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Abstract: 
 

The use of artificial intelligence, especially machine learning methods in creating models 
that will be applied in clinical practice has reached its peak with the appearance of the 
COVID-19 pandemic. This study aims to determine the severity of the clinical condition of 
COVID-19 patients based on blood marker analysis. The study used data from 60 COVID-19 
patients treated at the Clinical Center Kragujevac. The research methodology includes the 
selection of the most important laboratory parameters as well as the classification of patients 
depending on them using methods of supervised learning, regression and classification. With 
an accuracy of 90%, three parameters were selected that can mostly indicate the severity of 
the patient's condition, which are: lactate dehydrogenase (LDH), C-reactive protein (CRP), 
white blood cells (WBC). Laboratory biomarkers such as LDH, CRP and WBC may have an 
impact on predicting outcomes and help classify patients into an appropriate group based on 
symptoms. 
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1. Introduction  
 

The use of artificial intelligence methods, but also the development of new 
methodologies, especially in the field of machine learning, has increased significantly since 
the beginning of the SARS-CоV-2 virus pandemic. The aim of such methods is mainly to 
predict the risk of worsening, as well as to predict the main outcomes of the disease [1]. A 
large number of studies have examined the predictor power of laboratory analyses measured 
in the admission of patients and during hospitalization. This knowledge can help in clinical 
practice and contribute to a better outcome of patient treatment. It has been shown that blood 
parameters such as D-dimer, creatinine, leukocyte count, lactate dehydrogenase, and C-
reactive protein can predict the outcome, but the results of these studies are inconsistent with 
each other and require new approaches [2-4]. The aim of this study was to determine the 
severity of the clinical condition of COVID-19 patients based on blood marker analysis.  
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2. Methods 
 

For the purpose of this study, a database was used that included COVID-19 patients 
treated at the Clinical Center in Kragujevac, Serbia. Admission to the hospital was considered 
as day one. Laboratory analyzes were collected at admission as well as on days 2, 5, 7, 9, 11 
and 14 after admission. All patients were divided into one of 4 categories based on the 
severity of the clinical condition: mild, moderate, severe and critical. The following data were 
collected from the patients: demographic characteristics (sex, age, smoking status), symptoms 
at admission (presence of fever, cough, chest pain, headache, loss of smell, loss of taste). 
Laboratory analysis included measurement of complete blood count, measurement of gas 
analysis, inflammatory parameters, coagulation parameters, as well as renal and liver function 
parameters. After data collection, machine learning-based blood biomarker analysis was 
performed using methods of supervised learning. The supervised models use marked datasets 
that have to train the model so it can figure out which label to assign to new unlabelled data 
[1]. Also, methods of regression (Gradient boosting regressor) and classification (Extreme 
gradient boosting model (XGBoost[5])) were used. All data are divided into a test set and a 
training set. The analyzes collected on days 2, 5, 7, 9, 11 belong to the training set, while the 
last day belongs to the test set. 
 
3. Results and discussion 
 

A total of 60 patients with COVID-19 diagnoses were included in this study, of which 29 
(48.3%) were female and 31 (51.7%) were male. The average age of the patients was 62.75 ± 
10.61. In this study, a total of 4 clusters were obtained, which is in accordance with the initial 
division of patients into groups: mild, moderate, severe and critical. Тhrough a characteristics 
selection process we chose three of them with the greatest influence. The selected parameters 
and their average values are shown in Figure 1.  
 

 
Fig. 1. Average values of selected most important laboratory biomarkers 

 
The correlation of each of the two characteristics was used to assess the importance of the 

feature, after which the importance scores were calculated. The results indicate that lactate 
dehydrogenase (LDH) is a feature of the greatest importance (importance score is 685). It has 
been shown that the second most important is C-reactive protein (CRP) while the third most 
important parameter is white blood cells (WBC). Elevated lactate dehydrogenase level is one 
of the parameters that have been confirmed in a large number of studies to play a role in 
predicting patient outcomes which coincides with our results [6] Also, CRP has been shown 
to be an important blood parameter in previous research [7]. 

In order to predict the outcome after two weeks of hospitalization of COVID-19 patients, 
the classification model described in the Methods was used. This model achieved a prediction 
accuracy of 90%. Other measures of model precision were calculated and presented in Table 
1. 
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State Accuracy  Precision Recall 
Mild 0,90 0,89 1 

Moderate 0,89 1 0,90 
Severe 1 1 1 
Critical 1 0,90 0,91 

Table 1. Model precision parametars 
4. Conclusions 

 
Using the machine learning method, it has been shown that laboratory biomarkers such as 

LDH, CRP and WBC can have an impact in predicting outcomes, and special attention should 
be paid to the patient values of these parameters. A more detailed analysis would be needed to 
confirm the importance of these indicators or to single out new ones with greater prognostic 
power. 
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