
 

351 | P a g e  
 

Understanding The Model On Transmission 

Dynamics Of Diseases 

 
Mr. Saroj Sarkar 

Research Scholar 

sarojsarkar89@gmail.com 

 
DECLARATION: I AS AN AUTHOR OF THIS PAPER / ARTICLE, HEREBY DECLARE THAT THE PAPER SUBMITTED BY ME FOR PUBLICATION IN THE 
JOURNAL IS COMPLETELY MY OWN GENUINE PAPER. IF ANY ISSUE REGARDING COPYRIGHT/PATENT/ OTHER REAL AUTHOR ARISES, THE 
PUBLISHER WILL NOT BE LEGALLY RESPONSIBLE. IF ANY OF SUCH MATTERS OCCUR PUBLISHER MAY REMOVE MY CONTENT FROM THE 
JOURNAL WEBSITE. FOR THE REASON OF CONTENT AMENDMENT/ OR ANY TECHNICAL ISSUE WITH NO VISIBILITY ON WEBSITE/UPDATES, I 
HAVE RESUBMITTED THIS PAPER FOR THE PUBLICATION. FOR ANY PUBLICATION MATTERS OR ANY INFORMATION INTENTIONALLY HIDDEN BY 
ME OR OTHERWISE, I SHALL BE LEGALLY RESPONSIBLE. (COMPLETE DECLARATION OF THE AUTHOR AT THE LAST PAGE OF THIS PAPER/ARTICLE) 

  

Abstract  

Traditional statistical model assumptions such as linearity and result independence are often 

violated by factors associated with the appearance and transmission of infectious diseases. The 

infectious dynamics model is very suitable for dealing with infectious disease scenarios deviate 

from these assumptions. These models, for example, can easily account for changes in infection 

rates when The proportion of vulnerable and infectious people in the population is changing. 

Basic reproduction numbers, effective reproduction numbers, and susceptible infection recovery 

compartment models are all important concepts in these methods. 

In this paper, We present a mathematical model of the novel infectious disease coronavirus 19. It 

consists of three compartments: susceptibility, infection and recovery, all affected by convex 

incidence, including immigration rates. Start by determining the model formulation. Similarly, 

some nonlinear analysis tools are used to provide a qualitative aspect of the model. B. The 

existence of equilibrium and the consequences of its stability. It then uses a non-standard finite 

difference scheme (NSFD) to simulate the results of Wuhan's data using two different sets of 

immigration parameter values. 
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1. Introduction  

The elements that add to the appearance and repeat of irresistible sicknesses are surely known. 

The National Academy of Medicine's report on arising irresistible sicknesses is one of the critical 

examinations around here. 1 Her assembly model, which makes sense of the variables that add to 

the improvement of irresistible illnesses, is a focal piece of her exploration. Microbial variation 

and change, human defenselessness to contamination, environment and climate, natural changes, 

human socioeconomics and conduct, innovation and industry, global travel and exchange, 

breakdown of general wellbeing arrangements, destitution and social flaws. Balance, war and 

yearning, absence of legislative issues The will and expectation to cause damage is only one 

model. Epidemiological investigations pointed toward understanding the reasons for a specific 

contamination ought to address every one of these causes factors requires complex information 

assortment. 

A Novel Coronavirus Pandemic Has Been Affecting The Entire World Recently. It was named 

Coronavirus Infection (Covid19) and  was first reported in Wuhan, China (see [1]).  Coronavirus 

19 is a new coronavirus group of viruses that has never been identified before December 2019. 

Covid19 was discovered in Wuhan, China in December 2019 and has already infected 196 

countries around the world. The World Health Organization is now proclaiming it outbreak 

(who). 

Admittance to medical care that ensures physical, mental and social prosperity is one of the 

dreams of the 2030 Agenda for Sustainable Development Goals [1]. Accomplishing this requires 
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general health care coverage, admittance to powerful and safe prescriptions and antibodies of any 

age [1]. Also, through the system of Agenda 2063, African pioneers intend to accomplish 

elevated requirements of living, quality living, solid wellbeing and African prosperity by 2063 

[2]. Achieving these goals and agendas requires ongoing research and development of healthcare 

systems that enhance interventions and prediction of outcomes. In spite of progress to 

accomplish a solid life and prosperity for all, the world actually records in excess of 6 million 

passings among youngsters younger than five every year. Human immunodeficiency infection 

(HIV) contamination, tuberculosis (TB), intestinal sickness, cardiovascular illness, and 

malignant growth keep on being the main supporters of dreariness and mortality in Africa, HIV 

disease, tuberculosis (TB), jungle fever. , Cardiovascular sickness, and a critical extent of 

malignant growths all diseases and passings every year. 

2. Transmission Dynamics Models And Methods 

There are a few significant contrasts between the customary measurable strategies (like relapse) 

utilized by most clinical experts and transmission elements models.This broad distinction is due 

to the different assumptions required for human-to-human transmission and non-human 

transmission. 

3. Differences Between Transmissible And Nontransmissible Diseases 

3.1. Absence Of Independence Between Individuals  

Infectious diseases such as B. Emerging infectious diseases, unlike non-communicable diseases, 

have an outbreak of a case that affects the outbreak of  the  disease in those exposed to that case. 

Whenever an instance of serious intense respiratory condition (SARS) is brought into a family, it 

is not difficult to envision that individuals in that family are bound to be contaminated than the 

people who are not in that frame of mind with the case. This peculiarity, called bunching in 

insights or absence of freedom of results, requires the utilization of explicit strategies. It doesn't 

matter to illnesses, for example, malignant growth and coronary illness that are not related with 
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irresistible microorganisms. Subsequently, a transmission elements model is made to endlessly 

make sense of how transmission between contacts happens. 

3.2. Nonconstant Incidence Rates  

Occurrence is determined by partitioning the quantity of new instances of a sickness that creates 

over the long run by the quantity of individuals who are helpless to the disease. Since the 

outcomes are interesting, the study of disease transmission of non-transmittable infections (like a 

few tumors and coronary illness) frequently has a genuinely consistent number of powerless 

people in the populace. Likewise, the frequency is free of the quantity of individuals in the 

impacted populace. On account of irresistible illnesses, the quantity of individuals tainted at a 

specific time affects the probability that a defenseless individual might come into contact with a 

contaminated individual. Thus, Infection rates are not steady over the long haul and can change 

from one day to another.. 

3.3.Concept Of Threshold Of Susceptible  

The replication of most human irresistible microorganisms requires human or other creature 

cells. Therefore, most irresistible microorganisms require a specific number of hosts to make 

due. The best preventive developers normally depend on antibodies to diminish the quantity of 

touchy has and forestall the survival of pathogens. In herd immunity, the proportion of sensitive 

populations is  " Limit Of Susceptibility," and the agent becomes extinct. For no transmissible 

diseases, there is no such concept. 

4. Fundamental Concepts In Transmission Dynamics Models 

Despite the fact that there is a wealth of literature on transmission dynamics models, A 

deterministic model is used to give a brief overview of some of the basics associated with 

microparasite infections. The essential proliferation number is the first (R 0). The typical number 
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of optional diseases that happen when a contaminated individual is brought into a completely 

weak populace is known as the fundamental multiplication number. 7 Depending on the specific 

circumstance and model, R 0 has a few numerical definitions. Some utilization arithmetical 

standards, while others use math. 8 The Following Is One Simple Algebraic Formula7: 

R0=Number Of Contact Super unit Time x Infection probability per contact x Infectivity 

duration = C x P x D 

These thoughts are joined in the Susceptible Infected Recovered Compartmental Model (Figure 

2) 9, S (T) addresses the quantity of delicate people in the populace at time T, I (T) addresses the 

quantity of irresistible people in the populace. R (T) is because of the quantity of individuals who 

have recuperated from the disease (or are safe to the contamination). The least demanding way is 

to begin with a shut populace of size N, without any births or passings (including deaths from 

infection) that affect the size of the population. These models help count the flow of people 

passing through different plots during an epidemic. That is, the speed at which vulnerable people 

move from S to I at time T is equal to CP (I / N), and the speed at which people move from I to R 

is equal to 1 / D. Where D is the average The period is infection. Number of people in each 

compartment at time T Is Solved Using The Following Set of Algebraic Equations. 

S(T+1)=S(T)−Cp(I/N)×S(T)I(T+1)=I(T)+Cp(I/N)×S(T)−(1/D)×I(T)R(T+1)=R(T)+(1/D)×I(T) 

 

Straightforward Infected Susceptible Recovered Compartment Model S addresses the quantity of 

helpless people, I addresses the quantity of irresistible people, R addresses the quantity of 

recuperated (or insusceptible) people, and C addresses the quantity of contacts per unit time. 
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Addresses P for contact, N for complete populace size, and D for length of disease You can use 

these equations to easily estimate the number of people who are susceptible, susceptible, and 

recovered at any given time. 

5. Types Of Transmission Dynamics Models  

Transmission elements demonstrating is an undeniably modern and complex field. The 

accompanying portrayal and order of these models might be distorted, however I think it assists 

with giving a concise outline. Macroparasite vs. microparasite, deterministic model vs. stochastic 

model, differential equation pair Differential equations and isogenic vs. heterogeneous 

assumptions are just one example of the type of transfer dynamics model. 

6. Macroparasites Versus Microparasites 

The main difference between microparasites and macroparasites in the transmission dynamics 

model lies in the modeled results. In general, the number of infected hosts is the result of 

microparasites (bacteria, viruses, fungi, protozoa, prions) and the number of viable female 

offspring produced is  macroparasites (helminths and ectoparasites). Is the result of. This is 

important because the severity of the infection (that is, the number of parasites that infect the 

host) affects the infectivity of the host. There are some other differences between macro and 

micro parasites. Macro parasites have a longer production time than micro parasites. Hosts rarely 

develop complete immunity to macroparasite reinfection. And the mortality rate of 

macroparasites is more volatile than the mortality rate of microparasites. Increasingly complex 

compartment models can take these factors into account. 10 Most of the cases are  microparasites 

because microparasites make up the majority of emerging infectious diseases in the United 

States, even though many macroparasites are considered re-emerging infectious diseases (Table 

1). Become. 

Table 1 Chosen Pathogens That Have Emerged Since 1980 
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8. Deterministic Versus Stochastic Models 

The fundamental difference between a deterministic model that can "determine" the course of a 

model with fixed mathematical operations (that is, the same result is obtained each time) and a 

probability model in which probability determines the probability of achieving a particular result 

(although). The result is randomly determined) whether chances are allowed to play a role in the 

model. Fixed outflow (exit) and immigration (inflow) rates affect the size of each parcel of the 

deterministic model, resulting in the percentage of individuals assigned to each parcel. 

Probabilistic models, on the other hand, take into account the accidental role in determining 

whether an event occurs (eg, whether an infection occurs at the time of exposure) and, as a result, 

determine whether an event occurs. Todo. Probabilistic models typically go through thousands of 

iterations to determine the average probability of observing the event being modeled, so 

probabilistic models make the reality better when sending infectious disease scenarios. I try to 

model it well. Deterministic and stochastic models are fundamentally the same as when applied 

to enormous populaces. 7 

9. Difference Versus Differential Equations 

As Discussed Above, In The Use Of Compartmental Models, The Population Moves Between 

Compartments At Specified Rates And Predefined Time Steps. The Choice Of Using Difference 

Or Differential Equations Is Thus Influenced By Whether The Time Steps Are Defined 

Discretely Or Continuously. That Is, Difference Equations Can Be Used To Model Discrete 

Changes In Time, Whereas Differential Equations Use Calculus-Based Principles To Model 

Continuous Changes In Time.11 The Chained Binomial Probability (Eg, The Reed-Frost Model) 

Is A Well-Known Example Of The Use Of Discrete Time Events Modeled Using The 

Compartmental Model Structure.12 Because Infection Transmission Occurs On A Continuous 

Time Scale, diff models are frequently liked. Nonetheless, the straightforward idea of the 

distinction condition can give a valuable guess without compromising an unpracticed 

mathematician. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7093843/#bb0060
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10. Homogeneous Versus Heterogeneous Mixing 

The way susceptibility and infectious individuals interact is important for the transmission of the 

infection. Since how that cooperation happens decides if transmission can happen. The idea of 

the communications expected for measles (ethereal) transmission is totally different from the 

collaborations expected for genital herpes transmission. Also, complex examples decide how 

individuals in a populace connect with one another. For instance, most younger students invest a 

large portion of their energy with different offspring of their own age, yet the guardians of this 

kid are of a lot more extensive age bunch inside similar local area for work, side interests, and 

different exercises. You might communicate with individuals. The essential model of 

transmission elements accepts that people inside a populace blend consistently, in spite of the 

obviously intricate example of blending between people. 7 That is, paying little heed to mature, 

orientation, or economic wellbeing, others in the populace are similarly prone to have adequate 

contact to spread the contamination. 

Table 2 

Every cell is a gauge of the contact likelihood or contact rate between every 

subpopulation adequate for transmission to happen, and the segments and columns 

address the qualities of the subpopulation (age bunch) (B) 
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11. Applying Transmission Dynamics Models To Emerging Infections Diseases 

Recently,  the amount of technology that can be used to develop transmission dynamics models 

has increased significantly. In addition, much research has been done to understand the factors 

that influence the origin (and recurrence) of infections. As a result, the following section will 

assess the most recent technology as well as the risk factors that must be considered while 

developing transmission dynamics models. 

Transmission Dynamics Model Development Faces a Number Of Obstacles. To start with, most 

of arising irresistible sicknesses are vector and/or zoonotic infections. Therefore, as well as 

demonstrating human-to-human transmission (which can be essentially as troublesome as 

utilizing a grid to portray a populace design), vector populace elements and vectors and people 

and has. Both of the communications of the populace should be demonstrated. As innovation 

progresses, more factors can be integrated into the transmission elements model. For instance, 

critical advances in atomic innovation have assisted us with better grasping the variation and 

change of microorganisms, and human powerlessness to diseases, and the utilization of remote 

detecting innovation has progressed environmental change science. 

Methods And Materials 

Die Priority Report Items for Systematic Review and Meta-Analysis Extended for Scorping 

Review (PRISMAScr) Guidelines [15] Warning used to create a protocol. The Open Science 

Framework was used to register this study. 

12. Identification Of The Research Objectives 

12.1. Primary Objective. 

Making a rundown of all companion looked into distributions on applied epidemiological 

demonstrating concentrates on irresistible sicknesses in Africa. Choice Objectives 

 • Identify which infections you are interested in.  
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 • Find the first and last authors associated with an African institution or research center. Africa-

related researchers are researchers who have contributed to research at African institutions but 

do not need to live in Africa.  

 • Determine the degree of cooperation between researchers in Africa and elsewhere.  

 • Survey of publication trends in epidemiological model studies  on infectious diseases in 

Africa.  

 • Assess the growth (or lack) of applied epidemiological modeling of infectious diseases in 

Africa.  

 • Localization of geographic hotspots for applying epidemiological modeling of infectious 

diseases in Africa. 

12.2. Identification Of Relevant Studies For Inclusion  

I looked for peer-assessed distributed diary articles and restricted my pursuit to English. 

Pubmed, Scopus, Web Of Science, and AfricanJournalsOnline were utilized as electronic 

information bases. Toward the finish of April 2020, four electronic data sets were looked for 

peer-evaluated distributions from every single African country. The specialists additionally 

looked into the rundown of included investigations and references that were physically looked. 

Data set yield has been transferred to the Mendeley Reference Management Tool 

(http://www.Mendeley.Com) to eliminate copy records. 

12.3. EligibilityCriteria. Inclusion Criteria 

• Major studies by African institutional affiliations as first or last author (AIA). This study seeks 

African-connected researchers involved in research governance and management, as indicated 

by the first or last author.  

 • Emphasize peer-reviewed journal publications.  

 • Focused on people whose main focus was human public health intervention. 
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12.4.  Study Selection 

The exported database edition titles and summaries were individually reviewed by four 

researchers (OAA, ZEM, ED, and SDN) and stored in  Rayyan QCRI, The Systematic Reviews 

Web App [16]. Concentrates were excluded because they did not meet the selection criteria. 

OAA, ZEM, ED, and SDN independently reviewed the entire eligible person's article. studies. 

Consensus was used to resolve inconsistencies among the reviewers. 

12.5. Data Extraction  

Utilizing a Microsoft Excel pre-characterized The information extraction structure was 

extricated from a review that contained the expected data. The principal creator name, last 

creator name, year of distribution, African association, nation of connection, diary, research title, 

infection of interest, and worldwide coordinated effort were completely recorded on the 

information extraction structure. 

12.6.  Collating, Summarizing And Reporting The Results  

The findings were collected, summarized, and narrative reports were produced in relation to the 

purpose of the study, future research, policies, collaboration, and impact on practice. 
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 Fig 1 Document identification, screening, suitability and inclusion for the scoping review 

process is depicted in this flow chart. 

13. Results  

Publications Included For Analysis  

The Inclusion Criteria And Screening Algorithm Were Used To Assess The Eligibility Of 5927 

Articles Identified Through The Four Specified Databases (Refer To Fig 2), 2896 Publications 

Were Screened After Duplicates Were Removed, And 1191 Full-Text Publications Were 

Eligibility was assessed using inclusion criteria and screening algorithms. Only 181 of these 

publications met the study selection criteria. The first round of screening yielded 160 

publications, while a referral search for previously identified included studies yielded an 

additional 21 articles (see Figure 2) Various studies included non-human infectious diseases (N 
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= 38), theoretical models (N = 112), non-dynamic models (N = 197), as there were no first or 

last authors belonging to African organizations. Excluded (N = 222), no authors belong to 

African institutions (N = 452), or focus on in-host models (N = 10). 

African Institutional Authorship  

In this review, we found 143 publications of African Institutional Affiliated First Authors and 81 

publications of AIA First and Last Authors (Table S1). At least two African institutions have 

been associated with 22 leading African  authors. Eighteen of the final authors had two African 

affiliations, while three had three affiliations. 

14. Conclusion  

Since the beginning of the HIV epidemic 30 years ago, numerous different pathogens have 

emerged as new threats to human populations. Headways exceptionally have advanced our 

expertise of microbial version and change, the issue of zoonoses getting away from their supply, 

weather conditions change, and alterations in human way of behaving that work with mixing 

among irresistible and slanted people. As those enhancements were made, the refinement and 

intricacy of the styles that record for those components has furthermore increased. These Models 

Will Likely Play An Increasingly Important Role In Understanding The Dynamics Of Emerging 

Infectious Diseases, So Understanding These Methods Is Critical For Infectious Disease 

Clinicians And Epidemiologists. 

 Applied Epidemiological Modeling Studies On Infectious Diseases Have Increased Gradually 

In The Region, With Several Collaborative Efforts Within Africa And Beyond. Several research 

blanketed a massive range of African-affiliated authors, despite the fact that they have been now 

no longer withinside the first or final authorship positions. The majority of African 

institutionally affiliated authors have been from establishments in South Africa and Kenya. In 

addition, HIV, Malaria, and Tuberculosis (TB) have been the maximum studied infectious 

sicknesses withinside the region. In any event, growing studies potential in Africa via way of 

means of assisting present establishments, encouraging extra collaborative efforts, and selling 
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extra public and personal neighborhood investment that addresses neighborhood fitness 

priorities and studies agendas is critical.  

 A mathematical version has been studied that addresses the present day novel COVID-19 in 3 

compartments: inclined, infected, and recovered. The lifestyles of world and neighborhood 

balance evaluation has been proven the usage of nonlinear evaluation. We Simulated The 

Results Using The Real Data Of Wuhan City During The Last Sixty Days From 10 February 

2020 To 10 April 2020 Using The Nonstandard Finite Difference Numerical Method. Aside 

from the movement value, our variant has been reproduced for steady upsides of the boundaries. 

The Model Was Simulated Against The Highest Values Of Immigration Rate In The First Set Of 

Data. We saw that the pollution unfurl fast from one person to another over the essential thirty 

days on the prominent locale because of this. During this time, there have been additional 

passings, and the recorded cost duplicated pair. 

15. References 

1.United Nations. Transforming Our World: The 2030 Agenda For Sustainable 

Development. United Nations; 2015. 

2.African Union Commission. Agenda 20163. The Africa We Want. African Union; 2015. 

3.The United Nations Development Programme. Sustainable Development Goals. 

UNDP; 2015. 

4.Dicker D, Nguyen G, Abate D, Et Al. Global, Regional, And National Age-Sex-Specific 

Mortality And Life Expectancy, 1950–2017: A Systematic Analysis For The Global 

Burden Of Disease Study 2017. The Lancet. 2018 Nov 10;392(10159):1684–735. 

5.World Health Organization. Towards A Global Action Plan For Healthy Lives And 

Well-Being For All: Uniting To Accelerate Progress Towards The Health-Related Sdgs. 

World Health Organization; 2018. 

6.SANAC. South Africa’s National Strategic Plan For HIV, TB And Stis 2017–2022. 

7.Simpkin V, Namubiru-Mwaura E, Clarke L, Mossialos E. Investing In Health R&D: 

Where We Are, What Limits Us, And How To Make Progress In Africa. BMJ Global 

Health. 2019 Mar 1;4(2): E001047. Pmid:30899571 



 

366 | P a g e  
 

8.Hethcote HW, Van Ark JW. Modeling HIV Transmission And AIDS In The United 

States. Springer Science & Business Media; 2013 Mar 9. 

9.Hethcote HW. Three Basic Epidemiological Models, In "Applied Mathematical 

Ecology," Eds. By L. Gross, TG Hallam And SA Levin. 

10.Lessler J, Cummings DA. Mechanistic Models Of Infectious Disease And Their Impact 

On Public Health. American Journal Of Epidemiology. 2016 Mar 1;183(5):415–22. 

Pmid:26893297 

11.Nachega JB, Uthman OA, Ho YS, Lo M, Anude C, Kayembe P, Et Al. Current Status 

And Future Prospects Of Epidemiology And Public Health Training And Research In The 

WHO African Region. International Journal Of Epidemiology. 2012 Dec 1;41(6):1829–

46. Pmid:23283719 

12.Uthman OA, Wiysonge CS, Ota MO, Et Al. Increasing The Value Of Health Research 

In The WHO African Region Beyond 2015- Reflecting On The Past, Celebrating The 

Present And Building The Future: A Bibliometric Analysis. BMJ Open. 2015 Mar 1;5(3): 

E006340. Pmid:25770227 

13.Nuyens Y. No Development Without Research: A Challenge For Research Capacity 

Strengthening. Geneva: Global Forum For Health Research. 2005. 

14.Hilborn R, Mangel M. The Ecological Detective: Confronting Models With Data. 

Princeton University Press; 1997 Mar 6. 

15.Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, Et Al. PRISMA 

Extension For Scoping Reviews (PRISMA-Scr): Checklist And Explanation. Ann Intern 

Med. 2018,169(7):467–473. Pmid:30178033 

Author’s Declaration 
I as an author of the above research paper/article, hereby, declare that the content of this paper is 
prepared by me and if any person having copyright issue or patent or anything otherwise related to the 
content, I shall always be legally responsible for any issue. For the reason of invisibility of my research 
paper on the website/amendments /updates, I have resubmitted my paper for publication on the same 
date.  If any data or information given by me is not correct I shall always be legally responsible. With my 
whole responsibility legally and formally I have intimated the publisher (Publisher) that my paper has 
been checked by my guide (if any) or expert to make it sure that paper is technically right and there is no 
unaccepted plagiarism and the entire content is genuinely mine. If any issue arise related to Plagiarism / 
Guide Name / Educational Qualification / Designation/Address of my university/college/institution/ 
Structure or Formatting/ Resubmission / Submission /Copyright / Patent/ Submission for any higher 
degree or Job/ Primary Data/ Secondary Data Issues, I will be solely/entirely responsible for any legal 
issues. I have been informed that the most of the data from the website is invisible or shuffled or 



 

367 | P a g e  
 

vanished from the data base due to some technical fault or hacking and therefore the process of 
resubmission is there for the scholars/students who finds trouble in getting their paper on the website. 
At the time of resubmission of my paper I take all the legal and formal responsibilities, If I hide or do not 
submit the copy of my original documents (Aadhar/Driving License/Any Identity Proof and Address Proof 
and Photo) in spite of demand from the publisher then my paper may be rejected or removed from the 
website anytime and may not be consider for verification. I accept the fact that as the content of this 
paper and the resubmission legal responsibilities and reasons are only mine then the Publisher (Airo 
International Journal/Airo National Research Journal) is never responsible. I also declare that if publisher 
finds any complication or error or anything hidden or implemented otherwise, my paper may be 
removed from the website or the watermark of remark/actuality may be mentioned on my paper. Even 
if anything is found illegal publisher may also take legal action against me.  
  
  

Mr. Saroj Sarkar 

 

 

 

 

 

 

 

 

 

 

***** 


