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Abstract
Purpose  A host-protein signature score, consisting of serum-concentrations of C-reactive protein, tumour necrosis factor-
related apoptosis-inducing ligand, and interferon gamma-induced protein 10, was validated for distinguishing between bac-
terial and viral infections as an antimicrobial stewardship measure for routine clinical practice among adult patients in a 
German tertiary hospital.
Methods  This single-centre, explorative study prospectively assessed the host-protein signature score, comparing it with 
serum procalcitonin (PCT) in patients with blood stream infections (BSI) and evaluating its efficacy in patients with viral 
infections against the standard of care (SOC) to assess the need for antibiotics due to suspected bacterial super/coinfection. 
Manufacturer-specified threshold scores were used to differentiate viral (< 35) and bacterial (> 65) infections.
Results  Ninety-seven patients (BSI [n = 56]; viral infections [n = 41]) were included. The score (cut-off score > 65) tended 
to detect BSI with higher sensitivity than did PCT (cut-off > 0.5 ng/mL) (87.5% vs. 76.6%). Three patients (5.4%) with BSI 
had a score < 35. One patient with BSI did not receive antibiotic treatment following SOC prior to positive blood culture 
results. Among patients with viral infections, 29 (70.7%) had scores > 65, indicating bacterial superinfections. Additionally, 
11 patients (26.8%) had scores < 35, indicating no bacterial superinfections. In total, the antibiotic treatment discrepancy in 
the viral group between the SOC and a host-protein signature score guided approach was 2/41 patients (4.9%).
Conclusion  The score tended towards a higher sensitivity in detecting BSI than that with PCT. However, its impact on reduc-
ing antibiotic use in viral infections was minor compared with that of SOC.
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Introduction

Accurate detection of bacterial infections is essential for 
the prudent and responsible use of antibiotics. This serves a 
dual purpose: minimising morbidity and mortality and pre-
venting medically unneeded antibiotic therapy. Misdiagno-
sis related to disease aetiology can lead to antibiotic misuse. 
Two studies reported rates of unnecessary antibiotic use of 
approximately 30% [1, 2].

In current clinical practice, diagnosing a bacterial infec-
tion primarily relies on clinical assessment and biomarkers 
[3]. Procalcitonin (PCT) is a biomarker that is frequently 
used as a decision aid to determine the presence or absence 
of a bacterial infection. [3–5] However, the sensitivity and 
specificity of PCT are not sufficient to reliably exclude or 
confirm a bacterial infection in all clinical infectious settings 
[3–5]. Thus, distinguishing bacterial from viral infections, 
particularly with the aid of biomarkers, remains a challenge. 
Hence, current guidelines for community-acquired pneumo-
nia advise against using biomarkers as a decision aid to dif-
ferentiate between viral and bacterial aetiologies [3, 6, 7].

To increase the predictive accuracy for bacterial or viral 
infections, a computational score of multiple host-protein 
signatures has been introduced by MeMed (Tirat, Carmel, 
Israel); it is CE-IVD cleared and available in the United 
States, European Union, and Israel. The score is determined 
by three variables: the serum concentration of C-reactive 
protein (CRP), interferon gamma-induced protein 10 
(IP-10), and the tumour necrosis factor-related apoptosis-
inducing ligand (TRAIL). The ImmunoXpert™ software 
(MeMed, Tirat Carmel, Israel) uses the results of these vari-
ables, measured using chemiluminescent immunoassays 
(CLIA), to calculate the host-protein signature score, which 
ranges from 0 to 100. As per the manufacturer’s guidelines, 
a high score (66–100) was considered indicative of bacterial 
infection, while a low score (0–34) indicated viral infection. 
A score of 35–65 indicated that the likelihood of bacterial 
and viral infections was unclear. [8]

The present study aimed to compare the score with PCT 
in patients with blood stream infections (BSI). Additionally, 
the study sought to evaluate the performance of the assay in 
patients with various viral infections, diagnosed using posi-
tive polymerase chain reaction (PCR) against the standard 
of care (SOC) to assess the need for antibiotics due to sus-
pected bacterial super/coinfection.

Methods

Study design

This prospective, monocentric, explorative study was per-
formed at the University Hospital rechts der Isar, Techni-
cal University of Munich, in Munich, Germany, between 
November 2022 and June 2023. Patients were recruited from 
the emergency department, the general wards of the depart-
ment of urology, cardiology, gastroenterology, oncology, 
nephrology as well as the intensive care unit for gastrointes-
tinal and infectious diseases. The general inclusion criteria 
were as follows: (1) age of ≥ 18 years; (2) the presence of at 
least one sign of inflammation, defined as a fever of > 38 °C 
or CRP levels > 5  mg/dL; and (3) diagnosis of confirmed 
BSI (Group A) or confirmed viral infection (Group B). Viral 
infection was confirmed using PCR in respiratory material 
or blood samples and a concurrent negative blood culture 
result. We excluded all patients without available/sufficient 
serum samples (the main reason was that the serum was not 
centrifuged on time for the host-protein signature CLIA), 
with coagulase-negative staphylococci detected in blood 
cultures without accompanying evidence of systemic infec-
tion, with viral infection but missing blood culture diagnos-
tic results, and with simultaneous BSI and viral infection 
(Fig. 1).

In case of a suspected infection, indicated by fever or 
elevated inflammation markers such as CRP, the standard of 
care procedure included collecting at least one aerobic and 
one anaerobic blood culture. For suspected viral infections, 

Fig. 1  Overview of the study cohort. BSI, blood stream infection
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PCR diagnostic was performed using either respiratory or 
blood samples to identify the suspected viruses. The deci-
sion to initiate antibiotic therapy was based on the likeli-
hood of a bacterial infection, the severity of the disease, the 
underlying comorbidities, and in accordance with the rel-
evant standard operating procedure (SOP) for that specific 
infection. In general, the final decision to start or withhold 
antibiotic treatment was made in consultation with a spe-
cialist or senior physician. The selection of antibiotic ther-
apy depended on the type of infection and adhered to local 
antimicrobial stewardship (AMS) guidelines as outlined in 
the relevant SOP.

Immunosuppressive therapy was defined as therapy with 
steroids in any dosage, or immunosuppressive/immuno-
modulatory agents. Immunocompromised patients were 
defined as patients receiving immunosuppressive therapy, 
neutropenic patients, solid-organ or stem cell transplanted 
patients, and patients with active lymphoma or leukaemia.

The scores were unavailable to the attending physician 
and, consequently, had no impact on the clinical decision-
making process. The aetiology of the infection (bacterial 
or viral) was not disclosed to the staff who carried out the 
CLIA.

Sample collection and selection

The score was calculated in all patients with available serum 
samples. If PCT had not been determined in the blood sam-
ple from which the CLIA was performed, PCT results were 
collected from blood samples up to 2 days earlier or 2 days 
later, if available.

The CLIA was performed using serum obtained during 
routine blood sampling. It was performed after the confir-
mation of BSI or viral infection. If no serum was available 
on the same day, it was performed as part of the subsequent 
routine blood sampling. Samples were frozen at − 20  °C 
till analysis. CLIA tests for the determination of the score 
were performed in batches. Only one freeze–thaw cycle was 
permitted.

Laboratory analyses

Each blood sample was drawn into a serum separation tube 
(Sarstedt) and processed by centrifugation at 1,500 x g within 
1 h after arrival at the central laboratory. A total of 350 µL 
of sample material was used for the three score parameters, 
analysed using the LIAISON® XL CLIA fully-automated 
analyser (DiaSorin Deutschland GmbH, Dietzenbach, Ger-
many). The device performs the measurement of the three 
host immune parameters and integrates the respective results 
into the unique host-protein signature score (LIASON 
MeMed BV® score). On the LIASION XL device, the CRP 

measurement is traceable to the standard reference material 
IFCC/BCR/CAP CRM 474, whereas TRAIL is traceable to 
the World Health Organization reference reagent TRAIL 
[human, rDNA, E. coli-derived] NIBSC 04/166. For IP-10, 
a suitable reference material is not available. Therefore, the 
measurand is traced to an internal standard characterised by 
amino-acid analysis. The reproducibility acceptance crite-
rion for TRAIL, IP-10, and CRP of a coefficient of varia-
tion (CV) of ≤ 15% was checked by serial measurements 
of control samples delivered by DiaSorin [8]. The precision 
data of the immune markers run on the LIAISON XL device 
were as follows: CV for CRP was 8.0%, for IP-10 5.3%, and 
for TRAIL 8.5%.

The PCT measurements were run on the routinely used 
immunoassay analyser cobas e801 (Roche Diagnostics, 
Mannheim, Germany), according to the manufacturer’s 
original instructions.

The CRP measurements, performed prior to the scor-
ing to select the suitable patients for the study, were run on 
the routinely used clinical chemistry analyser cobas c702 
(Roche Diagnostics, Mannheim, Germany), according to 
the manufacturer’s original instructions.

Viral infections were detected using PCR analysis of 
respiratory samples. To investigate a broad spectrum of 
possible viral pathogens, various multiplex assays were 
utilised on different platforms, including the AllPlex RV 
Master Assay (Seegene, Seoul, South Korea), NeuMoDx 
4-Plex Assay (Qiagen, Hilden, Germany), GeneXpert 
Xpress CoV-2/Flu/RSV Assay (Cepheid, Sunnyvale, USA), 
and cobas SARS-CoV-2 Assay (Roche, Rotkreuz, Switzer-
land). All assays were performed according to the respective 
manufacturers’ instructions. The decision regarding which 
viruses to test for was at the discretion of the physician in 
charge.

For blood culture diagnostics, 10–20 mL of blood were 
collected and inoculated into one or two aerobic and one or 
two anaerobic blood culture bottles (BacTec System; Becton 
Dickinson, Heidelberg, Germany). The cultures were incu-
bated at 37 °C for 5 to 7 days, according to manufacturer’s 
instructions. Microbial identification was performed using 
biochemical testing systems (ATB, API, VITEK system; 
bioMérieux, Nurtingen, Germany) or matrix-associated 
laser desorption/ionisation time-of-flight (MALDI-TOF; 
Bruker Corporation, Billerica, MA, US).

Ethics

This study adhered to the principles of the Declaration of 
Helsinki. The sample collection was performed in accor-
dance with the International Conference on Harmoniza-
tion - Good Clinical Practice and followed local regulatory 
requirements. In particular, the study protocol was approved 
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Baseline characteristics of patients with BSI

BSI was diagnosed in 56 patients (57.7%) (Fig. 1). In total, 
19 different bacterial species and two Candida species were 
identified. The most common bacterial pathogens were 
Escherichia coli (E. coli) (18 patients, 32.1%) and Klebsi-
ella pneumoniae (8 patients, 14.3%). Blood cultures were 
simultaneously positive for two bacterial species in seven 
patients. In three patients, blood cultures were simultane-
ously positive for three different bacterial species. Online 
Resource 3 presents the bacterial species detected.

The most common sources of BSI were urogenital and 
urinary (18 patients, 32.1%), abdominal (7 patients, 12.5%), 
and soft tissue (7 patients, 12.5%) infections. Ten patients 
(17.9%) developed neutropenic fever because of chemo-
therapeutic treatment for underlying haemato-oncological 
malignancies (Table  1). The median CRP level was 11.9 
(interquartile range [IQR], 7.5–21.7) mg/dL; PCT, 2.4 
(IQR, 0.6–13.3) ng/mL; and white blood cell count (WBC), 
7.0 (IQR, 2.8–12.6) G/l. PCT values were collected at an 
interval of zero (IQR 0–1) days from the values of the host-
protein signature score.

All 56 patients with BSI received antibiotic treatment. 
Following our SOC, antibiotic therapy was initiated at a 
median of 1 day (IQR, 1–2 days) ahead of positive blood 
culture results because of suspected bacterial infection. 
Among the 56 patients with BSI, one did not receive antibi-
otic treatment before the blood culture became positive, as 
per SOC. This patient had a score of > 65 and would, there-
fore, have received antibiotic treatment earlier compared to 
the SOC.

The most common comorbidities were arterial hyperten-
sion (31 patients, 55.4%), diabetes mellitus (12 patients, 
21.4%), atrial fibrillation (10 patients, 17.9%), and coronary 
artery disease (10 patients, 17.9%). Six patients (10.7%) 
received immunosuppressive therapy at the time of BSI. 
Two patients (3.6%) previously received an organ or stem 
cell transplantation, respectively (Online Resource 1).

Results of the host-protein signature score and PCT 
in patients with BSI

In patients with BSI (56 patients), the median host-protein 
score was 99 (IQR, 89.8–100). In total, 49 patients (87.5%) 
had a score > 65. In four patients (7.1%), the probability of 
a viral or bacterial infection was considered equivocal, with 
a score ranging from 36 to 65. Three patients (5.4%) with 
BSI had a score < 35, indicating the absence of a bacterial 
infection. (Fig. 2) The overall sensitivity for the score for 
identifying BSI was 87.5%. (Table 2) After excluding immu-
nocompromised patients, sensitivity for the score for iden-
tifying BSI was 91.9%. (Table 3) PCT data were available 

by the Ethics Committee of the Technical University of 
Munich (approval no. 2022-370-S-SR). Written informed 
consent was obtained from all patients enrolled in this study.

Statistical analysis

This was an explorative study, and no power analysis was 
performed. Data collection and calculations were performed 
using Microsoft Excel (Microsoft Corporation, Redmond, 
Washington, USA). Graphical depictions and statistical 
analyses were performed using R, version 4.03 (The R 
Foundation for Statistical Computing, Vienna, Austria). The 
distribution of continuous variables was described using 
medians and ranges. Categorical data were presented as 
absolute and relative frequencies. Owing to the inequality 
of variances, statistical significance was compared using 
Welch’s t-tests. A normal distribution was implied owing 
to the large sample size. P < 0.05 was considered statisti-
cally significant. The exclusion of outliers was discussed 
but rejected to represent real-life data.

Results

Baseline characteristics of the total cohort

In total, 97 patients were included in the study, and 31 
patients were excluded (Fig.  1); forty-two (43.3%) were 
female and 55 (56.7%) were male. The median age was 
66 years (interquartile range [IQR], 56–79 years), and 17 
patients (17.5%) were admitted to the intensive care unit. 
Examining the comorbidities of participating patients, 58 
(59.8%) had two or more comorbidities. Online Resources 1 
and 2 present the underlying comorbidities for the viral and 
BSI groups. Eleven patients died during their inpatient stay.

Table 1  Sources of bacterial infection in patients with blood stream 
infection
Source of infection, n (%) Total

(N = 56)
Urinary tract
Neutropenic fever
Abdominal
Soft tissue
Pulmonary
Cholangitis
Foreign body
Spondylodiscitis
Endocarditis
Unclear source

18 (32.1)
10 (17.9)
7 (12.5)
7 (12.5)
5 (8.9)
5 (8.9)
5 (8.9)
1 (1.8)
1 (1.8)
1 (1.8)

n, number; N, total number of participants per group
Note: The parameters are displayed as absolute frequencies (relative 
frequency in %). The total number of detected sources of infection 
exceeded the total number of patients because some patients were 
diagnosed with more than one source of bacterial infection
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Among patients with a score > 65, 17 (34.7%) were 
tested positive for E. coli, 8 (16.3%) for Klebsiella pneu-
moniae, and six (12.2%) for Staphylococcus aureus (Online 
Resource 3). Immunosuppressive therapy was received by 
four patients (8.2%) (Online Resource 1). The median dura-
tion between initiation of antibiotic therapy and the score 
was 2 days (IQR, 1.0–3.0 days).

In the four patients with a score ranging from 35 to 65, 
the pathogens isolated from blood cultures were Staphylo-
coccus epidermidis, Enterococcus faecium, Streptococcus 
anginosus, and Proteus mirabilis (Online Resource 3). One 
patient (25.0%) was receiving immunosuppressive therapy 
(Online Resource 1). The median duration between initia-
tion of antibiotic therapy and the CLIA was 3.5 (IQR, 0.75–
4) days. PCT data were available for two patients, with a 
median of 11.2 ng/mL.

In the three patients with a score < 35, the detected bacte-
rial species were Staphylococcus epidermidis, Staphylococ-
cus hominis, and E. coli (Online Resource 3). These were 
diagnosed in two cases of central catheter infections and 
urosepsis. One patient was receiving immunosuppressive 
therapy (Online Resource 1). All patients were treated with 
antibiotics, with a median time of 2 days before the CLIA. 
Data on PCT levels were available for two patients, with a 
median of 0.3 ng/mL.

Baseline characteristics of patients with viral 
infections

A viral infection with negative blood culture results was 
diagnosed in 41 patients (Fig. 1). Severe acute respiratory 

for 47 patients (83.9%). The median PCT in patients with 
BSI was 2.4 ng/mL (IQR, 0.6–13.3 ng/mL). Using a cut-off 
of > 0.5 ng/mL, PCT demonstrated a sensitivity of 76.6% 
in detecting BSI. (Table 2). After excluding immunocom-
promised patients, sensitivity for PCT was 93.3%. (Table 3)

Table 2  Quality criteria of the host-protein signature score and PCT
Character-
istic

Score > 65
(N = 78)

Score < 65
(N = 19)

PCT > 0.5 ng/
mL
(N = 48)

PCT < 0.5 ng/
mL
(N = 33)

BSI, n 49 7 36 11
Viral infec-
tion, n

29 12 12 22

Sensitiv-
ity, %

87.5 76.6

N, total number of participants per group; PCT, procalcitonin; BSI, 
bloodstream infection; n, number

Table 3  Quality criteria of the host-protein signature score and PCT in 
immunocompetent patients
Character-
istic

Score > 65
(N = 49)

Score < 65
(N = 10)

PCT > 0.5 ng/
mL
(N = 35)

PCT < 0.5 ng/
mL
(N = 14)

BSI, n 34 3 28 2
Viral infec-
tion, n

15 7 7 12

Sensitiv-
ity, %

91.9 93.3

N, total number of participants per group; PCT, procalcitonin; BSI, 
bloodstream infection; n, number
Patients with immunosuppression, defined as patients receiving 
immunosuppressive therapy, neutropenic patients, solid-organ or 
stem cell transplanted patients, and patients with active lymphoma or 
leukaemia, were excluded

Fig. 2  Graphical overview of the total cohort with host-protein signature score results
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bacterial superinfection was suspected on diagnostic imag-
ing, three patients had an additional bacterial urogenital 
focus (9.4%), three patients (9.4%) received antibiotic 
treatment due to neutropenic fever, two (6.3%) had a bacte-
rial soft tissue infection, and one (3.1%) had a suspected 
cholangitis. In five patients with cancer (15.6%), calculated 
antibiotic therapy was administered owing to immunosup-
pression with distinctly increased infection markers and/or 
severe course of disease (low oxygen saturation/intubation) 
(Table 5).

The most common comorbidities were arterial hyper-
tension in 13 patients (31.7%) and atrial fibrillation in nine 
patients (22.0%). In total, 12 patients (29.3%) were receiv-
ing immunosuppressive therapy, and two patients (4.9%) 
were receiving B-cell depletion. Six patients (14.6%) under-
went stem cell or organ transplantation (Online Resource 2).

Host-protein signature score results in patients with 
viral infections

In total, 41 patients without BSI but with viral infections 
were included, and the median score was 90 (IQR, 13.5–
98). Twenty-nine patients (70.7%) exhibited a score of > 65, 
while one patient (2.4%) had a score ranging from 35 to 65, 
and eleven patients (26.8%) had a score of < 35. (Fig.  2) 
Twenty-nine patients had a score > 65 and should have 
received antibiotic therapy according to the manufacturer’s 
recommendation. Of these 29 patients, 25 (86.2%) received 
antibiotic treatment following our SOC. Thus, four out of 
29 patients with a score > 65 (13.8%) did not receive anti-
microbial treatment, as no bacterial super/coinfection was 
suspected based on clinical assessment. These four patients, 
who were not treated with antibiotics following SOC, had 
respiratory infections: three cases of SARS-COV-2 and one 
of RSV. These patients’ mean PCT and CRP values were 
0.87 ng/mL and 8.83  mg/dL, respectively. None of these 
patients died or required intensive care.

The patient with a score between 35 and 65 got anti-
biotic treatment due to an underlying oncological disease 
with immunosuppressive medication. In patients with a 
viral infection and a score < 35, SOC resulted in antibiotic 
treatment for suspected bacterial infection in six of eleven 
patients. In three of these six patients, a respiratory bacte-
rial superinfection was suspected on diagnostic imaging; 
two patients were additionally diagnosed with a urogeni-
tal infection, and one had neutropenic fever. (Table 5) No 
patient died or required intensive care. PCT data were avail-
able for eight of eleven patients (72.7%), with a median of 
0.1 (IQR, 0.1–0.4) ng/mL.

syndrome coronavirus 2 (SARS-CoV-2) was the most com-
monly detected virus (24 patients, 58.5%). Influenza A/B 
was detected in 11 patients (26.8%) and respiratory syn-
cytial virus (RSV) in seven patients (17.1%). One patient 
(2.4%) was diagnosed with human metapneumovirus, and 
one with dengue virus. Three patients (7.3%) were diag-
nosed with two viruses (Influenza A/RSV and Influenza A/
SARS-CoV-2) simultaneously (Table 4). The median CRP 
was 8.6 (IQR, 6.1–14.5) mg/dL; PCT, 0.2 (0.1–1.2) ng/mL; 
and WBC 6.0 (IQR, 4.0–9.0) G/l. PCT values were col-
lected at an interval of zero (IQR 0–1) days from the values 
of the host-protein signature score.

Following our SOC, 31 (75.6%) patients without BSI but 
with viral infections received antibiotic treatment, with a 
median of 1.5 days (1–2 days) before the CLIA. One patient 
(2.4%) received routinely administered antibiotic treatment 
after peroral endoscopic myotomy; there was no evidence of 
a bacterial infection. Table 5 illustrates the rationale for the 
antibiotic treatment. In 17 patients (53.1%), a pulmonary 

Table 4  Viral pathogens detected in patients with viral infections
Detected virus, n (%) Total

(N = 41)
SARS-CoV-2
Influenza A/B
RSV
Metapneumovirus
Dengue

24 (58.5)
11 (26.8)
7 (17.1)
1 (2.4)
1 (2.4)

n, number; N, total number of participants per group; SARS-CoV-2, 
severe acute respiratory syndrome coronavirus 2; RSV, respiratory 
syncytial virus
Note: The parameters are displayed as absolute frequencies (rela-
tive frequency in %). The total number of detected viral pathogens 
exceeded the total number of patients because some patients were 
diagnosed with more than one viral pathogen

Table 5  Reasoning behind antibiotic treatment in patients with primar-
ily viral infections and without blood stream infection in relation to the 
host-protein signature score
Characteristic, n (%) Antibiotic 

treatment
(N = 32)

Score > 65
(N = 25)

Score 
35–65
(N = 1)

Score < 35
(N = 6)

Respiratory bacterial 
superinfection
Urocystitis
Cholangitis
Abdominal
Endocarditis
Soft tissue
Spondylodiscitis
Foreign body
Neutropenic fever
Calculated antibiotic 
therapy in patients 
with cancer

17 (53.1)
3 (9.4)
1 (3.1)
0 (0)
0 (0)
2 (6.3)
0 (0)
0 (0)
3 (9.4)
5 (15.6)

14 (56.0)
1 (4.0)
1 (4.0)
0 (0)
0 (0)
2 (8.0)
0 (0)
0 (0)
2 (8.0)
4 (16.0)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
1 (100)

3 (50)
2 (33.3)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
1 (16.7)
0 (0)

N, total number of participants per group; n, number
The parameters are displayed as absolute frequencies (relative fre-
quency in %)
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hospital in which this study was conducted has an AMS 
staff unit that ensures the rational prescription of antibiotics. 
However, based on the clinical judgment of bacterial super/
coinfection, the SOC is challenging and requires consider-
able expertise. Most patients with viral infections received 
antibiotic treatment, probably due to the high number of 
multimorbid patients, which sometimes requires deviations 
from the rather strict recommendations of the guidelines 
and in-house SOCs. In six patients with a viral infection, 
SOC resulted in antibiotic treatment for suspected bacterial 
infection, but the score was < 35, suggesting an overuse of 
antibiotic therapy in these patients. The positive impact of 
potential antibiotic savings is weakened as the score incor-
rectly identified four patients with viral infections, who 
were not receiving antibiotics by the SOC approach, as hav-
ing bacterial infections. Thus, when compared to SOC, anti-
biotic therapy could have been avoided in only two cases 
with viral infections by using a host-protein signature score-
guided approach, resulting in a minor effect. Whereby, as 
per the manufacturers’ recommendation, the score is not 
intended as a standalone diagnostic test for antimicrobial 
prescription. Considering the low number of cases, addi-
tional prospective studies are needed to further assess the 
accuracy and the benefits of a host-protein score guided 
approach in adults. Furthermore, economic considerations 
have not yet been made. Given the financial constraints 
faced by both hospital-based and outpatient practitioners, 
the host-protein-signature score and other tools (e.g., PCT) 
require a comparative cost-benefit analysis to determine its 
potential.

Our study has some limitations. First, the high rate of 
antibiotic treatments in patients with viral infections could 
be attributed to the study being conducted in a tertiary hos-
pital, which tends to treat sicker and older patients with mul-
tiple pre-existing conditions and often bacterial and viral 
coinfections. A significant proportion of patients was immu-
nocompromised, which might impair the immune response 
and, therefore, the calculation of the inflammation-marker-
based CLIA-Score. A sub-analysis of immunocompetent 
patients revealed a higher sensitivity of the host-protein sig-
nature score, which supports this assumption. Further stud-
ies in both immunocompetent and immunocompromised 
patients are needed to understand the role of immunosup-
pression in host-marker scores and whether its reliability is 
dependent on the patient’s immune status.

Second, a gold standard for assessing the performance of 
the host-protein signature score was created by establish-
ing strict inclusion criteria (CRP levels of > 5 mg/dL and 
fever, PCR-positive viral infection, or positive blood cul-
ture). However, this resulted in a lack of internal validity 
by prioritising hospitalised patients who were particularly 
ill. Furthermore, real-life scenarios could not be sufficiently 

Discussion

The accurate identification of bacterial and viral infections 
is essential to prevent the overuse of antibiotics. The host-
protein signature score has primarily been tested in children 
with few comorbidities and viral infections [9–11]. This 
is the first time the efficacy and accuracy of the score was 
exclusively investigated in adult patients, many of whom 
suffered from several pre-existing conditions. Furthermore, 
the inclusion criteria encompassed all types of microbial 
infections, not solely respiratory infections or fever without 
an apparent source, as observed in most previous studies 
[12, 13].

In this prospective, explorative study, the score identi-
fied patients with bacteraemia with a high sensitivity of 
87.5%. However, the sensitivity was slightly lower than 
that reported in a previous study involving adult patients, 
where a sensitivity of > 90% was reported [14]. Notably, 
71.4% (35/49) of patients with a score > 65 exhibited gram-
negative BSIs, while 85.7% (6/7) of those with a score ≤ 65 
displayed gram-positive BSIs. One potential explanation 
for this phenomenon is that gram-negative bacteria elicit 
a more robust inflammatory response than do gram-posi-
tive bacteria. In particular lipopolysaccharides, located on 
the outer membrane of gram-negative bacteria, are potent 
immune stimulators that can activate the immune system 
[15, 16]. Another possible explanation could be that many 
of the gram-negative bacteria identified in the study are 
known to possess multidrug resistance. Hence, all patients 
were treated with broad-spectrum antibiotics, which also 
have a range of efficacy in gram-negative bacteria, which 
is why no sustained bacterial immune response in the gram-
negative group and no subsequent higher score in this group 
was expected.

The performance of the score was compared with that 
of PCT, which is currently the laboratory marker of choice 
for better differentiation between bacterial and viral infec-
tions in our hospital. Identifying patients with BSI is cru-
cial because BSIs are associated with higher mortality when 
antibiotic treatment is initiated inadequately or too late 
[17]. The score tended to demonstrate a higher sensitivity 
in detecting BSIs than that of PCT (87.5% vs. 76.6%) in 
this study, suggesting that combining multiple inflamma-
tion markers is more effective in identifying this vulnerable 
patient group. In comparison with SOC, one patient with a 
score > 65 did not receive antibiotic treatment prior to the 
blood culture becoming positive. Thus, antibiotic treatment 
could have been initiated earlier using the score.

AMS is playing an increasing role in Germany and is 
being promoted nationwide [18]. There is an S3 guideline 
that can be followed [19]. However, implementing the 
measures is the responsibility of the individual clinics. The 

1 3



L. Wagner et al.

pheid; personal fees from GSK; grants and personal fees from ViiV 
Healthcare, during the conduct of the study; fees from AstraZeneca 
and Apeiron; grants, personal fees, and non-financial support from B. 
Braun Melsungen; grants and personal fees from BioNtech; personal 
fees from Eli Lilly, Formycon, Moderna, Molecular partners, Novartis, 
Roche, SOBI, Shionogi, and Pfizer; and grants and personal fees from 
Eli Lilly. JE received non-financial support from Gilead Sciences, ViiV 
Healthcare, and Pfizer. FV received personal fees and non-financial 
support from Gilead Sciences and ViiV Healthcare and grants from 
MSD and B. Braun Melsungen AG outside of the submitted work.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1.	 Erbay A, Colpan A, Bodur H, et al. Evaluation of antibi-
otic use in a hospital with an antibiotic restriction policy. Int J 
Antimicrob Agents. 2003;21:308–12. https://doi.org/10.1016/
s0924-8579(02)00392-8.

2.	 Pulcini C, Cua E, Lieutier F, et al. Antibiotic misuse: a prospec-
tive clinical audit in a French university hospital. Eur J Clin 
Microbiol Infect Dis. 2007;26:277–80. https://doi.org/10.1007/
s10096-007-0277-5.

3.	 Ewig S, Kolditz K, Pletz M, et al. Management of Adult Com-
munity-Acquired Pneumonia and Prevention - Update 2021 
- Guideline of the German respiratory society (DGP), the Paul-
Ehrlich-Society for Chemotherapy (PEG), the German Society 
for Infectious Diseases (DGI), the German Society of Medical 
Intensive Care and Emergency Medicine (DGIIN), the German 
Viological Society (DGV), the competence Network CAPNETZ, 
the German College of General Practitioneers and Family Phy-
sicians (DEGAM), the German Society for Geriatric Medicine 
(DGG), the German Palliative Society (DGP), the Austrian 
Society of Pneumology Society (ÖGP), the Austrian Society 
for Infectious and Tropical Diseases (ÖGIT), the Swiss respi-
ratory society (SGP) and the Swiss Society for Infectious Dis-
eases Society (SSI). Pneumologie. 2021;75:665–729. https://doi.
org/10.1055/a-1497-0693.

4.	 Hoeboer SH, van der Geest PJ, Nieboer D, et al. The diagnostic 
accuracy of procalcitonin for bacteraemia: a systematic review 
and meta-analysis. Clin Microbiol Infect. 2015;21:474–81. 
https://doi.org/10.1016/j.cmi.2014.12.026.

5.	 Yo CH, Hsieh PS, Lee SH, et al. Comparison of the test character-
istics of procalcitonin to C-reactive protein and leukocytosis for 
the detection of serious bacterial infections in children presenting 
with fever without source: a systematic review and meta-analysis. 
Ann Emerg Med. 2012;60:591–600. https://doi.org/10.1016/j.
annemergmed.2012.05.027.

6.	 Metlay JP, Waterer GW, Long AC, et al. Diagnosis and treat-
ment of adults with community-acquired pneumonia. An 
official clinical practice guideline of the American Thoracic 

imitated, as clinicians often face inconclusive clinical pre-
sentation and uncertainty of diagnostic tests [20]. Therefore, 
future prospective studies with a collective of adult patients 
are needed, where patients with multimorbidity and immu-
nosuppression do not outnumber those with other diseases, 
and where real-life scenarios can be better represented, for 
instance by using a blinded expert committee to evaluate the 
disease aetiology. Third, PCT data were available for only 
83.5% of patients. Finally, the results of the host-protein 
signature score may have been affected because antibiotic 
therapy was usually initiated before the CLIA.

In conclusion, in this explorative study, identifying 
patients with BSI tended to be more sensitive for the host-
protein signature score than that for PCT. Nonetheless, with 
only two patients where antibiotic treatment could have 
been ceased, the overall impact of a host-protein signature 
score-guided approach to antibiotic treatment was minor 
when compared to that with the SOC. Given the limitations 
of this study and a low number of cases, further prospec-
tive investigations are needed to evaluate the efficacy of this 
score in adult patients, potentially with serial measurements 
of the host-protein signature score to gain a better discrimi-
native ability. Economic factors should also be taken into 
consideration, by comparison of the implementation’s cost 
to its benefits.

Supplementary Information  The online version contains 
supplementary material available at https://doi.org/10.1007/s15010-
024-02384-w.

Acknowledgements  The LIAISON® assays to calculate MeMed BV® 
scores were provided by DiaSorin S. p. A., Saluggia, Italy, free of 
charge.

Author contributions  This study was conceived by LW, PL, CQ, CDS, 
JS, and JT. Data were collected by LW, HS, PL, KS, NW, CQ, SJ, TL, 
KR, MD, FV, JE, CDS, JS, and JT. LW, JS, and JT interpreted the data. 
LW, JS, and JT performed statistical analyses. LW, HS, PL, KS, NW, 
CQ, SJ, TL, KR, MD, FV, JE, CDS, JS, and JT wrote the manuscript. 
JS and CDS supervised this study. All the authors agree with the sub-
mission of this manuscript. All the authors have read and approved the 
final version of this manuscript.

Funding  This study did not receive any financial support. The LIAI-
SON® assays to calculate MeMed BV® scores were provided by Dia-
Sorin S. p. A., Saluggia, Italy, free of charge.
Open Access funding enabled and organized by Projekt DEAL.

Data availability  The data are available from the corresponding author 
upon request.

Declarations

Competing interests  The authors declare no competing interests. CDS 
received grants and personal fees from AbbVie; grants, fees, and non-
financial support from Gilead Sciences; grants and personal fees from 
Janssen-Cilag; grants and personal fees from MSD; grants from Ce-

1 3

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/s0924-8579(02)00392-8
https://doi.org/10.1016/s0924-8579(02)00392-8
https://doi.org/10.1007/s10096-007-0277-5
https://doi.org/10.1007/s10096-007-0277-5
https://doi.org/10.1055/a-1497-0693
https://doi.org/10.1055/a-1497-0693
https://doi.org/10.1016/j.cmi.2014.12.026
https://doi.org/10.1016/j.annemergmed.2012.05.027
https://doi.org/10.1016/j.annemergmed.2012.05.027
https://doi.org/10.1007/s15010-024-02384-w
https://doi.org/10.1007/s15010-024-02384-w


Evaluation of a host-protein signature score for differentiating between bacterial and viral infections: real-life…

source: a prospective, multicentre cohort study. J Med Virol. 
2023;95:e28113. https://doi.org/10.1002/jmv.28113.

14.	 Ashkenazi-Hoffnung L, Oved K, Navon R, et al. A host-protein 
signature is superior to other biomarkers for differentiating 
between bacterial and viral disease in patients with respiratory 
infection and fever without source: a prospective observational 
study. Eur J Clin Microbiol Infect Dis. 2018;37:1361–71. https://
doi.org/10.1007/s10096-018-3261-3.

15.	 Alexander C, Rietschel ET. Bacterial lipopolysaccharides and 
innate immunity. J Endotoxin Res. 2001;7:167–202. https://doi.
org/10.1177/09680519010070030101.

16.	 Rosenfeld Y, Shai Y. Lipopolysaccharide (Endotoxin)-host defense 
antibacterial peptides interactions: role in bacterial resistance and 
prevention of sepsis. Biochim Biophyis Acta. 2006;1758:1513–
22. https://doi.org/10.1016/j.bbamem.2006.05.017.

17.	 Kumar A, Roberts D, Wood KE, et al. Duration of hypoten-
sion before initiation of effective antimicrobial therapy is 
the critical determinant of survival in human septic shock*. 
Crit Care Med. 2006;34:1589–96. https://doi.org/10.1097/01.
CCM.0000217961.75225.E9.

18.	 Akademie für Infektionsmedizin e.V, Krankenhausentgeldg-
esetz - KHENTGG. 2023. https://www.antibiotic-stewardship.
de/infothek/aktuelles/id/krankenhausentgeltgesetz-khentgg/. 
Accessed 26.06.2024.

19.	 de With K, Wilke K, Kern WV et al. S3- Leitlinie Strategien zur 
Sicherung rationaler Antibiotika-Anwendung im Krankenhaus. 
2019. https://register.awmf.org/assets/guidelines/092-001l_S3_
Strategien-zur-Sicherung-rationaler-Antibiotika-Anwendung-im-
Krankenhaus_2020-02.pdf. Accessed 26.06.2024.

20.	 Fischer JE, Bachmann LM, Jaeschke R. A readers’ guide to the 
interpretation of diagnostic test properties: clinical example 
of sepsis. Intensive Care Med. 2003;29:1043–51. https://doi.
org/10.1007/s00134-003-1761-8.

Society and Infectious Diseases Society of America. Am J 
Respir Crit Care Med. 2019;200:e45–67. https://doi.org/10.1164/
rccm.201908-1581ST.

7.	 National Institute for Health and Care Excellence. Pneumonia in 
adults: diagnosis and management. 2023. https://www.nice.org.
uk/guidance/cg191. Accessed 15 March 2024.

8.	 Hainrichson M, Avni N, Eden E, et al. A point-of-need plat-
form for rapid measurement of a host-protein score that differ-
entiates bacterial from viral infection: Analytical evaluation. 
Clin Biochem. 2023;117:39–47. https://doi.org/10.1016/j.
clinbiochem.2022.04.012.

9.	 Mor M, Paz M, Amir L, et al. Bacterial vs viral etiology of 
fever: a prospective study of a host score for supporting etio-
logic accuracy of emergency department physicians. PLoS 
ONE. 2023;18:e0281018. https://doi.org/10.1371/journal.
pone.0281018.

10.	 Stein M, Shapira M, Bamberger E, et al. BV score differentiates 
viral from bacterial-viral co-infection in adenovirus PCR positive 
children. Front Pediatr. 2022;10:990750. https://doi.org/10.3389/
fped.2022.990750.

11.	 van Houten CB, de Groot JAH, Klein A, et al. A host-protein 
based assay to differentiate between bacterial and viral infec-
tions in preschool children (OPPORTUNITY): a double-blind, 
multicentre, validation study. Lancet Infect Dis. 2017;17:431–40. 
https://doi.org/10.1016/sS1473-3099(16)30519-9.

12.	 Fröhlich F, Gronwald B, Bay J, et al. Expression of TRAIL, 
IP-10, and CRP in children with suspected COVID-19 and real-
life impact of a computational signature on clinical decision-
making: a prospective cohort study. Infection. 2023;51:1349–56. 
https://doi.org/10.1007/s15010-15023-01993-15011.

13.	 Papan C, Argentiero A, Adams O, et al. Association of viral load 
with TRAIL, IP-10, CRP biomarker signature and disease sever-
ity in children with respiratory tract infection or fever without 

1 3

https://doi.org/10.1002/jmv.28113
https://doi.org/10.1007/s10096-018-3261-3
https://doi.org/10.1007/s10096-018-3261-3
https://doi.org/10.1177/09680519010070030101
https://doi.org/10.1177/09680519010070030101
https://doi.org/10.1016/j.bbamem.2006.05.017
https://doi.org/10.1097/01.CCM.0000217961.75225.E9
https://doi.org/10.1097/01.CCM.0000217961.75225.E9
https://www.antibiotic-stewardship.de/infothek/aktuelles/id/krankenhausentgeltgesetz-khentgg/
https://www.antibiotic-stewardship.de/infothek/aktuelles/id/krankenhausentgeltgesetz-khentgg/
https://register.awmf.org/assets/guidelines/092-001l_S3_Strategien-zur-Sicherung-rationaler-Antibiotika-Anwendung-im-Krankenhaus_2020-02.pdf
https://register.awmf.org/assets/guidelines/092-001l_S3_Strategien-zur-Sicherung-rationaler-Antibiotika-Anwendung-im-Krankenhaus_2020-02.pdf
https://register.awmf.org/assets/guidelines/092-001l_S3_Strategien-zur-Sicherung-rationaler-Antibiotika-Anwendung-im-Krankenhaus_2020-02.pdf
https://doi.org/10.1007/s00134-003-1761-8
https://doi.org/10.1007/s00134-003-1761-8
https://doi.org/10.1164/rccm.201908-1581ST
https://doi.org/10.1164/rccm.201908-1581ST
https://www.nice.org.uk/guidance/cg191
https://www.nice.org.uk/guidance/cg191
https://doi.org/10.1016/j.clinbiochem.2022.04.012
https://doi.org/10.1016/j.clinbiochem.2022.04.012
https://doi.org/10.1371/journal.pone.0281018
https://doi.org/10.1371/journal.pone.0281018
https://doi.org/10.3389/fped.2022.990750
https://doi.org/10.3389/fped.2022.990750
https://doi.org/10.1016/sS1473-3099(16)30519-9
https://doi.org/10.1007/s15010-15023-01993-15011

	﻿Evaluation of a host-protein signature score for differentiating between bacterial and viral infections: real-life evidence from a German tertiary hospital
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Sample collection and selection
	﻿Laboratory analyses
	﻿Ethics
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of the total cohort
	﻿Baseline characteristics of patients with BSI
	﻿Results of the host-protein signature score and PCT in patients with BSI
	﻿Baseline characteristics of patients with viral infections
	﻿Host-protein signature score results in patients with viral infections

	﻿Discussion
	﻿References


