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This study considers a fractional-order dengue transmission model incorporating hu 

man and mosquito populations. The human population is classified into susceptible, 

exposed, infected, and recovered compartments, while mosquitoes are divided into 

susceptible and infected classes. The model is formulated using Caputo fractional 

derivatives to account for memory effects inherent in epidemic processes.To 

compute approximate solutions, a Fibonacci wavelet operational matrix method is 

employed. The state variables are expanded in terms of Fibonacci wavelets, and the 

system is reduced to a set of nonlinear algebraic equations, which are solved 

numerically. Numerical simulations for varying fractional orders are conducted to 

examine the influence of memory on disease dynamics. The basic reproduction 

number is also derived to de termine the threshold for disease persistence. The 

results indicate that the fractional framework enhances modeling flexibility, while 

the proposed numerical scheme provides an efficient solution.  
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 Introduction            

 Mathematical modeling plays a vital role in understanding infectious disease dynamics and designing 

control strategies by representing transmission processes through differential equations [1, 2]. Dengue fever, a 

rapidly spreading mosquito-borne disease prevalent in tropical and subtrop ical regions, poses a significant 

public health challenge [11]. Fractional-order differential equations have gained attention for their ability to 

incorporate memory effects, providing a more realistic description of epidemic dynamics compared to classical 

models [4]. Due to the lack of exact solutions, efficient numerical methods are required, and wavelet-based 

techniques, particularly Fibonacci wavelets, have proven effective in solving fractional-order systems with high 

accuracy [5]. In this paper, we investigate a fractional SEIR dengue transmission model with incubation delay 

to better capture the dynamics of infection. Recent studies on fractional-order epidemic models highlight their 

effectiveness in incorporating memory effects and providing more realistic descriptions of disease spread 

compared to classical models [16, 8]. Motivated by these develop ments, the Fibonacci wavelet operational 

matrix method is employed to obtain efficient numerical solutions of the proposed model.Differential equations 

are fundamental tools for modeling and analyzing a wide range of phenomena in science and engineering. They 

are commonly used to represent dynamic processes such as population dynamics, heat conduction, fluid 

motion, and infectious disease spread. In epidemiology, these models have gained significant importance for 

understanding transmission dynamics, forecasting outbreak patterns, and assessing intervention strategies [18, 

1]. Thus, differential equation-based models serve as valuable instruments for informed public health planning 

and decision-making. Although classical differential equation 1 models have been widely used to describe 

many physical and biological processes, they sometimes fail to capture memory and hereditary effects present 

in real-world systems. To overcome this limitation, fractional differential equations have been introduced as a 

powerful generalization of classical models. Fractional-order models have been successfully applied in various 

fields such as viscoelasticity, control theory, signal processing, and epidemiology, where they provide a more 

accurate description of complex dynamical behaviors [9, 4]. Consequently, fractional epidemic models have 

attracted considerable attention for studying the spread of infectious diseases. In recent years, data-driven 

approaches have become increasingly important in epidemic modeling, where real epidemiological data such as 

infection, recovery, and mortality rates are used to estimate model parameters and improve prediction accuracy. 

These models allow researchers to analyze the spread of infectious diseases and evaluate possible control 

strategies during epidemic outbreaks. By combining mathematical modeling with real-world data, epidemic 

models provide valuable insights into disease transmission dynamics and help guide public health decision-

making [18, 1]. The proposed fractional SEIR dengue transmission model is inherently nonlinear due to the 

interaction terms representing disease transmission between susceptible and infected individuals. Analytical 

solutions of such nonlinear fractional systems are generally difficult to obtain; therefore, efficient numerical 

techniques are required. In this study, the Fibonacci wavelet operational matrix approach is utilized to compute 

approximate solutions of the proposed model. This technique converts the fractional differential system into a 

set of algebraic equations, which can be solved efficiently. Such mathematical models are useful for 

understanding disease transmission dynamics and can assist researchers and public health authorities in 

predicting possible future outbreaks and designing effective control strategies [18, 1]. Dengue fever is a 

mosquito-borne viral infection and a major public health concern in tropical and subtropical regions, primarily 

transmitted by Aedes aegypti mosquitoes and caused by four related serotypes [11, 12]. Its rapid spread, driven 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

89 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 by urbanization, globalization, and climate change, and its wide clinical spectrum, from mild fever to severe 

complications, highlight its epidemiological importance. Various mathematical approaches have been used to 

study dengue dynamics: Yoda et al. analyzed an SEIR–SI model with stability and reproduction number 

considerations [13], Meetei et al. employed a fractional model with Caputo–Fabrizio derivatives [8], and 

Rahman et al. developed a fractional piecewise model with singular and non-singular kernels [14]. Motivated 

by these studies, we consider a fractional SEIR dengue model with incubation delay and apply the Fibonacci 

wavelet operational matrix method to obtain efficient numerical solutions. Mathematical modeling has also 

been widely applied to study the transmission dynamics of several infectious diseases such as COVID–19, 

Ebola, and malaria. For instance, Area et al. developed a fractional-order epidemic model to investigate the 

spread of Ebola and analyzed the qualitative behavior of the system using numerical simulations [15]. In a 

similar study, Khan et al. investigated a fractional SEIR model for infectious diseases, analyzing its stability 

charac teristics and dynamic behavior using numerical techniques [16]. These studies demonstrate the 

effectiveness of fractional differential equation models in describing epidemic processes. Motivated by these 

contributions, the present work focuses on a fractional SEIR dengue transmission model with incubation delay 

and employs the Fibonacci wavelet operational matrix method to obtain approximate numerical solutions. In 

recent years, infectious diseases such as COVID–19, Ebola, Zika, and dengue have emerged as major global 

health threats due to their rapid transmission and significant public health impact, prompting extensive research 

in epidemiology and mathematical modeling [19, 18]. Mathemat ical models play a crucial role in analyzing 

disease dynamics and evaluating control strategies. Researchers across disciplines, including epidemiology, 

mathematics, and public health, have de veloped computational models to estimate key epidemiological 

parameters and assess interventions such as vaccination, quarantine, and vector control. These models support 

policymakers in design-ing effective responses and predicting future outbreaks, thereby contributing to 

improved disease prevention and management (18, 1]. 

The objective of this study is to analyze dengue transmission dynamics using a fractional SEIR model with 

incubation delay, incorporating memory effects for a more realistic representation. Due to the analytical 

intractability of the nonlinear system, the Fibonacci wavelet operational matrix method is employed to obtain 

approximate solutions by transforming the model into a system of algebraic equations. The results provide useful 

insights into dengue dynamics and support effective prediction and management of outbreaks. 

The structure of the paper is outlined as follows. Section 2 introduces essential concepts and definitions from 

fractional calculus and Fibonacci wavelets. In Section 3, the fractional. SEIR, dengue model with incubation 

delay is developed. Section 4 presents the Fibonacci wavelet operational matrix technique for computing 

numerical solutions. Section 5 provides simulation results along with discussions to demonstrate the 

performance of the method. Finally, Section 6 concludes the study and highlights potential directions for future 

research. 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

90 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

91 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

92 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

  

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

93 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

94 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

95 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

96 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

97 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

98 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

99 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

100 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

101 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

102 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

103 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

 

 

AUTHOR(S) CONTRIBUTION 

The writers affirm that they have no connections to, or engagement with, any group or body that 

provides financial or non-financial assistance for the topics or resources covered in this manuscript.  

CONFLICTS OF INTEREST  

The authors declared no potential conflicts of interest with respect to the research, authorship, 

and/or publication of this article. 

PLAGIARISM POLICY 

All authors declare that any kind of violation of plagiarism, copyright and ethical matters will take 

care by all authors. Journal and editors are not liable for aforesaid matters. 

SOURCES OF FUNDING 

The authors received no financial aid to support for the research. 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135


  

      

 

 

                    
         The work is licensed under a Creative Commons Attribution  

Non Commercia 4.0 International License 

 
 

104 

ISSN (ELECTRONIC): 2945-3135 

 
 

 
K. Ravikumar, Mansoor Ahmad Mir (2026). FIBONACCI WAVELET OPERATIONAL MATRIX METHOD FOR A 

FRACTIONAL DENGUE TRANSMISSION MODEL WITH HUMAN–MOSQUITO DYNAMICS. International Journal of 

Multidisciplinary Research & Reviews. 5(4). 87-104. 

 

  REFERENCES  
[1] H. W. Hethcote, The mathematics of infectious diseases, SIAM Review 42 (2000), 599–653. 

[2] R. M. Anderson and R. M. May, Infectious diseases of humans: dynamics and control, Oxford Univer sity Press 

(1992). 

[3] World Health Organization, Dengue: guidelines for diagnosis, treatment, prevention and control, WHO Press 

(2009). 

[4] K. Diethelm, The analysis of fractional differential equations, Springer (2010). 

[5] A. Yoku¸s and H. Bulut, Numerical solutions of fractional differential equations via Fibonacci wavelet 

method, Applied Mathematics and Computation 323 (2018), 389–400. 

[6] M. A. Khan, S. Ullah and M. Farhan, Fractional order SEIR model with generalized incidence rate, AIMS 

Mathematics 5 (2020), 2843–2857. 

[7] J. D. Murray, Mathematical biology I: An introduction, Springer (2002). 

[8] M. Z. Meetei, M. A. Khan and S. Ullah, Dengue transmission dynamics using a Caputo–Fabrizio fractional-order 

model, Fractal and Fractional 8 (2024), 207. 

[9] I. Podlubny, Fractional differential equations, Academic Press (1999). 

[10] J. D. Murray, Mathematical biology I: An introduction, Springer (2002). 

[11] World Health Organization, Dengue: guidelines for diagnosis, treatment, prevention and control, WHO Press 

(2009). 

[12] D. J. Gubler, The global emergence/resurgence of arboviral diseases as public health problems, Archives of 

Medical Research 33 (2012) 

[13] Y. Yoda, M. Yavz, M. T. Mohsen, B. A. Bin Deebani, T. Abdeljawad and P. Kumar, Mathematical 

analysis and optimal control of Dengue fever with cost-effective strategies, Advances in Difference Equations 2024 

(2024), Article 38. 

[14] M. Rahman, M. A. Hossain, K. S. Nisar and P. Agarwal, An analysis of fractional piecewise derivative 

for dengue fever transmission dynamics, Journal of Applied Mathematics and Computational Mechanics 23 (2024), 1–

18. 330–342. 

[15] I. Area, J. Losada and J. J. Nieto, A fractional order Ebola epidemic model, Advances in Difference Equations 

2015 (2015), 1–14. 

[16] M. A. Khan, S. Ullah and M. Farhan, Fractional order SEIR model with generalized incidence rate, AIMS 

Mathematics 5 (2020), 2843–2857. 

[17] World Health Organization, Managing epidemics: key facts about major deadly diseases, World Health 

Organization (2020). 

[18] J. D. Murray, Mathematical biology I: An introduction, Springer (2002). 

[19] World Health Organization, Dengue and severe dengue, WHO Fact Sheet (2020). 

[20] L. Esteva and C. Vargas, Analysis of a dengue disease transmission model, Mathematical Biosciences 150 (1998), 

131–151. 

[21] I. Daubechies, Ten Lectures on Wavelets, SIAM, 1992. 

[22] S. Mallat, A Wavelet Tour of Signal Processing, Academic Press, 1999. 

[23] F. A. Shah, Wavelet Transforms and Their Applications, Springer, 2015. 

 

 

 

 

 

 
 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135

