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A B S T R A C T   

Background: Coronavirus disease 2019 (COVID-19) is a new health problem discovered in 2019 thus requires 
biomarkers that can detect early tissue damage. Soluble receptor for advanced glycation end-products (sRAGE) is 
a biomarker that can be used to identify early lung damage. 
Objective: Analyzing the association of serum sRAGE on COVID-19 severity. 
Methods: This study employed a cross-sectional design with a consecutive sampling method. It was conducted 
from May 2020–October 2021. The number of participants in this study was 145 participants which were divided 
into 2 groups (non-severe = 47 and severe = 98). Association of sRAGE serum on COVID-19 severity was 
analyzed using the chi-square test, Fisher’s exact test, independence t-test, Mann Withney test, and Spearman’s 
rank test with p-value <0.05. 
Results: The results of blood analysis showed several blood components such as leukocytes (9896.51 ± 4949.64/ 
μL; z = 2.431; p = 0.015), lymphocytes (13.55 ± 8.48%; z = 2.256; p = 0.024), neutrophils (78.91 ± 10.50%; z 
= 2.464; p = 0.014), procalcitonin (0.92 ± 3.22 ng/mL; z = 3.323; p = 0.001), CRP (8.59 ± 7.62 mg/L; z =
2.114; p = 0.034), D-dimer (4360.29 ± 7797.81 ng/mL; z = 2.186; p = 0.029), and fibrinogen (474.58 ± 168.90 
mg/dL; t = 0.383; p = 0.703). There was a significant comparison in serum sRAGE values in the non-severe group 
(0.78 [0.63–1.00] ng/mL) and severe group (1.47 [0.97–2.25] ng/mL; r = 7.154; p <0.001). There was a sig-
nificant association between serum sRAGE and COVID-19 severity (r = 0.598; p <0.001). The cut-off value for 
serum sRAGE between the severe and non-severe groups was 0.985 ng/mL. This study obtained sensitivity of 
73.5%, specificity of 74.5% OR 8.077 and AUC 0.868 95% CI. 
Conclusion: There is a significant association between serum sRAGE and COVID-19 severity and there is also a 
significant difference in serum sRAGE in the two groups.   

1. Introduction 

Coronavirus disease 2019 or better known as COVID-19 caused by 
SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus 2) 
became a worldwide pandemic at the end of 2019 with various systemic 
complaints but was more dominant in respiratory disorders. The 
worldwide mortality rate was 2.1% by February 12, 2020 [1]. The 
February 2020 data by Johns Hopkins University’s Center for Systems 
Science and Engineering (CSSE) showed a total case of more than 60,331 
patients, with a total death of more than 1369 patients and an 
improvement of more than 6061 patients [2]. On December 27, 2020, 
the total number of worldwide cases was more than 79 million, 

including 1,751,311 deaths. Incidents in Indonesia were 706,837 
confirmed cases of COVID-19 and 20,994 cases of death [3]. 

The severity of COVID-19 according to WHO is divided into mild, 
moderate, severe, and critical [4,5]. The most frequently encountered 
clinical symptoms are pneumonia symptoms. Biomarkers are frequently 
used to determine the severity of pneumonia such as procalcitonin, 
C-reactive protein (CRP), copeptin, pro-ANP (atrial natriuretic peptide), 
adrenomedullin, cortisol, and D-dimers [6]. These biomarkers are good 
in determining infection in pneumonia but have not been able to detect 
early tissue damage, as patients often go to the hospital with a more 
severe condition. Recent studies in immunology have examined soluble 
receptors for advanced glycation end-products (sRAGE) as a biomarker 
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of the severity of community pneumonia and can detect tissue damage in 
ARDS early [7]. 

Pathophysiology occurred in COVID-19 includes the inflammatory 
process. One of the inflammatory processes during pneumonia is char-
acterized by an increase in receptors for advanced glycation end- 
products (RAGE). RAGE is one of the non-enzymatic receptors of 
Advanced Glycation End-Products (AGEs) which has a multi-ligand re-
ceptor, namely a V-type domain, two C-type domains, a transmembrane 
domain, and a cytoplasmic tail. RAGE has several ligands including 
AGEs, S100/calgranulins, and HMGB I which are present in different 
vascular cells such as endothelial cells, neuronal cells, smooth muscle 
cells, or inflammatory cells (monocytes). HMGB I is one of the RAGE 
ligands that play a role in the occurrence of sepsis which can stimulate 
the formation of cytokines along with TLRs in the immune system cells 
(B cells) [8]. The interaction between RAGE and its ligands will cause 
the formation of Reactive Oxygen Species (ROS) which will activate 
NADPH oxidation. The process will mediate the formation of inflam-
matory cells. Trianta et al. stated two processes of RAGE interaction with 
its ligands that are related to the inflammatory process, namely its 
interaction with leukocytes and on endothelial cells, RAGE is an adhe-
sive receptor and directly forms inflammatory cells. The accumulation of 
RAGE ligands is predicted to cause chronic cell stimulation and tissue 
damage [9,10]. 

RAGE is expressed in the membrane-bound form (fl-RAGE or 
mRAGE) and the soluble form in the transmembrane domain. Soluble 
RAGE is produced by proteolytic cleavage of fl-RAGE and alternative 
splicing mRNA [7]. The administration of sRAGE in experimental ani-
mals can also interact with the RAGE ligand [10]. Based on these studies, 
the role of sRAGE becomes very important in determining COVID-19 
diagnosis based on the severity quickly, so that effective and adequate 
treatment planning can be carried out early to reduce the morbidity and 
mortality of COVID-19 patients. In addition, the level of sRAGE in serum 
can detect early tissue damage which in turn can affect the severity of 
COVID-19 patients as common biomarkers have not been able to detect 
the process of tissue damage early. Research on sRAGE in the serum of 
COVID-19 patients is still limited and has never been carried out in 
Indonesia despite a few studies having been conducted in other coun-
tries. This biomarker is also easy to use and at a more affordable cost, so 
we are interested in analyzing the association of serum sRAGE on 
COVID-19 severity. 

2. Methods 

2.1. Participants 

Participants in this study were COVID-19 patients diagnosed with 
real-time polymerase chain reaction (PCR) [5]. Participants’ inclusion 
criteria included patients diagnosed with COVID-19 and aged >21 years. 
Participants’ exclusion criteria included patients with a history of res-
piratory tract infection, myocardia infarct, cancer, and cerebral vascular 
attack. Participants who were willing to take part in the research first 
received an explanation of the rights and obligations of the participants, 
in which they voluntarily filled out the informed consent form. 

2.2. Study design 

This study used a cross-sectional design with a consecutive sampling 
method. It was carried out from May 2020–October 2020. This study 
collected participant characteristics, serum sRAGE, and COVID-19 
severity. This study reported the data based on the strengthening the 
reporting of cohort studies in surgery (STROCSS) 2021 guideline [11]. 
The number of participants in this study was 145 participants that were 
divided into 2 groups (non-severe = 47 and severe = 98). The 
non-severe group consisted of participants identified as having 
COVID-19 in the mild and moderate category, while the severe group 
consisted of participants identified as having COVID-19 in the severe 

and critical categories [5]. 

2.3. Assessment of COVID-19 severity 

The severity of COVID-19 in this study was assessed using WHO 
criteria at the time of the initial examination of the patient, which 
distinguished the severity of COVID-19 from being non-severe (mild- 
moderate category) and severe (severe-critical categories). Mild is a 
symptomatic patient who meets the COVID-19 case definition without 
evidence of viral pneumonia or hypoxia. Moderate include clinical 
symptoms of pneumonia (fever, cough, dyspnoea, rapid breathing) but 
no signs of severe pneumonia, including SpO2 90% in room air or PaO2 
60 mmHg (PaO2 measurements were obtained from patient medical 
records). Severe shows clinical symptoms of pneumonia (fever, cough, 
shortness of breath, rapid breathing) plus one of respiratory rate >30 
times/minute; severe respiratory distress or SpO2 <90% or PaO2 59 
mmHg (PaO2 measurements were obtained from patient medical re-
cords). Critical when patients have ARDS, sepsis, and septic shock. Mild 
ARDS: 200 mmHg < PaO2/FiO2a 300 mmHg (with PEEP or CPAP 5 
cmH2O). Moderate ARDS: 100 mmHg < PaO2/FiO2 200 mmHg (with 
PEEP 5 cmH2O). ARDS weight: PaO2/FiO2 100 mmHg (with PEEP 5 
cmH2O) [5]. 

2.4. sRAGE serum examination 

The sRAGE is soluble forms in the transmembrane domain of RAGE 
which the serum levels of sRAGE are determined using a specific sand-
wich human ELISA kit BioAssay (MyBioSource Inc, San Diego, USA). The 
sRAGE measurement is in the range of 0.31–2.00 ng/mL. These results 
were obtained from taking 5 cc venous blood samples [12]. 

2.5. Statistical analysis 

The analysis in this study used descriptive analysis and bivariate 
analysis. The descriptive analysis includes a descriptive presentation of 
the results using a distribution table, mean, median, standard deviation, 
maximum value, and minimum value. The analysis was conducted using 
IBM SPSS Statistics software version 21.0 (IBM Corp., Armonk, NY, 
USA). Participants’ characteristic data were analyzed using the chi- 
square test or Fisher’s exact test. Meanwhile, the data from this study 
were first tested for normality using the Kolmogorov-Smirnov test. 
Analysis of the association of sRAGE serum with COVID-19 severity 
using the independence t-test or Mann Whitney test. The comparison 
between the two variables is significant if p < 0.05. In addition, Spear-
man’s rank test was used to analyze the association between two 
variables. 

3. Results 

3.1. Characteristics of participants 

The demographic characteristics of participants included age and 
gender. The average age of participants was 50.54 ± 12.70 years (non- 
severe group = 49.11 ± 12.44 years and severe group = 51.23 ± 12.83 
years). The median age of participants was 52.00 (43.00–59.00) years of 
which the youngest participant was 22.00 years old and the oldest 
participant was 80.00 years old. Most participants were in the age range 
of 35.00–55.00 years, consisting of 25 participants (53.2%) in the non- 
severe group and 51 participants (52.0%; p = 0.705) in the severe group. 
Most participants were male (90 participants; 62.1%), consisting of 25 
participants (53.2%) in non-severe group and 65 participants in severe 
group (66.3%; OR = 0.577; p = 0.179; Table 1). 

There were several clinical symptoms appeared, including shortness 
of breath in 122 participants (84.1%; 63.8% vs 93.9%; OR = 8689; p 
<0.001), fever in 61 participants (42.1%; 46.8% vs 39.8%; OR = 0.751; 
p = 0.535), cough in 70 participants (70%; 59.6% vs. 42.9%; OR =

G.N.R. Saputra et al.                                                                                                                                                                                                                           



Annals of Medicine and Surgery 74 (2022) 103303

3

0.509; p = 0.088), painful swallowing in 4 participants (2.8%; 2.1% vs 
3.1%; OR = 1.453; p = 1.000), and diarrhea in 7 participants (4.8%; 
6.4% vs. 4.1%; OR = 0.624; p = 0.682). Based on the outcome of the 
COVID-19 treatment, most of non-severe participants recovered as many 
as 41 participants (87.2%) and most of severe participants were declared 
dead as many as 51 participants (52%; p <0.001). Overall, 88 partici-
pants (60.7%) were recovered. Several participants were declared to 
have comorbidities, including hypertension as many as 41 participants 
(28.3%; 27.7% vs 28.6%; OR = 1.046; p = 1.000), diabetes as many as 
66 participants (45.5%; 42.6% vs 46.9%; OR = 1.194; p = 0.750), and 
obesity as many as 35 participants (24.1%; 19.1% vs. 26.5%; OR =
1.525; p = 0.444; Table 1). 

3.2. Association of soluble receptor for Advanced Glycation End-Products 
(sRAGE) serum with COVID-19 severity 

The results of blood analysis showed several blood components such 
as leukocytes (9896.51 ± 4949.64/μL), lymphocytes (13.55 ± 8.48%), 
neutrophils (78.91 ± 10.50%), procalcitonin (0.92 ± 3.22 ng/mL), CRP 
(8.59 ± 7.62 mg/L), D-dimer (4360.29 ± 7797.81 ng/mL), and fibrin-
ogen (474.58 ± 168.90 mg/dL). The average value of serum sRAGE was 
1.48 ± 0.98 ng/mL, with a median value of 1.07 (0.85–1.84) ng/mL. The 
lowest and highest value of participants’ serum sRAGE was 0.44 ng/mL 
and 5.14 ng/mL, respectively. The results of the COVID-19 severity 
measurement were divided into 4: mild as many as 2 participants 
(1.4%), moderate as many as 45 participants (31.0%), severe as many as 
96 participants (66.2%), and critical as many as 2 participants (1.4%). 
Meanwhile, in this study, COVID-19 severity was divided into 2 groups, 
namely the non-severe group with 47 participants (32.88%) and the 
severe group with 98 participants (68.53%). 

There was a significant difference in blood component in the non- 
severe group and the severe group as follows: leukocyte value was 
8005.00 (6157.50–9687.50) vs 9840.00 (7420.00–12,830.00/μL; z =
2.431; p = 0.015), lymphocyte was 14.40 (8.83–21.65) vs 10.20 
(6.60–16.80%; z = 2.256; p = 0.024), neutrophils was 77.40 
(68.90–83.28) vs. 82.60 (76.00–87.10%; z = 2464; p = 0.014), pro-
calcitonin was 0.11 (0.07–0.22) vs 0.27 (0.13–0.46 ng/mL; z = 3.323; p 
= 0.001), CRP was 4.65 (0.80–11.35) vs. 8.70 (2.30–13.60 mg/L; z =
2.114; p = 0.034), and D-dimer was 810.00 (535.00–2430.00) vs. 
1460.00 (740.00–4025 ng/mL; z = 2.186; p = 0.029). Meanwhile, there 
was no significant difference in the levels of fibrinogen between 

participants in the two groups (465.50 ± 176.04 vs. 480.06 ± 165.92 
mg/dL; t = 0.383; p = 0.703; Table 2). 

There was a significant difference between serum sRAGE in the non- 
severe group and the severe group of 0.78 (0.63–1.00) vs 1.47 
(0.97–2.25 ng/mL; r = 7.154; p < 0.001; Table 2). There was a signifi-
cant association between serum sRAGE and COVID-19 severity (r =
0.598; p <0.001). The cut-off value for serum sRAGE between the severe 
and non-severe group was 0.985 ng/mL. This study obtained sensitivity 
of 73.5%, specificity of 74.5%, OR of 8.077 and AUC 0.868 CI 95% 
(Fig. 1). 

4. Discussion 

This study assessed serum sRAGE based on the severity of COVID-19. 
The results of this study are consistent with previous studies that 
examined sRAGE as a biomarker for COVID-19. A study examined the 
association of sRAGE with severity and as an indicator of mechanical 
ventilation requirements, ARDS, and mortality in COVID-19 patients. 
The results showed an increase in serum sRAGE concentrations in 
COVID-19 patients based on severity [13]. These results are consistent 
with another study which stated a significant increase in serum sRAGE 
of ARDS patients admitted to non-isolated ICUs [14]. 

There is a significant association between serum sRAGE and COVID- 
19 severity. The serum sRAGE values in the severe group show a sig-
nificant difference from serum sRAGE values in the non-severe group. 
The results are consistent with previous studies that showed an increase 
in serum sRAGE values in COVID-19 patients with a degree of severity. 
Increased sRAGE values can also help predict respiratory disorders that 
require mechanical ventilation and the mortality rate of COVID-19 pa-
tients [13]. Increased serum sRAGE is commonly found in ARDS patients 
admitted to the ICU [15]. As many as 20% of COVID-19 patients prog-
ress to the third phase called the involvement of the respiratory tract and 
progression to ARDS [16]. 

Increased serum sRAGE values can occur due to a viral infection 
process that will trigger an immune response, namely the innate im-
mune system. Pattern-recognition receptors (PRR) recognize pathogen- 
associated molecular patterns (PAMPs) involving toll-like receptors 
(TLR) that detect components of infection and signaling tissue damage, 
one of which is HMGB1. Then it continues to the process of indirect lung 
tissue damage, namely damage-associated molecular patterns (DAMPs) 
that involve RAGE, NLR, TLR, and CLR which can exacerbate the 
occurrence of tissue damage that has occurred previously. The process of 
interaction of sRAGE with its ligand becomes more frequent due to an 
increase in HMGB1 that result in the increased inflammatory response in 
the form of IL-1 and TNF-Alpha activation [17,18]. 

Other tissue damage processes can also occur when SARS-CoV2 in-
vades AT2 cells located in the periphery and subpleural so that the pa-
tient begins to feel hypoxia. SARS-CoV2 replicates in AT2 lead to cell 
damage and death. Dead AT2 cells release toxins and damage 

Table 1 
Characteristics of participants.  

Characteristics COVID-19 Severity p 

Non-severe Severe 

Age (years)   0.705 
21-35 8 (17.0) 12 (12.2) 
35-55 25 (53.2) 51 (52.0) 
55-65 8 (17.0) 24 (24.5) 
>65 6 (12.8) 11 (11.2) 

Gender   0.179 
Male 25 (53.2) 65 (66.3) 
Female 22 (46.8) 33 (33.7) 

Clinical symptoms    
Shortness of breath 30 (63.8) 92 (93.9) <0.001** 
Fever 22 (46.8) 39 (39.8) 0.535 
Cough 28 (59.6) 42 (42.9) 0.088 
Painful swallowing 1 (2.1) 3 (3.1) 1.000 
Diarrhea 3 (6.4) 4 (4.1) 0.682 

Outcome   <0.001** 
Recovered 41 (87.2) 47 (48.0) 
Died 6 (12.8) 51 (52.0) 

Comorbid    
Hypertension 13 (27.7) 28 (28.6) 1.000 
Diabetes 20 (42.6) 46 (46.9) 0.750 
Obesity 9 (19.1) 26 (26.5) 0.444 

Note: *significant <0.05; **significant <0.01. 

Table 2 
Comparison of blood component based on COVID-19 severity.  

Blood Analysis COVID-19 Severity p 

Non-severe Severe 

Leukocytes (n = 139) 8622.10 ±
4204.47 

10,526.86 ±
5185.37 

0.015* 

Lymphocyte (n = 139) 15.50 ± 8.22 12.58 ± 8.49 0.024* 
Neutrophile (n = 139) 76.06 ± 10.36 80.32 ± 10.34 0.014* 
Procalcitonin (n = 143) 1.01 ± 4.67 0.88 ± 2.22 0.001* 
CRP (n = 90) 6.52 ± 6.71 9.53 ± 7.87 0.034* 
Fibrinogen (n = 85) 465.50 ± 176.04 480.06 ± 165.92 0.703 
D-Dimer (n = 139) 2790.64 ±

5558.74 
5162.17 ± 8641.11 0.029* 

s-RAGE (n = 143) 0.82 ± 0.23 1.80 ± 1.04 <0.001** 

Note: CRP = C-reactive protein; s-RAGE = soluble receptor for advanced gly-
cation end products; *significant <0.05; **significant <0.001. 
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surrounding cells. Infected cells send signals that are detected by the 
immune system which then releases cytokines such as IL-1, IL-6, and 
TNF-α. These cytokine release aims to kill the virus, but it also causes 
damage to lung cells, namely diffuse alveolar damage, formation of 
hyaline membranes, and multinuclear giant cells. Abnormal wound 
healing leads to fibrosis [16,19]. 

This study, however, has limitations, including the need for a future 
study that compares healthy individuals and pneumonia patients 
without COVID-19. 

5. Conclusion 

sRAGE is a biomarker that can be used to determine COVID-19 
severity. The patients’ COVID-19 severity in this study is categorized 
into 2, namely non-severe and severe. Based on blood component 
analysis, there are significant differences between the non-severe and 
severe groups. The differences consist of leukocytes, lymphocytes, 
neutrophils, procalcitonin, CRP, and D-dimer. The sRAGE values in the 
two groups also show a significant difference. In addition, there is a 
significant association between serum sRAGE and COVID-19 severity. 
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