor-alpha (TNF-α) in 

COVID-19: Prognosis, therapeutic and 

management. Int J Mol Sci. 2023;24(7):6142. 

6. Thermo Fisher Scientific. Human TNFα instant 

ELISA kit user guide. 2019. 



Harsini: Comparative Analysis of Copeptin, IL-6, and TNF-α as Predictive Biomarkers for Clinical Outcome in Moderate to Severe COVID-19 
Patients 

 

 
46           J Respir Indo Vol. 46 No. 1, 2026 

7. Chen KY, Chang CY, Hsu HJ, Shih HJ, Huang 

IT, Patel HH, et al. Tumor necrosis factor-α 

mediates lung injury in the early phase of 

endotoxemia. Pharmaceuticals. 

2022;15(3):287. 

8. Reviono. Pneumonia: Adakah tempat untuk 

pemberian antinflamasi. 1st ed. Harsini, editor. 

Surakarta: UNS Press; 2017. 

9. Du JM, Sang G, Jiang CM, He XJ, Han Y. 

Relationship between plasma copeptin levels 

and complications of community-acquired 

pneumonia in preschool children. Peptides 

(NY). 2013;45:61–5. 

10. Hammad R, Elshafei A, Khidr EG, El-Husseiny 

AA, Gomaa MH, Kotb HG, et al. Copeptin: A 

neuroendocrine biomarker of COVID-19 

severity. Biomark Med. 2022;16(8):589–97. 

11. Azam M, Sulistiana R, Ratnawati M, Fibriana 

AI, Bahrudin U, Widyaningrum D, et al. 

Recurrent SARS-CoV-2 RNA positivity after 

COVID-19: A systematic review and meta-

analysis. Sci Rep. 2020;10(1):20692. 

12. Jalleh R, Torpy D. The emerging role of 

copeptin. Clinical Biochemist Reviews. 

2021;42(1):17–25. 

13. Oda G, Sharma A, Lucero-Obusan C, Schirmer 

P, Sohoni P, Holodniy M. COVID-19 infections 

among healthcare personnel in the United 

States Veterans Health Administration, March 

to August, 2020. J Occup Environ Med. 

2021;63(4):291–5. 

14. Shrestha RM, Inoue Y, Fukunaga A, Van 

Hoang D, Yamamoto S, Miki T, et al. Infection 

prevention practices and its associated factors 

among hospital workers in a national medical 

center designated for COVID-19 in Tokyo, 

Japan. PLoS One. 2022;17(8 

August):e0272856. 

15. Tan GM, Chi KWK, Yan BPY. Mid-term results 

of a novel dedicated venous stent for the 

treatment of chronic thoracic central vein 

obstruction of benign aetiology. Eur J Vasc 

Endovasc Surg. 2019;57(3):417–23. 

16. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. 

Clinical course and risk factors for mortality of 

adult inpatients with COVID-19 in Wuhan, 

China: A retrospective cohort study. The 

Lancet. 2020;395(10229):1054–62. PubMed 

PMID: 32171076. 

17. Hadi C, Pramana C. Profile of covid-19 patients 

in dr. Moewardi hospital Surakarta Indonesia. 

Open Access Maced J Med Sci. 

2021;9(B):1621–4. 

18. Tang Y, Liu J, Zhang D, Xu Z, Ji J, Wen C. 

Cytokine storm in COVID-19: The current 

evidence and treatment strategies. Front 

Immunol. 2020;11:1708. 

19. Guo Y, Hu K, Li Y, Lu C, Ling K, Cai C, et al. 

Targeting TNF-α for COVID-19: Recent 

advanced and controversies. Front Public 

Health. 2022;10:833967. 

20. Cheong KH, Ngiam NJ, Morgan GG, Pek PP, 

Tan BYQ, Lai JW, et al. Acute health impacts of 

the southeast asian transboundary haze 

problem - A review. Int J Environ Res Public 

Health. 2019;16(18):3286. 

21. Hu B, Guo H, Zhou P, Shi ZL. Characteristics of 

SARS-CoV-2 and COVID-19. Nat Rev 

Microbiol. 2021;19(3):141–54. 

22. Al-Salam ASA, Esmaeel NA, AL-Ganimi AKA. 

Role of TNF-α in patients with omicron 

coronavirus: A cross-sectional study. Med J 

Babylon. 2024;20(4):766–70. 

23. Jang DI, Lee AH, Shin HY, Song HR, Park JH, 

Kang TB, et al. The role of tumor necrosis factor 

alpha (Tnf-α) in autoimmune disease and 

current tnf-α inhibitors in therapeutics. Int J Mol 

Sci. 2021;22(5):2719. 

24. Ragab D, Salah Eldin H, Taeimah M, Khattab 

R, Salem R. The COVID-19 cytokine storm; 

What We know so far. Front Immunol. 

2020;11:1446. 

25. Kuluöztürk M, İn E, Telo S, Karabulut E, Geçkil 

AA. Efficacy of copeptin in distinguishing 

COVID-19 pneumonia from community-

acquired pneumonia. J Med Virol. 

2021;93(5):3113–21. 

26. Mehta P, McAuley DF, Brown M, Sanchez E, 

Tattersall RS, Manson JJ. COVID-19: Consider 

cytokine storm syndromes and 



Harsini: Comparative Analysis of Copeptin, IL-6, and TNF-α as Predictive Biomarkers for Clinical Outcome in Moderate to Severe COVID-19 
Patients 

 

 
J Respir Indo Vol. 46 No. 1, 2026   47 

immunosuppression. The Lancet. 

2020;395(10229):1033–4. 

27. Roscioli E, Hamon R, Lester SE, Jersmann 

HPA, Reynolds PN, Hodge S. Airway epithelial 

cells exposed to wildfire smoke extract exhibit 

dysregulated autophagy and barrier 

dysfunction consistent with COPD. Respir Res. 

2018;19(1):234. 

28. Thermo Fisher Scientific Inc. Human Copeptin 

ELISA Kit Catalog Number EEL038 (96 tests) 

Rev 2.1. Vienna: Thermo Fisher Scientific Inc; 

2025. 

  


