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Abstract 

Hospital-acquired infections (HAIs) pose a significant challenge to patient safety and 

healthcare systems worldwide. To address this, we propose the development of machine 

learning models to assess patient risk of HAIs, enabling targeted interventions for prevention 

and control. Our study focuses on leveraging electronic health record (EHR) data to train and 

validate these models, incorporating a range of clinical and demographic variables. We 

evaluate the performance of various machine learning algorithms, including logistic 

regression, random forests, and gradient boosting, in predicting HAIs across different patient 

populations. Our results demonstrate promising predictive capabilities, with the potential to 

enhance infection control measures and improve patient outcomes. 

 

Keywords 

Hospital-acquired infections, machine learning, risk prediction, electronic health records, 

infection control 

 

Introduction 

Hospital-acquired infections (HAIs) are a significant concern in healthcare settings, 

contributing to increased morbidity, mortality, and healthcare costs. Despite advances in 

infection control practices, HAIs continue to pose a threat to patient safety worldwide. The 

ability to predict patient risk of HAIs is crucial for implementing targeted interventions to 

prevent transmission and improve infection control measures. 
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Machine learning (ML) has emerged as a powerful tool for predicting patient outcomes and 

identifying risk factors in healthcare. By analyzing electronic health record (EHR) data, ML 

models can identify patterns and trends that may not be apparent through traditional 

statistical methods. In the context of HAIs, ML models can leverage a wide range of clinical 

and demographic variables to assess individual patient risk. 

This research aims to develop and evaluate ML models for predicting patient risk of HAIs 

using EHR data. By analyzing a large dataset of patient records, we aim to identify key risk 

factors and assess the predictive performance of different ML algorithms. Our study seeks to 

provide valuable insights into the potential of ML in improving infection control measures 

and patient outcomes in healthcare settings. 

 

Literature Review 

Hospital-acquired infections (HAIs) are infections that occur during the course of receiving 

healthcare treatment in a healthcare facility. These infections can lead to prolonged hospital 

stays, increased healthcare costs, and even mortality. According to the World Health 

Organization (WHO), HAIs affect hundreds of millions of patients worldwide every year, 

highlighting the importance of effective infection control measures (WHO, 2020). 

Predicting patient risk of HAIs is essential for implementing targeted interventions to prevent 

transmission and improve infection control measures. Several studies have investigated the 

risk factors associated with HAIs, including patient demographics, comorbidities, length of 

hospital stay, and exposure to invasive procedures (Rosenthal et al., 2010; Magill et al., 2014). 

Understanding these risk factors is crucial for developing effective prevention strategies. 

Machine learning (ML) has shown promise in predicting patient outcomes and identifying 

risk factors in healthcare. ML algorithms can analyze large datasets of electronic health 

records (EHRs) to identify patterns and trends that may not be apparent through traditional 

statistical methods. In the context of HAIs, ML models can leverage a wide range of clinical 

and demographic variables to assess individual patient risk. 

Previous research has demonstrated the effectiveness of ML in predicting HAIs. For example, 

a study by Chen et al. (2019) developed an ML model using EHR data to predict the risk of 
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HAIs in intensive care unit (ICU) patients. The model achieved high accuracy and could 

potentially be used to guide infection control practices in ICUs. 

 

Data Collection and Preprocessing 

Dataset Description 

The dataset used in this study comprises electronic health records (EHRs) of patients admitted 

to [Hospital Name], a [Type of Hospital] hospital in [Location]. The dataset includes 

information on patient demographics, clinical history, laboratory results, medication records, 

and outcomes. The data were collected between [Start Date] and [End Date] and anonymized 

to ensure patient privacy. 

Data Preprocessing 

Before training the machine learning models, the EHR data underwent several preprocessing 

steps: 

1. Missing Data Handling: Missing values were imputed using appropriate techniques 

(e.g., mean imputation for numerical variables, mode imputation for categorical 

variables). 

2. Feature Selection: Relevant features were selected based on domain knowledge and 

feature importance scores from preliminary analyses. 

3. Feature Encoding: Categorical variables were encoded using one-hot encoding or 

label encoding, depending on the nature of the variable. 

4. Normalization: Numerical variables were normalized to ensure that they have a 

similar scale and range. 

Feature Engineering 

Feature engineering was performed to create new features that could enhance the predictive 

performance of the models. This included: 

• Interaction Terms: Creating interaction terms between variables to capture potential 

synergistic effects. 
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• Polynomial Features: Generating polynomial features to capture non-linear 

relationships between variables. 

• Temporal Features: Creating features related to the duration of hospital stay, time 

since last infection, etc. 

Dataset Splitting 

The preprocessed dataset was split into training, validation, and test sets using a 

[Ratio]%/[Ratio]%/[Ratio]% split. The training set was used to train the machine learning 

models, the validation set was used to tune hyperparameters and assess model performance, 

and the test set was used to evaluate the final model performance. 

 

Methodology 

Machine Learning Algorithms 

Several machine learning algorithms were considered for predicting patient risk of hospital-

acquired infections (HAIs). These included: 

1. Logistic Regression: A simple and interpretable model for binary classification. 

2. Random Forests: An ensemble learning method that uses multiple decision trees to 

improve predictive performance. 

3. Gradient Boosting: Another ensemble learning method that builds models 

sequentially, with each model correcting the errors of its predecessor. 

Model Training and Validation 

The machine learning models were trained using the training set and validated using the 

validation set. Hyperparameters were tuned using grid search with cross-validation to 

optimize model performance. Performance metrics such as accuracy, precision, recall, and F1-

score were used to evaluate the models. 

Evaluation Metrics 

The performance of the machine learning models was evaluated using the following metrics: 
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• Accuracy: The proportion of correctly predicted outcomes. 

• Precision: The proportion of true positive predictions out of all positive predictions. 

• Recall: The proportion of true positive predictions out of all actual positives. 

• F1-score: The harmonic mean of precision and recall, providing a balance between the 

two metrics. 

Model Selection 

The machine learning model with the highest performance on the validation set was selected 

as the final model. This model was then evaluated on the test set to assess its generalization 

performance. 

 

Results 

Dataset Characteristics 

The dataset consisted of [Number of Patients] patients, of which [Percentage]% developed 

hospital-acquired infections (HAIs). The average age of the patients was [Average Age], with 

a standard deviation of [Standard Deviation]. The majority of the patients were [Gender 

Distribution]. 

Model Performance 

The performance of the machine learning models on the validation set is summarized in Table 

1. The random forest model outperformed the other models, achieving an accuracy of 

[Accuracy], a precision of [Precision], a recall of [Recall], and an F1-score of [F1-score]. 

Model Accuracy Precision Recall F1-score 

Logistic Regression [Accuracy] [Precision] [Recall] [F1-score] 

Random Forest [Accuracy] [Precision] [Recall] [F1-score] 

Gradient Boosting [Accuracy] [Precision] [Recall] [F1-score] 
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Feature Importance 

The feature importance analysis revealed that [Feature 1], [Feature 2], and [Feature 3] were 

the most important predictors of HAIs. These features were consistent across all three 

machine learning models. 

Model Evaluation 

The final random forest model was evaluated on the test set, achieving an accuracy of [Test 

Accuracy], a precision of [Test Precision], a recall of [Test Recall], and an F1-score of [Test F1-

score]. 

 

Discussion 

Interpretation of Results 

The results demonstrate the potential of machine learning models in predicting patient risk of 

hospital-acquired infections (HAIs). The random forest model, in particular, showed high 

performance in terms of accuracy, precision, recall, and F1-score. This suggests that the model 

was able to effectively identify patients at high risk of developing HAIs. 

Clinical Implications 

The development of accurate predictive models for HAIs has several important clinical 

implications. Firstly, these models can help healthcare providers identify high-risk patients 

early, allowing for targeted interventions such as increased monitoring, isolation precautions, 

and appropriate antibiotic use. This can lead to a reduction in the incidence of HAIs and 

improved patient outcomes. 

Limitations 

There are several limitations to our study. Firstly, the performance of the machine learning 

models may be influenced by the quality and completeness of the EHR data. Additionally, the 

generalizability of the models may be limited to the specific patient population and healthcare 

setting studied. 

Future Research 
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Future research could focus on improving the performance of the machine learning models 

by incorporating additional data sources, such as genomic data or environmental factors. 

Additionally, studies could investigate the impact of implementing these models in clinical 

practice on reducing the incidence of HAIs. 

 

Conclusion 

This study developed and evaluated machine learning models for predicting patient risk of 

hospital-acquired infections (HAIs) using electronic health record (EHR) data. The random 

forest model demonstrated high performance in predicting HAIs, suggesting its potential 

utility in clinical practice for identifying high-risk patients and implementing targeted 

interventions. 

These findings highlight the importance of leveraging machine learning techniques to 

improve infection control measures and patient outcomes in healthcare settings. By accurately 

predicting patient risk of HAIs, healthcare providers can implement timely interventions to 

prevent transmission and improve overall patient safety. 

Future research should focus on validating these models in diverse patient populations and 

healthcare settings, as well as investigating the impact of implementing these models in 

clinical practice. Overall, machine learning has the potential to revolutionize infection control 

practices and improve patient outcomes in healthcare settings. 
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