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Abstract
Coronavirus SARS-CoV-2 spread worldwide, causing a respiratory disease known as COVID-19. The aim of the present 
study was to examine whether Dipeptidyl-peptidase 3 (DPP3) and the inflammatory biomarkers IL-6, CRP, and leucocytes 
are associated with COVID-19 and able to predict the severity of pulmonary infiltrates in COVID-19 patients versus non-
COVID-19 patients. 114 COVID-19 patients and 35 patients with respiratory infections other than SARS-CoV-2 were 
included in our prospective observational study. Blood samples were collected at presentation to the emergency department. 
102 COVID-19 patients and 28 non-COVID-19 patients received CT imaging (19 outpatients did not receive CT imaging). 
If CT imaging was available, artificial intelligence software (CT Pneumonia Analysis) was used to quantify pulmonary 
infiltrates. According to the median of infiltrate (14.45%), patients who obtained quantitative CT analysis were divided into 
two groups (> median: 55 COVID-19 and nine non-COVID-19, ≤ median: 47 COVID-19 and 19 non-COVID-19). DPP3 
was significantly elevated in COVID-19 patients (median 20.85 ng/ml, 95% CI 18.34–24.40 ng/ml), as opposed to those 
without SARS-CoV-2 (median 13.80 ng/ml, 95% CI 11.30–17.65 ng/ml; p < 0.001, AUC = 0.72), opposite to IL-6, CRP 
(each p = n.s.) and leucocytes (p < 0.05, but lower levels in COVID-19 patients). Regarding binary logistic regression analy-
sis, higher DPP3 concentrations (OR = 1.12, p < 0.001) and lower leucocytes counts (OR = 0.76, p < 0.001) were identified 
as significant and independent predictors of SARS-CoV-2 infection, as opposed to IL-6 and CRP (each p = n.s.). IL-6 was 
significantly increased in patients with infiltrate above the median compared to infiltrate below the median both in COVID-
19 (p < 0.001, AUC = 0.78) and in non-COVID-19 (p < 0.05, AUC = 0.81). CRP, DPP3, and leucocytes were increased in 
COVID-19 patients with infiltrate above median (each p < 0.05, AUC: CRP 0.82, DPP3 0.70, leucocytes 0.67) compared to 
infiltrate below median, opposite to non-COVID-19 (each p = n.s.). Regarding multiple linear regression analysis in COVID-
19, CRP, IL-6, and leucocytes (each p < 0.05) were associated with the degree of pulmonary infiltrates, as opposed to DPP3 
(p = n.s.). DPP3 showed the potential to be a COVID-19-specific biomarker. IL-6 might serve as a prognostic marker to 
assess the extent of pulmonary infiltrates in respiratory patients.
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Introduction

The latest increase in SARS-CoV-2 cases and related 
death numbers in China demonstrate that the COVID-19 
pandemic is far from over [1]. Efficient and appropriate 
allocation of limited resources in the health care system 
is the main task in times of rising cases. Therefore, bio-
markers need to be found that detect COVID-19 patients, 
identify those at high-risk, and help understand the under-
lying pathophysiology. Eventually, this could lead to new 
pharmacological treatment options.

Dipeptidyl-peptidase 3 (DPP3) has a complex role in 
physiological metabolism involving signal transduction, 
pain modulation, blood pressure regulation, and immu-
nomodulation [2, 3]. Previous literature has described it 
as a predictive biomarker in sepsis and severely-ill patients 
[4–7]. Due to the cleavage of angiotensin II, DPP3 is 
closely related to the renin–angiotensin–aldosterone sys-
tem (RAAS), which also includes angiotensin-converting 
enzyme 2 (ACE2) [3, 8, 9]. The latter serves as a func-
tional receptor for SARS-CoV-2 to enter the host cell [10, 
11]. However, the existing data on the role of DPP3 in 
COVID-19 is restricted to critically ill patients [12, 13]. 
In particular, no research exists about whether DPP3 can 
predict COVID-19 infection.

IL-6 is a biomarker in sepsis, respiratory infection, and 
COVID-19 [14–19]. Previous studies have analysed the 
predictive value of the degree of pulmonary infiltrates 
in COVID-19 to clinical outcomes [20–25]. One retro-
spective study described IL-6 as an independent predictor 
for COVID-19 lung injury, measured semi-quantitatively 
[20]. However, there are no studies on the predictive value 
of IL-6 for the extent of lung infiltrates when the latter are 
measured quantitatively by artificial intelligence software. 
Additionally, the current study has used a broad emer-
gency department collective including COVID-19 positive 
and COVID-19 negative respiratory patients.

Identifying molecular mechanisms and key processes in 
the pathophysiology of COVID-19 is crucial to find prog-
nostic markers and drug targets. Karami et al. detected hub 
genes to identify pivotal pathways in SARS-CoV-2 infec-
tion [26]. The current study contributes to this search for 
key modules in COVID-19.

Hence, this prospective observational study examined 
whether DPP3 could predict the occurrence of a COVID-
19 infection. Additionally, DPP3 and the inflammatory 
biomarkers IL-6, CRP, and leucocytes were evaluated 
regarding their association with the degree of pulmonary 
infiltrates.

Methods

Study population

Patients showing signs of a respiratory infection at the Uni-
versity Hospital Regensburg emergency department were 
included in this prospective observational study between 
March 2020 and June 2021. In addition, eligible patients 
were at least 18 years old and gave informed consent. The 
study was conducted by the guidelines of Good Clinical 
Practice and the standards for experiments on humans set 
out in the Declaration of Helsinki. The Ethics Committee 
of the University of Regensburg approved the study.

All patients were tested for SARS-CoV-2 via PCR 
(throat rinse water or nasopharyngeal swab). Depending 
on the PCR result, patients were divided into two groups: 
patients positive for SARS-CoV-2 were put in the COVID-
19 group and patients negative for SARS-CoV-2 were put 
in the non-COVID-19 group. On top, patients without 
signs of respiratory infection were chosen as a healthy 
control group (in the following also referred to as control 
group). The patients of the healthy control group did not 
show any signs of an infection, relevant acute disease, or 
relevant pre-existing disease such as chronic pulmonary 
diseases, chronic kidney disease, or chronic cardiac dis-
ease. They presented themselves with psychogenic or mus-
culoskeletal chest pain at the emergency department and 
their initial inclusion was conducted according to Schloss-
bauer et al. [27]. The flowchart on the study design can be 
seen in Fig. 1.

Baseline characteristics such as clinical examination 
findings, pre-existing diseases, vital parameters, and 
medication were gathered at inclusion. The National Early 
Warning Score 2 (NEWS-2) was used to determine the 
degree of illness of the patients included.

Blood sampling and biochemical analysis

At the presentation to the emergency department, blood 
samples were collected to assess biomarker levels. EDTA 
plasma samples were frozen at − 80 °C and DPP3 was 
measured by 4TEEN4 Pharmaceuticals (Hennigsdorf, 
Germany) using the immunoluminometric assay sphin-
gotest® DPP3 (SphingoTec GmbH, Hennigsdorf, Ger-
many) as described previously [4]. Based on the manu-
facturer’s instruction for use, the 97.5th percentile for 
sphingotest® DPP3 in healthy adult subjects is 22 ng/mL 
(90% CI 18–34 ng/mL).
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Fig. 1   Flowchart on the study design
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The assay is a microplate-based immunoluminomet-
ric assay that uses two antibodies against two different 
epitopes of DPP3 (the tracer antibody has a luminescent 
label while the capture antibody is linked to the micro-
plate). Together with DPP3, the antibodies formed sand-
wich complexes on the microplate’s surface. The degree of 
luminescence is directly proportional to the concentration 
of DPP3 in the sample. Briefly, blood samples and kit 
components were defrosted. Following the manufacturer's 
instructions, 20 μL each of patient samples, controls, and 
standards were pipetted in the microtiter plate. 200 μL 
of the tracer antibody was added to the microtiter plate 
wells. The microplate was taped with black assay foil and 
incubated at room temperature (18–30 °C) for three hours 
(± 15 min) under shaking (600 rpm). Following this, the 
incubation mixture was removed from the wells, which 
were then repeatedly (five times) washed using the pro-
vided washing solution. Using sphingotest® Lightning 
Reagents and Measurement Protocol, the luminescence 
signal of each microplate well was determined.

Quantitative CT analysis

If necessary from a clinical perspective, patients received CT 
chest imaging. In case CT imaging was available, artificial 
intelligence software (syngo.via CT Pneumonia Analysis 
prototype by Siemens Healthineers, Munich, Germany) was 
used to quantify pulmonary infiltrates. The software detected 
and quantified hyperdense areas of the lung (ground glass 
opacities, consolidations, atelectasis, thickened pulmonary 
interstitial structures, reticular pattern, crazy paving pattern, 
fibrosis, and nodules) based on high-quality axial CT data 
with slice thicknesses up to 5 mm maximum, according to 
local standards of University Hospital Regensburg. Based on 
3D segmentations of lesions, lungs, and lobes, the AI algo-
rithm could determine the relative (“percentage of opaci-
ties”) and absolute volume of the lungs affected by opaci-
ties. The results provided by the software were validated in 
cooperation with expert radiologists from the Department 
of Radiology, University Hospital Regensburg. In case of 
discrepancy (results of the software distorted due to unre-
lated pulmonary diseases), the patients were excluded from 
the study (n = 8). The median of infiltrate was used to dis-
tinguish between patients with infiltrate above the median 
(55 COVID-19 and nine non-COVID-19) and patients 
with infiltrate below the median (47 COVID-19 and 19 
non-COVID-19).

Statistics

The Kolmogorov-Smirnoff test was used to test the vari-
ables for normal distribution. Regarding continuous vari-
ables, Student’s t-test was performed in normal distribution 

(mean, standard deviation) and Mann–Whitney-U test was 
performed in skewed distribution (median, interquartile 
range). Regarding binary variables, the Chi-square test or 
Fisher’s exact test was performed. The Spearman coefficient 
was used for correlation analysis. Besides, ROC curves and 
AUC values were determined. Furthermore, binary logistic 
regression analysis was performed regarding COVID-19 sta-
tus and multiple linear regression analysis was performed 
regarding pulmonary infiltrates. Adjustment analyses have 
been performed concerning the potential confounding varia-
bles age, comorbidities (obesity, chronic pulmonary disease, 
and chronic kidney disease), and severe course of disease 
(intensive care and/or exitus). SPSS 25 (SPSS Inc., Chicago, 
Illinois) was used for statistical analysis.

Results

Study population

Clinical characteristics are shown in Table 1. 149 patients 
were included in the current study. Of these, 114 were 
SARS-CoV-2 positive and 35 suffered from respiratory 
infections other than COVID-19. The mean age was not sig-
nificantly different between COVID-19 and non-COVID-19 
(55.5 vs 55.6 years, p = n.s.). Patients were predominantly 
male (54.4% in COVID-19, 62.9% in non-COVID-19). Non-
COVID-19 patients presented more often with coronary 
artery disease, chronic heart failure, COPD, and chronic 
kidney disease than COVID-19 patients (each p < 0.05). 
COVID-19 patients suffered more often from fatigue, anos-
mia, and dysgeusia than non-COVID-19 patients (each 
p < 0.05). Regarding long-term medication, diuretics were 
more often prescribed in non-COVID-19 patients than in 
COVID-19 patients (p < 0.05). Regarding the acute treat-
ment, antibiotics were used significantly more often in non-
COVID-19 than in COVID-19 patients (p < 0.05), whereas 
COVID-19 patients received significantly more frequent 
glucocorticoids and remdesivir (each p < 0.001). Concern-
ing disease progression, congestive heart failure occurred 
significantly more often in non-COVID-19 than in COVID-
19 patients (p < 0.05).

Thirty-seven patients without signs of respiratory infec-
tion or relevant acute disease (presentation with psycho-
genic or musculoskeletal chest pain at the emergency room) 
were used as a healthy control group. The healthy control 
patients were significantly younger than the respiratory 
patients (p < 0.001, mean age 45.2 years). Furthermore, they 
suffered significantly less often from arterial hypertension 
(p < 0.05), diabetes mellitus (p < 0.05), coronary artery dis-
ease (p < 0.05), and chronic kidney disease (p < 0.05). Beta-
blockers (p < 0.05) and statins (p < 0.05) were prescribed 
significantly less in the healthy control patients.
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Table 1   Baseline data

Respira-
tory patients 
(n = 149)

Control group 
(n = 37)

p value (respiratory 
patients vs control 
group)

COVID-19 
(n = 114)

Non-COVID-19 
(n = 35)

p value (COVID-19 
vs non-COVID-19)

Baseline characteristics
Agef (y) 55.5 ± 16.4 45.2 ± 14.2  < 0.001b 55.5 ± 15.9 55.6 ± 18.3 0.97b

Sex, male, n (%) 84 (56.4) 23 (62.2) 0.52c 62 (54.4) 22 (62.9) 0.38c

Mortality, n (%) 12 (8.1) – – 10 (8.8) 2 (5.7) 0.56c

Intensive care unit, 
n (%)

24 (16.1) – – 19 (16.7) 5 (14.3) 0.74c

Hospitalisation, 
n (%)

120 (80.5) – – 96 (84.2) 24 (68.6) 0.052d

CT scan, n (%) 130 (87.2) – – 102 (89.5) 28 (80.0) 0.15d

CT scan with CM, 
n (%)

49 (32.9) – – 42 (36.8) 7 (20.0) 0.064c

Symptoms
Cough, n (%) 99 (66.4) – – 75 (65.8) 24 (68.6) 0.76c

Fever, n (%) 88 (59.1) – – 65 (57.0) 23 (65.7) 0.36c

Dyspnea, n (%) 96 (64.4) – – 70 (61.4) 26 (74.3) 0.16c

Fatigue, n (%) 117 (78.5) – – 95 (83.3) 22 (62.9) 0.010c

Anosmia, n (%) 20 (13.4) – – 20 (17.5) 0 (0.0) 0.004d

Dysgeusia, n (%) 45 (30.2) – – 42 (36.8) 3 (8.6) 0.001d

Pre-existing diseases
Arterial hyperten-

sion, n (%)
62 (41.6) 7 (18.9) 0.011c 44 (38.6) 18 (51.4) 0.18c

Diabetes mellitus, 
n (%)

27 (18.1) 0 (0.0) 0.003d 19 (16.7) 8 (22.9) 0.41c

Obesity, n (%) 41 (27.5) 5 (13.5) 0.077c 31 (27.2) 10 (28.6) 0.87c

Coronary artery 
disease, n (%)

19 (12.8) 0 (0.0) 0.016d 7 (6.1) 12 (34.3) 0.0d

Chronic heart 
failure, n (%)

9 (6.0) 0 (0.0) 0.21d 3 (2.6) 6 (17.1) 0.006d

COPD, n (%) 6 (4.0) 0 (0.0) 0.60d 1 (0.9) 5 (14.3) 0.003d

Asthma, n (%) 11 (7.4) 0 (0.0) 0.13d 8 (7.0) 3 (8.6) 0.72d

Chronic kidney 
disease, n (%)

22 (14.8) 0 (0.0) 0.009d 12 (10.5) 10 (28.6) 0.008c

Physical markers
Respiratory ratee (/

min)
21 (17–26) – – 21 (17–26) 20 (18–24) 0.85a

Heart ratef (b.p.m.) 88 ± 17 71 ± 11  < 0.001b 88 ± 15 90 ± 21 0.50b

Systolic blood 
pressuref 
(mmHg)

130 ± 19 134 ± 15 0.25b 130 ± 18 132 ± 23 0.58b

Diastolic blood 
pressuref 
(mmHg)

81 ± 13 83 ± 11 0.26b 81 ± 13 81 ± 14 0.96b

NEWS2e 4 (2–6) – – 4 (1.75–6) 3 (2–6) 0.73a

Long-term medication
Immunosuppres-

sants, n (%)
17 (11.4) – – 10 (8.8) 7 (20.0) 0.12d

Steroids, n (%) 11 (7.4) – – 6 (5.3) 5 (14.3) 0.13d

MMF, n (%) 5 (3.4) – – 4 (3.5) 1 (2.9) 1.00d

Tacrolimus, n (%) 4 (2.7) – – 3 (2.6) 1 (2.9) 1.00d

Biologicals, n (%) 3 (2.0) – – 2 (1.8) 1 (2.9) 0.56d
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Table 1   (continued)

Respira-
tory patients 
(n = 149)

Control group 
(n = 37)

p value (respiratory 
patients vs control 
group)

COVID-19 
(n = 114)

Non-COVID-19 
(n = 35)

p value (COVID-19 
vs non-COVID-19)

Azathioprine, n 
(%)

1 (0.7) – – 0 (0.0) 1 (2.9) 0.24d

Methotrexate, n 
(%)

2 (1.3) – – 1 (0.9) 1 (2.9) 0.42d

Cyclosporine A, 
n (%)

1 (0.7) – – 0 (0.0) 1 (2.9) 0.24d

ASS, n (%) 23 (15.4) 1 (2.7) 0.052d 16 (14.0) 7 (20.0) 0.39c

ACE-/AT-1-inhibi-
tors, n (%)

42 (28.2) 5 (13.5) 0.066c 32 (28.1) 10 (28.6) 0.95c

Beta-blockers, n 
(%)

43 (28.9) 3 (8.1) 0.010d 31 (27.2) 12 (34.3) 0.42c

Diuretics, n (%) 31 (20.8) 3 (8.1) 0.096d 19 (16.7) 12 (34.3) 0.03c

Statins, n (%) 27 (18.1) 1 (2.7) 0.019d 17 (14.9) 10 (28.6) 0.07c

Insulin, n (%) 12 (8.1) 0 (0.0) 0.13d 8 (7.0) 4 (11.4) 0.48d

Metformin, n (%) 13 (8.7) 0 (0.0) 0.075d 10 (8.8) 3 (8.6) 1.0d

Treatment
Conventional 

oxygen therapy, 
n (%)

66 (44.3) – – 54 (47.4) 12 (34.3) 0.17c

High-flow oxygen 
therapy, n (%)

16 (10.7) – – 13 (11.4) 3 (8.6) 0.76d

Non-invasive ven-
tilation therapy, 
n (%)

13 (8.7) – – 12 (10.5) 1 (2.9) 0.30d

Invasive ventilation 
therapy, n (%)

16 (10.7) – – 15 (13.2) 1 (2.9) 0.12d

ECMO, n (%) 2 (1.3) – – 2 (1.8) 0 (0) 1.00d

Catecholamines, 
n (%)

14 (9.4) – – 10 (8.8) 4 (11.4) 0.74d

Antibiotic therapy, 
n (%)

64 (43.0) – – 43 (37.7) 21 (60.0) 0.02c

Glucocorticoids, 
n (%)

51 (34.2) – – 50 (43.9) 1 (2.9)  < 0.001d

Remdesivir, n (%) 32 (21.5) – – 32 (28.1) 0 (0.0)  < 0.001d

Disease progression
Acute kidney 

injury, n (%)
27 (18.1) – – 19 (16.7) 8 (22.9) 0.41c

Congestive heart 
failure, n (%)

9 (6.0) – – 4 (3.5) 5 (14.3) 0.03d

Cerebral ischemia, 
n (%)

0 (0.0) – – 0 (0.0) 0 (0.0) –

Cerebral hemor-
rhage, n (%)

1 (0.67) – – 1 (0.88) 0 (0.0) 1.00d

Myocardial infarc-
tion, n (%)

0 (0.0) – – 0 (0.0) 0 (0.0) –

Pulmonary embo-
lism, n (%)

6 (4.0) – – 5 (4.4) 1 (2.9) 1.00d

Biomarkers
CT infiltratee, % 14.45 (3.7–34.0) – – 17.0 (5.8–42.1) 4.8 (0.2–16.4)  < 0.001a

DPP3e (ng/ml) 18.8 (13.4–28.9) 10.6 (7.9–15.4)  < 0.001a 20.9 (14.9–32.1) 13.8 (9.1–19.7)  < 0.001a

IL-6e (pg/ml) 36.2 (15.2–76.1) 2.2 (1.4–4.0)  < 0.001a 34.3 (16.4–70.5) 36.4 (11.3–200.8) 0.59a

CRPe (mg/dl) 48.2 (19.6–93.5) 2.9 (2.9–3.1)  < 0.001a 44.5 (20.3–93.4) 50.4 (8.8–93.8) 0.64a
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Radiological findings of patients with CT imaging 
(n = 130, thereof 102 COVID-19 and 28 non-COVID-19) 
are shown in Table 2. Pulmonary infiltrates were detected 
significantly more frequent in COVID-19 patients as com-
pared to non-COVID-19 (p < 0.05). In addition, the median 
percentage of infiltrates was significantly higher in COVID-
19 than in non-COVID-19 patients (p < 0.001). Moreover, 
ground glass opacities (p < 0.001), atelectasis and pleural 
effusion (each p < 0.05) were significantly more often in the 
COVID-19 group than in the non-COVID-19 group.

Detection of COVID‑19

DPP3 showed a significant and positive correlation with 
IL-6 (ρ = 0.50, p < 0.001), CRP (ρ = 0.46, p < 0.001), and 
leucocytes (ρ = 0.20, p < 0.05) in COVID-19 patients. In 
non-COVID-19, DPP3 was significantly correlated with 
CRP (ρ = 0.35, p < 0.05), as opposed to IL-6 and leucocytes 
(each p = n.s.). In both groups, IL-6 was significantly cor-
related with CRP (COVID-19: ρ = 0.73, p < 0.001; non-
COVID-19: ρ = 0.70, p < 0.001) and leucocytes (COVID-
19: ρ = 0.39, p < 0.001; non-COVID-19: ρ = 0.57, p < 0.001).

DPP3 was significantly increased in COVID-19 patients 
compared to those without SARS-CoV-2 (p < 0.001), 
opposite to IL-6 and CRP (each p = n.s., Fig. 2, Table 3). 
In addition, leucocytes were significantly higher in non-
COVID-19 than in COVID-19 (p < 0.001, Fig. 2, Table 3).

In ROC analysis regarding the detection of COVID-
19, DPP3 showed an AUC of 0.72 (p < 0.001; cut-off 
16.4 ng/ml: sensitivity 71.7%, specificity 60.0%), oppo-
site to IL-6 (AUC = 0.47, p = n.s.) and CRP (AUC = 0.53, 
p = n.s.; Fig. 3, Table 4). Regarding the detection of non-
COVID-19 patients, leucocytes showed an AUC of 0.79 
(p < 0.001, cut-off 7.17/nl: sensitivity 77.1%, specificity 
69.3%).

Regarding detection of COVID-19, multivariate step-
wise binary logistic regression analyses adjusted for the 
potential confounding variables were performed sepa-
rately for each DPP3 and leucocytes (Table 5). On the 
one hand, DPP3, no chronic pulmonary disease and no 
chronic kidney disease were identified as significant and 
independent predictors for COVID-19 infection (each 
p < 0.05), opposite to age, obesity, and severe course 
of disease (each p = n.s.). On the other hand, lower 

Table 1   (continued)

Respira-
tory patients 
(n = 149)

Control group 
(n = 37)

p value (respiratory 
patients vs control 
group)

COVID-19 
(n = 114)

Non-COVID-19 
(n = 35)

p value (COVID-19 
vs non-COVID-19)

Leucocytese (/nl) 6.65 (4.47–9.07) 7.39 (5.92–8.86) 0.19a 5.74 (4.02–7.87) 10.42 (7.18–13.20)  < 0.001a

a Mann–Whitney-U-test
b Student’s t-test
c Chi-squared test (two-tailed)
d Fisher’s exact test (two-tailed)
e Median (interquartile range)
f Mean ± standard deviation

Table 2   Radiological findings of patients with CT imaging

a Mann–Whitney-U-test
b Chi-squared test (two-tailed)
c Fisher’s exact test (two-tailed)
d Median (interquartile range)

COVID-19 (n = 102) Non-COVID-19 (n = 28) p value (COVID-19 
vs non-COVID-19)

Pulmonary infiltrates, n (%) 97 (95.1) 21 (75.0)  < 0.05c

Median percentage of infiltratesd, % 17.0 (5.8–42.1) 4.8 (0.2–16.4)  < 0.001a

Ground glass opacities, n (%) 93 (91.2) 17 (60.7)  < 0.001c

Consolidations, n (%) 56 (54.9) 15 (53.6) 0.90b

Atelectasis, n (%) 7 (6.9) 6 (21.4)  < 0.05c

Pleural effusion, n (%) 9 (8.8) 9 (32.1)  < 0.05c

Pulmonary venous congestion, n (%) 4 (3.9) 4 (14.3) 0.065c

Pulmonary embolism, n (%) 5 (4.9) 1 (3.6) 1.00c
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leucocytes counts (p < 0.001), no chronic pulmonary 
disease, no chronic kidney disease, and severe course of 
disease (each p < 0.05) were identified as significant and 
independent predictors for COVID-19 infection, opposite 
to age and obesity (each p = n.s.).

Regarding binary logistic regression analysis, higher 
DPP3 concentrations (OR = 1.12, p < 0.001) and lower 
leucocytes counts (OR = 0.76, p < 0.001) were identified 
as significant and independent predictors of SARS-CoV-2 

infection, as opposed to IL-6 and CRP (each p = n.s., 
Table 6).

Pulmonary infiltrates

89.5% of COVID-19 patients and 80.0% of non-COVID-19 
patients received CT imaging (p = n.s.; 19 outpatients (12 
COVID-19 and 7 non-COVID-19) did not receive CT imag-
ing). The overall patient population showed a median infil-
trate of 14.45% (IQR 3.7–34.0%). Among them, the extent 
of pulmonary infiltrates was significantly more distinct in 
COVID-19 patients (17.0%, IQR 5.8–42.1%) compared to 
non-COVID-19 patients (4.8%, IQR 0.2–16.4%; p < 0.001).

DPP3 (ρ = 0.46, p < 0.001), CRP (ρ = 0.67, p < 0.001), 
and leucocytes (ρ = 0.39, p < 0.001) were significantly cor-
related with pulmonary infiltrates in COVID-19 patients, 
as opposed to non-COVID-19 patients (each p = n.s.). IL-6 
showed in both groups a significant correlation with pul-
monary infiltrates (COVID-19: ρ = 0.65, p < 0.001; non-
COVID-19: ρ = 0.60, p < 0.05).

DPP3, IL-6, CRP, and leucocytes were significantly ele-
vated in COVID-19 patients with infiltrate above the median 
compared to patients with infiltrate below the median (each 

Fig. 2   Boxplots showing the biomarkers DPP3, IL-6, CRP and leu-
cocytes in COVID-19 (gray colour) as compared to non-COVID-19 
(white colour). COVID-19 n = 114, non-COVID-19 n = 35. A DPP3 
was significantly elevated in COVID-19 patients as compared 
to patients with a respiratory infection other than SARS-CoV-2 
(p < 0.001). B IL-6 showed no significant difference between COVID-

19 and non-COVID-19 (p = n.s.). C CRP did not differ significantly 
between COVID-19 and non-COVID-19 (p = n.s.). D Leucocytes 
were significantly higher in the non-COVID-19 cohort as compared 
to COVID-19 (p < 0.001). *p < 0.001. Logarithmic display was used 
in the y-axis

Table 3   Median and 95% confidence interval of biomarkers in 
COVID-19 versus non-COVID-19

a Median (95% confidence interval)
b Mann–Whitney-U-test

COVID-19a Non-COVID-19a p valueb

DPP3 (ng/ml) 20.85 (18.30–24.80) 13.80 (11.30–17.65)  < 0.001
IL-6 (pg/ml) 34.25 (27.30–43.90) 36.40 (19.15–63.15) n.s
CRP (mg/dl) 44.45 (33.61–64.80) 50.40 (36.40–68.70) n.s
Leucocytes (/nl) 5.74 (5.35–6.13) 10.42 (7.33–11.75)  < 0.001
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Fig. 3   ROC analysis regarding the detection of COVID-19 infec-
tion. COVID-19 n = 114, non-COVID-19 n = 35. A DPP3 was able to 
detect a COVID-19 infection with an AUC of 0.72 (p < 0.001, cut-
off 16.4 ng/ml, sensitivity 71.7%, specificity 60.0%). B IL-6 was not 

able to detect a COVID-19 infection (p = n.s., AUC = 0.47). C CRP 
was not able to detect a COVID-19 infection (p = n.s., AUC = 0.53). 
D Leucocytes showed an AUC of 0.21 regarding the detection of a 
COVID-19 infection (p < 0.001)

Table 4   ROC analysis: 
detection of COVID-19 
compared to non-COVID-19

a Mann–Whitney-U-test
b ROC analysis
c Leucocytes regarding the detection of non-COVID-19: cut-off 7.17/nl, sensitivity 77.1%, specificity 69.3%

p valuea AUC​b 95% confidence 
intervalb

Cut-offb Sensitivityb Specificityb

DPP3  < 0.001 0.72 0.64–0.81 16.4 ng/ml 71.7% 60.0%
IL-6 n.s 0.47 0.34–0.60 – – –
CRP n.s 0.53 0.41–0.64 – – –
Leucocytesc  < 0.001 0.21 0.13–0.30 – – –
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p < 0.05) and outpatients without imaging (each p < 0.05). 
However, only IL-6 showed a significant and stepwise 
increase between these subgroups in non-COVID-19 
patients (each p < 0.05), opposite to DPP3 and leucocytes 
(each p = n.s.). Boxplots are shown in Fig. 4.

In COVID-19 patients, ROC analysis regarding the 
detection of infiltrate above the median compared to infil-
trate below the median showed satisfying predictive values 
for CRP (AUC = 0.82, p < 0.001) and IL-6 (AUC = 0.78, 
p < 0.001; Table 7). AUC values for DPP3 (AUC = 0.70, 
p < 0.05; cut off 18.9 ng/ml: sensitivity 78.2%, specificity 
59.6%) and leucocytes (AUC = 0.67, p < 0.05) were signifi-
cantly lower compared to CRP (each p < 0.05).

Regarding detection of infiltrate above median com-
pared to infiltrate below median in COVID-19, multivari-
ate stepwise binary logistic regression analyses adjusted 
for the potential confounding variables were performed 
separately for each DPP3, IL-6, CRP, and leucocytes 
(Table 8). Firstly, severe course of disease was signifi-
cantly and independently associated with infiltrate above 
the median in COVID-19 (p < 0.05), opposite to DPP3, 
age, obesity, chronic pulmonary disease, and chronic kid-
ney disease (each p = n.s.). Secondly, IL-6 was identified 
as a significant and independent predictor for infiltrate 
above the median in COVID-19 (p < 0.001), opposite to 
age, obesity, chronic pulmonary disease, chronic kid-
ney disease, and severe course of disease (each p = n.s.). 
Thirdly, CRP was identified as a significant and inde-
pendent predictor for infiltrate above the median in 
COVID-19 (p < 0.001), opposite to age, obesity, chronic 
pulmonary disease, chronic kidney disease, and severe 

course of disease (each p = n.s.). Fourthly, leucocytes 
and severe course of disease were significantly and inde-
pendently associated with infiltrate above the median 
in COVID-19 (each p < 0.05), opposite to age, obesity, 
chronic pulmonary disease, and chronic kidney disease 
(each p = n.s).

Regarding multiple linear regression analysis in COVID-
19, CRP, IL-6, and leucocytes (each p < 0.05) were associ-
ated with the degree of pulmonary infiltrates, as opposed to 
DPP3 (p = n.s., Table 9).

Regarding the percentage of pulmonary infiltrates in 
COVID-19, stepwise multiple linear regression analy-
ses adjusted for the potential confounding variables were 
performed separately for each IL-6, CRP, and leucocytes 
(Table 10). Firstly, IL-6, obesity (each p < 0.05), and severe 
course of disease (p < 0.001) were significantly and inde-
pendently associated with the percentage of pulmonary 
infiltrates in COVID-19, opposite to age, chronic pulmonary 
disease, and chronic kidney disease (each p = n.s.). Secondly, 
CRP, severe course of disease (each p < 0.001), and obesity 
(p < 0.05) were significantly and independently associated 
with the percentage of pulmonary infiltrates in COVID-19, 
opposite to age, chronic pulmonary disease, and chronic kid-
ney disease (each p = n.s.). Thirdly, leucocytes and severe 
course of disease (each p < 0.001) were significantly and 
independently associated with the percentage of pulmonary 
infiltrates in COVID-19, opposite to age, obesity, chronic pul-
monary disease, and chronic kidney disease (each p = n.s.).

In non-COVID-19 patients, only IL-6 was able to distin-
guish infiltrate above the median from infiltrate below the 
median (AUC = 0.81, p < 0.05, cut-off 15.3 pg/ml: sensitivity 
77.8%, specificity 63.2%), opposite to DPP3 (AUC = 0.56, 
p = n.s.), CRP (AUC = 0.47, p = n.s.) and leucocytes 
(AUC = 0.61, p = n.s.).

Discussion

Summary of results

The current study examined the predictive value of DPP3, 
IL-6, CRP, and leucocytes of COVID-19 infection and 

Table 5   DPP3 and leucocytes: 
Multivariate stepwise binary 
logistic regression analysis 
adjusted for the potential 
confounding variables regarding 
COVID-19 infection

DPP3 Leucocytes

p value Odds ratio 95% CI p value Odds ratio 95% CI

Biomarker 0.001 1.10 1.04–1.16  < 0.001 0.78 0.69–0.87
Age n.s 1.00 0.97–1.03 n.s 1.01 0.98–1.04
Obesity n.s 0.93 0.36–2.43 n.s 1.13 0.41–3.13
Chronic pulmonary disease  < 0.05 0.22 0.07–0.74  < 0.05 0.21 0.06–0.73
Chronic kidney disease  < 0.05 0.28 0.10–0.79  < 0.05 0.23 0.07–0.72
Severe course of disease n.s 0.90 0.23–3.48  < 0.05 4.87 1.10–21.6

Table 6   Binary logistic regression analysis for COVID-19 infection

p value Odds ratio 95% 
confidence 
interval

DPP3  < 0.001 1.12 1.06–1.19
IL-6 n.s 1.00 1.00–1.00
CRP n.s 1.01 1.00–1.02
Leucocytes  < 0.001 0.76 0.68–0.85



Clinical and Experimental Medicine	

1 3

Fig. 4   Boxplots showing DPP3 and IL-6 regarding pulmonary infil-
trates in COVID-19 (gray colour) and in non-COVID-19 (white 
colour). Median of infiltrate = 14.45%. Infiltrate > median: COVID-
19 n = 55 and non-COVID-19 n = 9. Infiltrate < median: COVID-
19 n = 47 and non-COVID-19 n = 19. Outpatients without imag-
ing: COVID-19 n = 12 and non-COVID-19 n = 7. Control group: 
n = 37. A DPP3 was significantly elevated in COVID-19 patients 
with infiltrate above median as compared to infiltrate below median 

(p < 0.001), outpatients without imaging (p < 0.001) and control 
group (p < 0.001), opposite to non-COVID-19 (each p = n.s.). B IL-6 
showed a significant and stepwise increase between the subgroups 
(infiltrate above median, infiltrate below median, outpatients without 
imaging) both in COVID-19 and in non-COVID-19 (each p < 0.05). 
† p < 0.05 compared to infiltrate < median. # p < 0.05 compared to 
outpatients without imaging. § p < 0.05 compared to control group. 
Logarithmic display was used in the y-axis
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pulmonary infiltrates in respiratory patients. For the first 
time, DPP3 was shown to be a significant and independ-
ent predictor of COVID-19 infection, as opposed to IL-6, 
CRP, and leucocytes. Moreover, IL-6 was significantly and 
independently associated with the degree of pulmonary infil-
trates in COVID-19 and was able to detect infiltrate above 
median in respiratory infections other than SARS-CoV-2.

DPP3: a COVID‑19 specific biomarker

DPP3 is a ubiquitous zinc-dependent aminopeptidase whose 
substrates are oligopeptides consisting of three to 10 residues. 
Its most essential substrates are angiotensins, enkephalins, 
and endomorphins, indicating its comprehensive physiologi-
cal role in signal transduction, pain modulation, blood pres-
sure regulation, and immunomodulation [2, 3]. So far, DPP3 
has been described as a biomarker in sepsis, indicating sever-
ity and mortality [4, 5]. As well as in sepsis, hyperinflamma-
tion plays a key role in the pathophysiology of COVID-19 
[28]. Consequently, DPP3 levels in the blood might increase 
due to inflammatory processes coming along with COVID-
19 infection. In addition, DPP3 has been described as a bio-
marker with prognostic value for clinical outcomes in inten-
sive care patients, cardiogenic shock, and severely ill burn 
patients [5–7, 29, 30]. In rodent models, inhibition of DPP3 
via a monoclonal antibody was shown to restore cardiac func-
tion in sepsis and improve haemodynamics in heart failure 
[31, 32].

Physiologically, DPP3 hydrolyses angiotensin II, a vaso-
constrictor and key effector in the renin–angiotensin–aldos-
terone system (RAAS) [3, 9]. Angiotensin II is converted 
by ACE2, a counter-regulatory enzyme to ACE [8]. Mem-
brane-bound ACE2 is a functional receptor for SARS-CoV-2 
to enter the host cell [10, 11]. Furthermore, previous stud-
ies have shown that SARS-CoV-2 binding ACE2 leads to 
the downregulation of ACE2 and, thereby, to an increase 
in angiotensin II, causing vasculopathy, coagulopathy, and 
inflammation [33, 34]. Hypothetically, DPP3 as a degrading 
enzyme of angiotensin II might rise in response. Moreover, 
DPP3 is suggested to be a marker for cell death, and DPP3 
blood levels could potentially rise during inflammatory pro-
cesses [5]. Thus, ACE2 may be a link between SARS-CoV-2 

and DPP3, implying that DPP3 might have a role in the 
pathophysiology of COVID-19.

So far, the existing data on the role of DPP3 in COVID-19 
is restricted to critically ill patients. Van Lier et al. showed 
that DPP3 is associated with poor clinical outcomes in 
intensive-care COVID-19 patients [12]. In their case series 
(n = 6), Heinicke et al. measured DPP3 levels in severe 
COVID-19 patients to assess a potential deficiency of serum 
Angiotensin II and evaluate the possible benefit of Angioten-
sin II administration. DPP3 was used as a decision guidance 
for therapeutic intervention in severely affected COVID-19 
patients [13]. The current study examined DPP3 regarding 
its predictive value for the diagnosis of COVID-19 infection.

For the first time, this study evaluated the role of DPP3 
in COVID-19 patients compared to a non-COVID-19 group 
in an emergency ambulance setting. In particular, patients 
with a negative PCR result for SARS-CoV-2 enabled com-
parison of the DPP3 levels to respiratory infections other 
than COVID-19. It was shown that DPP3 is a significant and 
independent predictor of SARS-CoV-2 infection. This might 
provide additional value in diagnostics of COVID-19 as well 
as help understand the pathophysiology of COVID-19.

Karami et al. identified a novel hub gene signature in 
respiratory cells infected by SARS-CoV-2 using weighted 
gene co-expression network analysis. Relevant biological 
pathways in COVID-19 (including among others the type I 
and IL-17 signaling pathway) were determined. The results 
contribute to a more profound knowledge of pathophysiol-
ogy in COVID-19 paving the way for future research on 
biomarkers and treatment options for COVID-19 [26]. 
Similarly, the current study was designed to identify a suit-
able COVID-19 biomarker that may provide information on 
therapeutic options in the future. Karami et al. characterized 
transcriptional changes in respiratory cells to explore piv-
otal pathways in the pathophysiology of COVID-19. In con-
trast, in the current study an immunoluminometric assay was 
performed to quantify blood levels of DPP3. Karami et al. 
offered future treatment options in COVID-19. Similarly, 
the current study may indicate Procizumab, the specific anti-
body against DPP3, as an imaginable therapeutic option in 
the future. In accordance with Karami et al., applying meth-
ods to identify transcriptional changes and measuring its 

Table 7   ROC analysis: 
detection of infiltrate above 
median compared to infiltrate 
below median in COVID-19

a Mann–Whitney-U-test
b ROC analysis

p valuea AUC​b 95% confi-
dence intervalb

Cut-offb Sensitivityb (%) Specificityb (%)

DPP3 < 0.001 0.70 0.59–0.80 18.9 ng/ml 78.2 59.6
IL-6 < 0.001 0.78 0.69–0.87 34.3 pg/ml 70.9 66.0
CRP < 0.001 0.82 0.74–0.90 43.2 mg/dl 80.0 70.2
Leucocytes < 0.05 0.67 0.57–0.78 5.7 /nl 67.3 61.7
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gene expression may be an additional way of assessing the 
implications of DPP3 in COVID-19 in the future. The inten-
tion may be to uncover biological processes and their key 
modules to elucidate prognostic markers and drug targets.

Further studies will be needed to evaluate whether and 
how DPP3 might be involved in COVID-19 pathophysi-
ology. If this should be confirmed, the specific antibody 
against DPP3, Procizumab, may be examined regarding its 
therapeutic value [31].

As aforementioned, literature describes DPP3 as a bio-
marker in various diseases. Hence, comorbidities and other 
factors need to be considered that may affect DPP3 levels 
and its COVID-19 specificity. To estimate their influence 
and to minimize their impact, adjustment analyses have been 
performed to statistically account for the confounding varia-
bles age, obesity, chronic pulmonary disease, chronic kidney 
disease, and diseases severity (intensive care and/or exitus).

To determine DPP3 levels in the blood samples, the lumi-
nometric immunoassay was used. It has been described as 
a highly specific assay for the quantification of DPP3 with 
a robust performance [4]. In a further study, the enzyme 
capture activity assay can be performed in addition to pro-
vide even more robust data, strengthening the biomarker’s 
sensitivity and specificity [4].

In the multivariate regression analyses regarding COVID-
19 infection, no chronic pulmonary disease and no chronic 
kidney disease were identified as significant and independent 
predictors of COVID-19 infection. This may be explained by 
the fact that in our study cohort the non-COVID-19 patients 
showed significantly more often COPD and chronic kidney 
disease as compared to the COVID-19 patients (see Baseline 
Table).

IL‑6: a predictor of pulmonary infiltrates

IL-6 is a pleiotropic cytokine released by various immune sys-
tem cells and other tissues, regulating the local and systemic 
inflammatory response [35–37]. Via the membrane-bound IL-6 
receptor expressed on hepatocytes, IL-6 triggers the synthesis 
of acute phase proteins in the liver, causing further inflamma-
tory processes [38]. Due to its diverse places of action and com-
plex signalling pathways, IL-6 plays a key role in host defence 
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4 Table 9   Multiple linear regression analysis for pulmonary infiltrates 
in COVID-19

p value Regression 
coefficient

95% confidence interval

DPP3 (ng/ml) n.s 0.034  − 0.13–0.20
IL-6 (pg/ml)  < 0.05 0.019 0.002–0.035
CRP (mg/dl)  < 0.001 0.103 0.052–0.153
Leucocytes (/nl)  < 0.05 1.214 0.18–2.25
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[39]. In particular, IL-6 has been described as crucial for the 
transition from innate to acquired immunity [40].

IL-6 has been evaluated as a biomarker in sepsis, sep-
tic shock, and community-acquired pneumonia [14–17, 
41]. In pneumonia, IL-6 was shown to be associated with 
mortality and disease severity [42–44]. Furthermore, IL-6 
has been described as a predictor of clinical outcomes in 
ARDS [45]. However, in an observational study comparing 
acute respiratory distress syndrome, severe pneumonia, and 
controls, IL-6 was not significantly different between the 
groups [46]. Thus, the existing data regarding the role of 
IL-6 in respiratory infectious disease is not entirely consist-
ent. It particularly focuses on the predictive value of IL-6 to 
the clinical outcome parameters of mortality, intensive care 
unit treatment, and mechanical ventilation. The current study 
supports and extends the existing literature by showing that 
IL-6 is associated with the degree of pulmonary infiltrates 
in a diverse emergency department collective.

In COVID-19, IL-6 has been characterized as an indicator 
of cytokine release syndrome and thus a prognostic marker 
for the clinical outcome [18, 19]. In their retrospective study, 
Chen et al. examined the association of laboratory markers 
with lung infiltrates in COVID-19. Two separate physicians 
evaluated CT images and classified lung involvement semi-
quantitatively. As a result, IL-6 was shown to be an inde-
pendent predictor for lung injury in COVID-19 pneumonia 
[20]. The current study confirms and extends these find-
ings by applying artificial intelligence software to quantify 
pulmonary infiltrates as objectively and exactly as possible. 
Moreover, a non-COVID-19 group was included to assess 
differences with other respiratory infections. In a series of 
retrospective studies, the pulmonary infiltrates of COVID-19 
patients were quantified regarding their predictive value for 
the clinical outcome [21–25]. Instead, the current prospec-
tive study focussed on the predictive value of laboratory 
markers for the degree of lung infiltrates.

IL-6 antagonists have been described as therapeutic 
options in various rheumatic diseases such as rheumatoid 
arthritis and juvenile idiopathic arthritis [47, 48]. In COVID-
19, anti-IL-6 receptor antibodies have been discussed as 

therapeutic tools to inhibit cytokine storms and improve clini-
cal outcome [49, 50]. The current study affirms the role of 
IL-6 in respiratory patients with cytokine release syndrome 
and severe pulmonary lesions. Hence, IL-6 antagonists may 
be of therapeutic value to prevent the development of severe 
lung infiltrates and sepsis early and efficiently.

The artificial intelligence software used in the current 
study detects hyperdense areas of the lungs such as ground 
glass opacities and consolidations, which have repeatedly 
been described as the predominant imaging characteristics in 
COVID-19 [51–55]. However, it also detects other manifesta-
tions of COVID-19 that show elevated density in CT imaging 
such as atelectasis, thickened pulmonary interstitial structures 
(reticular pattern, crazy paving pattern), fibrosis, and nodules 
[51]. CT imaging manifestation of COVID-19 that either do 
not show elevated density (e.g., air bubble sign) or are located 
outside the lungs (e.g., lymphadenopathy and pericardial effu-
sion) are consequently not detected by the artificial intelligence 
software. However, they occur rather rarely (e.g., lymphad-
enopathy in 4–8% of COVID-19 cases, pericardial effusion in 
5–6% of COVID-19 cases) [51, 53, 55–57]. In addition, the 
aim of the study was to provide the degree of COVID-19 lung 
manifestations as accurate as possible rather than qualitatively 
describe possible forms of chest CT findings in COVID-19.

For the first time, this study evaluated IL-6 in a broad col-
lective of respiratory patients—from upper respiratory tract 
infection to pneumonia to sepsis with ARDS—including 
COVID-19 and non-COVID-19 regarding the degree of lung 
infiltrates. Specifically, IL-6 was compared to DPP3 and the 
inflammatory markers CRP and leucocytes. Further studies 
will be necessary to determine if our data can be confirmed, 
particularly in a larger non-COVID-19 group. Additionally, 
further interventional studies will be needed to evaluate if 
anti-IL-6 antibodies may be an adequate therapeutical option.

DPP3 and IL‑6: additional value for diagnostics 
in COVID‑19 and other respiratory infections

In the future, DPP3 might provide additional diagnostic infor-
mation on respiratory patients in an emergency ambulance 

Table 10   IL-6, CRP, and leucocytes: stepwise multiple linear regression analysis adjusted for the potential confounding variables regarding the 
percentage of pulmonary infiltrates in COVID-19

IL-6 CRP Leucocytes

p value Odds ratio 95% CI p value Odds ratio 95% CI p value Odds ratio 95% CI

Biomarker  < 0.05 0.023 0.006–0.04  < 0.001 0.098 0.05–0.15  < 0.001 1.83 0.94–2.72
Age n.s 0.05  − 0.19–0.29 n.s 0.02  − 0.21–0.25 n.s 0.038  − 0.19–0.27
Obesity  < 0.05 8.58 0.76–16.4  < 0.05 7.48 0.78–14.9 n.s 7.34  − 0.07–14.7
Chronic pulmonary disease n.s  − 5.78  − 17.9–6.31 n.s  − 3.45  − 15.0–8.10 n.s  − 1.99  − 13.6–9.58
Chronic kidney disease n.s  − 3.95  − 16.1–8.15 n.s  − 1.27  − 12.2–9.70 n.s 2.09  − 8.73–12.9
Severe course of disease  < 0.001 22.8 13.3–32.3  < 0.001 19.7 10.5–28.9  < 0.001 23.6 15.2–32.1
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setting. Particularly in COVID-19, DPP3 may be used as a 
complementary biomarker combining detection and prognos-
tic value. Necessary hygienic and therapeutic measures can 
therefore be conducted purposefully to save technical and 
human resources.

IL-6 might serve as a decision support to assess the severity 
of pulmonary involvement in patients with respiratory infec-
tions. Especially in an ambulant setting without chest CT avail-
ability, IL-6 as a simply and quickly determinable marker of 
routine laboratory diagnostics may be used as a decision tool 
to help estimate the extent of the disease. This information 
allows further diagnostic and therapeutic steps to be swiftly 
and efficiently performed. Additionally, in times of restricted 
capabilities in our health system, the number of performed 
chest CT scans might be reduced.

Due to the rather small sample size, the conclusions cannot 
claim general validity, but are rather hypothesis-forming, pav-
ing the way for future research. Even though the emergency 
room setting was chosen to ensure a broad range of patients, 
the design as a single-center study may limit the generaliz-
ability of the results, not fully accounting for regional, demo-
graphic, and ethnic differences. While a healthy control group 
was included to enable comparisons to healthy people, its suit-
ability may be limited due to its collection at the emergency 
room. In synopsis, the applicability of the study’s conclusions 
to broader populations or to different settings of patient care 
may suffer, limiting the study’s representativity.

Further studies with more participants will be needed to 
conduct external validation of the findings by reproducing 
the research in an independent cohort. Presumably, a multi-
centre study may be conducted to include diversity in the 
study population and provide more resilient and generaliz-
able data in the future. In addition, future research should 
consider potential biomarker changes over time and progres-
sion of COVID-19 and other respiratory infections by col-
lecting longitudinal data. In addition, the potential of DPP3 
as a COVID-19 specific biomarker could be validated in 
conjunction with other established COVID-19 biomarkers 
in the future.

Conclusion

DPP3 might be able to detect a COVID-19 infection in an 
ambulant setting promptly. IL-6 might help estimate the 
degree of pulmonary involvement in respiratory patients in 
case CT imaging is unavailable.

Limitations

The number of recruited patients with COVID-19 (n = 114) 
and without COVID-19 (n = 35) is relatively low and may 
affect the generalizability of the results.

The single-centre study may not fully account for 
regional, demographic, and ethnic differences. Since the 
study population may not be fully representative of all 
COVID-19 cases and other respiratory infections, a selec-
tion bias cannot be completely excluded.

As the patients in the healthy control group presented 
themselves in the emergency room and showed significant 
differences to the respiratory patients regarding the base-
line data, they may not fully meet the criteria of a perfectly 
healthy and comparable control group.

Since patients were included between March 2020 and 
June 2021, SARS-CoV-2 variants in the study were pre-
sumably different from the predominant variants at the 
time of publication. Even though relevant viral features 
were consistent over time and between variants, studies 
including COVID-19 patients with the latest SARS-CoV-2 
variants may be needed to confirm the current results.
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