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AIMS

The spleen is the largest secondary lymphoid organ, playing a crucial role in immune defense and blood filtration. Asplenia, a

condition caused by either the surgical removal or intrinsic dysfunction of the spleen, is often linked to various haematological,

oncological, immune, and congenital disorders. The deficit of the spleen compromises the body's ability to fight infections, which 

often represent the leading cause of death in asplenic patients. This is especially true for those affected by Sickle Cells Disease (SCD) 

or Transfusion-Dependent Thalassemia (TDT), as their pathological condition makes them more predisposed to infections [1]. The 

prevention strategy consists of vaccination—Pneumococcal, Meningococcal, Influenza, and Haemophilus influenzae type b—and, in 

some cases, antibiotic prophylaxes [2, 3].

Given the difficulty in controlling the onset of infections despite the 

recommended vaccinations, and the urgent need to improve and tailor 

clinical practices according to the diversity of underlying conditions, this 

study aims to develop machine learning models to predict infections and 

extract insights into the clinical and pathophysiological features 

contributing to their occurrence.
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MATERIALS & METHODS
The Italian Network for Asplenia (INA) collects clinical data from 1,790 asplenic 

patients, including 1,470 who underwent surgical splenectomy, across 42 Italian clinical 

centers. This study focused on patients with Sickle Cell Disease (SCD), characterized by 

functional asplenia. An intensive data curation process was carried out to standardize 

the information, followed by data transformation steps where all time intervals were 

converted into range values (e.g., vaccination ages). The pre-processing phase included 

the handling of missing values, removal of constant variables, and binarization of data 

related to vaccinations, drugs, therapies, and comorbidities. The refined dataset 

consisted of 54 boolean features derived from a binary matrix, 11 categorical features 

(e.g., vaccination age ranges, platelet ranges, specific underlying diseases), and 8 

numerical features related to the number of vaccinations administered before the 

occurrence of infectious events. Subsequently, a subset of 292 non-splenectomized SCD 

patients was identified through robust statistical analysis as having a higher probability 

of developing infectious events compared to splenectomized patients. This subset 

exhibited a balance in terms of vaccination age (e.g., pediatric age for the 

Meningococcal vaccine) and gender distribution (men and women).This selected subset 

was used to train a default CatBoost model—a decision tree-based machine learning 

model—to predict the occurrence of infectious events.

RESULTS

Thanks to the boosting applied by the model, which trains each successive tree based on the errors made by previous trees in an attempt to improve with each iteration, the model was able to achieve excellent 

prediction results for the two classes: class 0 (absence of an infectious event) and class 1 (presence of an infectious event). 

The results obtained are:

A recursive feature elimination cross-validation (RFECV) technique was applied to determine which of the 73 features 

were significant for the model. According to this approach, the best F1-score — a metric that measures how well the 

model correctly identifies positives while minimizing false positives — was achieved by considering only 32 features.

The 32 features identified by RFECV—most of which related to vaccination 

prophylaxis—were selected and used to retrain the model in order to 

observe the metric values. The slight increase in recall—a metric that 

measures how well the model identifies all true positives—and F1-score 

suggests that the most important features used by the model to classify the 

two classes are largely the same as those identified through RFECV, 

resulting in only a minor variation in the confusion matrix.

CONCLUSIONS & FUTURE WORKS
The results highlight the growing importance of artificial intelligence techniques in medicine, particularly in 

predicting potential complications an individual might face. Moreover, although vaccination and antibiotic 

prophylaxis were recommended, this preliminary study provides valuable insights, suggesting that the 

number of vaccines administered may significantly influence the development of infectious events and that 

the administration of antibiotic prophylaxis does not guarantee that individuals will not develop infectious 

events. This finding could be explained by the fact that the already compromised immune systems of these 

patients might become even more vulnerable when subjected to multiple vaccinations within a short period. 

Furthermore, it was worth noticing that even including the splenectomized SCD patients in the analysis the 

prediction performance remain the same, underlying that the splenectomy does not influence the 

occurrence of infectious events in this specific pathology. In our future work, we aim to assess the efficacy 

of antibiotic prophylaxis in preventing such events. Additionally, we plan to extend this approach to other 

asplenia-related diseases and incorporate genomic data into our study.

Table 1. Description of features
selected by RFECV.

Number
of 

features
Features Selected Description

21

- Quantity of Meningo, 
Pneumo, Hib, Influenza 
vaccinations before events 
separated for each
vaccines;

- Range of ages in which
people have received
vaccinations;

- Types of vaccinations
carried out.

6

Clinical and biochimical
information such as sex, platelets

range, specific blood disorder

4

Features regarding the most 
important treatments such as 
antibiotics, anti-forgery, etc. Figura 6. Values of metrics obtained before applying RFECV. Figure 7. Values of metrics obtained after applying RFECV.

An overview of the balance of the data:

Figure 3. Representation of the 
percentage for each age range 
across different types of 
vaccination.

Figure 1. Representation of the applied workflow.

Figure 2. Representation of the 
balanced data between females and 
males with and without infectious 
events.

Figure 4. Recursive feature elimination cross-
validation (RFECV) plot.

Figure 5. The image shows how the feature values impact the prediction. 
The further the values are from zero, the greater the influence with which 
the feature pushes the model towards predicting class 1 (in the case of the 
first feature, more doses of the Hib vaccine increase the ability to predict 
class 1). The closer the values are to zero or negative value, the greater the 
influence of the feature on predicting class 0.

Figure 7 and Figure 8. The confusion matrix on the left indicates the number of correctly and 
uncorrectly predictions considering non-splenectomized SCD patients. While the one on the 
right refers to the results of prediction on all SCD patients, both splenectomized and non-
splenectomized, with the additional information about the splenectomy event. This is significant 
for verifying whether splenectomy can prevent the onset of infectious events.
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