
Efficacy of a paper-based
interleukin-6 test strip combined
with a spectrum-based optical
reader for sequential monitoring
and early recognition of
respiratory failure in elderly
pneumonia—a pilot study

Cheng-Han Chen1,2,3, Yi-Chen Fu2, Yi-Tzu Lee1,3,
Kai-Sheng Hsieh4, Ching-Fen Shen5* and Chao-Min Cheng2*
1Department of Emergency Medicine, Taipei Veterans General Hospital, Taipei, Taiwan, 2Institute of
Biomedical Engineering, National Tsing Hua University, Hsinchu, Taiwan, 3School of Medicine, National
Yang Ming Chiao Tung University, Taipei, Taiwan, 4Department of Pediatrics and Structural, Congenital
Heart and Echocardiography Center, School of Medicine, China Medical University, Taichung, Taiwan,
5Department of Pediatrics, National Cheng Kung University Hospital, College of Medicine, National Cheng
Kung University, Tainan, Taiwan

Introduction: Community-acquired pneumonia (CAP) is lethal in elderly
individuals who are more vulnerable to respiratory failure and require more
emergency ventilation support than younger individuals. Interleukin-6 (IL-6)
plays a crucial role and has predictive value in CAP; high serum IL-6
concentrations in adults are associated with high respiratory failure and
mortality rates. Early detection of IL-6 concentrations can facilitate the timely
stratification of patients at risk of acute respiratory failure. However, conventional
enzyme-linked immunosorbent assay (ELISA) IL-6 measurement is laborious and
time-consuming.

Methods: The IL-6 rapid diagnostic system combined with a lateral flow
immunoassay-based (LFA-based) IL-6 test strip and a spectrum-based optical
reader is a novel tool developed for rapid and sequential bedside measurements
of serum IL-6 concentrations. Here, we evaluated the correlation between the IL-6
rapid diagnostic system and the ELISA and the efficacy of the system in stratifying
high-risk elderly patients with CAP. Thirty-six elderly patients (median age: 86.5 years;
range: 65–97 years) with CAPwere enrolled. CAP diagnosis was established based on
the Infectious Diseases Society of America (IDSA) criteria. The severity of pneumonia
was assessed using the CURB-65 score and Pneumonia Severity Index (PSI). IL-6
concentration was measured twice within 24 h of admission.

Results: The primary endpoint variable was respiratory failure requiring invasive
mechanical or non-invasive ventilation support after admission. IL-6 rapid
diagnostic readouts correlated with ELISA results (p < 0.0001) for 30 samples.
Patients were predominantly male and bedridden (69.4%). Ten patients (27.7%)
experienced respiratory failure during admission, and five (13.9%) died of
pneumonia. Respiratory failure was associated with a higher mortality rate (p =
0.015). Decreased serum IL-6 concentration within 24 h after admission indicated
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a lower risk of developing respiratory failure in the later admission course (Receiver
Operating Characteristic [ROC] curve = 0.696).

Conclusion: Sequential IL-6 measurements with the IL-6 rapid diagnostic system
might be useful in early clinical risk assessment and severity stratification of elderly
patients with pneumonia. This system is a potential point-of-care diagnostic device
for sequential serum IL-6 measurements that can be applied in variable healthcare
systems.

KEYWORDS

interleukin-6, point-of-care diagnosis, respiratory failure, community-acquired
pneumonia, lateral flow immunoassay, elderly pneumonia

1 Introduction

Community-acquired pneumonia (CAP) remains the leading
community-acquired infection threat resulting in a high
hospitalization rate and mortality rate of 8.7%, associated with
approximately three million annual deaths worldwide (Garau
et al., 2008; World Health Organization, 2020). The incidence of
CAP is higher in elderly individuals, accompanied by a higher
associated mortality rate (10%–30% in severe cases) (Ray et al.,
2006; Li et al., 2015; Schouten et al., 2019; Ferreira-Coimbra et al.,
2020). Moreover, elderly patients are more vulnerable to severe
complications, such as respiratory failure, requiring emergent
ventilation support, and longer hospital stays (Kaier et al., 2019).
Hence, early detection of pneumonia in elderly patients with an
increased risk of developing respiratory failure is essential for
delivering suitable treatments that may reduce the mortality rate
(Kolditz et al., 2013).

Interleukin-6 (IL-6), a pro-inflammatory and pleiotropic
cytokine secreted by stimulated monocytes and macrophages,
mediates a broad range of immune responses after acute
biological stress, such as trauma, infection, or inflammation
(Andrijevic et al., 2014). This pleiotropic pro-inflammatory
cytokine transmits signals, regulates immune cells, and
generates a positive feedback loop. However, if dysregulated,
the overproduction of IL-6 can ultimately induce a cytokine
storm (Chen et al., 2022). In coronavirus disease 19 (COVID-
19) patients, higher serum IL-6 concentrations imply
hyperinflammatory responses that correlate with considerable
disease severity and death. Indeed, IL-6 testing in COVID-19
patients has played a pivotal role in predicting poor prognoses
and a higher risk of developing respiratory failure (Santa Cruz
et al., 2021). In fact, elevated serum IL-6 concentrations may
reflect disease severity and prognosis (Jekarl et al., 2013; Emami
Ardestani and Zaerin, 2015; Song et al., 2019; Weidhase et al.,
2019). In CAP patients, elevated serum IL-6 concentrations
during hospitalization are associated with higher rates of
respiratory failure and mortality (Andrijevic et al., 2014;
Karhu et al., 2019).

Thus, it is crucial to measure serum IL-6 concentrations rapidly
and repeatedly during treatment courses to facilitate the timely
identification of either CAP or COVID-19 patients at risk of
developing acute respiratory failure. However, the conventional
method for quantifying IL-6, i.e., the enzyme-linked
immunosorbent assay (ELISA), comprises various steps and
requires several hours to generate results. These limitations

impede the convenience of serum IL-6 measurements in current
clinical practice (Schefold et al., 2008; Aydin, 2015).

A point-of-care (POC) diagnostic device may overcome these
limitations. Hence, we propose the IL-6 rapid diagnostic system,
comprising a lateral flow immunoassay (LFA)-based IL-6 test strip
and a spectrum-based optical reader, as an alternative approach.
This system has a reduced operating time of 1 h and exhibits a high
correlation with conventional ELISA measurements in laboratory
evaluation. Previous studies had found the IL-6 rapid diagnostic
system to be well-suited for various clinical applications, including
early diagnosis of respiratory failure risk in COVID-19 patients,
differentiation of influenza severity in children, and early detection
of acute wound infection (Lin et al., 2021; Pan et al., 2022; Wang
et al., 2022).

However, the efficacy of rapid serum IL-6 measurements and
early identification of elderly patients with pneumonia at-risk of
respiratory failure remains unknown. Therefore, this study aims to
assess the efficacy of the IL-6 rapid diagnosis system for the early
identification of elderly patients with CAP who are prone to
developing respiratory failure in the emergency department (ED)
of a hospital in Taiwan. Such timely detection may improve patient
prognosis and therapeutic outcomes.

2 Materials and methods

2.1 Patient selection

This prospective, non-randomized, observational study was
conducted from July 2021 to June 2022 at the ED of a medical
center in Taipei Veterans General Hospital (TVGH), Taipei City,
Taiwan. This study was conducted following the principles of the
Declaration of Helsinki and was approved by the Institutional
Review and Ethics Board (IRB) of TVGH (IRB: 2021-06-014AC).
Written informed consent was obtained for all participants. For
participants unable to provide informed consent due to cognitive
impairment, caregivers consented on their behalf. The primary
inclusion criteria were as follows: age >65 years; presentation to
the ED with symptoms and indications of respiratory infection;
established diagnosis of CAP according to the Infectious Diseases
Society of America (IDSA) criteria (Metlay et al., 2019); chest X-ray
(CXR) or thoracic computed tomography (CT) scan suggestive of
CAP in the ED. The exclusion criteria were as follows: CXR or CT
highly suggestive of lung cancer or other pulmonary metastatic
lesions; ongoing chemotherapy or target therapy for cancer;
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immunocompromised; pancreatitis; transferred from another
hospital, where symptoms developed for more than 5 days; non-
compliant with protocol; or unwilling to participate in the study.
Figure 1 demonstrates the study protocol.

Standard diagnostic procedures and treatments for CAP were
performed for all patients screened for the trial. For those included
in the study, complete blood counts with biochemistry panels were
collected on the ED admission day. Standard CXR and/or CT were
performed. Pneumonia Severity Index (PSI) and CURB-65 scores
were assessed on the first day of hospitalization. On the first day,
serum IL-6 concentrations were measured within 1 h of arrival at the
emergency department (ED), and a second measurement was
conducted within 24 h of ED admission on the following day. All
surviving patients underwent follow-up until discharged. The
primary outcome variable was respiratory failure requiring either
invasive mechanical or non-invasive ventilation support after
admission. The secondary outcome variables were mortality rate
and length of hospital stay.

2.2 IL-6 rapid diagnostic system and ELISA
for serum IL-6 concentration comparisons

All serum samples were preserved at −80°C until analysis. The
serum IL-6 concentrations of 30 serum samples were measured using
our IL-6 rapid diagnostic system and commercial ELISA kits (D6050;
R&D Systems, Minneapolis, MN, United States) following the
manufacturer’s instructions. The results were subsequently
compared. The minimum detectable concentration was 3.1 pg/mL.
The ELISA Sunrise Absorbance Microplate Reader was obtained
from Tecan Sunrise™ (8,708; Tecan, Männedorf, Switzerland).

The IL-6 rapid diagnostic system is a rapid and portable
diagnostic system that was developed based on the principles of
LFA-based IL-6 test strips in combination with a spectrum-based

optical reader (Figure 2). Figure 2A illustrates the principles
leveraged in the IL-6 test strips and optical reader, and Figure 2B
shows the procedural protocol of the IL-6 rapid diagnostic system.
For more details, the preparation of the LFA-based strips and
spectrum-based optical reader have been described previously
and presented in the Supplementary Material S1. (Lin et al.,
2021; Wang et al., 2022).

2.3 Statistical analysis

Spearman’s rank correlation coefficient and Bland–Altman
plot were employed to assess the correlation between the IL-6
rapid diagnostic system and ELISA results. The medians between
different groups were comparatively analyzed using the
Mann–Whitney U-test for non-normally distributed data.
Thereafter, a Receiver Operating Characteristic (ROC) curve
was generated to evaluate the relationship between the
sequential change in serum IL-6 concentrations on ED arrival
and the development of respiratory failure after admission. For
all statistical results, p < 0.05 was considered significant. All
statistical analyses were performed using IBM SPSS Statistics for
MacOS (version 25.0; IBM Corp., Armonk, NY, United States)
and GraphPad Prism (version 8.0; GraphPad Software Inc., San
Diego, CA, United States).

3 Results

3.1 Comparison of IL-6 rapid diagnostic
system and ELISA results in clinical samples

We examined the IL-6 concentrations in 30 serum samples using
the IL-6 rapid diagnostic system and ELISA. The correlation

FIGURE 1
Length of hospital stay. Infectious Diseases Society of America; ED, Emergency Department. Figure created using Biorender.com.
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between concentration results was relevant and statistically
significant (Rho = 0.7715, p < 0.0001; Figure 3A). Notably, the
commercially available kits required samples to be diluted if the IL-6
concentration was >300 pg/mL (R&D Systems). In contrast, the
rapid diagnostic system did not require any dilution prior to
analysis.

To validate the correlation between these assays, we used the
Bland–Altman analysis to assess any deviations from mean
differences and estimate the interval of agreement (95%) between
them. The Bland–Altman plot represents the comparison of the
difference between the two methods with the measured average
(Figure 3B).

After logarithmically transforming the original IL-6
concentration data based on the test strip and ELISA results,
the mean difference between the assays was 0.8016, and their
limits of agreement (±1.96 standard deviation) were

1.6477 and −1.3606, respectively. The width of the limits of
agreement was 3.035, including most data points. A trend
between the difference and mean was not observed; however,
the difference between the methods was more variable when the
mean was between 0.5 and 4.5.

3.2 Baseline characteristics, prognostic
factors, and outcomes of all patients

A total of 36 patients were enrolled in the pilot study. The
median age was 86.5 years, ranging from 65 to 97 years (Table 1).
Most patients were male. Fourteen patients (38.9%) lived in
nursing homes and 25 (69.4%) were bedridden and ADL-
dependent (activities of daily living) (Kaur et al., 2018). No
patients presented with respiratory failure upon ED arrival,

FIGURE 2
IL-6 rapid diagnostic system. (A) This system consists of a lateral flow immunoassay (LFA)-based test strip and a spectrum-based optical reader. The
test strips consist of a sample pad, mouse monoclonal anti-IL-6 antibody conjugated gold nanoparticles (AuNPs) on the conjugate pad, human anti-IL6
antibody on the test line, and anti-mouse IgG on the control line. (B) Operation protocols: 1) 100 μL of the sample was placed onto the sample pad; 2)
incubation for 15 min, allowing the IL-6 in the sample to bind to the AuNPs-conjugated monoclonal anti-IL-6 antibodies in the membrane as the
sample diffuses through it to produce a visible colored line; 3) the color intensity is detected using the spectrum-based optical reader; 4) a readout is
produced based on the designed software using the equation y = 0.0597α+1.0077, in which the calibration curve established based on the buffered
system, a human albumin-based solvent (Lin et al., 2021).
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FIGURE 3
(A) Comparison of IL-6 concentrations with the IL-6 rapid diagnostic system and ELISA (n = 30). The blue line represents the linear regression
relationship between the ELISA and the IL-6 rapid diagnostic system, with the equation y = 0.4369x + 180.88 (R2 = 0.8409). Spearman’s correlation
demonstrated Rho = 0.7715 (confidence intervals 0.5619-0.8880, p < 0.0001). (B) Bland–Altman plot after logarithmically transforming the original data
of the concentration. The red line demonstrates the mean difference between the ELISA and the IL-6 rapid diagnostic system, after logarithmical
transformation, and the orange lines indicate the upper and lower Limits of Agreement (LOA) on the Bland–Altman plot.

TABLE 1 Baseline characteristics, prognostic factors, and outcomes of all patients.

No (%) or Medium (IQR) P

Overall (n = 36) Respiratory failure (n = 10) Non-respiratory failure (n = 26)

Demographics

Female sex 9 (25%) 4 (40%) 5 (19.2%) 0.226

Age (years) 86.5 (81–92.75) 87.5 (83–95) 86.5 (80–92) 0.155

Smoker (Ex- or active) 4 (11.1%) 2 (20%) 2 (7.7%) 0.305

BMI (kg/m2) 20.79 (18.81–23.53) 20.51 (19.64–22.26) 20.84 (18.46–23.57) 0.838

Baseline status

Nursing home residency 14 (38.9%) 5 (50%) 9 (34.6%) 0.462

Bedridden status 25 (69.4%) 9 (90%) 16 (61.5%) 0.127

Comorbidities

Charlson Comorbidity Index 7 (5–8) 9 (8–9) 6 (4.5–7) 0.001

Dementia 15 (41.7%) 7 (70%) 8 (30.8%) 0.058

Past myocardial infarction 2 (11.1%) 2 (20%) 2 (7.7%) 0.305

Congestive heart failure 11 (30.6%) 5 (50%) 6 (23.1%) 0.224

Chronic pulmonary disease or asthma 6 (16.6%) 2 (20%) 4 (15.4%) 1.000

Diabetes mellitus 8 (22.2%) 4 (40%) 4 (15.4%) 0.179

Chronic renal disease 5 (13.9%) 4 (40%) 1 (3.8%) 0.015

Prognostic score

CURB-65 3 (2–3) 3 (3–3) 3 (2–3) 0.145

Pneumonia Severity Index 155.5 (119.25–190.75) 194 (156–202) 138.5 (115–166.5) 0.012

Outcome

Length of hospital stay (days) 16.5 (11.25–21.75) 22 (14–28) 15.5 (11–20) 0.166

Mortality 5 (13.9) 4 (40%) 1 (3.8%) 0.015
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however, ten (27.7%) experienced respiratory failure during the
hospitalization course and received either invasive or non-
invasive ventilation support. All patients with respiratory
failure had a higher Charlson Comorbidity Index (p = 0.001),
increased prevalence of dementia (p = 0.058), and chronic renal
disease (p = 0.015). The prognostic scores (CURB-65 and PSI),
duration of hospital stay, and mortality rate (p = 0.015) were
higher in the respiratory failure group (p = 0.012).

3.3 Vital signs and biomarkers upon ED
arrival for the two severity groups

Table 2 presents the vital signs and biomarkers presented by
elderly patients on arrival at the ED. The differences in vital signs
between the severity groups and IL-6 concentration (p = 0.497)
were not significant. The common prognostic biomarkers, such
as white blood cell count, C-reactive protein (CRP), and
procalcitonin (PCT) concentrations, did not differ between the
groups.

3.4 Sequential change in the IL-6
concentrations between the different
severity groups

IL-6 concentrations tended to decrease more in the non-
respiratory failure group compared to the respiratory failure
group (p = 0.071; Table 3). Figures 4A, B illustrate the
sequential changes in IL-6 concentrations after ED arrival.
The reduction in IL-6 concentrations in the non-respiratory
failure group (p = 0.0676) was more prominent after
admission than that in the respiratory failure group (p =
0.8711). Figure 4C illustrates the ROC curve referring to the
relationship between changes in serum IL-6 concentrations after
admission and the development of respiratory failure later in the
hospitalization course (ROC area, 0.696; confidence interval
0.515–0.877, p = 0.072).

4 Discussion

This observational study investigated the correlation between
the IL-6 rapid diagnostic system and conventional IL-6 ELISA
measurements, as well as the correlation between changes in
serial serum IL-6 concentrations within 24 h of arrival at the ED
and the possibility of developing respiratory failure in elderly
patients with pneumonia after admission. The novelty of our
study lies in our approach of monitoring the sequential change
of interleukin-6 (IL-6) concentrations, rather than solely relying on
threshold values, to predict adverse clinical outcomes such as
respiratory failure in patients upon their arrival to the emergency
department. This approach is supported by the findings of Lorenz
Weidhase et al., who reported the clinical value of monitoring IL-6
as a predictor of antibiotic efficacy in 2019 (Weidhase et al., 2019).
However, to the best of our knowledge, there has been little research
into the sequential monitoring of IL-6 changes in the early stages of
the disease to predict unfavorable outcomes. Therefore, we
conducted a small-scale observational pilot study with a limited
sample size to demonstrate the potential value of monitoring
changes in serum IL-6 concentrations in the early recognition of
disease severity and adverse outcomes. Our findings demonstrated
the potential clinical significance of monitoring changes in IL-6
concentrations for early recognition of CAP patients at risk of
respiratory failure, as evidenced by our ROC curve analysis,
where the Youden’s index was found to be −43% (with a
sensitivity of 80% and a specificity of 69.2%) when the
percentage of IL-6 decrease was below this threshold.

Given the COVID-19 pandemic, the demand for easy-to-use,
affordable tools for the early diagnosis of high respiratory failure risk
or cytokine storm has increased. Compared to conventional ELISAs,
which take approximately 4.5 h per run (R&D Systems, 2022), the
total time required for our rapid test is less than 1 h. Therefore, the
IL-6 rapid diagnostic system is a potentially applicable POC device
for the timely and sequential measurements of serum IL-6
concentration. The IL-6 rapid diagnostic system demonstrated a
strong correlation with conventional ELISA results in the buffered
system, which utilized a human albumin-based solvent. The linear

TABLE 2 Vital signs and biomarkers upon arrival at the emergency department (ED) across different severity groups.

No (%) or Medium (IQR) P

Overall (n = 36) Respiratory Failure (n = 10) Non-respiratory Failure (n = 26)

Vital Signs at ED visit

Heart rate 105 (76–118) 90 (73–132) 110 (80–117) 0.520

Respiratory rate 24 (20–26) 24 (23–30) 24 (20–26) 0.454

Temperature (°C) 37.3 (36.3–38.1) 37.2 (35.9–38.1) 37.3 (36.7–38.1) 0.715

Systolic blood pressure (mmHg) 142 (120–170) 148 (134–164) 134 (118–170) 0.958

Biomarkers upon arrival

White blood cells (/µL) 12350 (7,725–16390) 12050 (7,120–16910) 12720 (8,950–15930) 0.958

C-reactive protein (mg/dL) 8.89 (2.77–12.36) 4.8 (1.12–11.36) 8.9 (3.94–12.01) 0.109

Procalcitonin (ng/mL) 0.21 (0.047–3.17) 0.10 (0.047–0.43) 0.45 (0.05–5.27) 0.434

Interleukin-6 (pg/mL)a 910.3 (54.8–4253.6) 441.32 (140.26–2922.71) 1215.99 (44.39–6340.00) 0.393

aMeasured using the interleukin-6, rapid diagnostic system.
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regression analysis showed an R2 value of 0.9507, and the limit of
detection was determined to be 76.85 pg/mL (Lin et al., 2021). The
maximum detectable concentration of serum IL-6 was
approximately 25,000 pg/mL, as demonstrated in our study.
Additionally, in previous clinical serum samples from children,
the comparison between ELISA and the IL-6 rapid diagnostic
system showed high relevance and statistical significance
(Spearman’s Rho = 0.706, p < 0.001) (Lin et al., 2021). In this
study, we also compared the measurements of the two methods
using our clinical serum samples; the correlation was also
significantly high (Rho = 0.7715, p < 0.0001), indicating that the
IL-6 rapid diagnostic system can be an alternative methodology to
conventional ELISA in serum IL-6 concentration measurement.

In this pilot clinical observational study, using the IL-6 rapid
diagnosis system, we performed two successive examinations of
serum IL-6 concentrations after ED presentation to predict
respiratory failure which required invasive or non-invasive
ventilation support in elderly patients with CAP. Although the
number of patients was small (n = 36), the results suggest that a
larger percentage of decreased serum IL-6 concentrations after
admission indicated a lower risk of developing respiratory failure
in late admission (ROC curve area = 0.696, p = 0.072).

CAP is a highly heterogeneous illness in terms of causative
pathogens and diverse host responses (Metlay et al., 2019). The
immune response during CAP can vary, as different microbes
trigger unique inflammatory responses depending on the intrinsic
properties of the pathogen. However, the causal agent is not the only
determinant of its clinical outcome; interactions between the host
immune response and pathogen clearance are essential. This balance
between host immune interactions is regulated by complex
interactions between immune cells and pro- and anti-
inflammatory cytokines (Menéndez et al., 2012; Rendon et al.,
2016; Mizgerd, 2018). Once the lungs are infected, the initial
immune response is led by neutrophils, which release several
granules and cytokines that can kill microbes and potentially
cause tissue damage. Excessive or dysregulated inflammation
activation results in exaggerated lung and systemic inflammation,
which can cause severe complications (Fernandez-Botran et al.,
2014). Elevated cytokine concentrations recruit more immune
cells, such as macrophages, T cells, and neutrophils, to the
infected area. If dysregulated, these immune responses can elicit
various sequelae, such as endothelial destabilization, tissue damage,
or multiple organ failure, which can result in a high mortality rate
among infected patients (Ragab et al., 2020; Tabassum et al., 2021).

Among these inflammatory biomarkers, serum IL-6
concentrations increase rapidly after pathophysiological stress,
compared to other common prognostic biomarkers such as

procalcitonin (PCT) and C-reactive protein (CRP) (Karakioulaki
and Stolz, 2019). Serum IL-6 concentrations increase immediately
within 1 h of stress induction and peak at 3–6 h with a 15-h half-life
(Gebhard et al., 2000; Wirtz et al., 2000; Shimazui et al., 2017;
Kuribayashi, 2018). On the contrary, PCT increases within 4 h after
infection and peaks at 6 h (Rowland et al., 2015), and CRP increases
within 12–24 h and peaks 20–72 h after pathophysiological stress.
(Mooiweer et al., 2011; Rowland et al., 2015; Hahn et al., 2018). The
half-life of IL-6 in serum is relatively short compared to that of PCT
(approximately 24 h) and CRP (19 h) (Biffl et al., 1996; Pepys and
Hirschfield, 2003; Samsudin and Vasikaran, 2017; Chen et al., 2022).

Following the COVID-19 outbreak repeated IL-6 measurements
in patients with COVID-19 and pneumonia were proposed as
significantly lower serum IL-6 concentrations after admission
were associated with a higher recovery rate (Liu et al., 2020).
Moreover, several studies have reported that IL-6 may be a useful
predictor of treatment failure and mortality (Heinrich et al., 1990;
Biffl et al., 1996; Karakioulaki and Stolz, 2019). Indeed, the mortality
was highest in patients with higher IL-6 concentrations (Kellum
et al., 2007). Regarding CAP cases, repeated evaluation of patients
with pneumonia following hospital admission is essential as clinical
deterioration and mortality rates are the highest within 24–72 h of
hospitalization (Kolditz et al., 2013). Compared to CRP and PCT,
serum IL-6 concentrations provide a better predictor for monitoring
antibiotic treatment in septic patients, in which a reduced serum IL-
6 concentration indicates a better response to treatment (Weidhase
et al., 2019). In contrast, consistently high serum IL-6
concentrations suggest continuous production of IL-6 and may
indicate unresolved insults, such as trauma or infection.

Meanwhile, IL-6 is designated as a “gerontologist’s cytokine”
because it is associated with various age-related chronic illnesses, the
transition from innate to acquired immunity, and metabolic control
(Ershler, 1993; Rea et al., 2018). Immunosenescence, a process of
immune dysfunction that occurs with age, provokes a reduction of
naive lymphocytes, accumulation of memory and effector
lymphocytes, fabrication of defective antibodies or
autoantibodies, and chronic low-grade inflammation status. Thus,
advanced age with chronic inflammation is associated with
substantially increased IL-6 concentrations (Ershier et al., 1994;
Dobbs et al., 1999; Puzianowska-Kuźnicka et al., 2016; Lin et al.,
2018). Hence, when managing sepsis in elderly patients, it might be
more critical to monitor the sequential changes in serum IL-6
concentrations rather than measuring them once above a
designated, detectable threshold.

In our study, decreased sequential serum IL-6 concentrations
were found to potentially indicate better outcomes among elderly
patients in both groups. Table 4 demonstrates the changes in IL-6

TABLE 3 Change in interleukin-6 concentration over time per severity group.

Overall (n = 36) Respiratory failure
(n = 10)

Non-respiratory failure
(n = 26)

P AUROCa with
95% confidence
interval (CI)

P

Medians with interquartile range

Change of two sequential IL-6 (%) −58%< (−93.64%–35.99%) −1.85% (−39.35%–113%) −69.49% (−98%–14%) 0.071 0.696 (0.515–0.877) 0.072

Time interval (h) 18 (12.5–24.5) 16 (8–25) 18.5 (15–24) 0.340

aThe area under the receiver operating characteristic (ROC) curve.
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concentrations in the two groups. The green line represents the
patients who were discharged following successful treatment for
pneumonia, without complications such as septic shock and the
respiratory failure group where the patients had removed their
ventilation support within 14 days. The red line represents the
patients who died of pneumonia during the later admission
courses. Notably, two patients whose serum IL-6 concentrations
increased after admission died within 10 days of admission. The
pink line indicates patients who required prolonged ventilation
support (of more than 21 days (Lone and Walsh, 2011)) or had
suffered septic shock and required inotropic agents support, whose

serum IL-6 concentrations were persistent or increased. In
summary, increased or persistent serum IL-6 concentrations may
be indicative of a poor response to treatment and poor outcome
(Biffl et al., 1996; Kellum et al., 2007).

This study has several limitations. First, as a pilot study to
evaluate the correlation between sequential IL-6 concentrations and
respiratory failure, the number of patients was small, with some of
the results not reaching statistical significance. Second, as this study
is a pilot study, the sample size may be limited in conducting sub-
analyses for outcomes among different age ranges, sex, or other
factors. Additionally, pneumonia is caused by various pathogens,

FIGURE 4
Sequential change in IL-6 concentrations between the two severity groups, and the receiver operating characteristic (ROC) curve of sequential IL-6
change and respiratory failure. (A) Non-respiratory failure group (p = 0.0676): the green line represents the patient who was discharged without
experiencing septic shock nor requiring inotropic agents during admission, the pink line represents the patient who experienced septic shock, and the red
line represents the patient who died within 5 days of admission. (B) Respiratory failure group (p = 0.8711): the green line represents the patient who
was discharged, the pink line indicates the patient who experienced prolonged ventilation support (more than 21 days (Lone andWalsh, 2011)), and the red
line indicates the patient who died within 5 days of admission. (C) The ROC curve (blue line) refers to the relationship between serum IL-6 concentration
change after admission and the development of respiratory failure in the later hospitalization course. The area was 0.696 (95% confidential interval
0.515–0.877, p = 0.072). The Youden’s index of the ROC curve at (A) 43% change of the IL-6 concentration indicated that a decrease in IL-6
concentration below this threshold was associated with a higher rate of developing respiratory failure, with a sensitivity of 80% and a specificity of 69.2%.
The red line represented the reference line.
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each with its own intrinsic properties that can potentially impact
clinical outcomes. Therefore, including a larger sample size in
subsequent analyses would be beneficial in reducing or
conducting sub-analyses to account for the effect of pathogen
heterogeneity and further validate our hypothesis. Third, we only
assessed the initial two serum IL-6 concentrations after ED
admission, while more frequent measurements, such as three or
four consecutive evaluations, can provide more information for
facilitating treatment and positive patient outcomes.

In conclusion, we have described a novel methodology to execute
sequential IL-6 measurement rapidly and easily using a system that
combines an IL-6 LFA test strip and a spectrum-based optical reader.
The results of the IL-6 rapid diagnostic system were highly consistent
with the results of the conventional ELISA examination. Meanwhile, we
demonstrated that sequential serum IL-6 concentrations measurement
in elderly patients with pneumonia is more important than simply
determining whether the serum IL-6 concentration is above a certain
threshold value at a single time point. While the ELISA method is
considered the gold standard for IL-6 measurement and has a lower
LOD (3.1 pg/mL vs. 76.85 pg/mL) compared to the IL-6 rapid
diagnostic system, its complexity hinders its practicality (Lin et al.,

2021). The IL-6 rapid diagnostic system, as a novel medical device, has
the potential to serve as an ideal alternativewith comparable results. The
IL-6 rapid diagnostic system offers several advantages, including a
significantly shorter turnaround time, with results available in just
30 min, compared to the approximately 4.5 h required for the ELISA
test. Additionally, our system allows for the analysis of a single sample at
any time or the simultaneous analysis of multiple samples on different
test strips (15 min per test), followed by an examination in an optical
spectrum reader (5 min per test) one by one. Hence, we propose the use
of a point-of-care IL-6 rapid diagnostic system,which has a non-inferior
performance to the ELISA test, as a tool for facilitating early detection of
patients at risk of respiratory failure or disease deterioration. This POC
system can provide an alternative method for rapid and repeated IL-6
measurement, allowing for the sequential measurement of bedside
treatment response (Figure 5).

Data availability statement

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

TABLE 4 Details of sequential serum IL-6 changes and patient outcomes.

Respiratory failure Non-respiratory failure

Green
Line

4 patients who were weaned off of ventilation support within 14 days were discharged 21 patients without septic shock nor required inotropic agents
were discharged

Pink Line 2 patients received prolonged ventilation support (more than 21, 26, and 35 days) 4 patients who required inotropic agents during hospitalization
were discharged

Red Line 4 patients died of complications with septic shock, wherein 2 died within 10 days after
admission (5 and 10 days)

1 patient died of septic shock on the fifth day after admission

FIGURE 5
Potential application of the IL-6 rapid diagnostic system. If elderly patients who have been diagnosed with pneumonia visit the emergency
department, sequential measurements of serum IL-6 concentrations should be performed. 1) If the concentration of serum IL-6 decreases, healthcare
providers can maintain the current treatment; 2) If the concentration of serum IL-6 increases, healthcare providers should review the patient’s current
condition, consider treatment modification, and provide intensive care monitoring. Figure created using Biorender.com.

Frontiers in Pharmacology frontiersin.org09

Chen et al. 10.3389/fphar.2023.1166923

http://Biorender.com
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1166923


Ethics statement

The studies involving human participants were reviewed and
approved by the Institutional Review and Ethics Board (IRB) of
TVGH (IRB: 2021-06-014AC). Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

Author contributions

C-MC, C-FS, K-SH, and Y-TL developed the research idea and
study concept, designed and supervised the study, and verified the
underlying data. C-MC, C-FS, K-SH, and Y-TL accessed and verified
the underlying data. C-HC designed and conducted most
experiments in the study. Y-CF contributed to ELISA. C-HC
conducted clinical serum sample collection and obtained ethical
institutional review board approval. C-HC performed the ROC
curve and statistical analyses. C-HC prepared the manuscript. All
authors have read and approved the final version of this manuscript.

Funding

This study was funded by research grants from Taiwan’s
National Tsing Hua University (110F7MBBE1), Taiwan’s
National Science and Technology Council (111-2628-E-007-005-

MY2 and 110-2923-B-006-001-MY4), and Taiwan’s Taipei Veterans
General Hospital (V111B-009). The funding sources had no role in
the conduct or reporting of the research.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2023.1166923/
full#supplementary-material

References

Andrijevic, I., Matijasevic, J., Andrijevic, L., Kovacevic, T., and Zaric, B. (2014).
Interleukin-6 and procalcitonin as biomarkers in mortality prediction of hospitalized
patients with community acquired pneumonia. Ann. Thorac. Med. 9, 162–167. doi:10.
4103/1817-1737.134072

Aydin, S. (2015). A short history, principles, and types of ELISA, and our laboratory
experience with peptide/protein analyses using ELISA. Peptides 72, 4–15. doi:10.1016/j.
peptides.2015.04.012

Biffl, W. L., Moore, E. E., Moore, F. A., and Peterson, V. M. (1996). Interleukin-6 in
the injured patient: Marker of injury or mediator of inflammation? Ann. Surg. 224,
647–664. doi:10.1097/00000658-199611000-00009

Chen, C. H., Lin, S. W., Shen, C. F., Hsieh, K. S., and Cheng, C. M. (2022). Biomarkers
during COVID-19: Mechanisms of change and implications for patient outcomes.
Diagn. (Basel) 12, 509. doi:10.3390/diagnostics12020509

Dobbs, R., Charlett, A., Purkiss, A., Dobbs, S., Weller, C., and Peterson, D. (1999).
Association of circulating TNF-alpha and IL-6 with ageing and parkinsonism. Acta
Neurol. Scand. 100, 34–41. doi:10.1111/j.1600-0404.1999.tb00721.x

Emami Ardestani, M., and Zaerin, O. (2015). Role of serum interleukin 6, albumin
and C-reactive protein in COPD patients. Tanaffos 14, 134–140.

Ershier, W. B., Sun, W. H., and Binkley, N. (1994). The role of interleukin-6 in certain
age-related diseases. Drugs and aging 5, 358–365. doi:10.2165/00002512-199405050-
00005

Ershler, W. B. (1993). Interleukin-6: A cytokine for gerontologists. J. Am. Geriatr. Soc.
41, 176–181. doi:10.1111/j.1532-5415.1993.tb02054.x

Fernandez-Botran, R., Uriarte, S. M., Arnold, F. W., Rodriguez-Hernandez, L., Rane,
M. J., Peyrani, P., et al. (2014). Contrasting inflammatory responses in severe and non-
severe community-acquired pneumonia. Inflammation 37, 1158–1166. doi:10.1007/
s10753-014-9840-2

Ferreira-Coimbra, J., Sarda, C., and Rello, J. (2020). Burden of community-acquired
pneumonia and unmet clinical needs. Adv. Ther. 37, 1302–1318. doi:10.1007/s12325-
020-01248-7

Garau, J., Baquero, F., Pérez-Trallero, E., Pérez, J. L., Martín-Sánchez, A. M., García-
Rey, C., et al. (2008). Factors impacting on length of stay and mortality of community-
acquired pneumonia. Clin. Microbiol. Infect. 14, 322–329. doi:10.1111/j.1469-0691.
2007.01915.x

Gebhard, F., Pfetsch, H., Steinbach, G., Strecker, W., Kinzl, L., and Brückner, U. B.
(2000). Is interleukin 6 an early marker of injury severity following major trauma in
humans? Archives Surg. 135, 291–295. doi:10.1001/archsurg.135.3.291

Hahn, W.-H., Song, J.-H., Kim, H., and Park, S. (2018). Is procalcitonin to C-reactive
protein ratio useful for the detection of late onset neonatal sepsis? J. Maternal-Fetal
Neonatal Med. 31, 822–826. doi:10.1080/14767058.2017.1297410

Heinrich, P. C., Castell, J. V., and Andus, T. (1990). Interleukin-6 and the acute phase
response. Biochem. J. 265, 621–636. doi:10.1042/bj2650621

Jekarl, D. W., Lee, S. Y., Lee, J., Park, Y. J., Kim, Y., Park, J. H., et al. (2013).
Procalcitonin as a diagnostic marker and IL-6 as a prognostic marker for sepsis. Diagn
Microbiol. Infect. Dis. 75, 342–347. doi:10.1016/j.diagmicrobio.2012.12.011

Kaier, K., Heister, T., Motschall, E., Hehn, P., Bluhmki, T., andWolkewitz, M. (2019).
Impact of mechanical ventilation on the daily costs of ICU care: A systematic review and
meta regression. Epidemiol. Infect. 147, e314. doi:10.1017/S0950268819001900

Karakioulaki, M., and Stolz, D. (2019). Biomarkers in pneumonia-beyond
procalcitonin. Int. J. Mol. Sci. 20, 2004. doi:10.3390/ijms20082004

Karhu, J., Ala-Kokko, T. I., Vuorinen, T., Ohtonen, P., Julkunen, I., and Syrjälä, H. T.
(2019). Interleukin-5, interleukin-6, interferon induced protein-10, procalcitonin and
C-reactive protein amongmechanically ventilated severe community-acquired viral and
bacterial pneumonia patients. Cytokine 113, 272–276. doi:10.1016/j.cyto.2018.07.019

Kaur, S., Singh, A., Tewari, M. K., and Kaur, T. (2018). Comparison of two
intervention strategies on prevention of bedsores among the bedridden patients: A
quasi experimental community-based trial. Indian J. Palliat. Care 24, 28–34. doi:10.
4103/IJPC.IJPC_60_17

Kellum, J. A., Kong, L., Fink, M. P., Weissfeld, L. A., Yealy, D. M., Pinsky, M. R., et al.
(2007). Understanding the inflammatory cytokine response in pneumonia and sepsis:
Results of the genetic and inflammatory markers of sepsis (GenIMS) study. Arch. Intern
Med. 167, 1655–1663. doi:10.1001/archinte.167.15.1655

Kolditz, M., Ewig, S., and Höffken, G. (2013). Management-based risk prediction in
community-acquired pneumonia by scores and biomarkers. Eur. Respir. J. 41, 974–984.
doi:10.1183/09031936.00104412

Kuribayashi, T. (2018). Elimination half-lives of interleukin-6 and cytokine-induced
neutrophil chemoattractant-1 synthesized in response to inflammatory stimulation in
rats. lar 34, 80–83. doi:10.5625/lar.2018.34.2.80

Frontiers in Pharmacology frontiersin.org10

Chen et al. 10.3389/fphar.2023.1166923

https://www.frontiersin.org/articles/10.3389/fphar.2023.1166923/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2023.1166923/full#supplementary-material
https://doi.org/10.4103/1817-1737.134072
https://doi.org/10.4103/1817-1737.134072
https://doi.org/10.1016/j.peptides.2015.04.012
https://doi.org/10.1016/j.peptides.2015.04.012
https://doi.org/10.1097/00000658-199611000-00009
https://doi.org/10.3390/diagnostics12020509
https://doi.org/10.1111/j.1600-0404.1999.tb00721.x
https://doi.org/10.2165/00002512-199405050-00005
https://doi.org/10.2165/00002512-199405050-00005
https://doi.org/10.1111/j.1532-5415.1993.tb02054.x
https://doi.org/10.1007/s10753-014-9840-2
https://doi.org/10.1007/s10753-014-9840-2
https://doi.org/10.1007/s12325-020-01248-7
https://doi.org/10.1007/s12325-020-01248-7
https://doi.org/10.1111/j.1469-0691.2007.01915.x
https://doi.org/10.1111/j.1469-0691.2007.01915.x
https://doi.org/10.1001/archsurg.135.3.291
https://doi.org/10.1080/14767058.2017.1297410
https://doi.org/10.1042/bj2650621
https://doi.org/10.1016/j.diagmicrobio.2012.12.011
https://doi.org/10.1017/S0950268819001900
https://doi.org/10.3390/ijms20082004
https://doi.org/10.1016/j.cyto.2018.07.019
https://doi.org/10.4103/IJPC.IJPC_60_17
https://doi.org/10.4103/IJPC.IJPC_60_17
https://doi.org/10.1001/archinte.167.15.1655
https://doi.org/10.1183/09031936.00104412
https://doi.org/10.5625/lar.2018.34.2.80
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1166923


Li, W., Ding, C., and Yin, S. (2015). Severe pneumonia in the elderly: A multivariate
analysis of risk factors. Int. J. Clin. Exp. Med. 8, 12463–12475.

Lin, S.-W., Shen, C.-F., Liu, C.-C., and Cheng, C.-M. (2021). Corrigendum: A paper-
based IL-6 test strip coupled with a spectrum-based optical reader for differentiating
influenza severity in children. Front. Bioeng. Biotechnol. 9, 802615. doi:10.3389/fbioe.
2021.802615

Lin, T., Liu, G. A., Perez, E., Rainer, R. D., Febo, M., Cruz-Almeida, Y., et al. (2018).
Systemic inflammation mediates age-related cognitive deficits. Front. aging Neurosci.
10, 236. doi:10.3389/fnagi.2018.00236

Liu, T., Zhang, J., Yang, Y., Ma, H., Li, Z., Zhang, J., et al. (2020). The role of
interleukin-6 in monitoring severe case of coronavirus disease 2019. EMBO Mol. Med.
12, e12421. doi:10.15252/emmm.202012421

Lone, N. I., and Walsh, T. S. (2011). Prolonged mechanical ventilation in critically ill
patients: Epidemiology, outcomes and modelling the potential cost consequences of
establishing a regional weaning unit. Crit. Care 15, R102. doi:10.1186/cc10117

Menéndez, R., Sahuquillo-Arce, J. M., Reyes, S., Martínez, R., Polverino, E., Cillóniz,
C., et al. (2012). Cytokine activation patterns and biomarkers are influenced by
microorganisms in community-acquired pneumonia. Chest 141, 1537–1545. doi:10.
1378/chest.11-1446

Metlay, J. P., Waterer, G. W., Long, A. C., Anzueto, A., Brozek, J., Crothers, K., et al.
(2019). Diagnosis and treatment of adults with community-acquired pneumonia. An
official clinical practice guideline of the American thoracic society and infectious
diseases society of America. Am. J. Respir. Crit. Care Med. 200, e45–e67. doi:10.
1164/rccm.201908-1581ST

Mizgerd, J. P. (2018). Inflammation and pneumonia: Why are some more susceptible
than others? Clin. chest Med. 39, 669–676. doi:10.1016/j.ccm.2018.07.002

Mooiweer, E., Luijk, B., Bonten, M. J. M., and Ekkelenkamp, M. B. (2011). C-Reactive
protein levels but not CRP dynamics predict mortality in patients with pneumococcal
pneumonia. J. Infect. 62, 314–316. doi:10.1016/j.jinf.2011.01.012

Pan, S.-C., Wu, Y.-F., Lin, Y.-C., Lin, S.-W., and Cheng, C.-M. (2022). Paper-based
interleukin-6 test strip for early detection of wound infection. Biomedicines 10, 1585.
doi:10.3390/biomedicines10071585

Pepys, M. B., and Hirschfield, G. M. (2003). C-Reactive protein: A critical update.
J. Clin. Invest. 111, 1805–1812. doi:10.1172/JCI18921

Puzianowska-Kuźnicka, M., Owczarz, M., Wieczorowska-Tobis, K., Nadrowski, P.,
Chudek, J., Slusarczyk, P., et al. (2016). Interleukin-6 and C-reactive protein, successful
aging, and mortality: The PolSenior study. Immun. Ageing 13, 21. doi:10.1186/s12979-
016-0076-x

R&D Systems, I. (2022). Human IL-6 quantikine ELISA kit. [Online]. R&D system.
Available at: https://www.rndsystems.com/products/human-il-6-quantikine-elisa-kit_
d6050#product-details (Accessed Aug 2, 2022).

Ragab, D., Salah Eldin, H., Taeimah, M., Khattab, R., and Salem, R. (2020). The
COVID-19 cytokine storm; what we know so far. Front. Immunol. 11, 1446. doi:10.
3389/fimmu.2020.01446

Ray, P., Birolleau, S., Lefort, Y., Becquemin, M. H., Beigelman, C., Isnard, R., et al.
(2006). Acute respiratory failure in the elderly: Etiology, emergency diagnosis and
prognosis. Crit. Care 10, R82. doi:10.1186/cc4926

Rea, I. M., Gibson, D. S., Mcgilligan, V., Mcnerlan, S. E., Alexander, H. D., and Ross,
O. A. (2018). Age and age-related diseases: Role of inflammation triggers and cytokines.
Front. Immunol. 9, 586. doi:10.3389/fimmu.2018.00586

Rendon, A., Rendon-Ramirez, E. J., and Rosas-Taraco, A. G. (2016). Relevant
cytokines in the management of community-acquired pneumonia. Curr. Infect. Dis.
Rep. 18, 10. doi:10.1007/s11908-016-0516-y

Rowland, T., Hilliard, H., and Barlow, G. (2015). “Chapter three - procalcitonin:
Potential role in diagnosis and management of sepsis,” in Advances in clinical chemistry.
Editor G. S. MAKOWSKI (Elsevier).

Samsudin, I., and Vasikaran, S. D. (2017). Clinical utility and measurement of
procalcitonin. Clin. Biochem. Rev. 38, 59–68.

Santa Cruz, A., Mendes-Frias, A., Oliveira, A. I., Dias, L., Matos, A. R., Carvalho, A.,
et al. (2021). Interleukin-6 is a biomarker for the development of fatal severe acute
respiratory syndrome coronavirus 2 pneumonia. Front. Immunol. 12, 613422. doi:10.
3389/fimmu.2021.613422

Schefold, J. C., Hasper, D., Von Haehling, S., Meisel, C., Reinke, P., and Schlosser, H.
G. (2008). Interleukin-6 serum level assessment using a new qualitative point-of-care
test in sepsis: A comparison with ELISA measurements. Clin. Biochem. 41, 893–898.
doi:10.1016/j.clinbiochem.2008.03.008

Schouten, L. R. A., Bos, L. D. J., Serpa Neto, A., Van Vught, L. A., Wiewel, M. A.,
Hoogendijk, A. J., et al. (2019). Increased mortality in elderly patients with acute
respiratory distress syndrome is not explained by host response. Intensive Care Med.
Exp. 7, 58. doi:10.1186/s40635-019-0270-1

Shimazui, T., Matsumura, Y., Nakada, T.-A., and Oda, S. (2017). Serum levels of
interleukin-6 may predict organ dysfunction earlier than SOFA score. Acute Med. Surg.
4, 255–261. doi:10.1002/ams2.263

Song, J., Park, D. W., Moon, S., Cho, H.-J., Park, J. H., Seok, H., et al. (2019).
Diagnostic and prognostic value of interleukin-6, pentraxin 3, and procalcitonin
levels among sepsis and septic shock patients: A prospective controlled study
according to the sepsis-3 definitions. BMC Infect. Dis. 19, 968. doi:10.1186/s12879-
019-4618-7

Tabassum, T., Rahman, A., Araf, Y., Ullah, M. A., and Hosen, M. J. (2021).
Prospective selected biomarkers in COVID-19 diagnosis and treatment. Biomarkers
Med. 15, 1435–1449. doi:10.2217/bmm-2021-0038

Wang, Y.-C., Lin, S.-W., Wang, I.-J., Yang, C.-Y., Hong, C., Sun, J.-R., et al. (2022).
Interleukin-6 test strip combined with a spectrum-based optical reader for early
recognition of COVID-19 patients with risk of respiratory failure. Front. Bioeng.
Biotechnol. 10, 796996. doi:10.3389/fbioe.2022.796996

Weidhase, L., Wellhöfer, D., Schulze, G., Kaiser, T., Drogies, T., Wurst, U., et al.
(2019). Is interleukin-6 a better predictor of successful antibiotic therapy than
procalcitonin and C-reactive protein? A single center study in critically ill adults.
BMC Infect. Dis. 19, 150. doi:10.1186/s12879-019-3800-2

Wirtz, D. C., Heller, K. D., Miltner, O., Zilkens, K. W., and Wolff, J. M. (2000).
Interleukin-6: A potential inflammatory marker after total joint replacement. Int.
Orthop. 24, 194–196. doi:10.1007/s002640000136

WORLD HEALTH ORGANIZATION (2020). The top 10 causes of death. [Online].
Available at: https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-
death (Accessed July 25, 2022).

Frontiers in Pharmacology frontiersin.org11

Chen et al. 10.3389/fphar.2023.1166923

https://doi.org/10.3389/fbioe.2021.802615
https://doi.org/10.3389/fbioe.2021.802615
https://doi.org/10.3389/fnagi.2018.00236
https://doi.org/10.15252/emmm.202012421
https://doi.org/10.1186/cc10117
https://doi.org/10.1378/chest.11-1446
https://doi.org/10.1378/chest.11-1446
https://doi.org/10.1164/rccm.201908-1581ST
https://doi.org/10.1164/rccm.201908-1581ST
https://doi.org/10.1016/j.ccm.2018.07.002
https://doi.org/10.1016/j.jinf.2011.01.012
https://doi.org/10.3390/biomedicines10071585
https://doi.org/10.1172/JCI18921
https://doi.org/10.1186/s12979-016-0076-x
https://doi.org/10.1186/s12979-016-0076-x
https://www.rndsystems.com/products/human-il-6-quantikine-elisa-kit_d6050#product-details
https://www.rndsystems.com/products/human-il-6-quantikine-elisa-kit_d6050#product-details
https://doi.org/10.3389/fimmu.2020.01446
https://doi.org/10.3389/fimmu.2020.01446
https://doi.org/10.1186/cc4926
https://doi.org/10.3389/fimmu.2018.00586
https://doi.org/10.1007/s11908-016-0516-y
https://doi.org/10.3389/fimmu.2021.613422
https://doi.org/10.3389/fimmu.2021.613422
https://doi.org/10.1016/j.clinbiochem.2008.03.008
https://doi.org/10.1186/s40635-019-0270-1
https://doi.org/10.1002/ams2.263
https://doi.org/10.1186/s12879-019-4618-7
https://doi.org/10.1186/s12879-019-4618-7
https://doi.org/10.2217/bmm-2021-0038
https://doi.org/10.3389/fbioe.2022.796996
https://doi.org/10.1186/s12879-019-3800-2
https://doi.org/10.1007/s002640000136
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1166923

	Efficacy of a paper-based interleukin-6 test strip combined with a spectrum-based optical reader for sequential monitoring  ...
	1 Introduction
	2 Materials and methods
	2.1 Patient selection
	2.2 IL-6 rapid diagnostic system and ELISA for serum IL-6 concentration comparisons
	2.3 Statistical analysis

	3 Results
	3.1 Comparison of IL-6 rapid diagnostic system and ELISA results in clinical samples
	3.2 Baseline characteristics, prognostic factors, and outcomes of all patients
	3.3 Vital signs and biomarkers upon ED arrival for the two severity groups
	3.4 Sequential change in the IL-6 concentrations between the different severity groups

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


