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Abstract: 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 with COVID-19 severity in Indonesian
adults.

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 with 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
(9,896.51 £ 4,949.64/uL; 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 (4,360.29 £ 7,797.81 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 difference 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 significant
relationship 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 relationship between serum sRAGE and COVID-19 severity and
there is also a significant difference in serum sRAGE in the two groups.
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1 Association of Soluble Receptor for Advanced Glycation End-Products (SRAGE) Serum

2 with COVID-19 Severity in Indonesian Adult: An Observational Study

4 Abstract

5  Background: Coronavirus disease 2019 (COVID-19) is a new health problem discovered in
6 2019 thus requires biomarkers that can detect early tissue damage. Soluble Receptor for
7  Advanced Glycation End-Products (SRAGE) is a biomarker that can be used to identify early
8 lung damage. Objective: Analyzing the association of serum sSRAGE with COVID-19
9  severity in Indonesian adults. Methods: This study employed a cross-sectional design with a
10  consecutive sampling method. It was conducted from May 2020 — October 2021. The number
11 of participants in this study was 145 participants which were divided into 2 groups (non-
12 severe = 47 and severe = 98). Association of SRAGE serum with COVID-19 severity was
13 analyzed using the chi-square test, Fisher's exact test, independence t-test, Mann Withney
14  test, and Spearman's rank test with p-value <0.05. Results: The results of blood analysis
15  showed several blood components such as leukocytes (9,896.51 + 4,949.64/uL; z = 2.431; p
16 = 0.015), lymphocytes (13.55 + 8.48%; z = 2.256; p = 0.024), neutrophils (78.91 + 10.50%); z
17 = 2.464; p = 0.014), procalcitonin (0.92 + 3.22 ng/mL; z = 3.323; p = 0.001), CRP (8.59 +
18 7.62 mg/L; z = 2.114; p = 0.034), D-dimer (4,360.29 + 7,797.81 ng/mL; z = 2.186; p =
19  0.029), and fibrinogen (474.58 + 168.90 mg/dL; t = 0.383; p = 0.703). There was a significant
20  difference in serum SRAGE values in the non-severe group (0.78 [0.63 — 1.00] ng/mL) and
21 severe group (1.47 [0.97 — 2.25] ng/mL; r = 7.154; p <0.001). There was a significant
22 relationship between serum sRAGE and COVID-19 severity (r = 0.598; p <0.001). The cut-
23 off value for serum sRAGE between the severe and non-severe groups was 0.985 ng/mL.

24 This study obtained sensitivity of 73.5%, specificity of 74.5% OR 8.077 and AUC 0.868 95%
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Cl. Conclusion: There is a significant relationship between serum sRAGE and COVID-19

severity and there is also a significant difference in serum sSRAGE in the two groups.

Keywords: serum SRAGE, COVID-19 severity, infectious disease

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
1,369 patients and an improvement of more than 6,061 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 RAGE (SRAGE) as a biomarker of the severity of community pneumonia

and can detect tissue damage in ARDS early [7].
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Pathophysiology occurred in COVID-19 includes the inflammatory process. One of the
inflammatory processes during pneumonia is characterized 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 receptor, 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 | which are present in
different vascular cells such as endothelial cells, neuronal cells, smooth muscle cells, or
inflammatory cells (monocytes). HMGB 1 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 inflammatory 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 adhesive 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 animals 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
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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 countries.
This biomarker is also easy to use and at a more affordable cost, so we are interested in

analyzing the association of serum sSRAGE on COVID-19 severity.

Methods
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 respiratory 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.

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 sSRAGE, and COVID-19 severity. This study reported the data based on the
Strengthening the Reporting of Cohort Studies in Surgery (STROCSS) 2019 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].
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Ethical Approval
We have conducted an ethical approval based on the Declaration of Helsinki with
registration research at the Health Research Ethics Committee in Dr. Soetomo General

Academic Hospital, Surabaya, Indonesia (1953/KEPK/IV/2020).

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 Pa02 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 records).
Critical when patients have ARDS, sepsis, and septic shock. Mild ARDS: 200 mmHg
<PaO2/FiO2a 300 mmHg (with PEEP or CPAP 5 cmH20). Moderate ARDS: 100 mmHg
<PaO2/Fi02 200 mmHg (with PEEP 5 cmH20). ARDS weight: PaO2/Fi0O2 100 mmHg

(with PEEP 5 cmH20) [5].

SRAGE serum examination
The sSRAGE is soluble forms in the transmembrane domain of RAGE which the serum
levels of SRAGE are determined using a specific sandwich human ELISA kit BioAssay

(MyBioSource Inc, San Diego, USA). The SRAGE measurement is in the range of 0.31 —
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2.00 ng/mL. These results were obtained from taking 5 cc venous blood samples [12].

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, Spearman’s rank test was used to analyze

the association between two variables.

Results
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).
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There were several clinical symptoms appeared, including shortness of breath in 122
participants (84.1%; 63.8% vs 93.9%; OR = 8,689; 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 = 0.509; p = 0.088), painful swallowing in 4 participants (2.8%; 2.1% vs. 3.1%j;
OR = 1.453; p = 1,000), and diarrhoea 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 participants (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).

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
(9,896.51 £ 4,949.64/uL), 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 (4,360.29 + 7,797.81
ng/mL), and fibrinogen (474.58 + 168.90 mg/dL). The average value of serum sSRAGE 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 sSRAGE 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,
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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 8.005.00 (6.157.50 — 9.687.50) vs 9.840.00
(7.420.00 — 12.830.00/pL; 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 = 2,464; p = 0.014), procalcitonin 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 — 2,430.00) vs. 1,460.00 (740.00 —
4,025 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 (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 significant relationship between serum sSRAGE and COVID-19 severity (r =
0.598; p <0.001). The cut-off value for serum sSRAGE 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% (Figure 1).

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 sSRAGE 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
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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 relationship between serum sSRAGE and COVID-19 severity. The
serum sRAGE values in the severe group show a significant 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 sSRAGE values can also help predict respiratory disorders that require mechanical
ventilation and the mortality rate of COVID-19 patients [13]. Increased serum sRAGE is
commonly found in ARDS patients admitted to the ICU [15]. As many as 20% of COVID-19
patients progress 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 immune 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 HMGBL. 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 invades AT2 cells
located in the periphery and subpleural so that the patient begins to feel hypoxia. SARS-
CoV?2 replicates in AT2 lead to cell damage and death. Dead AT2 cells release toxins and

damage surrounding cells. Infected cells send signals that are detected by the immune system
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which then releases cytokines such as IL-1, IL-6, and TNF-a. 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.

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 relationship between serum sSRAGE and COVID-19 severity.
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Figure Legend

Figure 1. Cut-Off Serum sRAGE Level Based on Severe and Non-Severe Groups of COVID-

19 Patients



Table

Table and Legend

Table 1. Characteristics of Participants

Click here to access/download;Table;06. Table and

Legend.doc

COVID-19 Severity

I+

Characteristics Non-severe Severe p
Age (years)
21-35 8 (17.0) 12 (12.2) 0.705
35-55 25 (53.2) 51 (52.0)
55-65 8 (17.0) 24 (24.5)
>65 6 (12.8) 11 (11.2)
Gender
Male 25 (53.2) 65 (66.3) 0.179
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
Recovered 41 (87.2) 47 (48.0) <0.001**
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
3 Note: *significant <0.05; **significant <0.01
4
5  Table 2. Comparison of Blood Component Based on COVID-19 Severity
: COVID-19 Severity
Blood Analysis Non-severe Severe P
Leukocytes (n = 139) 8,622.10 £ 4,204.47  10,526.86 + 5,185.37 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) 2,790.64 + 5,558.74 5,162.17 £ 8,641.11 0.029*
s-RAGE (n = 143) 0.82 +0.23 1.80 £ 1.04 <0.001**

6 Note: CRP = C-reactive protein; s-RAGE = soluble receptor for advanced glycation end
products; *significant <0.05; **significant <0.001
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Item | Item description Page
no.

TITLE

1 Title: 1

- The word cohort or cross-sectional or case-controlled is included

- The area of focus is described (e.g. disease, exposure/intervention,
outcome)

- Key elements of study design are stated (e.g. retrospective or
prospective)

ABSTRACT

2a Introduction: the following points are briefly described 1

- Background

- Scientific Rationale for this study

2b Methods: the following areas are briefly described 1

- Study design (cohort, retro-/prospective, single/multi-centred)

- Patient populations and/or groups, including control group, if applicable

- Interventions (type, operators, recipients, timeframes)

- Outcome measures

2c Results: the following areas are briefly described 1

- Summary data (with statistical relevance) with qualitative descriptions,
where appropriate

2d Conclusion: the following areas are briefly described 1

- Key conclusions

- Implications to practice

- Direction of and need for future research

INTRODUCTION

3 Introduction: the following areas are described in full 2-3

- Relevant background and scientific rationale

- Aims and objectives

- Research question and hypotheses, where appropriate

METHODS

4a Registration and ethics 4

- Research Registry number is stated, in accordance with the
declaration of Helsinki*

- All studies (including retrospective) should be registered before
submission

*"Every research study involving human subjects must be registered in a

publicly accessible database before recruitment of the first subject” (this can

be obtained from: ResearchRegistry.com or ClinicalTrials.gov or ISRCTN)

4b Ethical Approval: the following areas are described in full 4

- Necessity for ethical approval

- Ethical approval, with relevant judgement reference from ethics
committees

- Where ethics was unnecessary, reasons are provided

4c Protocol: the following areas are described comprehensively 4

- Protocol (a priori or otherwise) details, with access directions

- If published, journal mentioned with the reference provided




4d

Patient Involvement in Research
- Describe how, if at all, patients were involved in study design e.g. were
they involved on the study steering committee, did they provide input
on outcome selection, etc.

5a

Study Design: the following areas are described comprehensively
- ‘Cohort’ study is mentioned
- Design (e.qg. retro-/prospective, single/multi-centred)

5b

Setting: the following areas are described comprehensively
- Geographical location
- Nature of institution (e.g. academic/community, public/private)
- Dates (recruitment, exposure, follow-up, data collection)

5c

Cohort Groups: the following areas are described in full
- Number of groups
- Division of intervention between groups

5d

Subgroup Analysis: the following areas are described comprehensively
- Planned subgroup analyses
- Methods used to examine subgroups and their interactions

6a

Participants: the following areas are described comprehensively
- Eligibility criteria
- Recruitment sources
- Length and methods of follow-up

6b

Recruitment: the following areas are described comprehensively
- Methods of recruitment to each patient group
- Period of recruitment

6c

Sample Size: the following areas are described comprehensively
- Margin of error calculation
- Analysis to determine study population
- Power calculations, where appropriate

INTERVENTION AND CONSIDERATIONS

7a

Pre-intervention Considerations: the following areas are described
comprehensively
- Patient optimisation (pre-surgical measures)
- Pre-intervention treatment (hypothermia/-volaemia/-tension; ICU care;
bleeding problems; medications)

7b

Intervention: the following areas are described comprehensively
- Type of intervention and reasoning (e.g. pharmacological, surgical,
physiotherapy, psychological)
- Aim of intervention (preventative/therapeutic)
- Concurrent treatments (antibiotics, analgaesia, anti-emetics, NBM,
VTE prophylaxis)
- Manufacturer and model details where applicable

7C

Intra-Intervention Considerations: the following areas are described
comprehensively
- Administration of intervention (location, surgical details, anaesthetic,
positioning, equipment needed, preparation, devices, sutures,
operative time)
- Pharmacological therapies include formulation, dosages, routes and
durations
- Figures and other media are used to illustrate




7d

Operator Details: the following areas are described comprehensively
- Training needed
- Learning curve for technique
- Specialisation and relevant training

/e

Quiality Control: the following areas are described comprehensively
- Measures taken to reduce variation
- Measures taken to ensure quality and consistency in intervention
delivery

45

7f

Post-Intervention Considerations: the following areas are described
comprehensively

- Post-operative instructions and care

- Follow-up measures

- Future surveillance requirements (e.g. imaging, blood tests)

Outcomes: the following areas are described comprehensively
- Primary outcomes, including validation, where applicable
- Definitions of outcomes
- Secondary outcomes, where appropriate
- Follow-up period for outcome assessment, divided by group

45

Statistics: the following areas are described comprehensively
- Statistical tests, packages/software used, and interpretation of
significance
- Confounders and their control, if known
- Analysis approach (e.g. intention to treat/per protocol)
- Sub-group analysis, if any

RESULTS

10a

Participants: the following areas are described comprehensively
- Flow of participants (recruitment, non-participation, cross-over and
withdrawal, with reasons)
- Population demographics (prognostic features, relevant socioeconomic
features, and significant numerical differences)

10b

Participant Comparison: the following areas are described comprehensively
- Table comparing demographics included
- Differences, with statistical relevance
- Any group matching, with methods

10c

Intervention: the following areas are described comprehensively
- Changes to interventions, with rationale and diagram, if appropriate
- Learning required for interventions
- Degree of novelty for intervention

6-7

1la

Outcomes: the following areas are described comprehensively
- Clinician-assessed and patient-reported outcomes for each group
- Relevant photographs and imaging are desirable
- Confounders to outcomes and which are adjusted

6-7

11b

Tolerance: the following areas are described comprehensively
- Assessment of tolerance
- Loss to follow up, with reasons (percentage and fraction)
- Cross-over with explanation

6-7

11c

Complications: the following areas are described comprehensively
- Adverse events described
- Classified according to Clavien-Dindo classification*
- Mitigation for adverse events (blood loss, wound care, revision surgery




should be specified)
*Dindo D, Demartines N, Clavien P-A. Classification of Surgical
Complications. A New Proposal with Evaluation in a Cohort of 6336 Patients
and Results of a Survey. Ann Surg. 2004; 240(2): 205-213
12 Key Results: the following areas are described comprehensively 7
- Key results, including relevant raw data
- Statistical analyses with significance
DISCUSSION
13 Discussion: the following areas are described comprehensively 7-9
- Conclusions and rationale
- Reference to relevant literature
- Implications to clinical practice
- Comparison to current gold standard of care
- Relevant hypothesis generation
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Abstract: 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 with 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 with 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
(9,896.51 + 4,949.64/uL; 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 (4,360.29 + 7,797.81 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 difference 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 significant
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.
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Association of soluble receptor for advanced glycation end-products (SRAGE) serum

with-on COVID-19 Severity: An Observational-cross-sectional Study

Abstract

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 with 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 with 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 (9,896.51 + 4,949.64/uL; 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 (4,360.29 + 7,797.81 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 difference
in serum sSRAGE values in the non-severe group (0.78 [0.63 — 1.00] ng/mL) and severe group
(.47 [0.97 — 2.25] ng/mL; r = 7.154; p <0.001). There was a significant 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:

Click here to view linked References %
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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.

Keywords: serum SRAGE, COVID-19 severity, infectious disease

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
1,369 patients and an improvement of more than 6,061 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 RAGE (SRAGE) as a biomarker of the severity of community pneumonia

and can detect tissue damage in ARDS early [7].
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Pathophysiology occurred in COVID-19 includes the inflammatory process. One of the
inflammatory processes during pneumonia is characterized 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 receptor, 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 | which are present in
different vascular cells such as endothelial cells, neuronal cells, smooth muscle cells, or
inflammatory cells (monocytes). HMGB | 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 inflammatory 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 adhesive 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 animals 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
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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 countries.
This biomarker is also easy to use and at a more affordable cost, so we are interested in

analyzing the association of serum sSRAGE on COVID-19 severity.

Methods
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 respiratory 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.

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) 20219 guideline—f+4}
[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].
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Ethical Approval
We have conducted an ethical approval based on the Declaration of Helsinki with

registration research at the Health Research Ethics Committee in Hospital.

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 Pa02 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 Pa02 59 mmHg (PaO2 measurements were obtained from patient medical records).
Critical when patients have ARDS, sepsis, and septic shock. Mild ARDS: 200 mmHg
<Pa02/Fi02a 300 mmHg (with PEEP or CPAP 5 cmH20). Moderate ARDS: 100 mmHg
<PaO2/Fi02 200 mmHg (with PEEP 5 cmH20). ARDS weight: PaO2/FiO2 100 mmHg

(with PEEP 5 cmH20) [5].

SRAGE serum examination
The sSRAGE is soluble forms in the transmembrane domain of RAGE which the serum
levels of SRAGE are determined using a specific sandwich human ELISA kit BioAssay

(MyBioSource Inc, San Diego, USA). The sSRAGE measurement is in the range of 0.31 —
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2.00 ng/mL. These results were obtained from taking 5 cc venous blood samples [12].

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, Spearman's rank test was used to analyze

the association between two variables.

Results
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).
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There were several clinical symptoms appeared, including shortness of breath in 122
participants (84.1%; 63.8% vs 93.9%; OR = 8,689; 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 = 0.509; p = 0.088), painful swallowing in 4 participants (2.8%; 2.1% vs. 3.1%;
OR =1.453; p = 1,000), and diarrhoea 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 participants (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).

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
(9,896.51 + 4,949.64/uL), 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 (4,360.29 + 7,797.81
ng/mL), and fibrinogen (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,
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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 8.005.00 (6.157.50 — 9.687.50) vs 9.840.00
(7.420.00 — 12.830.00/uL; 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 = 2,464; p = 0.014), procalcitonin 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 — 2,430.00) vs. 1,460.00 (740.00 —
4,025 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 (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 significant 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% (Figure 1).

Discussion

This study assessed serum sSRAGE 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 sSRAGE concentrations in COVID-19 patients based on
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severity [13]. These results are consistent with another study which stated a significant
increase in serum sSRAGE 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 significant 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 patients [13]. Increased serum sRAGE is
commonly found in ARDS patients admitted to the ICU [15]. As many as 20% of COVID-19
patients progress 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 immune system. Pattern-recognition receptors
(PRR) recognize pathogen-associated molecular patterns (PAMPSs) 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 invades AT2 cells
located in the periphery and subpleural so that the patient begins to feel hypoxia. SARS-
CoV?2 replicates in AT2 lead to cell damage and death. Dead AT2 cells release toxins and

damage surrounding cells. Infected cells send signals that are detected by the immune system
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which then releases cytokines such as IL-1, IL-6, and TNF-a. 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.

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 sSRAGE values in the two groups also show a significant difference.

In addition, there is a significant relationship between serum SRAGE and COVID-19 severity.
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1 Association of soluble receptor for advanced glycation end-products (SRAGE) serum on

2 COVID-19 Severity: A cross-sectional Study

4 Abstract

5  Background: Coronavirus disease 2019 (COVID-19) is a new health problem discovered in
6 2019 thus requires biomarkers that can detect early tissue damage. Soluble Receptor for
7 Advanced Glycation End-Products (SRAGE) is a biomarker that can be used to identify early
8 lung damage. Objective: Analyzing the association of serum sSRAGE with COVID-19
9 severity. Methods: This study employed a cross-sectional design with a consecutive
10  sampling method. It was conducted from May 2020 — October 2021. The number of
11  participants in this study was 145 participants which were divided into 2 groups (non-severe
12 =47 and severe = 98). Association of SRAGE serum with COVID-19 severity was analyzed
13 using the chi-square test, Fisher's exact test, independence t-test, Mann Withney test, and
14  Spearman's rank test with p-value <0.05. Results: The results of blood analysis showed
15  several blood components such as leukocytes (9,896.51 + 4,949.64/uL; z = 2.431; p = 0.015),
16  lymphocytes (13.55 * 8.48%; z = 2.256; p = 0.024), neutrophils (78.91 + 10.50%; z = 2.464;
17 p =0.014), procalcitonin (0.92 £+ 3.22 ng/mL; z = 3.323; p = 0.001), CRP (8.59 + 7.62 mg/L;
18 z = 2.114; p = 0.034), D-dimer (4,360.29 = 7,797.81 ng/mL; z = 2.186; p = 0.029), and
19  fibrinogen (474.58 + 168.90 mg/dL; t = 0.383; p = 0.703). There was a significant difference
20  in serum sRAGE values in the non-severe group (0.78 [0.63 — 1.00] ng/mL) and severe group
21 (1.47 [0.97 — 2.25] ng/mL; r = 7.154; p <0.001). There was a significant association between
22 serum sRAGE and COVID-19 severity (r = 0.598; p <0.001). The cut-off value for serum
23 SRAGE between the severe and non-severe groups was 0.985 ng/mL. This study obtained

24 sensitivity of 73.5%, specificity of 74.5% OR 8.077 and AUC 0.868 95% CI. Conclusion:
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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.

Keywords: serum SRAGE, COVID-19 severity, infectious disease

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
1,369 patients and an improvement of more than 6,061 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 RAGE (SRAGE) as a biomarker of the severity of community pneumonia

and can detect tissue damage in ARDS early [7].
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Pathophysiology occurred in COVID-19 includes the inflammatory process. One of the
inflammatory processes during pneumonia is characterized 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 receptor, 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 | which are present in
different vascular cells such as endothelial cells, neuronal cells, smooth muscle cells, or
inflammatory cells (monocytes). HMGB 1 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 inflammatory 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 adhesive 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 animals 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
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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 countries.
This biomarker is also easy to use and at a more affordable cost, so we are interested in

analyzing the association of serum sSRAGE on COVID-19 severity.

Methods
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 respiratory 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.

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].
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Ethical Approval
We have conducted an ethical approval based on the Declaration of Helsinki with

registration research at the Health Research Ethics Committee in Hospital.

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 Pa02 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 records).
Critical when patients have ARDS, sepsis, and septic shock. Mild ARDS: 200 mmHg
<PaO2/FiO2a 300 mmHg (with PEEP or CPAP 5 cmH20). Moderate ARDS: 100 mmHg
<PaO2/Fi02 200 mmHg (with PEEP 5 cmH20). ARDS weight: PaO2/Fi0O2 100 mmHg

(with PEEP 5 cmH20) [5].

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 sandwich 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].
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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, Spearman's rank test was used to analyze

the association between two variables.

Results
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).
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There were several clinical symptoms appeared, including shortness of breath in 122
participants (84.1%; 63.8% vs 93.9%; OR = 8,689; 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 = 0.509; p = 0.088), painful swallowing in 4 participants (2.8%; 2.1% vs. 3.1%j;
OR = 1.453; p = 1,000), and diarrhoea 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 participants (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).

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
(9,896.51 £ 4,949.64/uL), 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 (4,360.29 + 7,797.81
ng/mL), and fibrinogen (474.58 £+ 168.90 mg/dL). The average value of serum sSRAGE 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 sSRAGE 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,
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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 8.005.00 (6.157.50 — 9.687.50) vs 9.840.00
(7.420.00 — 12.830.00/pL; 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 = 2,464; p = 0.014), procalcitonin 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 — 2,430.00) vs. 1,460.00 (740.00 —
4,025 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 (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 significant association between serum sRAGE and COVID-19 severity (r =
0.598; p <0.001). The cut-off value for serum sSRAGE 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% (Figure 1).

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 sSRAGE 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
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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 sSRAGE and COVID-19 severity. The
serum SRAGE values in the severe group show a significant 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 patients [13]. Increased serum sRAGE is
commonly found in ARDS patients admitted to the ICU [15]. As many as 20% of COVID-19
patients progress 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 immune system. Pattern-recognition receptors
(PRR) recognize pathogen-associated molecular patterns (PAMPSs) involving toll-like
receptors (TLR) that detect components of infection and signaling tissue damage, one of
which is HMGBL. 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 invades AT2 cells
located in the periphery and subpleural so that the patient begins to feel hypoxia. SARS-
CoV?2 replicates in AT2 lead to cell damage and death. Dead AT2 cells release toxins and

damage surrounding cells. Infected cells send signals that are detected by the immune system
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which then releases cytokines such as IL-1, IL-6, and TNF-a. 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.

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 relationship between serum sSRAGE and COVID-19 severity.
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Figure Legend

Figure 1. Cut-off Serum sRAGE level based on severe and non-severe groups of COVID-19

patients
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Table 1. Characteristics of Participants
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COVID-19 Severity

I+

Characteristics Non-severe Severe p
Age (years)
21-35 8 (17.0) 12 (12.2) 0.705
35-55 25 (53.2) 51 (52.0)
55-65 8 (17.0) 24 (24.5)
>65 6 (12.8) 11 (11.2)
Gender
Male 25 (53.2) 65 (66.3) 0.179
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
Recovered 41 (87.2) 47 (48.0) <0.001**
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
3 Note: *significant <0.05; **significant <0.01
4
5  Table 2. Comparison of Blood Component Based on COVID-19 Severity
: COVID-19 Severity
Blood Analysis Non-severe Severe P
Leukocytes (n = 139) 8,622.10 £ 4,204.47  10,526.86 + 5,185.37 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) 2,790.64 + 5,558.74 5,162.17 £ 8,641.11 0.029*
s-RAGE (n = 143) 0.82 +0.23 1.80 £ 1.04 <0.001**

6 Note: CRP = C-reactive protein; s-RAGE = soluble receptor for advanced glycation end
products; *significant <0.05; **significant <0.001

~N


https://www.editorialmanager.com/amsu/download.aspx?id=262407&guid=d26f13e8-730c-4231-90bd-9529c59db1af&scheme=1
https://www.editorialmanager.com/amsu/download.aspx?id=262407&guid=d26f13e8-730c-4231-90bd-9529c59db1af&scheme=1

Figure 1

Click here to access/download;Figure;08. Figure 1.jpg %

1,200

Cut Off sRAGE



https://www.editorialmanager.com/amsu/download.aspx?id=262408&guid=e7718295-f03f-4e61-9329-1434e9d8e101&scheme=1
https://www.editorialmanager.com/amsu/download.aspx?id=262408&guid=e7718295-f03f-4e61-9329-1434e9d8e101&scheme=1

STROCSS Guideline Checklist

The STROCSS 2021 Guideline

Item Item description Page
no.

TITLE

1 Title 1

e The word cohort or cross-sectional or case-control is included*
Temporal design of study is stated (e.g. retrospective or prospective)

e The focus of the research study is mentioned (e.g. population, setting,
disease, exposure/intervention, outcome etc.)

*STROCSS 2021 guidelines apply to cohort studies as well as other observational

studies (e.g. cross-sectional, case-control etc.)

ABSTRACT

2a Introduction — briefly describe: 1

e Background

e Scientific rationale for this study

e Aims and objectives

2b Methods - briefly describe: 1

e Type of study design (e.g. cohort, case-control, cross-sectional etc.)

o Other key elements of study design (e.g. retro-/prospective, single/multi-
centred etc.)

e Patient populations and/or groups, including control group, if applicable

e Exposure/interventions (e.g. type, operators, recipients, timeframes etc.)

o Qutcome measures — state primary and secondary outcome(s)

2c Results - briefly describe: 1

¢ Summary data with qualitative descriptions and statistical relevance,
where appropriate

2d Conclusion - briefly describe: 2

e Key conclusions

e Implications for clinical practice

e Need for and direction of future research

INTRODUCTION

3 Introduction — comprehensively describe: 2-4

e Relevant background and scientific rationale for study with reference to
key literature

e Research question and hypotheses, where appropriate

e Aims and objectives

METHODS

4a Registration 5

¢ In accordance with the Declaration of Helsinki*, state the research
registration number and where it was registered, with a hyperlink to the
registry entry (this can be obtained from ResearchRegistry.com,
ClinicalTrials.gov, ISRCTN etc.)

e All retrospective studies should be registered before submission; it should
be stated that the research was retrospectively registered

* “Every research study involving human subjects must be registered in a publicly
accessible database before recruitment of the first subject”

4b Ethical approval 5
e Reason(s) why ethical approval was needed

¢ Name of body giving ethical approval and approval number

o Where ethical approval wasn’t necessary, reason(s) are provided




4c Protocol
e Give details of protocol (a priori or otherwise) including how to access it
(e.g. web address, protocol registration number etc.)
e If published in a journal, cite and provide full reference
4d Patient and public involvement in research
e Declare any patient and public involvement in research
e State the stages of the research process where patients and the public
were involved (e.g. patient recruitment, defining research outcomes,
dissemination of results etc.) and describe the extent to which they were
involved.
ba Study design
e State type of study design used (e.g. cohort, cross-sectional, case-control
etc.)
e Describe other key elements of study design (e.g. retro-/prospective,
single/multi-centred etc.)
5b Setting and timeframe of research — comprehensively describe:
e Geographical location
¢ Nature of institution (e.g. primary/secondary/tertiary care setting, district
general hospital/teaching hospital, public/private, low-resource setting
etc.)
e Dates (e.g. recruitment, exposure, follow-up, data collection etc.)
5c Study groups
e Total number of participants
o Number of groups
o Detail exposure/intervention allocated to each group
o Number of participants in each group
5d Subgroup analysis — comprehensively describe:
e Planned subgroup analyses
o Methods used to examine subgroups and their interactions
6a Participants — comprehensively describe:
¢ Inclusion and exclusion criteria with clear definitions
e Sources of recruitment (e.g. physician referral, study website, social
media, posters etc.)
o Length, frequency and methods of follow-up (e.g. mail, telephone etc.)
6b Recruitment — comprehensively describe:
¢ Methods of recruitment to each patient group (e.g. all at once, in batches,
continuously till desired sample size is reached etc.)
e Any monetary incentivisation of patients for recruitment and retention
should be declared; clarify the nature of any incentives provided
¢ Nature of informed consent (e.g. written, verbal etc.)
e Period of recruitment
6c Sample size — comprehensively describe:

e Analysis to determine optimal sample size for study accounting for
population/effect size

o Power calculations, where appropriate

e Margin of error calculation

METHODS - INTERVENTION AND CONSIDERATIONS

7a

Pre-intervention considerations — comprehensively describe:
e Preoperative patient optimisation (e.g. weight loss, smoking cessation,
glycaemic control etc.)
¢ Pre-intervention treatment (e.g. medication review, bowel preparation,
correcting hypothermia/-volemia/-tension, mitigating bleeding risk, ICU
care etc.)




7b

Intervention — comprehensively describe:
¢ Type of intervention and reasoning (e.g. pharmacological, surgical,
physiotherapy, psychological etc.)
Aim of intervention (preventative/therapeutic)
¢ Concurrent treatments (e.g. antibiotics, analgesia, anti-emetics, VTE
prophylaxis etc.)
o Manufacturer and model details, where applicable

7c Intra-intervention considerations — comprehensively describe:

e Details pertaining to administration of intervention (e.g. anaesthetic,
positioning, location, preparation, equipment needed, devices, sutures,
operative techniques, operative time etc.)

o Details of pharmacological therapies used, including formulation,
dosages, routes, and durations

e Figures and other media are used to illustrate

7d Operator details — comprehensively describe:

e Requirement for additional training

e Learning curve for technique

¢ Relevant training, specialisation and operator’s experience (e.g. average
number of the relevant procedures performed annually)

7e Quality control — comprehensively describe:

o Measures taken to reduce inter-operator variability

e Measures taken to ensure consistency in other aspects of intervention
delivery

o Measures taken to ensure quality in intervention delivery

7f Post-intervention considerations — comprehensively describe:

e Post-operative instructions (e.g. avoid heavy lifting) and care

¢ Follow-up measures

e Future surveillance requirements (e.g. blood tests, imaging etc.)

8 Outcomes — comprehensively describe:

e Primary outcomes, including validation, where applicable

e Secondary outcomes, where appropriate

¢ Definition of outcomes

e If any validated outcome measurement tools are used, give full reference

o Follow-up period for outcome assessment, divided by group

9 Statistics — comprehensively describe:

e Statistical tests and statistical package(s)/software used

¢ Confounders and their control, if known

e Analysis approach (e.g. intention to treat/per protocol)

e Any sub-group analyses

e Level of statistical significance

RESULTS
10a Participants — comprehensively describe:

e Flow of participants (recruitment, non-participation, cross-over and
withdrawal, with reasons). Use figure to illustrate.

o Population demographics (e.g. age, gender, relevant socioeconomic
features, prognostic features etc.)

e Any significant numerical differences should be highlighted

10b Participant comparison

¢ Include table comparing baseline characteristics of cohort groups

e Give differences, with statistical relevance

e Describe any group matching, with methods

10c Intervention — comprehensively describe:




o Degree of novelty of intervention
e Learning required for interventions
o Any changes to interventions, with rationale and diagram, if appropriate
lla Outcomes — comprehensively describe: 7
¢ Clinician-assessed and patient-reported outcomes for each group
¢ Relevant photographs and imaging are desirable
¢ Any confounding factors and state which ones are adjusted
11b Tolerance — comprehensively describe: 7
e Assessment of tolerability of exposure/intervention
e Cross-over with explanation
e Loss to follow-up (fraction and percentage), with reasons
llc Complications — comprehensively describe: 7
e Adverse events and classify according to Clavien-Dindo classification*
e Timing of adverse events
e Mitigation for adverse events (e.g. blood transfusion, wound care, revision
surgery etc.)
*Dindo D, Demartines N, Clavien P-A. Classification of Surgical Complications. A
New Proposal with Evaluation in a Cohort of 6336 Patients and Results of a Survey.
Ann Surg. 2004; 240(2): 205-213
12 Key results — comprehensively describe: 7-8
o Key results with relevant raw data
e Statistical analyses with significance
¢ Include table showing research findings and statistical analyses with
significance
DISCUSSION
13 Discussion — comprehensively describe: 8-10
e Conclusions and rationale
e Reference to relevant literature
e Implications for clinical practice
o Comparison to current gold standard of care
¢ Relevant hypothesis generation
14 Strengths and limitations — comprehensively describe: 10
e Strengths of the study
o Weaknesses and limitations of the study and potential impact on results
and their interpretation
¢ Assessment and management of bias
e Deviations from protocol, with reasons
15 Relevance and implications — comprehensively describe: -
e Relevance of findings and potential implications for clinical practice
¢ Need for and direction of future research, with optimal study designs
mentioned
CONCLUSION
16 Conclusions 10
e Summarise key conclusions
e OQutline key directions for future research
DECLARATIONS
17a Conflicts of interest -
o Conflicts of interest, if any, are described
17b Funding -
e Sources of funding (e.g. grant details), if any, are clearly stated
o Role of funder




17c

Contributorship
¢ Acknowledge patient and public involvement in research; report the extent of
involvement of each contributor
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Abstract

Background: Coronavirus disease 2019 (COVID-19) is a new health problem discovered in 2019 thus
requires biomarkers that can detect early tissue damage. Soluble Rreceptor for aAdvanced Gglycation Eend-
pRroducts (SRAGE) is a biomarker that can be used to identify early lung damage.

Objective: Analyzing the association of serum sSRAGE withon 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 withon
COVID-19 severity was analyzed using the chi-square test, Fisher's exact test, independence ft-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/uL; 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; ¢ = 0.383; p = 0.703). There was a
significant differereecomparison 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 significant association
between serum sSRAGE and COVID-19 severity ( = 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% CL.

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.

Keywords:

Serum sSRAGE, COVID-19 severity, Infectious disease

Abbreviations



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 RAGEreceptors for advanced glycation end-products (SRAGE) as a

biomarker 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 characterized by an increase in Rreceptors for aAdvanced Gglycation Eend-Pproducts (RAGE). RAGE
is one of the non-enzymatic receptors of Advanced Glycation End-Products (AGEs) which has a multi-ligand receptor,
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
inflammatory 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 adhesive 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-lRAGE and alternative splicing mRNA [7]. The
administration of SRAGE in experimental animals 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 countries. This biomarker is also easy to use and at a more

affordable cost, so we are interested in analyzing the association of serum sSRAGE 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 respiratory 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
Sp0O2 <90% or PaO2 59 mmHg (PaO2 measurements were obtained from patient medical records). Critical when
patients have ARDS, sepsis, and septic shock. Mild ARDS: 200 mmHg < PaO2/FiO2a 300 mmHg (with PEEP or
CPAP 5 cmH20). Moderate ARDS: 100 mmHg < PaO2/FiO2 200 mmHg (with PEEP 5 cmH20). ARDS weight:
PaO2/FiO2 100 mmHg (with PEEP 5 cmH20) [5].

2.4 sSRAGE serum examination

The sRAGE is soluble forms in the transmembrane domain of RAGE which the serum levels of sSRAGE are
determined using a specific sandwich human ELISA kit BioAssay (MyBioSource Inc, San Diego, USA). The sSRAGE
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. Meanwahile,
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 ft-test or Mann Whitney test. The comparison
between the two variables is significant if p < 0.05. In addition, Spearman'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).
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Characteristics of participants.

COVID-19 Severity
Characteristics )/
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

Male 25(53.2) 65 (66.3) 0.179
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 12.1) 33.1) 1.000
Diarrhea 3(64) 44.1) 0.682
Outcome

Recovered 41 (87.2) 47 (48.0) <0.001**
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.

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 = 0.509; p = 0.088), painful swallowing in 4 participants (2.8%; 2.1% vs
3.1%; OR = 1.453; p = 1.000), and diarrheea 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
participants (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/uL),
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 fibrinogen (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 sSRAGE 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/uL; 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), procalcitonin 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; = 0.383; p = 0.703; Table 2).
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Comparison of blood component based on COVID-19 severity.

COVID-19 Severity

Blood Analysis 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 glycation end products; *significant <0.05; **significant
<0.001.

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 significant association between serum
sRAGE and COVID-19 severity (» = 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 CI195% (Fig. 1).
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Cut-off Serum sRAGE level based on severe and non-severe groups of COVID-19 patients.

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 sSRAGE 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 significant 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 patients [13]. Increased serum sRAGE is commonly found in ARDS patients admitted
to the ICU [15]. As many as 20% of COVID-19 patients progress 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 immune 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 HMGBI1. 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 HMGBI 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 invades AT2 cells located in the periphery and
subpleural so that the patient begins to feel hypoxia. SARS-CoV2 replicates in AT2 lead to cell damage and death.
Dead AT2 cells release toxins and damage 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-a. 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 sSRAGE values in the two groups also show a significant difference. In addition,

there is a significant association between serum sSRAGE and COVID-19 severity.
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e Serum sRAGE can be used to identify COVID-19 severity.

e The level of serum sRAGE in each COVID-19 patient is different.

e The blood components of each COVID-19 severity are different.
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