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Abstract— It is relevant to discover infection biomarkers, 

especially for critically ill patients in intensive care units (ICU), as 

these patients often present non-infectious inflammatory processes 

that obscure typical infectious markers. This study focused on 20 ICU 

patients, half of whom had acquired bacterial blood infections 

(bacteremia). Due to the significance of inflammatory processes in 

these patients, it was evaluated how 21 serum cytokines could be used 

to develop predictive models for bacteremia. Feature selection using a 

Gain Information algorithm allowed for the construction of an 

excellent Naïve Bayes model, achieving an AUC of 0.950. These 

promising results strongly support future studies with larger cohorts, 

to further evaluate these types of platforms for infection diagnosis in 

such critical populations. 
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I. INTRODUCTION 

The adequate diagnosis of infection can be difficult in 

critically ill patients, due to the common confound processes, 

such as non-infectious inflammatory events [1]. Due to the 

fragile metabolic state of these patients, it is also relevant to 

avoid burdening the patients with unnecessary antibiotics. It is 

therefore urgent to discover new biomarkers of infection 

applicable for these high-risk patients. From the intensive care 

unit (UCI) acquired infections, bloodstream infections are 

predicted to occur approximately in 5% of all ICU patients, 

being a frequent cause of severe sepsis [2,3]. Indeed, acquired 

bloodstream infections in UCU are associated with high 

mortality rates, which can lead to 40% increased risk of 30-day 

mortality [4]. For these reasons, the present work focused on 

blood-acquired infections in ICU patients caused by bacteria, 

i.e. bacteremia. 

Cytokine storms significantly influence systemic 

inflammatory responses and septic patient outcome, 

highlighting the critical role of cytokine profiling in 

understanding and predicting patient’s outcome [5]. Due to the 

relevance of cytokines, as mediators of the immune system 

response on infectious and non-infectious inflammatory 

processes [6], the present work evaluated if serum cytokines 
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can be used to identify bacteremia. For that, it was considered 

the analysis of a set of 21 serum cytokines in 20 critically ill 

patients, admitted at ICU, with half of them having presented 

bacteremia as confirmed in the respective hemocultures.  

II. MATERIALS AND METHODS  

A. Population 

Twenty patients admitted at the ICU of Hospital São José 

Hospital, in Lisbon, were considered. The present study is 

inserted in the PREMO project, approved by the Hospital 

Ethics Committee, and informed consent was obtained from 

each patient or their family members for data collection before 

participation. The patients’ clinical information was 

anonymized. 

All patients were men and were critically ill with 

Coronavirus 2019 disease (COVID-19), caused by the 

SARS-CoV-2 virus, as confirmed by Polymerase Chain 

Reaction (PCR). They were all under invasive mechanical 

ventilation. Half of the patients were diagnosed with 

bacteremia, as confirmed by microbiological culture. 

B. Serum acquisition and analysis 

Peripheral blood was collected in a tube without 

anticoagulant at the ICU between 7 and 9 a.m. and kept at −4ºC 

for 2 to 4 hours until centrifugation (3500 rpm for 10 minutes in 

a Mikro220T centrifuge, Hettich, Tuttlingen, Germany). Serum 

samples were stored at −80ºC until further analysis. The 

collection dates for cytokine samples were conducted in 

median on the first 5 days of ICU admission. 

Serum cytokines were analyzed using a MILLIPLEX MAP 

384-Well Human High Sensitivity T Cell Panel – Immunology 

Multiplex Assay, to profile a comprehensive set of 21 cytokines  

(HSTC384-28K, Millipore, Merck, Germany): ITAC, 

GM-CSF, Fractalkine, IFN-g, IL-10, MIP-3a, IL-12p70, IL-13, 

IL-17a, IL-1b, IL-2, IL-21, IL-4, IL-23, IL-5, IL-6, IL-7, IL-8, 

MIP-1a, MIP-1b, and TNF-a. 

III. DATA ANALYSIS 

The statistical analysis concerning the patient’s demographic 

and clinical characteristics, were based on the Student’s t-test 

or the non-parametric Mann-Whitney U, if data was not 

normally distributed, or the Fishers exact test for categorical 

data. Normality was evaluated by the Shapiro-Wilk test. These tests 

were conducted with the IBM SPSS Statistics software, version 

27 (IBMCorp., NewYork, USA). 

The t-distributed stochastic neighbor embedding (t-SNE), as 

an unsupervised classification method, was conducted. 

Supervised classification Naïve Bayes models were also 

developed, with a 5-fold cross-validation. In this, the dataset is 

split into 5 equal parts, with the model trained on 4 parts and 
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tested on the remaining part in each iteration, ensuring every 

patient is tested once. It was represented the model’s 

performance of the average of this 5-fold cross validation. The 

Information Gain algorithm was implanted for feature 

selection. These analyses were conducted with Orange: Data 

Mining Toolbox [7], version 3.36.2 (Bioinformatics Lab, 

University of Ljubljana, Ljubljana, Slovenia). 

IV. RESULTS AND DISCUSSION  

The two groups of patients (i.e., with and without 

bacteremia), were not statistically different concerning 

variables such as age, BMI, presence of comorbidities and if 

under Extracorporeal Membrane Oxygenation (ECMO) (Table 

1). This increases the probability that the predicting model 

output depends on the bacteremia.    

 
TABLE I. DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF 

THE 20 PATIENTS, FROM WHICH HALF PRESENTED BACTEREMIA, 

WITH THE P-VALUE OF THE STATISTICAL ANALYSIS COMPARING 

THESE TWO GROUPS. 
 

  Hemoculture 

negative 

(n = 10) 

Hemoculture 

positive 

(n = 10) 

p-value 

Age (years), 

median (IQR) 

 
60 (7) 58(22) 0.954* 

ECMO 

(n/proportion) 

No 

Yes 

8 (0.80) 

2 (0.20) 

7 (0.70) 

3 (0.30) 
1.000+ 

With comorbidities 

(n/ proportion) 

No 

Yes 

1 (0.10) 

9 (0.90) 

1 (0.10) 

9 (0.90) 
1.000+ 

BMI, median 

(IQR) 

 
26.27 (6.27) 27.17 (4.35) 0.744# 

Nr. Days in ICU, 

median (IQR) 

 
20(12) 18(14) 0.473# 

*Students t-test, + Fishers exact test, #Mann-Whitney U 

 

Fig. 1 represents the t-SNE plot of the 21 cytokines across 

the two groups of patients. The t-SNE algorithm converts 

similarities between data points into joint probabilities, 

minimizing the Kullback-Leibler (KL) divergence between 

these probabilities. The KL divergence measures the 

dissimilarity between two probability distributions. 

Interestingly, a clear pattern of data separation between the two 

groups emerged (Fig. 1), suggesting that the cytokine profiles 

can classify these patients. 

 
Fig. 1. t-SNE plot of patients with (blue) or without (red) bacteremia, 

based on 21 serum cytokines. 

   The Naïve Bayes supervised classification method was 

selected over other machine learning algorithms as it is a fast 

and efficient classifier, and typically performs well with 

modest-sized datasets, resulting in accurate classifications. 

This probabilistic model, based on the full set of serum 

cytokines, produced a reasonable output, with an Area Under 

the Receiver Operating Characteristic Curve (AUC-ROC) of 

0.750 (Fig. 2), and sensitivity, specificity, precision, and 

accuracy all at 0.70. 

 

 
Fig. 2. AUC-ROC for the Naïve Bayes model, based on the full dataset 

of 21 serum cytokines, to predict bacteremia. 
 

To improve the model’s performance, the Information Gain 

algorithm was implemented for feature selection. This 

algorithm identifies each feature’s contribution to reducing 

uncertainty (or entropy) in the dataset. The following three 

cytokines were highlighted: granulocyte-macrophage 

colony-stimulating factor (GM-CSF), interleukin 5 (IL-5), and 

interleukin 6 (IL-6). Interestingly, none of these three cytokines 

were statistically different between the two groups of patients 

(Fig. 3).  

 
Fig. 3. GM-CSF, IL-5, and IL-6 levels in patients with bacteremia 

(hemoculture positive, HCP) and without infection (hemoculture 

negative, HCN). Cytokine levels were log-transformed for 

visualization. Statistical significance between groups was assessed 

using either the Student’s t-test or Mann-Whitney U test, depending on 

normality. The corresponding p-values are displayed for each 

comparison. 
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The t-SNE based on these three cytokines presented a data cluster 

that separated almost all samples from the two patient groups (Fig. 4), 

performing nearly as well as the t-SNE based on the full set of 21 

cytokines (Fig. 1). This suggests that this set of three cytokines, when 

considered together, can classify patients. To further explore this, a 

Naïve Bayes model was built using these three cytokines, resulting in 

an excellent AUC-ROC of 0.950 (Fig. 5), with sensitivity, specificity, 

precision, and accuracy of 0.900, 0.800, 0.818, and 0.850, 

respectively. 

 

 
Fig. 4. t-SNE of patients with (blue) or without (red) bacteremia, based 

on the serum GM-CSF, IL-5, and IL-6 cytokines. 

 

 

 
Fig. 5. AUC-ROC for the Naïve Bayes models based on the serum 

GM-CSF, IL-5, and IL-6, to predict bacteremia. 

 

The identification of these three cytokines as predictors of 

bacteremia aligns with findings from other researchers. For 

example, GM-CSF plays a critical role in sepsis, as it affects 

various immune cells, including monocytes, macrophages, 

neutrophils, eosinophils, and basophils, by promoting 

increased cell survival, proliferation, differentiation, and 

activation (as reviewed in [8]). IL-5 is part of a group of 

cytokines, including IL-13, that are associated with the type 2 

hyperinflammatory response in COVID-19 patients [9]. For 

example, IL-5 has been detected in critically ill COVID-19 

patients at the time of intubation, with higher levels observed in 

the survivor group. [9]. Similarly, IL-6 is well known to be 

associated with cytokine storm syndrome and has been detected 

at higher levels in cases of bacteremia [10], as observed in the 

current patients.  

In conclusion, excellent predictive models of bacteremia in 

critically ill patients under invasive mechanical ventilation 

were developed based on a small set of cytokines: GM-CSF, 

IL-5, and IL-6. Based on these outputs, it is recommended that 

these findings be further validated in a larger cohort.  
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