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Introduction
Distinguishing viral from bacterial pneumonia early is clinically important but often uncertain
from imaging alone. Large-scale open chest radiograph datasets enable multimodal modeling,
yet etiology labels are not directly available in most radiology corpora.

Aim of the study
To develop and externally validate a multimodal deep learning model that classifies pneumonia
etiology (viral vs bacterial) using chest X-ray (CXR) images and early clinical variables.

Materials and methods
We assembled a retrospective cohort from MIMIC-CXR-JPG linked to MIMIC-IV, deriving
etiology labels from microbiology and virology testing within 8 hours of the index CXR: viral
pneumonia (positive respiratory viral PCR/antigen; and bacterial pneumonia (positive
blood/respiratory culture or urinary antigen; excluding mixed/indeterminate cases. Clinical
features available at/near imaging time included demographics, comorbidities, vitals, and
laboratory values (binary and continuous; total features). We trained a multimodal transformer
fusion model comprising a pretrained Swin Transformer image encoder and a TabTransformer
clinical encoder with gated cross-attention fusion (“Swin–TabFusion”). Baselines included
image-only (Swin), tabular-only (XGBoost/MLP), and late-fusion (concatenation + MLP). Data
were split at the patient level into train/validation/test (75%/15%/10%). Ongoing post-hoc
analyses assessing impact on healthcare costs, diagnostic speed, as well as the prevention of
complications such as sepsis and inappropriate use of antibiotics in a viral pneumonia. These
findings, alongside administered antibiotics, will be presented at the conference.

Results
On the internal validation set, Swin–TabFusion achieved an AUC of 0.84 [0.81-0.85] and AUCPR
0.65 [0.63-0.69]. Sensitivity for bacterial pneumonia was 78%, specificity was 75%. Calibration
was acceptable (Brier score 0.11). Explainability analyses highlighted lung opacity patterns
(Grad-CAM) and inflammatory biomarkers (SHAP) as key contributors.

Conclusions
A multimodal transformer combining CXR images with early clinical data can differentiate
viral vs bacterial pneumonia with strong discrimination and calibration, and shows
generalizability across open external datasets. This framework supports future prospective
evaluation for antibiotic stewardship decision support. Post-hoc analysis will outline the
clinical and economic burdens, including antibiotic stewardship.
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