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Introduction
Infectious Diseases

 Past, Present, and Future



The 1918 flu killed more people than World War I 
About 20,000,000 Deaths



• 5.9 million children under age of five died in 2015, i.e.
   16 000 every day.

The Situation in 2015-2017

• There are Over 37 million.people infected with HIV.
• 1 million people died from AIDS in 2015. 
• The recent outbreaks of Ebola have led to 11000 of 

deaths in 2015. 



Economic Impact of infectious 
Diseases is terrible 

West Africa suffered up to $32 billion loss 
during Ebola outbreak. 



• To know How large Will the Outbreak be and how fast the epidemic 
transmits.

• To assist the decision makers to put their strategies to control the diseases. 

  What mathematical models can 
do to help?

• To understand the dynamics and transmission of diseases to activate the 
vaccination programs and to test Vaccine efficacy in blocking disease 
transmission.



Before Differential Equations 
Models:

Bernoulli Model

Daniel Bernoulli
1700-1782

“I simply wish that, in a matter which 
so closely concerns the well-being of 
mankind, no decision shall be made 
without all the knowledge which a little
analysis and calculation can provide.”

Daniel Bernoulli,



Differential Equations Models
of infectious diseases 







CONDITIONS FOR AN EPIDEMIC
 



 

 

 



But these classical integer models 
carry no info about memory of Host 
or vector. 



mathematical models 
with memory

• Delay differential equations 
• Fractional differential equations



Fractional Calculus
Brief Summary



History of fractional calculus







Fractional derivatives have the unique 
property of capturing the history of the 
variable, that is, they have memory. This 
cannot be easily done by means of the 
integer order derivatives.



The physical meaning of the fractional order is 
considered to be the index of memory. In the 
models with memory, a memory process usually 
consists of two stages:
• Short stage with permanent retention, 
• The other is governed by a simple model of 

fractional derivative.

WHAT IS THE PHYSICAL MEANING OF THE 
FRACTIONAL ORDER DERIVATIVE? 

• M. Du, Z. Wang and H. Hu, Measuring memory with the order of fractional derivative. Sci. Rep. 
3(2013).

• K. Moaddy, A.G. Radwan, K.N. Salama, S. Momani, I. Hashim, The fractional-order modeling and 
synchronization of electrically coupled neuron systems, Comput. Math. Appl. 64 (2012) 
3329–3339.



• The system response at any time will be affected by 
all  previous responses. 

Two main advantages of using
 fractional-order models:

• Fractional-order parameter enriches the system 
performance through increasing one degree of 
freedom which extends the system to more space.



Memory of immune system





IMMUNE SYSTEM MODEL 
WITH MEMORY

 

A.H. Hashish, E. Ahmed, Towards understanding the immune system, Theor. Biosci. 126 (2–3) 
(2007) 61–64.

 



 

 

Fractional order HCV MODEL 

E. Ahmed and H.A. El-Saka, On fractional order models for Hepatitis C, Nonlinear Biomed. 
Phys. 4 (2010).



 

















MODELS OF VECTOR BORNE DISEASES WITH MEMORY 
ON THE HOST AND THE VECTOR

 



MODELS OF VECTOR BORNE DISEASES WITH MEMORY 
ON THE HOST AND THE VECTOR

 

• Basically, the memory of human is closely related to the awareness. 

• The memory of vector is related to their blood feeding behavior 
like detecting host location and host selection. 



T. Sardar, S. Rana, S. Bhattacharya, K. Al-Khaled, J. Chattopadhyay, A generic model for a single 
strain mosquito-transmitted disease with memory on the host and the vector, Math. Biosci. 263 
(2015) 18–36.

 

 



MODELS OF VECTOR BORNE DISEASES WITH MEMORY 
ON THE HOST AND THE VECTOR

 

 

 



 THE BASIC REPRODUCTION NUMBERS  

 

 

 





A VARIABLE FRACTIONAL ORDER 
NETWORK MODEL OF ZIKA VIRUS



Variable Fractional Order Derivatives  



A VARIABLE FRACTIONAL ORDER 
NETWORK MODEL OF ZIKA VIRUS







Numerical Solutions of Fractional 
Order Models









Future work



Networks in Epidemiology



Big Data Mathematical Modeling in Epidemiology



Thank you for listening ☺


