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1 Introduction

Mathematical modeling has become an essential tool for understanding the complexity of biological
systems, providing a quantitative framework for describing, analyzing, and predicting processes that operate
across multiple spatial and temporal scales [1]. From the dynamics of infectious diseases and cellular
populations to tumor-immune interactions, mathematical models enable systematic investigation of the
mechanisms and dynamic behavior underlying biological and disease processes [2]. In parallel, advances
in numerical analysis, scientific computing, optimization, and data-driven methods have substantially
expanded the range of biological problems that can be addressed through simulation [3,4]. These devel-
opments are particularly important when analytical solutions are unavailable or when nonlinearities,
stochastic effects, spatial heterogeneity, time delays, and complex interactions complicate the analysis of
biological systems.

Despite this progress, the reliable simulation of biological systems continues to present significant
mathematical and computational challenges. Numerical approaches must provide accurate and reliable
approximations while appropriately representing the underlying biological dynamics. At the same time,
biological applications increasingly require the integration of uncertainty, multiscale processes, and strate-
gies for optimizing interventions [3]. Emerging computational approaches, including structure-preserving
discretizations [5], stochastic and delay formulations [6], finite element methods [7], optimal control tech-
niques [8], and physics-informed neural networks [9], provide new opportunities to address these challenges
and connect mathematical theory more closely with biologically and clinically relevant applications.

Against this background, this Special Issue highlights recent developments at the intersection of
mathematical modeling, numerical computation, and computational biology, bringing together eleven
contributions covering infectious-disease and epidemic dynamics, stochastic and delay differential mod-
els, structure-preserving numerical methods, biomechanical and patient-specific finite element modeling,
biological resource allocation and optimal control, biofluid dynamics, and computational oncology. These
studies demonstrate how mathematical analysis and computational simulation can complement one another
in investigating complex biological phenomena, evaluating intervention and control strategies, preserving
biologically relevant model properties, and developing computational frameworks for realistic biological
systems.
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2 Contributions

The author-provided keywords across the eleven contributions are summarized in the word cloud
shown in Fig. 1, while the Sankey diagram in Fig. 2 illustrates the principal methodological themes and their
associations with the individual contributions. As several studies integrate multiple approaches, individual
contributions may be associated with more than one methodological theme.
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Figure 1: Word cloud of author-provided keywords across the eleven contributions.
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Figure 2: Methodological themes and their associations across the eleven contributions.

The individual contributions are summarized below:

Imran et al. (1) developed an extended SEIR model to study the joint transmission dynamics of
influenza and coronavirus infections, incorporating treatment, hospitalization, and co-infection. The authors
established key epidemiological properties, including non-negativity, boundedness, well-posedness, equi-
librium states, and the basic reproduction number. Sensitivity analysis was used to identify influential
parameters, while optimal control was applied to investigate strategies for reducing disease transmission
and intervention costs. The study provided a mathematical framework for understanding and controlling

influenza-coronavirus co-infection.
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Luetal. (2) investigated scaffold designs for reconstructing traumatic distal femur defects using patient-
specific computational modeling. A three-dimensional finite element model incorporating realistic femoral
geometry and material distribution was used to compare an intact femur with defect models reconstructed
using nine microstructure scaffolds and two solid scaffolds under single-leg stance loading. The results
showed that scaffold geometry and pillar dimensions affected fixation stability, with the metal solid scaffold
providing the most stable fixation. The study also showed that appropriately designed microstructure
scaffolds could satisfy the required biomechanical criteria.

Shafique et al. (3) formulated a stochastic delay differential equation model to study the dynamics of
Streptococcus suis infection in pig populations. The model was analyzed for positivity, boundedness, equi-
libria, reproduction number, and parameter sensitivity. To overcome limitations of conventional stochastic
numerical methods, the authors developed a stochastic non-standard finite difference method that avoided
numerical negativity, unboundedness, inconsistency, and instability. The proposed method exhibited uncon-
ditional convergence toward the model’s true states, demonstrating the importance of preserving biologically
meaningful properties in stochastic delay models.

Baazeem et al. (4) studied a stochastic SEIR epidemic model with q-diffusion and a general incidence
function. They proposed a computational scheme for the resulting stochastic partial differential equations
using a compact spatial discretization together with an extension of the Euler-Maruyama method. The
spatial scheme achieved sixth-order accuracy, while stability and consistency were established in the mean-
square sense. Numerical comparisons with existing methods demonstrated improved performance, and the
inclusion of q-diffusion provided a means of representing spatial-temporal disease dynamics beyond classical
diffusion formulations.

Wacker and Schliiter (5) re-investigated a time-continuous model of untreated HIV infection and
developed a non-standard finite difference method for its numerical solution. They established non-
negativity, boundedness of selected solution components, global-in-time existence, uniqueness, equilibrium
states, and stability properties of the continuous model. The proposed discretization preserved important
properties of the original model, including non-negativity, boundedness, equilibria, and their stability. Linear
convergence of the numerical formulation toward the continuous solution was also established.

Butt et al. (6) developed a nonlinear mathematical model for malaria transmission involving human
and mosquito populations. The authors determined the basic reproduction number and investigated disease-
free and endemic equilibria and their stability, while sensitivity analysis identified influential parameters
associated with malaria transmission. The model was extended to include antimalarial treatment, larvicides,
and insecticide-treated mosquito nets within an optimal control framework. The results showed how
coordinated use of these interventions could reduce malaria transmission while limiting intervention costs.

Shah et al. (7) investigated a self-propelled undulating sheet in a non-Newtonian electrolyte solution
confined within a wavy channel under electroosmotic effects. The fluid was modeled using the Carreau-
Yasuda model, while the electroosmotic body force was obtained from the Poisson-Boltzmann equation.
Under the Stokes flow regime, a fourth-order ordinary differential equation for the stream function was
solved to study the sheet’s propulsion and energy dissipation. The analysis examined the combined effects
of electroosmosis and the viscoelastic properties of the surrounding fluid on the motion of the sheet.
The findings also had relevance to biological propulsion and the design of artificial microswimmers for
biomedical applications.

Batool et al. (8) studied resource allocation in Escherichia coli under cold stress using a dynamical

model involving metabolic precursors, ribosomes, and the cold-shock protein CspA. Steady-state analysis
identified temperature-dependent locally stable equilibria, showing how cellular allocation changed with
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temperature. Growth maximization was then formulated as an optimal control problem using Pontryagin’s
Maximum Principle. The resulting strategies exhibited bang-bang and singular control structures and
provided a quantitative description of the trade-off between cold-shock adaptation, resource allocation, and
bacterial growth.

Kim and Kim (9) investigated regional structural optimality and load adaptability in a two-dimensional
synthetic proximal femur model under varying loading angles. Three finite element model configurations
were analyzed by varying hip-contact and muscle-force directions, with the proximal femur divided into
regions of interest to examine local structural behavior. The femoral head and greater trochanter exhib-
ited high conformity, whereas the femoral neck showed consistently lower conformity. The authors also
demonstrated that model resolution and region size influenced predictive accuracy and stability, providing
a quantitative framework for studying regional load adaptation.

De Luca and Marcellino (10) developed an extended physics-informed neural network framework for
osteosarcoma tumor-immune dynamics by introducing interferon-gamma as a fifth biological variable. The
model coupled five biological fields with mechanical tissue response through Biot’s poroelastic theory in
a two-dimensional domain. Four initial macrophage distributions were examined to study their influence
on immune-tumor interactions and macrophage depletion. Numerical stability was achieved across all
scenarios, with total loss values ranging from 0.056 to 0.158 and mechanical loss values below 3.2 x 107>,
The results indicated that macrophage localization near tumor boundaries enhanced early immune-tumor
contact, while curriculum learning and adaptive loss weighting were used to address temporal stiffness
associated with rapid interferon-gamma decay.

Finally, Buonomo et al. (11) introduced EPITIME, a computational framework for two classes of integral
epidemic models, namely an age-of-infection model and an information-dependent behavioural model. The
modular MATLAB/Python environment was based on structure-preserving non-standard finite difference
discretizations and included validation, reproducibility, performance assessment, and graphical interface
tools. Depending on the model, the schemes preserved properties such as positivity, monotonicity, bound-
edness, final-size behavior, invariant regions, and equilibrium and threshold structures, with first-order
convergence established. The framework was demonstrated through epidemic simulations, reconstruction
of an infectivity kernel from COVID-19 incidence data, and behavioral dynamics under different memory
kernels. Performance, scalability, and computational complexity were also analyzed, including comparisons
with quadrature-based approaches.

3 Conclusion

The papers in this Special Issue illustrate the use of mathematical models and numerical methods
in addressing different problems in biology and biomedicine. The contributions combine mathematical
analysis with computation to study model behavior, assess numerical reliability, examine intervention and
control strategies, and investigate biological and biomechanical processes. These studies also demonstrate
the use of different computational approaches for addressing the mathematical and biological features of the
problems considered.

The studies presented here also indicate how developments in numerical analysis can contribute to
the study of biological systems that involve nonlinear behavior, uncertainty, spatial effects or complex
interactions. At the same time, the applications considered in this Special Issue highlight the value of
considering mathematical analysis, numerical implementation, and biological interpretation together in the
study of biological systems. Future work in these areas may build on the mathematical and computational
approaches presented here and explore their application to other biological and biomedical problems. We
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hope that the work presented in this Special Issue will be useful to researchers working on related problems
in mathematical and computational biology.
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